Journal of Physics: Conference Series

PAPER « OPEN ACCESS You may also like

Application of a precision programmable

Radar methods for determining the thickness of " DC power supplv for spectrometer

calibration

d |e|eCtr|C Iayers D | Kobelev and V | Jordan

- The model for computation of complex
technical objects parameters based on
subdefinite calculations
AV Konichenko, E O Ostrovskiy and M V
Uryaseva

To cite this article: | S Tseplyaev and D V Davidenko 2021 J. Phys.: Conf. Ser. 1843 012023

- Velocities from Cross-Correlation: A Guide

for Self-Improvement
Carlos Allende Prieto

View the article online for updates and enhancements.

@ The Electrochemical Society
Advancing solid state & electrochemical science & technology

May 29 - June 2, 2022 Vancouver « BC « Canada
Extended abstract submission deadline: Dec 17, 2021

Connect. Engage. Champion. Empower. Acclerate.
Move science forward

This content was downloaded from IP address 92.63.68.59 on 02/12/2021 at 09:33


https://doi.org/10.1088/1742-6596/1843/1/012023
/article/10.1088/1742-6596/1843/1/012022
/article/10.1088/1742-6596/1843/1/012022
/article/10.1088/1742-6596/1843/1/012022
/article/10.1088/1742-6596/1843/1/012008
/article/10.1088/1742-6596/1843/1/012008
/article/10.1088/1742-6596/1843/1/012008
/article/10.1086/522051
/article/10.1086/522051
https://googleads.g.doubleclick.net/pcs/click?xai=AKAOjsuNswGCKJ5YjXo1zz59temUvjxCznzXMQ-uFXE05yKPXUz4o7FIrFIDAaOvLv66yY_hq3yWEDBCCoCqJkTU9GeJchmcWpyTv7gT4Vd7_fZy_ZFnlFLHWxYzkI8BSyjm1hLWlf0avrlrZ4qk6PHYWAAPIp7Nt2DF00z1Ww57GOdMk5OrO0alLaJpcaFc8PG0bRCJnCAxdovNOSbOHfwaTb8o9bsn255GXClcSMje5TxROWMrDS3NuVkw1IxoyunvLIhboNyn2PsMlNhfqDIzBLILpZdMpTFYWew&sig=Cg0ArKJSzBRH1jF0Ixb3&fbs_aeid=[gw_fbsaeid]&adurl=https://ecs.confex.com/ecs/241/cfp.cgi%3Futm_source%3DIOP%26utm_medium%3DDLAds%26utm_campaign%3D241AbstractSubmit

IMET 2020 IOP Publishing
Journal of Physics: Conference Series 1843(2021) 012023  doi:10.1088/1742-6596/1843/1/012023
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Abstract. This paper describes two methods, the amplitude method and the method based on
geometric optics. The methods were applied to practical data obtained by georadar tests. As a
result, the refractive index and thickness of the investigated planar layered medium were
calculated. When using the amplitude method, the refractive index of the investigated medium
is 1.3, the thickness is 0.11 m. When using the method based on geometric optics, the
refractive index of the investigated medium is 1.43, the thickness is 0.102 m. After comparing
the results of these methods, it was found that the error of the amplitude method is higher than
that of the geometrical optics method.

1. Introduction

One of the most important tasks of ultra-wideband (UWB) location is the development of effective
mathematical software for determining the characteristics of layered media, such as the thickness and
nature of the artificial cover of each layer, based on the results of measurements of the local wave
projections [1-3]. A typical example is the determination of the thickness of the layers and the nature
of the artificial cover of the roadway. In this article, a comparison of the amplitude method and the
method developed by the authors of the article is considered. These methods will be applied to
calculate the thickness and refractive index of a medium with known thickness and refractive index.

In practical calculations, the propagation of electromagnetic waves created by the sounding pulse
of GPR is considered in the framework of the laws of geometric optics for plane waves at large
distances from the source. Accordingly, the principles of Fermat, Huygens, Fresnel and Snellius law
are used in determining the propagation velocities and amplitudes of the waves. In addition, the
assumption that the medium is not frequency dependent is used [4, 5].

The propagating wave is reflected only from the interfaces of different media, in which a change in
the relative permittivity or conductivity is observed. The reflection coefficient R at normal incidence
of the wave at the interface is calculated by the formula:

g —+|€

R= L (1)
\/54'\/52

where g, — dielectric constant of the first layer; &,— dielectric permittivity of the second layer.

A refracted wave can be detected by GPR if the dielectric permittivity of the first layer is greater
than that of the second. The refracted pulse preserves in any case the polarity of the incident signal [6,
7]. The refractive index T is calculated by the formula:
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PThe propagation of waves of different types, using a two-layer medium as an example, is shown
in Figure 1.
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Figure 1. Electromagnetic wave propagation in a two-layer medium: a — direct wave from the
transmitting antenna to the receiving antenna, b -— direct wave propagating in the medium,
c — reflected wave from the media interface, d — refracted wave.

The most important parameters for GPR survey are the actual part of dielectric permittivity,
specific conductivity and the speed of wave propagation in the medium, which depends on the
dielectric permittivity:

e=¢'—j&" (3)
o =we's, 4)
vV=_% (5)

Je'
where ¢, &'u &"— the complex permittivity, the real and imaginary parts of it, respectively; o —
specific conductivity, cm/m; w — frequency of the applied electromagnetic field, Hz; V — velocity of
propagation of electromagnetic waves, m/s.
The value of magnetic permeability in GPR for most ground environments is close to unity and
does not depend on the field frequency.

2. Amplitude method
According to (1), the ratio of the amplitude of the incident wave at the interface to the amplitude of the
reflected wave depends on the dielectric permittivity of these media. Knowing the dielectric
permittivity of the upper medium, we can determine thus the dielectric permittivity and thickness of
the lower medium.

Before surveying the site, you must make a metal sheet rationing. This is necessary to determine
the level of air wave amplitudes.

Then a GPR test will be performed at some height from the surface of the medium under study. It
will be possible to highlight the reflection of the air wave from the surface of the medium on the
amplitude map. Then the real part of the dielectric permittivity is searched by the ratio of amplitudes:
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where &, — is the real part of the relative permittivity of the first layer; A — amplitude of the wave

reflected from the metal plate; A,— amplitude of the wave reflected from the ground surface; k,—an

empirical coefficient that takes into account errors in the determination of amplitudes and other.
The formulas for calculating the dielectric permittivities of the underlying layers are given in [8, 9],
as well as a procedure for determining the correction factor.

3. Method based on geometric optics

To accurately determine the parameters of the obstacle it is sufficient to know, the information
obtained at only two points - at the point when the receiver is combined with the transmitter and when
it is separated (Figure 2).

z
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Figure 2. Schemes of obstacle probing with combined (a) and separated (b) receiver and
transmitter.

Electrical length of the investigated area for monostatic and bistatic location schemes:

nd
2'311:t1_to:2? (7)
o, =t —t, = f(z,,a,d,n) = f(zo,a,d,rzléc) ®)

where z,— the range to the leading edge of the underlying surface, a — the distance between the
antennas, d — the thickness of the layer under study, n — the refractive index of the layer under study.

4. Comparison of methods

The full-scale experiment was carried out to determine the thickness and refractive index of a single-
layer medium. The gas-concrete block with thickness of 10 cm and refractive index 1.5 was taken as
the investigated medium. The geometry of the experiment was carried out according to the scheme
shown in Figure 3.
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Figure 3. Experiment geometry.

Let us use the method of amplitudes to determine the parameters of the layer. First, we normalized
the signal to the metal sheet and determined the amplitude of the reflected signal from the metal sheet.
The Figure 4 shows a graph of the dependence of the radiation intensity on the signal duration.
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Figure 4. The graph of the radiation intensity versus duration.

The maximum value of the amplitude from the metal sheet is A, = 0.3554 relative unit.

Next, the medium under study was probed, and the graph of the dependence of intensity on
duration is shown in Figure 5.
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Figure 5. The graph of the radiation intensity versus duration.

The maximum value of the amplitude from the front boundary of the medium under study is
A, = 0.04942 relative unit.

Using formula 6, we obtain that the refractive index of the investigated medium is 1.3.
Next, write down the formula for the dependence of the refractive index and the thickness of the
layer [10, 11]:

ct
=on 9),

where h — thickness of the medium under study, ¢ — speed of light, t— the time of the wave that
passed inside the layer, n— refractive index of the medium under study.

After substituting all values, we obtain that the thickness of the layer under study is 0.11 m.

Next, we will use the method developed by the authors of the article. When using it it is necessary
to register a signal with two probing schemes, monostatic and bistatic. Figure 6 shows the graphs of
the dependence of the radiation intensity on the duration.
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Figure 6. Diagram of radiation intensity dependence on duration (a) monostatic sensing scheme, (b)
bistatic sensing scheme.

A model of signal propagation in planar layered media is implemented, which allows us to
calculate the delay of signals when an electromagnetic wave passes through a layer in the case of
bistatic and monostatic location. It is shown as a function that depends on the refractive index of the
medium, the distance between the antennas, the height of the antenna above the layer and the thickness
of the layer. As a result of application of the developed method, plots of dependence of the signal
delay on the layer thickness (Figure 7a) and of the refractive index on the layer thickness (Figure 7b)
were shown.
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Figure 7. a) Plot of the signal delay versus layer thickness, b) plot of the refractive index versus
layer thickness.

The solution of the search for the thickness and refractive index of the medium is reduced to a
graphical solution of the problem. The red line in Figure 7a corresponds to the function depending on
signal delay in the bistatic mode of location, and the blue line corresponds to the value of signal delay
in the monostatic mode of location. Values of intersection points d1=0.102 m. and d2=0.295 m. of
these lines correspond to the solution of the layer thickness of search problem. To determine the
correct solution it is necessary to analyze Figure 7b. Figure 7b shows the refractive index depending
on the thickness of the medium layer. The values of the refractive index n1=1.43 and n2=0.49
correspond to the obtained values of the layer thickness d1 and d2. The refractive index cannot be
lower than 1, therefore, the solutions n2, d2 are incorrect.

5. Conclusion

Comparison of the characteristics of use of two considered methods allows a number of conclusions to
be made. The method based on geometric optics is preferable for obtaining information about the
structure of planar layered media. As a result of the application of the methods considered in the
article, the characteristics of the medium under study, namely the refractive index and thickness, were
determined. Using the amplitude method, the refractive index of the gas concrete block is 1.3 and the
thickness is 0.11 m. When using the method based on geometric optics, the refractive index of the
medium under study is 1.43 and the thickness is 0.102 m. The measurement error for thickness and
refractive index for the amplitude method is 10% and 13.4% respectively, the measurement error of
the method based on geometric optics is 2% and 5.7%. It is also important that the method is stable to
measurement errors. There may not be a sharp jump in amplitudes at the boundaries of media with
insignificant changes in dielectric permittivity, and as a result of inhomogeneity of the medium
interference and re-reflections appear. As a result, false jumps appear that are not related to the media
interfaces. As a consequence, the amplitude method cannot be applied, because it is necessary to know
the exact location of the reflected signal and its values. Whereas method based on geometrical optics
is stable to the error of measurement of electrical length of layers.



IMET 2020 IOP Publishing
Journal of Physics: Conference Series 1843(2021) 012023  doi:10.1088/1742-6596/1843/1/012023

Acknowledgments
This research was supported by “The Tomsk State University competitiveness
improvement programme” grant Ne8.2.16.2019.

References

[1] Yakubov V P, Shipilov C E, Satarov R N 2011 Russian Physics Journal 53(9) 887-894 doi:
10.1007/s11182-011-9506-6

[2] Shipilov S E, Satarov R E, Fedyanin | S et al 2016 MATEC Web of Conferences 79 1-6 doi:
10.1051/matecconf/20167901079

[3] Shipilov S E, Eremeev A |, Yakubov V P et al 2020 Med. Phys. 47 5147-5157 doi:
10.1002/mp.14408

[4] Geppener V V, Sokolov M A 2000 Proceeding of the International Conference on Soft
Computing and Measurement. Proceedings of SCM'2000 187-189 doi: 10.3390/app9224968

[5] Xiang T L, DuanY W, Xiao N Z 2018 Advances in Intelligent Systems and Computing 160-167

[6] Huang C, Su'Y 2004 Proceeding of the Tenth International Conference of Ground Penetrating
Radar 627-630 doi: 10.1109/IGARSS.2005.1526336

[71 Rafiqul A, Tarafder A, Ahmed M U 2018 Advances in Intelligent Systems and Computing 160—
167 doi: 10.1007/978-3-319-60011-6_16

[8] Propagation of Electromagnetic Pulses in the Underground Environment. Primary Processing of
GPR  Signals. Inverse  problem of georadiolocation 2013. Awvailable at:
http://www.georadar.ru/articles/article5.php

[9] Pinelli G et al 2003 Proceeding of the Conference Maintenance and Rehabilitation of
Pavements and Technological Control 1-10

[10] Ahmed M U, Tarefder R A, Maji A K 2017 Construction and Building Materials 154 1272—
1282 doi: 10.1109/ICGPR.2014.6970442

[11] Ahmed M U, Tarefder R A, Maji A K 2016 Case Studies in Nondestructive Testing and
Evaluation 6(A) 94-104 doi: 10.1016/j.csndt.2016.11.002


https://doi.org/10.1007/s11182-011-9506-6
https://www.scopus.com/authid/detail.uri?authorId=6603751203&amp;eid=2-s2.0-84992655485
https://www.scopus.com/authid/detail.uri?authorId=36953371600&amp;eid=2-s2.0-84992655485
https://www.scopus.com/authid/detail.uri?authorId=56439798900&amp;eid=2-s2.0-84992655485
https://www.scopus.com/sourceid/21100316064?origin=recordpage
https://doi.org/10.1002/mp.14408
https://doi.org/10.1109/IGARSS.2005.1526336
https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.1007%2F978-3-319-60011-6_16
https://doi.org/10.1109/ICGPR.2014.6970442
https://doi.org/10.1016/j.csndt.2016.11.002

