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Abstract: Heavy burdens are placed on runways daily; thus, it is necessary to monitor these surfaces
regularly. The appearance of distortions can cause difficulties for aircraft when they land or take off,
which occurs mainly for lighter planes. This can be seen in reduced grip, uneven use of tires, problems
with measurement systems, and unbalanced drive, which can result in damage to or even destruction
of the plane or its parts. For that purpose, the model of continuous monitoring of distortions on and
under the surface of the runway was created. This model is based on geodetic and geophysical methods.
The method for monitoring distortions was developed into a decision-making model in the shape of a
geo-information base. The results provide an image of the state of the runway including damage on and
under the surface, which are the most common causes of runway distortions. The data are automatically
recorded in the newly established information system, which supports the decision making regarding
renovations and runway maintenance. The measurement on the runway takes 30 min, which does not
lead to a long closure of the airport and, thus, reduces traffic jams and additional costs.

Keywords: geodesy; geo-information system; airport; deformations; displacement; monitoring;
geo-information model; measurements

1. Identification of the Problem

Modern society has very high demands for quality, as well as fast and reliable mobility of people
and goods. The network that creates the conditions and makes the connections through which mobility
happens is called the logistic infrastructure. This is very important in modern society [1] and represents
fundamental appliances and objects, enabling the social and economic activities of a certain community.
Among the logistic infrastructure, airport infrastructure enables the transport of people and goods
from one geographic point to another, for which impeccable ground infrastructure is needed, especially
the runway part. The infrastructure is especially important in areas where the development of the road
and railway infrastructure is difficult due to disadvantageous physical–geographic characteristics or
during natural disasters when other means of transport are disabled. In addition, air traffic in the EU
is expected to more than double due to travel to countries with poor logistic connections. Efficient
airport management requires a considerable amount of data about the structure and state of airport
facilities, as well as the action at the airport and its surroundings. The data must be accurate and
readily available to the ground staff at any time. Although the ground staff can obtain data manually
according to prescribed protocols, this time-consuming activity can also be the source of human errors.
The data can also be obtained and processed with automated procedures and are part of existing
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or developing geographic information systems. The demand for prompt, accurate, and available
data at any time has encouraged the development of systems that enable automated acquisition and
processing of data in real time [2].

The data can be obtained in different ways: from classic geodetic measurements, LIght Detection
and Ranging (LIDAR) laser scanning, synthetic aperture radar (SAR) interferometry, or satellite
monitoring, which are described in [3–6]. On the one hand, fast and accurate measurements of the
surface of the runway are very important and, on the other hand, it is necessary to find the cause of
the emergence of deformities. Deformities occur on runways mostly due to the large forces at airplane
landing, tectonic and meteorological changes, underground streams, or other causes, as described
in [7]. The influence of an airplane’s axle wheel load on runway damage is described in [8]. The author
describes a study of FAARFIELD V1.42 software used to determine the influence of wheel load on the
runway surface and the damage underneath it. The authors of [9–11] describe different causes and
methods to determine damage on runway surfaces.

This paper focuses on runways that must provide corresponding loads, good surface friction,
smooth driving for aircraft, and, most important, safety. All of these depend on appropriate runway
maintenance. The system for runway maintenance will be merged with the obtained results into a
geo-information maintenance model in which continuous geodetic monitoring will be emphasized.
In fact, quality geodetic monitoring can provide on-time detection of anomalies on runway surfaces.
Well-maintained runways and reliable geo-information systems for runway maintenance systems are
very important for ensuring that aircraft are able to take off and land safely [12]. Distortions on the
surface hinder the pilot’s management of the aircraft, which causes vibrations on the board. This leads
to complications for correctly reading the measuring instruments, which causes mechanical defects
in aircraft and diminishes the contact of the tires with the ground. This ultimately affects the correct
performance of the braking system [13]. Runway maintenance must be performed periodically with
short-term, middle-term, and long-term plans, with known equipment and methods. This is intended
to maintain runways in the best possible way, with fewer interventions and less traffic congestion, and
in an economically advantageous way under the best possible conditions. Late renovations result in
greater distortions, which means that renovation costs will be higher and renovations will last longer.
The costs for airport companies also increase as they must ground their aircraft during the renovation
or find substitute locations [14–20]. For instance, from 1 May to 20 June 2014, the runways were
renovated at Dubai Airport. During this time, the Emirates Airline Company grounded 20 airplanes in
May and 22 in June, which caused the loss of 1 billion dirhams [21].

2. Existing Information Models for Monitoring Distortion on Runways

Noninvasive geodetic and geophysical measurement methods enable the detection of information
on and under the surface with high accuracy. These methods are not included in the existing
models that are used for monitoring the state of the runways. The existing models include the
Aircraft Classification Number/Pavement Classification Number (ACN/PCN), which was developed
by the International Civil Aviation Organization (ICAO), and the runway condition assessment
matrix (RCAM), which is used during bad weather by the Federal Aviation Administration (FAA).
Furthermore, these are not included in the newer models, such as the Boeing method [22]. Their
connection enables us to study the interactions between distortions on the surface and discontinuities
in the lower structure of runways, which allows us to predict future states, including the spread of
existing distortions and the creation of new distortions.

The detection of distortions, which defines their shape, dimensions, and underlying causes, is a
complex process that requires an interdisciplinary approach [23].

Two main types of deformations include surface deformations (such as cracks, humps, and
holes) and underground deformations, among which voids and underground cracks are the most
frequent. There are more categories of data monitoring methods: geodetic methods (GPS, RTS,
and laser scanning) and an optical method (vibrometer) discover surface deformations, whereas
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geomechanical methods (HWD, FWD, and FFWD) and geophysical methods (GPR) discover
underground deformations [24]. Further, many methods can be used for data processing and analyzing.
Deformations are usually analyzed by the Hannower, Karlsruhe, Frederiction, or Delft method. These
methods aim to analyze identical situations in multiple time periods [25]. When dynamic methods of
data gathering are used in monitoring, they are not suitable for deformation analysis because dynamic
methods cannot provide monitoring of identical situations in several time periods. To establish
underground deformations and especially a correlation with surface deformations, geomechanical and
geophysical methods are also included in the model [26].

Deformities on the runway occur based on movement, and according to the movement, they are
divided onto vertical, horizontal, and spatial 3D deformities. The cause can also be loading, and
according to the loading, they are divided into elastic and plastic. Two methods are used to determine
the size of the movement: absolute (physical) and relative (geodetic). With the development of
the geodetic measurement technique in the last decade, it has become regularly used in the exact
assessment of deformities. Geodetic control measurements are simple, reliable, and fast, which is
a great advantage in determining runway deformities since there is no need to close the runway
or to intervene in its inwardness. There are several methods of deformation analysis, depending
on quantity measurements (such as length and angles) and desired final values (such as coordinate
changes, variations in length, angles, etc.). The usual task of geodetic deformation analysis is to study
the movements and deformities of the object in space and time. With the development of measurement
techniques and analytical procedures on the one hand and the need for interdisciplinary treatment
of the solutions on the other hand, deformation analysis has spread to the treatment of the whole
process, which includes, besides the parameters of the resulting deformity or movement, the capture
and description of the whole process. It is about physical interpretation and modeling the relations
between causal forces and resulting changes in space and time. The object, the influences, and the
resulting changes are dealt with in the joined dynamic model. Geodetic deformation analysis is
becoming more an analysis of dynamic processes. Such treatment demands the expansion of geodetic
knowledge in areas such as mechanics, geotechnics, and similar sciences, which also deal with changes
of objects, as well as the causes of their occurrence. For successful interdisciplinary treatment of the
processes of object change, of which the consequences are movements and deformities, standardization
of the procedures of treatment and terminology is necessary. Dynamic models are the most general
models, and with simplification, static, cinematic, and identity models are derived [27].

Recently, the automatized acquisition and processing of spatial data on the distortions of roads
and runways have been a focus in many studies [28–34]. In the studies, the authors focused mainly
on the interpretation and analysis of road and runway records. The use of geophysical methods, and
to a lesser extent geodetic methods, was also the subject of a few studies in Europe and other parts
of the world [35–44]. The authors studied the detection of distortions on and under the surface of
runways and roads with the use of 3D laser scanners and ground-penetrating radar (GPR). This has
been combined with other noninvasive methods, such as Fast Falling Weight Deflectometer (FFWD)
for measuring the load capacity with a ground load capacity meter [45].

The use of 3D laser scanning with high resolution to detect surface deformities of runways is
described in [46–49]. The usability of radar measurements for detecting distortions of the surface,
discovering the underground infrastructure, and finding cracks and voids and other anomalies in
the lower structure of runways were first studied in [35]. In the last decade, researchers [50–52] have
been dealing especially with SAR interferometry capture of data to detect deformities on runways.
They found that distortions can be detected in time by the use of radar measurements, which reduces
the costs of restoration and runway maintenance. Geomechanical studies of underground distortions
are expensive and require a long time, which becomes an issue for airports.

Furthermore, research on the usage of geodetic methods (terrestrial, Global Navigation Satellite
System (GNSS), and LIDAR technology) and geophysical methods (georadar measurements), including
their connection in researching and predicting distortions of runways (distortions on the surface and
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discontinuities in the lower structure), cannot be found in the accessible literature or the methods are not
sufficiently analyzed. Geodetic and geophysical methods are not included since they do not consider
the detection of distortions under runways and thus weaken the prediction of distortions. The use of
geodetic and geophysical methods enables the detection of distortions on and under the surface, and
their connection enables us to predict the spread and creation of new distortions on runways.

The findings of current studies have been upgraded with precise geodetic and geophysical
measurements, thus creating a new innovative geo-information model for continuous monitoring and
the prediction of runway distortions. This will enable us to detect distortions accurately by finding
the interactions between distortions on and under runway surfaces and predicting their spread or the
possibility of new distortions being created.

3. Materials and Methods

Distortions were monitored on a runway at Edvard Rusjan Airport in Maribor in a touchdown
zone (Figures 1 and 2), which is the area that is most vulnerable to deformation. The runway is 2500 m
long and 45 m wide. The slope is 2.025‰ and the load capacity is pavement classification number
(PCN) 86/F/A/X/T.
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3.1. Measurement Instruments and Methods of Data Processing

The total area of the touchdown zone was divided into five subareas, which were processed
individually but were combined in a unified coordinate system. The nonhorizontality of the surface
was monitored by a Swiss (Heerbrugg) manufacturer Leica RTS TS50 geodetic instrument with an
accuracy of 0.5 s. Ten readings per second were taken with automatic tracking with the GeoCOM
protocol by Swiss (Heerbrugg) manufacturer. The 360◦ prism was placed on the processed vehicle
with the set of remaining measuring technology that is shown in Figure 3.
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(b) Leica TS50-Swisserland (Heerbrugg, (c) Topcon global navigation satellite system (GNSS)-Japan
(Tokio), (d) ground-penetrating radar (GPR MALA)-Australia (Brookvale).

The towing vehicle was stiff and unsprung. Five longitudinal profiles were transported before
8700 points were recorded at an even minimum speed of 6 km/h. The detected areas of the deformed
runway were additionally recorded with a German (Waldbronn) manufactured Polytec PDV-100
doppler vibrometer, which enables non-contact measurement of vibrations on the surface in the speed
range of 0.05–0.5 m/s at a frequency range of 0.05–22 KHz. These are shown in Figure 4a,b.
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Figure 4. (a,b) Measuring equipment (a: Leica TS50) and unsprung trailer vehicle (b).

The working distance was in the range of 0.1–30 m. This is why the distortions were only
measured with the vibrometer in areas where changes with the geodetic methods were detected after
an altitude component of more than 6 mm.

The Japanese (Tokio) manufactured Topcon GNSS equipment was set on the towing vehicle and
on the GPR -Mala (Australia Brookvale)with the purpose of positioning the vehicle and locating the
measured values on the comparative plane, which was recorded in a classic geodetic way with density
of the points of 2.5 × 2.5 m, shown in Figure 5.
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The places on the runway where the distortions exceeded the permitted limit of 8 mm were
obtained with geodetic measurements of nonhorizontality. This is prescribed in the Regulation on
Aerodromes in the Republic of Slovenia to perform quality geodetic measurements. Seven geodetic
points were stabilized at the edge of the runway, which formed the basic geodetic net. The remaining
geodetic measurements were obtained from these points. The net points were leveled according to
the Hannover method. To determine the discontinuities under the surface, ground-penetrating radar
(GPR) was used. The measurements were obtained on the transverse profiles of the spots where
distortions in altitude were detected with the geodetic method. GPR enables us to measure or detect,
based on ultrasound, the structure of the ground to a depth of 1.4 m.

The big advantage of the described method is that the measurements can be performed with
one vehicle. Thus, errors of even sampling and time-consuming measurements, which could occur
with the use of several vehicles, and consequently disturbing traffic or even closing the airport can
be avoided. It is also important to use the towing vehicle and avoid closing the runway. The data on
the condition of the runway are automatically put into the airport geo-information system, which is
used by the airport administration and the maintenance services, as shown in Section 4. The data are
very useful for the service since it is easier to decide, based on the automated overview of the state of
the runway, about potential restorations and have insight into the state of the runway’s deformation.
It is also significant that the suggested geo-information system automatically and quickly warns
about deformities; therefore, the measurements can be taken on time, which diminishes the cost and
the need to close the runway for extensive restorations. If this method were used more frequently,
measurements could also be made at night or at a time when the runway is closed. The method is open,
which enables input of other kinds of data, such as geo-mechanic and geophysical measurements, and
does not obstruct aeronautic frequencies or cause additional problems.

3.2. Mathematical Determination of the Plane Deformation

The results were addressed in a unified coordinated system, which enables easier processing and
analysis of the measured values to establish the geo-information model of runway maintenance and a
unified deformity analysis of the geodetic net. The first measurement in Table 1 shows the starting
comparative era or the basic grid.
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Table 1. Measurements on the runway were performed in three time periods and measured in degrees
Celsius (◦C).

Date Temperature at 7:00 (◦C)

15 January 2018 −2.3
5 April 2018 11.4
8 June 2018 17.1

Since it is physically impossible to obtain the same point every time, the runway was divided into
zones, inside of which the points were measured and calculated in the plane. The difference between
the relative point distance of the rectangular net and the individual plane represents a mutual vertical
departure. The vertical departures between the time dimensions (∆R1/R2, ∆R1/R3, and ∆R2/R3)
were determined based on the difference of the rectangular net point distance measured in the first
phase from the plane leveled through the points obtained in the first time dimension (R1), the plane
leveled through the points obtained in the second time dimension (R2), and the plane leveled through
the points obtained in the third time dimension (R3). The plane was adjusted to the points that were
obtained in the individual time dimension. The non-coplanar points were determined by the equation
of the plane with the use of the Moor–Penrose matric inverse, which returns the solution through the
method of the smallest squares. In addition, the method minimizes the vertical departures from the
plane. The procedure for the calculation of the plane is described in [53].

The general form of the equation of the plane with the normal vector
→
n = [a b c]T by [53] is:

→
n ·→x + D = 0

a·x + b·y + c·z + D = 0
a·x + b·y + c·H + D = 0

(1)

where a, b, c, are the unknowns of the equation of the plane and D is the distance from the centroid of
point cloud.

It is assumed that c = 1 (weight) and the equation of the plane is written in the matrix shape,
where x is the vector of the unknowns [53]:

A·x = B
x0 y0 1
x1 y1 1

xn

· · ·
yn 1

·
 a

b
D

 =


−H0

−H1

· · ·
−Hn

 (2)

Since we are looking for the equation of the plane through more than three points, the system
is predefined. The solution is found with the use of the left pseudoinverse matrix or Moor–Penrose
matrix inverse A+ [50], where N is the number of points:

AT·A·x = AT·B ∑ xi·xi ∑ xi·yi ∑ xi

∑ yi·xi ∑ yi·yi ∑ yi
∑ xi ∑ yi N

·
 a

b
D

 = −

 ∑ xi·Hi

∑ yi·Hi

∑ Hi


x = A+·B

A+ = (AT·A)
−1·AT a

b
D

 = (AT·A)
−1·AT·B

(3)
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If it is assumed that ∑ xi = ∑ Yi = ∑ Hi = 0, we can conclude that D = 0 and the plane passes
through the centroid of point cloud.

The accuracy of the calculated parameters is given with the diagonal part in the variant–covariant
matrix [53]:

∑ =

[
σ2

a σab
σba σ2

b

]
(4)

The parameters of the equation of the planes R1, R2, and R3 and their accuracy are shown in
Tables 2 and 3.

Table 2. Parameters of the equations of the planes.

Planes
Parameters a b

R1 −0.011019 −0.005116
R2 −0.010734 −0.004876
R3 −0.011022 −0.005114

Table 3. Accuracy of the parameters of the equations of the planes.

Planes
Accuracy

σa σb

R1 1.6810 × 10−5 1.2756·10−5

R2 0.9783 × 10−5 0.7669·10−5

R3 1.5154 × 10−5 1.1416·10−5

The distance of the rectangular net points Ti = (xi, yi, zi) from planes R1 and R2 is equal to the
length of the projection of the rectangular vector from the plane to the point Ti (

→
m) on the normal

vector of the plane (
→
n ) [53]:

d = |proj→
n

→
m| =

∣∣∣∣∣
→
n ·→m
→
n

∣∣∣∣∣ (5)

The average vertical departure between the individual dimensions ∆ is:

∆Ri/Rj = dı − d (6)

where dı and d are the average distances of the points of the rectangular net from planes Ri and Rj

(R1, R2, and R3). The calculated values from Equation (2) are shown in Table 4.

Table 4. Vertical departures between individual time dimensions.

Vertical Departures ∆ (m) ∆ (mm) ↓ Descent
↑ Ascent

∆R1/R2 −0.00651 −6.51 plane ↓
∆R1/R3 −0.00366 −3.66 plane ↓
∆R2/R3 0.00285 2.85 plane ↑

Note: ↓ represents negative displacement or descent of the plane and ↑ represents ascent of the plane.



ISPRS Int. J. Geo-Inf. 2019, 8, 1 9 of 16

4. Results

Weak logistic infrastructure and operative processes can be the main obstacle to including them
in the world market [54]. As found in [55], bad logistic infrastructure, including at airports, and
inappropriate length and bad quality of runways are the causes of bad logistic services. This suggests
the necessity for efficient management, which demands unambiguously defined processes among
the included actors. Maintenance of the airport infrastructure is one of the basic processes in airport
management, in which three actors are included: the runway maintenance service, which carries
out monitoring and notes changes on the runways; the maintenance and investments director, who
analyzes the results of the monitoring and prepares suggestions for renovation plans and investments
for the administration; and the administration, which accepts the decisions about their realization.

4.1. Innovative Geo-Information System for Decision Making

The central part of the maintenance process is the subprocess of monitoring. The decision-making
model is made for that purpose (Figure 6), connecting geodetic, geophysical, and geomechanical
measurements with the core of the decision-making model, i.e., the algorithm, which, based on a
comparison of the results of geodetic measurements performed at several time periods, determines the
deformities and vertical deviations and the areas of maximal deviation. The deviations are classified
based on size grade and make up the deviation graph (Figure 7).

4.2. The Results of the Studies of the Determination of Deviation

In Figure 7, graph A shows the deviation of the first forward measurement from the basic grid,
graph B shows the deviation of the second forward measurement from the basic grid, and graph C
shows the deviation of the third forward measurement from the basic grid. These graphs show the
deviations measured with the RTS method. The deviations are in the range from −35 mm (red) to
5 mm (blue). On parts of the runway where bigger deviations were found, they were additionally
determined with the vibrometer, and potential causes for their occurrence under the ground were
checked with GPR.
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The results of the monitoring are stored in the geo-information base and present the input data
to the basic process, shown in Figure 7. The use of mobile devices and augmented reality, which
enables the integration of the results of the model into a physical picture of the real world, enables a
better understanding and visualization of the results of the monitoring, which is essential for fast and
important decision making.

The procedure is very simple and fast in meeting the requirements of airport runways. In the
given geo-information system, the monitoring data are obtained after 30 min from the beginning of
the measurements or automatically transferred from the field to the geo-information base depending
on the characteristics of the runway. During this period of time, the runway does not need to be closed
since the measurements can be performed at any time. The results of the window monitoring and
geodetic measurements are shown in the shape of the image of the vertical departures from the basic
grid. If a dark blue or orange zone appears in the image, the information of the state is triggered
and sent to the administration of maintenance and investment service management. Furthermore,
a decision-making renovation procedure is triggered in the new geo-information system of continuous
monitoring of runway distortions.

1 

A

B

Figure 7. Cont.
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2 

c

Figure 7. Results of monitoring in the information diagram of the decision support model.

5. Discussion

The quality and range of the logistic infrastructure significantly influence the whole logistic system
and consequently the international competition. Monitoring the state of the logistic infrastructure and
developing information models for condition monitoring with the aim to support decision making
are very important. As already mentioned in the introduction, runways are extremely exposed to
deformation, which is why the monitoring of their surface is critical: timely deformation detection
saves time and money and prevents runway closure. Therefore, the model for deformation monitoring
of runways was developed to evaluate runway condition. The model is open to enable the inclusion
of other measures, especially geomechanical and geophysical, which helps to determine the causes
of deformation appearance. Indeed, deformation determination and understanding the causes for
their emergence are an important source of information in the phase of decision making about the
course and extent of maintenance work. For the purpose of model designing and testing, four
measurements were conducted in different seasons—spring, summer, autumn, and winter—at the
airport Edvard Rusjan in Maribor, according to our assumption that maximal vertical deviations
resulting in deformations would appear in certain seasons. Moreover, in the parts of the runway
where the largest deformations and/or maximal deviations from the grid were perceived—orange
and red areas in Figure 7—geomechanical (fast falling weight deflectometer (FFWD)) and geophysical
(GPR) measurements were additionally carried out. Maximal deviation of the first measurement from
the basic grid was 36.8 mm; the maximal deviation of the second measurement from the grid was
23.9 mm and the third measurement from the grid was 33.1 mm. In addition, the obtained results of
deviation on these areas were compared to geomechanical and geophysical measurements as seen
from the process in Figure 6. The comparison indicates the interaction (correlation) between anomalies
under the surface (cracks, runway lower structure was not thick enough or was poorly reinforced),
poorly built-in installation systems for the runway lightning, and deformations on the runway surface.
As a result, the correlation shows the causal connection between anomalies under the surface and
deformations on the surface, and the spread of the runway deformation can be predicted. The resulting
analysis exposes the question of further monitoring and demands cyclicality of each measurement.
The maintenance of the monitoring data and further measurements will be done by the maintenance
service, which will also be the main user of these data. These data are the source of the information
needed for the management in maintenance decision making. In our opinion, the monitoring should
be done periodically, whereby the measurements of deformations on the surface should be taken more
often. However, when repeated distortions and deformations are perceived, or they appear on new
parts of the runway, geomechanical and geophysical measurements should be done to explain the



ISPRS Int. J. Geo-Inf. 2019, 8, 1 13 of 16

reasons for their appearance. Above all, the decision logistic information model is useful for flat areas
that are subject to various loads. Nevertheless, the model should be upgraded in the occurrence of
the following: it is used for displacement and deformation determination on the roads; a mutual
comparison of the calculated planes is not sufficient: a mutual comparison of the planes (calculated
from the measurement data) is needed.

6. Conclusions

Geodetic and geophysical measurements of distortions on the runway at the Maribor Airport
were obtained to study and create the innovative model. A special vehicle without suspension was
created and measuring sensors (GPR, 3D reflecting prism, GNSS receiver, reflecting targets) were
placed on it. Similar vehicles with measuring sensors are noticed in the literature, although they fail to
contain spatial data in a unified coordinate system, which is crucial when finding out the interactions of
distortions on and under runways. The development of the decision-making geo-information system
for the continuous monitoring of distortions on runways was conducted in several parts. In the first
part, the various geodetic and geophysical methods in the unified coordinate system were used to
obtain the spatial data about the state on and under the runway and assess suitable methods to help
acquire the necessary data. Modern appliances can easily contain the quality of spatial data. However,
developing geo-information systems to process spatial data presents a bigger challenge. Therefore, the
second part introduces the development of the algorithms for monitoring and predicting distortions,
which were included in the suggested model of 3D geodetic monitoring of the state. This can be used
to predict distortions on and under the runway. In the last part, the suggested model was tested at the
airport and was included in the new GIS for 3D geodetic monitoring for the prediction of distortions
on and under the runway, which is appropriate for smaller airports. The results confirm the hypothesis
that it is possible to detect distortions on the surface and discontinuities in the lower structure of
runways with the use of geodetic and geophysical methods and measurements in a very specific
environment at an airport with known conditions (established constitution of the lower structure of the
runways). Furthermore, this can be conducted with high accuracy. Consequently, the high precision
of the obtained data or discovered distortions allowed us to create the suggested decision-making
geo-information system, which is based on connecting the results of the distortions above and under
runways. Based on the executed scientific studies, the appropriateness of the methods for detecting
distortions on and under the surface of runways was determined, the cause of their emergence was
discovered, and the model for monitoring and predicting distortions was created and included in the
GIS of the airport.
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