TexHi4HI HaYKU ISSN 2307-5732

VK 621.396
V.R. LIUBCHYK, O.K. YANOVYCKIY, O.M. KYLYMNYK, O.I. PHASCEVICH

Khmelnitsky National University, Khmelnitsky, Ukraine

STUDY OF ACCURACY OF MEASUREMENT
RANGE OF MULTIFREQUENCY PHASE METHOD

The article is devoted to the researches the accuracy of the measurement of range by the multifrequency phase
method. The sources of error of probing signals are identified in the paper. These include: instability of frequency probing
signal, error of measurement amplitude and phase shift of the total reflected signals. There; was shown influence on total
reflected signal. Also, when calculating the distances to objects, the condition number of matrix system of linear equations
has a significant impact on the accuracy of measuring distances. The resulting graphs after mathematical modeling showed
that the least impact on the accuracy occurs when frequency range of the probing signal is conformed with the amplitude-
frequency response of the total reflected signal.
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XMenpHUIBKHI HALIOHANBHUH YHIBEPCUTET, XMEIBHULBKHHN, YKpaiHa
JOCJIAXKEHHS TOYHOCTI BUMIPIOBAHHS JAJIBHOCTI BATATOYACTOTHUM ®A30BUM METO/IOM

Cmamms npucesiueHa 0ocAi0HCeHHAM MOYHOCMi 8UMIPIOBAHHA daabHOCMI 6azamo4acmomHuM ¢asosum memodom. B cmammi
susHaueHi Odcepesna noxubku 30HAyHHUX cuzHaaie. /o HUX 8iOHOCAMbCS: HecmabiibHiCMb Yacmomu 30HAYI0Y020 CUZHAAY, NOMUAKA
suMipr8aHHs amnaimydu i ¢a3zoe020 3cysy 3cymapHoz2o 8idbumozo cueHasiis. [lokasaHo ix enaus Ha cymapHull 8idbumutl cueHay. Kpim
mozo, npu po3paxyHky sidcmati 0o 06'ekmis, 4uca0 06ymosaeHocmi mampuyi cucmemu AiHITHUX pi6HSHb pOGUMb 3HAYHUL 8NAUBAE HA
moyHicmb euMmiptosaHHs sidcmaHell. OmpumaHri epadiku nicas mamemamu4Ho20 MOOeAO8AHHS NOKA3AAU, WO HAUMeHWUll 8naue Ha
mouHicmb 8id6ysaemyvcs, Koau yacmomuull diana3oH 30HAYHY020 cuzHajay eidnosidase amnaimydHo-uacmomHill xapakmepucmuyi
3a2a/1bH020 8I06UMO20 cuzHay.

Kawuosi caosa: danbHicms, 6azamoyacmomuuil hazosuti Memod, CyMapHull cuzHaau, Yuca0 06yMo8aeHoCmi.

1. Introduction

Previous works by the authors are devoted to the study of possibility of measuring distances to many
objects [1] and to the development of methods of measuring range by multifrequency phase method [2, 3].

Ranging of the objects by the multifrequency phase method consists of several steps. On the first step the
probing harmonic signals formed at some frequencies. On the second step, the objects are probed by the probe
signals which were formed. The third step is to measure the phase shifts and the amplitude of the total reflected
signals. On the final fourth stage, distances are calculated of by solving a system of linear equations, and solving of
polynomial equation and finding finaly arguments of the solutions [3].

On each stage of measurement and mathematical transformations the methodological errors is introduced
into the measurement result. Let us consider each source of an error. On the first stage, frequency of probing signal
is formed inaccurately because of is the instability of generator and frequency is changing step by step or
continuously [4]. Therefore, the wavelength also will not match a given value. This leads to the fact that the total
phase shift and amplitude of the reflected signal at this frequency will differ from the true values.

2. Main part
For one object which is located at distance [ for probe signal which has frequency value f,, the phase
shift will be as follows [1]:
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If you make an error in the value of the probe frequency Af  the phase shift is as follows:

47
P = (f, + 1) Q)
Then the error of phase shift is as follows:
47
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In this case, the amplitude of the signal reflected from one object is not changed. In this case an error
vector of the signal which reflected from one object will be forming:
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From the resulting expression we can see that the amplitude of the error vector is determined by the value
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of the double sine from the phase shift error. The phase of error vector depends on the frequency of the signal,
frequency error and is shifted by 90 © degrees relative to the vector signal:
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The process of origination of the error is shown in Fig. 1.
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Fig. 1. The formation of the error signal reflected from one object due to instability of the oscillator frequency.

The total signal is the geometrical sum of signals reflected by each object:

_ N __
a; = q, ©)
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If there are multiple objects, error vectors are formed for each object. In this case, the error signal will be
equal to the sum of vectors error of the signals reflected from each object:
N
Aay = Z Aa, (7
i=1

Due to the random nature of the frequency instability the total error will also be random. Distribution of
errors from frequency instability has normal law.

When objects are probed and signals are passed through tracts of transmitter and receiver, noises are
superimposed to signals. They are reason of errors, which become apparent in the process of measuring the phase
shift [5, 6] and amplitude [6]. The law of error of measurement of digital measurement methods is uniform. A
mathematical model of the vector error of total harmonic signal reflected from any number of objects can be
described by the following expression:

, N (44 «/[4’?*(@%}%} 4
Aage’™ =2-a- Zsin(—"Afj e + Aae’™? ®)
i=1 c

Due to the emergence of errors of measurement and the amplitude and phase shift of the total signal error
vector will have a random direction and modulus of the

vector. In general it will be within the circle (Fig. 2).
El The last step is to compute distances of objects. In

X

A ax this case, the errors of measurements of parameters of signals
(total value vector signals with errors) will be transferred into

ay the distance errors. Also during the computation there will be
presented errors of calculation that occur due to rounding of
numbers. However, the latter sources of error can be ignored
because it is possible to choose a sufficient accuracy of
calculations. In work * there was proposed the expression of
error of distances when the expressions of multifrequency
Fig. 2. The formation of the error signal reflected phase method for measurement of distances are used. It was
from one object due to errors in measurement shown that the result of measurement has a significant impact

of phase shift and amplitude from condition number of the matrix of the linear equations

on the first step of calculations. It is clear that the condition number of the matrix will depend on the values of the
elements of matrix. These values depend on the frequency of the probe signal. If frequency and step of the first
probe signal is changing, then the value of condition number of the matrix will vary. On Fig. 3 the results of
mathematical modeling of frequency dependence of condition number of the matrix with different initial conditions

are shown. There were set the following value of range and reflection coefficients of four objects: /, =1000M,
[, =1500m, [, =3000Mm, /, =3500mM, k, =0.5, k, =0.3, k; =0.15, k, =0.07 . The value of the
initial frequency is changing from 1 kHz to 0.4 MHz with step 1 kHz. There was set the step of changing frequency
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15 kHz, 30 kHz and 45 kHz.
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Fig. 3. Frequency dependence of the condition number of the matrix.
(a —step, with which frequency has been changing, is 15 kHz, b - step, with which frequency has been changing, is 30 kHz, c - step, with
which frequency has been changing, is 45 kHz)

To identify regularity, we have to compare obtained characteristics with amplitude-frequency characteristic
for the total reflected signal which is shown on Fig. 4.
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Fig. 4. Amplitude-frequency characteristic of the total reflected signal

Mathematical modeling was held using mathematical model of the error of measurement of the total
reflected probe signal. There were set the following parameters for the calculation of the distances with error:
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Fig. 5. Histograms of distributions in modeling of multifrequency phase method of

measuring distances

- frequency
Af =10° Hz;

- error of the measurement
of amplitude Aa= 1/4096, that is 12
bits of analog-to-digital converter

- error of the measurement
of the phase shift Ap=0.01°.

The frequency of probing
signal has been changing ranging from
37.5 kHz to 300 kHz. In this frequency
range, as defined above, the condition
number of the matrix is the smallest.
The number of objects, their distance
and the reflection coefficient was
chosen as for the first option. 10
thousand simulations have been. The
histograms conducted obtained as a
result of mathematical modeling is
shown in Fig. 5.

The figure shows that the
distributions correspond to the normal

instability
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law As a result of statistical treatment of the mathimatical modeling results there were obtained expectation and
standard deviation are presented in Table 1.

Table 1
Results of simulation of ranging by multifrequency phase method.
Distance, m Expectation, m Standard deviation, m
1000 999.92 0.0381
1500 1500.1 0.0730
3000 3000.2 0.1266
3500 3498.2 0.4397

Increasing the first frequency of the probe signal from the point minimum of condition number of matrix at
7.5 kHz upwards, we can see an increase in the standard deviation (Table 2).

Table 2
Results of simulation of ranging by multifrequency phase method when increasing the first frequency.
Distance, m Expectation, m Standard deviation, m
1000 999.9 0.0616
1500 1500.1 0.0807
3000 3000.2 0.1611
3500 3499.,8 0.6247

3. Conclusion

The results of the study allow us to determine the scope of multifrequency phase method of measuring
distances to develop improved algorithms and for measuring distances with high accuracy. Improved algorithms
have to search for points where we can see minimum condition number of matrix of system of linear equations. The
point where we can see minimum of condition number are changing, when objects are placed at different distances.
The need to find points of minimum on the frequency axis will lead to increase of time sensing and measurement.
But it will significantly increase accuracy. In this example, the accuracy was increased twice. In this case, the
frequency of probe signal was lower than in the case where the accuracy was lower with increased accuracy. From
the perspective of the classical theory of phase measuring distances it is impossible. However, taking into account
the theoretical propositions of multifrequency phase method of measurement distaces, it is possible.

References

1. Paraska G. B., Shinkaruk O. M., and Liubchyk V. R., “The theoretical basis of phase measurement of
distances to several objects”, Electronics and Communication, 2012, no. 3, pp. 82-86.

2. Shinkaruk O., Liubchik V., “Multy-phase metods of measuring distances, " in Scientific basis of modern
technology: experience and prospects, edited by Y. I. Shalapko and L. A. Dobrzanski, Khmelnitsky, 2011, pp. 530-
536.

3. Liubchyk V., Kylimnik O., Horyashchenko S. Application of the Multi-frequency Phase Method of
Ranging to Many Objects for Construction of Ground Penetrating Radar// International Radar Symposium (IRS-
2013), Dresden, Germany, 19 — 21 May, 2013. — P. 835-840.

4. Theory and foundations' implementation invariant piezoelectric oscillatory systems / F.F.
Kolpakov, S.K. Pidchenko. — Kharkiv: National Aerospace University "Kharkiv Aviation Institute", 2011.-327
p.

5. Chmykh M. K. Digital Phase Meter - M.: Radio and Communications,- 1993.- 184 p.

6. Ornatskii P. P. Automatic measurement and instrumentation (analog and digital) // 5th ed., rev. and add.
- Kyiv; Graduate School Head Publishing, 1986. -504 p.

Penensisi/Peer review : 26.3.2014 p. Hanpyxkosana/Printed : 18.5.2014 p.

24 Herald of Khmelnytskyi national university, Issue 3, 2014 (213)



