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The results of laboratory experiments that show the capabilities of modern georadars are presented.
Analysis of GPR capabilities allowed to propose a new approach to solving the actual problem of detecting
subsurface cracks. The proposed method for recording pulse signals and data processing is based on
algorithms and software previously developed by the authors. With the help of this method and the
experiments carried out, the possibility of agreed solution to the problem of choosing the optimal parameters
of the GPR pulsed signals was shown. To confirm the effectiveness of the developed signal processing
methods, a series of laboratory experiments were carried out. The new version of the program "GeoVizy-
2020" made it possible to increase the efficiency of processing complex impulse signals, as well as to realize
the possibility of calculating the quantitative values of the most important parameters of the road pavement
layers - the relative permittivity and thickness. Also, to check the adequacy of the results obtained, a method
was used, which is based on the procedure for direct measurement of the real layer thickness in laboratory
and field conditions and comparison of the data obtained with the results of numerical simulation. As a
result, evidence is presented of the advantages of using pulsed signals for assessing layer parameters,
searching for subsurface cracks and processing the results of surveys of road surfaces is presented.
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1. INTRODUCTION

The problem of assessing the current condition
of highways is relevant due to the high level of
costs for their repair and maintenance [1-3]. This
problem stimulates the solution of the problems of
developing methods for assessing various
mechanical and geometric parameters, as well as
diagnosing various distress in the road pavements,
since this is the most material-intensive and
expensive part of the road structure. The geometric
parameters of road pavements usually refer to the
values of the thickness of the layers [4, 5], the
mechanical properties address their ability to
withstand repeated loads [6]. The most common
defects in road pavements include cracks,
delamination, potholes, rutting, and others [7].
Cracks, including subsurface cracks, are considered
the most dangerous defects, since if they are
untimely serviced, more serious problems appear,
up to the destruction of the pavement [8, 9].
Therefore, the main goal of this work can be
formulated as follows: analysis of the existing
means of obtaining information about cracks in the
road surface and methods of processing the initial
data and on this basis improving on this basis the
approach to solving the problems of non-destructive
testing. The main object of the given research is

non-rigid road pavements. To achieve this goal, it is
necessary to solve several related tasks. The first
task is to select the optimal technical means for
obtaining the initial information and technical
characteristics of control devices. The second task
is related to the development of effective methods
for processing the received data. Finally, the third
task is to establish the relationships of the obtained
data with the technical characteristics of road
pavements. Under the term technical characteristics
of road pavements, we mean parameters that are of
direct interest to the main consumer of this
scientific product - the road engineer. The road
engineer is primarily interested in assessing the
ability of the road pavement to resist traffic loads
and climatic factors. Correct assessment allows
predicting the service life of the pavement before
repair and makes it possible to estimate the cost of
maintenance, as well as of ongoing and major
repairs. Advances in computer technology and
progress in the field of non-destructive testing tools
form the basis for setting and solving these
problems. We emphasize that a universal means of
solving problems of remote sensing and non-
destructive testing has not yet been proposed.
Therefore, based on the logic of the research, the
work has the following structure. The first section
contains an analysis of literary sources and a
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problem statement. The purpose of this analysis is
to implement the formulation of the problem, taking
into account the contradictory requirements for the
signal parameters, and, consequently, for the
antenna characteristics. In the next section, a new
algorithm for processing remote sensing data is
proposed, based on the results of earlier works by
the authors. The results of laboratory and field
studies carried out by the authors are also
presented. In the conclusion, the possible ways of
development of this scientific direction are
formulated for solving urgent problems of the road
industry - ensuring the normative technical and
operational conditions of road pavements.

2. SHORT LITERATURE REVIEW AND
PROBLEM STATEMENT

2.1. Literature review

An effective solution to the tasks set can be
proposed only on the basis of an analysis of the
capabilities of existing technical means and
methods of processing the received data. The
existing limitations, which are caused by the
physical capabilities of the methods or by the
technical parameters of the means of control,
encourage the search for new approaches. For
example, the use of such reliable means of control
as coring or cutting in certain areas is associated
not only with high costs, but also with the inability
to carry out continuous monitoring along the road
surface [10, 11]. Today reliable control of
pavements is mainly based on examining core
specimens, i.e. destructive test method that relies
on sparse evaluated values [15]. A similar
situation exists in the case of using shock waves to
control the condition of the pavement, and
applying appropriate processing methods. The
most common tool here is the Falling Weight
Deflectometer (FWD) [12, 13]. Methods based on
the excitations of acoustic waves in the
investigated medium with subsequent processing
of the wave image also received widespread use.
[14, 15]. The advantage of these methods is the
presence of a direct relationship between the
mechanical properties of the material: Young's
modulus E, Lamé's constants, the material density
and its Poisson's ratio on the one hand, and
different waves parameters on the other.

Wave parameters primarily include their
propagation velocity, complex dispersion curves,
group velocity and spectral parameters [15]. The
most significant disadvantage of this approach is
the need for a primary point action to excite wave
processes. This leads to the impossibility of
performing the control procedure while the
laboratory is moving.

At the same time, it was noted in [16, 17] that
ground penetrating radars (GPR) allow obtaining
primary data when a laboratory car moves at the
speed of a traffic flow. As noted in [18-22], the use
of GPR allows solving both the problem of

assessing the geometric and electrical parameters of
road pavements, and the problem of detecting
defects in them. It should be noted that the
assessment of the geometric parameters of the
layers is, on the one hand, an independent stage in
monitoring the road pavement condition, and on the
other hand, it serves as the basis for the search for
defects. Earlier, we proposed an approach to the
problem of detecting and evaluating the parameters
of cracks - opening width, depth and filling [9].
This approach was based on obtaining initial data
using two types of antenna units. The first antenna
unit was a system of transmitting and two receiving
antennas, described in detail in [23]. The second
block included two Vivaldi planar slot antennas and
was intended for registration of cross-polarization
components. As the experience of practical use of
the first unit has shown, the antenna unit with two
receiving antennas has a disadvantage, which is
associated with the presence of two directions of
radiation and receiving signals. It follows that a
prerequisite for its use is the absence of foreign
objects (alien artifacts) in the space above the
antennas. It is not always possible to ensure the
fulfillment of this condition. Therefore, a new
antenna unit with dipole antennas of two
configurations,  bistatic and  cross-polarized
positions, was created, and a data processing
algorithm was proposed [24]. In addition, there is a
patent of Ukraine [25], which involves the
excitation of two alternately arranged mutually
orthogonally linearly polarized emitters of the
transmitting antenna with switchable polarization.
They emit an electromagnetic field, first with one
polarization, and then with orthogonal linear
polarization, and receive the reflected signal with
two linearly polarized receiving antennas. The
polarization directions of these antennas are
oriented at an angle of 60 degrees to each other.
After detecting the received signals, they are
amplified by narrow-band AC (alternative current)
voltage amplifiers, which are tuned in advance to
the switching frequency of the emitters. The
amplified signals are converted into corresponding
digital codes with the help of multi-bit analog-to-
digital converters and, with the help of computer
programs, the dependence of the amplitudes of the
received signals on the polarization directions of
the emitters and receiving antennas is analyzed.
The conclusion on the presence of cracks in the
asphalt concrete pavement is made in case there is a
difference between the amplitudes of the signals
received simultaneously by two receiving antennas.
The direction of the crack is determined by the
difference in the amplitudes of these signals.
However, as follows from the above description,
this diagnostic method is associated with the need
to use several antennas at the same time. They must
also be oriented in space in a fixed way - at strictly
specified angles. Obviously, these requirements can
make this approach difficult to apply. Therefore, in
this work, we will focus on the analysis of the
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possibilities of practical use of the simplest bistatic
configuration of the antenna unit from a technical
point of view. The physical basis for this approach
is also the well-known fact of visual display of
subsurface cracks and other linear inhomogeneities
in the form of hyperbolas [26, 27].

2.1. Problem statement

To achieve presentation clarity, let us consider
in more detail problem statement. Consider a
pavement model in its most general form - a flat-
layered medium, which consists of several
homogeneous layers. Without loss of generality, we
will assume that the medium consists of 3 layers
located on a semi-infinite substrate. This is because
the standard pavement structure consists of two
layers of asphalt, a layer of reinforced materials, a
base and a subgrade. Cracks, including subsurface
ones, can only be in the layers of asphalt concrete.
The lower layers of the so-called disconnected
materials have relatively close values of the
dielectric constant. Therefore, we assume that the
crack is located in the lower layer of asphalt
concrete and has a rectangular cross section (Fig.
1). As the main initial data for solving the problem
of detecting and positioning (determining the
direction) of a crack, we will take the results of a
GPR survey. In other words, we will assume that in
the process of obtaining the primary data sets, a
preliminary survey of this road section was carried
out using a pulse GPR, for example the Odyag GPR
[9, 23]. Antenna unit of impulse georadars, as a
rule, contains two antennas - transmitting (Al - in
Fig. 1) and receiving (A2 - in Fig. 1). These
antennas can generally be oriented at an angle to
each other. The angle usually has a value in the
range from zero to 30. Thus, the task of detecting
cracks, including subsurface ones, within the
framework of this approach is reduced to
developing an algorithm for analyzing the received
pulse signals, or otherwise, the so-called carrierless
signals. This term implies that the antenna records
directly the change in the parameters of the
electromagnetic field, and not the change in the
amplitude of the carrier frequency, as in in the case
of classical radar.

Before proceeding to the description of the
proposed approach, we we’d like to note that the
standard method for processing sound data is a
visual assessment of radarograms by an operator.
The term radarogram refers to an image of a set of
temporal signals obtained using a variable density

display. In this case, the path length is plotted along
the horizontal axis, time along the vertical axis, and
the signal amplitude is displayed at each point. The
display can be either color or black and white. As
an example, there is a radarogram obtained on one
of the roads in Ukraine. The peculiarity of this
radarogram is that it was obtained while driving
over a narrow transverse metal structure at the base
of the bridge. The radarogram clearly shows
hyperboles at the beginning of the passage over the
bridge and at the end of the passage Fig. 2.
Approximate methods can be used to analyze the
data obtained [28]. One of the possible variants of
this approach is based on the assumption that the
crack is located in the lower layer of asphalt
concrete (the second layer of coverage) and has
relatively small ratio of thickness to height - no
more than 0.5. The thickness of the upper layer of
the pavement, which at this stage is assumed to be

unknown, is denoted by h,, and the dielectric
constant of the upper layer is &,. For the second

pavement layer, respectively - h2 v €y
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Fig. 1. Problem geometry

We denote d the height of the antenna unit
location above the upper boundary of the coverage
as d and assume that two measurements have been
made - one when the antenna is located strictly
above the crack (O; Fig. 3), and the second when
the antenna is displaced AR (horizontally) from the
first position (O, Fig. 3).

Fig. 2. Radarogram obtained on one of the roads in Ukraine.
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Fig. 3. Geometry of the problem of visual detection of subsurface cracks.

We will assume that the travel time of the signal
from the antenna to the upper boundary of the crack
in these two cases is known to us and we will

designate these quantities t, and, t, respectively.
Then, using Snell's law [29], we obtain:

sin(%—ao)'no=sin(%—a1)-n1; 1)

Ny =+& =L n,=,g.

Now, in the approximation of geometric optics,
we can write down the basic equations for the
connection of the known parameters of the problem
with the unknown ones:

d hia _t
C

c 2
d_ hs _t

L
sing,-c sing,-c 2
sin(%—ao) :J;l~sin(%—al),

(50 :1)-

where c is the speed of light in vacuum, cm / ns. If
the dielectric constant of the upper layer is
unknown, then the equations of system (2) contain

four unknown quantities &,,h, &, @, and this

system, strictly speaking, does not have a unique
solution. Various methods have been proposed to
further obtain an approximate solution. One of

them involves calculating the angle ¢ value

from geometric data and calculating the first term
in the second equation of system (2). It is also
possible to replace this equation with another
approximate equation, which no longer contains the
first term on the left:

M _b @)
sing, -¢c 2
Other approaches to solving this problem
involve processing a large amount of information,
and some of them are very complex from a
computational point of view. Therefore, it becomes
necessary to develop more sophisticated signal
processing algorithms that would allow not only
detecting, but also identifying subsurface cracks.
Therefore, further we will consider the problem
of detecting a subsurface crack in the structure of a

O]

pavement. Consider the simplest model of the
environment, which has three layers located on a
semi-infinite substrate (Fig. 1). The use of such a
model is due to the fact that the so-called electrical
contrast - the ratio of the values of the relative
permittivity of the lower layers is weak and the
influence of multiple reflections of signals between
the boundaries of the lower layers can be neglected.
In other words, small differences in the values of
the dielectric constant lead to weak amplitudes of
signals reflected from the lower boundaries. In
addition, the thickness of the lower layers, as a rule,
significantly exceeds the thickness of the upper
layers, which causes their displacement along the
time axis. This makes it possible to ignore
reflections from the lower boundaries at the first
stage of signal processing. As noted above, the
main  disadvantage of visual analysis of
radarograms is the impossibility of obtaining
quantitative estimates of the parameters of cracks.
Therefore, earlier the authors proposed an approach
to solving the problem of quantitative estimates.
This approach includes carrying out measurements
and processing the results using specialized
programs developed by the authors. The essence of
this approach is in the two stages of data
processing. At the first stage, standard operations
are performed to measure the direct transmission
signal, i.e. - powerful direct coupling signal (a
signal that directly passed into the receiving
antenna, bypassing the probed medium) and search
for a homogeneous reference area without any
heterogeneity. The algorithm for registering a direct
transmission signal is described in [23,25], and the
reference section is selected based on the absence
of changes in this section of the radarogram. In
some cases, this data can be obtained during road
construction in order to further use it in the process
of searching for defects. After selecting a reference
area, the thickness of the pavement layers is
estimated. For this, the GeoVizy program is used,
which allows in a semi-automatic mode to estimate
the values of the dielectric constant and the
thickness of the pavement layers. This information
is further used to estimate the parameters of the
cracks. The problem of detecting and determining
the parameters of cracks can be formulated on the
basis of various physical principles. In this work,
we will consider one of the possible
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implementation options, which is based on the use
of only one antenna unit. In other words, the goal of
this approach is to use the simplest and most
affordable technical means. Of course, this is only
possible due to some decrease in the overall quality
of the final assessment.

3. THE PROPOSED PROBLEM-SOLVING
METHOD

The measurements were carried out in the
laboratory on a model of the road structure using
the Odyag-5 GPR Fig. 4. For convenience, Figure 4
shows only two antennas (transmitting and
receiving) and a model of a cracked pavement
structure. Several series of measurements were
carried out according to the previously proposed
scheme, which consisted of measuring:

— direct coupling signal,
— the signal reflected from the sheet of metal and
— signals from the investigated structure.

receiving antenna

* subsurface cme?’ﬁ

Fig. 4. Experimental setup.

Moreover, as it can be seen from Fig. 4. since
the antennas were located in parallel, their vectors
of the electric field of the antennas were also
parallel. Obviously, during sounding, the crack can
be located at different angles to the direction of the
vectors of the electric field of the antennas. It is
clear that the amplitude of the signal reflected from
the crack will depend on the relative orientation of
the antennas and the crack. To predict the type of
this dependence theoretically is a rather difficult
task. This is due both to the complex nature of the
interaction of pulsed UWB GPR signals with
layered media, and to various geometric
configurations and filling of cracks. For example, a
crack that is filled with water will reflect the
impulse signal much more intensively than a
fracture filled with air, due to the difference in
dielectric constant between water and air.

It is clear that a road engineer conducting
diagnostics must have, first of all, the ability to
detect subsurface cracks. Therefore, we first carried

out experiments to analyze the detection
capabilities of such cracks in laboratory models
(Fig. 4.). For verification, a model of a crack 2 cm
wide was used in the lower layer of asphalt
concrete with the thickness of 6.5 cm. The upper
layer had a thickness of 5.5 cm. (see Fig. 5).

Fig. 5. Dimensions of the investigated structure.

To obtain the initial data, the following scheme
was used. After following the standard procedures
described above, the vehicle was driven over the
structure. Then the antennas were rotated over the
crack to analyze the influence of the polarization
state of the probing electromagnetic field on the
distribution of reflected pulses. The purpose of this
was to find the optimal parameters of the probing
field for solving the problem of detecting
subsurface cracks. The results of the analysis of the
polarization state of the probing electromagnetic
field can be used not only to improve the signal
processing algorithms, but also to create antenna
units with switched polarization [25]. We expect
that this will be reflected in our subsequent
publications.

After registering the data, they were processed
using the GeoVizy-2020 software. The view of the
program window during data processing is shown
in Fig. 6. The basis of the method for processing
the pulsed sensing data is the layer-by-layer
determination of two parameters - the relative
permittivity and the thickness of each layer [23].
This approach is the foundation for the
development of the crack detection method
proposed in this article. Its essence consists in using
the information that was accumulated at the first
stages of processing for the subsequent more
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detailed analysis of impulse signals. We emphasize
once again that the general idea is to study the
possibility of detecting subsurface cracks using the
existing standard antenna unit at the expense of
some complicating the data registration procedure.
This complication consists in carrying out
additional measurements while rotating the antenna
unit over the crack. It is important that it is not
carried out permanently, but only if characteristic
differences are found in the radarogram.

To illustrate the proposed algorithm, Fig. 6 shows
3 different signals. They are provided with indices
1 - signal reflected from a sheet of metal, 2 - signal
reflected from a structure in an area without a
crack, and 4 - a virtual signal created by the
GeoVizy-2020 program. Two more signals (3 and
5) are the result of applying the Hilbert transform
[30] to signals 2 and 4, respectively.

The GeoVizy-2020 software allows one to process
data in a semi-automatic mode. This means that at
the first stage, to select the required reference point,
it’s simply necessary to press the "min" or "max"
button, depending on the polarity of the original
signal. After that, the program automatically
generates virtual signal 4, which allows to calculate
the layer thickness [23]. As a result of data
processing at this stage, the program determines the
values of two parameters of the upper layer -
dielectric constant and thickness and displays the

results in the windows "h1" and "pmtl" Fig.6.
Besides. at the first stage, if necessary, it is possible
to subtract the direct transmission signal in a semi-
automatic mode. To speed up the processing,
GeoVizy-2020 also has the functionality of
subtracting the direct transmission signal from the
entire profile and then saving the data. At the next
stage, the parameters of the second layer were
determined. This layer was a layer of asphalt
concrete about 6.5 cm thick and contained a crack
model - Fig. 5. To obtain the necessary data, as in
the previous stage, a virtual signal synthesis
algorithm was used, which made it possible to
automatically get the values of the thickness and
relative dielectric constant of the next layer. As a
result, the calculated values are displayed in the
corresponding windows "h2" and “"pmt2" Fig7.
Then the process can be continued to obtain the
data on the next layer. This completes the
preparatory stage of the proposed algorithm.

The next step is to conduct a detailed comparative
analysis of various signals. To accomplish this task,
the GeoVizy-2020 software provides the ability to
simultaneously display and analyze several partial
signals. With this term we will designate individual
countdowns in the coordinates “time - amplitude”
(see Fig. 6, 7). The purpose of this analysis is to
compare the signals, taking into account the
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previously obtained information about the thickness
of the layers.

The main problem is that subsurface cracks,
from the point of view of the electromagnetism
theory, have a very weak contrast. Otherwise, due
to their small size and relatively small difference in
dielectric constant values, they cause a slight
change in the reflected signal. Therefore, the main
idea of the proposed approach is a targeted search
for differences in the shape of signals based on
preliminary data on the values of the thickness and
dielectric constant of the layers. This algorithm
allows the user to focus on certain segments of the
distribution of signals in time in order to find the
differences. The problem is further complicated by
the fact that when the GPR moves along the road
surface, small deviations from the initial height of
the antenna unit above the surface of the road
inevitably occur. This leads to corresponding
differences in the waveforms, which are not
associated with the presence of subsurface
inhomogeneities. Therefore within the framework
of this study, laboratory experiments were carried
out primarily to analyze the fundamental possibility
of detecting low-contrast buried objects. As a
result, the possibility of detecting subsurface cracks
using the analysis of radarograms was established.
It is illustrated in Fig. 8, 9. Fig. 8 shows the graphs
of three partial signals without pre-processing. In
these figures, the designations of the axes are the
same as in the previous ones - Fig. 6.7. These

figures clearly illustrate the occurrence of
deviations, i.e. signal displacement caused by the
movement of the GPR along the surface even in
laboratory conditions. The problem is further
complicated by the presence of a slight instability
of the parameters of the GPR itself. Nevertheless,
the results of preliminary processing based on the
data on the thickness of the layers made it possible
to identify the area of possible presence of
subsurface inhomogeneities. Further Fig. 9 shows
the results of correcting the initial data by shifting
the graphs along the time axis without changing
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Fig. 8. Three partial signals without pre-processing.
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Analysis of this figure allows us to make a
conclusion about the stability of the original signal,
caused by reflection from the outer surface of the
pavement and small deviations in the amplitude of
the signal reflected from the lower surface of the
upper layer. This, when measured on real roads, can
be associated with a change (variation) in the
thickness of the asphalt concrete layers, and when
measured in a laboratory, it can be caused by the
unevenness of the lower surfaces of the samples
and their loose fit in some places.

Finally, in order to investigate additional
possibilities of detecting subsurface cracks that a
pulsed GPR provides, let us consider some of the
features of measurements when the antenna unit
rotates over the crack. In the course of these
measurements, the GPR antenna unit was turned
over the crack so that the distance to the surface
remained constant. The results are shown in Table
1. Since the graphs of pulse signals reflected from
subsurface inhomogeneities are complex, it was
decided to take into account only the change in the
maximum signal amplitude. The experiment was
carried out in such a way that at the beginning the
antennas were positioned as shown in Fig. 4, and
then turned to 90 degrees. Table 1 also shows not
only the amplitudes

1

L0, \ AR

L B L B LA L L
0 1 2 3 4 5 [ 7 8 9 10

Fig. 9. Results of correcting the initial data.

themselves, but also their deviations from the mean.
Analysis of the results in Table 1 taking into
account the data in Fig. 8, 9 shows the impossibility
of using simple quantitative models to interpret the
data obtained. This is due to the dispersion of the
dielectric constant (permittivity), as well as to the
complex nature of wave processes in the presence
of low-contrast subsurface inhomogeneities. In this
case, the very fact of the possibility of detecting
subsurface inhomogeneities using relatively simple
technical means is of prime importance. Of course,
the use of more advanced approaches [9, 25]
involving the analysis of the polarization state of
the probing and reflected signals can further
improve the quality of the quantitative estimates
obtained.

Table 1. Data obtained

angle of | min amplitude in relative | deviation from the
rotation | units, taking into account | mean, in relative
the sign of the maximum units
0 -1,02 0,56
20 -2,84 0,26
45 -2,08 0,31
70 -2,13 0,23
90 -2,27 0,18

4. VERIFICATION OF DATA PROCESSING
MODELS ADEQUACY.

As is known from the electromagnetic theory,
the relative permittivity of real media has the
property of dispersion [31], i.e. it depends on the
frequency.  Therefore, the procedure  for
determining the value of the dielectric constant of
the layers of the road pavement by measuring the
reflection coefficient of pulse signals of ground
penetrating radars, generally speaking, requires
clarification. At the same time, in an arbitrary case,
it is rather difficult to answer the  question of
accuracy of determining the dielectric permittivity
value. Therefore, the most simple and effective
method is the proposed method for assessing the
thickness of the layers. It is easy to measure this
value in the laboratory and then compare the
obtained results with the results of processing the
GPR data. When conducting surveys on real roads,
one can use the results of direct measurements from
the cores. The corresponding experiments were
carried out and their results are reflected in table 2.
Table 2 reflects the results of the two cases. The
first case corresponds to the experiments described
above (Fig. 4 - Fig. 7). The second case reflects the
results of the measurements on the road in
Kharkov region. As one can see, the results of
processing the GPR data show a fairly good
accuracy of reconstructing the layer thickness. It is
clear that due to the accumulation of measurement
and processing errors, the accuracy of determining
the thickness of the lower layers deteriorates in
comparison with the accuracy for the upper layers.
However, in general, the results obtained allow us
to speak about the advantages of using a GPR for
searching for subsurface cracks and assessing the
state of the road pavement. A detailed discussion of
the results concerning error handling can be found
in [23].

Table 2. Results of the two cases.

measured determined according to | percentage
thickness value GPR data, in relative difference
units
Case 1
5,50 5,57 1,2
6,5 6,73 3,5
Case 2
7,2 7,01 2,7
8 8,24 3,0
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5. CONCLUSIONS

The presented results of laboratory experiments
clearly demonstrate capabilities of modern remote
sensing technologies. The analysis of the existing
remote sensing tools has made it possible to
formulate a new approach to solving the urgent
problem of detecting hidden subsurface cracks. The
proposed approach is based on previously
developed algorithms for processing pulsed ground
penetrating radar signals [9, 16, 24] . This approach
demonstrated the ability to coherently solve several
problems. The first task was to select the most
optimal  technical  diagnostic  tools  with
simultaneous laboratory experiments. As a result,
the effectiveness of the method was confirmed.
Another task was to further improve the methods
and the computational algorithms for processing
sensing data. As a result of the modernization of the
GeoVizy program, the new version of GeoVizy-
2020 made it possible to process complex impulse
signals and realize the ability to display the
quantitative values of the most important
parameters of the pavement layers - the relative
permittivity and thickness. To check the adequacy
of the results obtained, we used the method
proposed by the authors, based on the procedure for
measuring the real thickness of the layers in
laboratory and field conditions and comparing these
data with the results obtained using numerical
simulation. As a result, evidence is presented of the
advantages of using impulse georadars for
examining road pavements, searching for
subsurface cracks and estimating layer parameters.

As prospects for further research in this
direction, it should be noted that there are
possibilities of improving technical means
(antennas, generators), as well as of developing
data processing methods regarding not only
presence of damage, but also assessment of the
current state of the road and forecasts on funding
required for repair and maintenance of road
network [32].
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