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ABSTRACT

Context. In the light of current road network monitoring practices, this study aims to explore the capability of remote sensing
technologies to solve the problems of increasing the objectivity of preliminary evaluations of the condition of the infrastructure as a
whole. The object of the study was to process the monitoring of transport infrastructure (TI) to find ways to improve it in the imple-
mentation of development projects.

Objective. The goal of the work is to increase objectivity of decision-making on the evaluation, reconstruction, development of
the transport network structure due to the visual presentation and disclosure of open data for monitoring the transport value.

Method. Existing approaches to TI monitoring and evaluating its condition are analyzed. The identified shortcomings, as well as
the development of remote sensing technologies, open up prospects for the use of remote sensing data in the TI monitoring process.
A set-theoretic model of the monitoring process information flows is proposed, the consistent refinement of the elements of which
made it possible to develop information technology (IT). Formation of a set of input and output parameters of IT, the set of its opera-
tions, their representation with IDEFX-models set explains how a set of heterogeneous (graphic, text, digital, cartographic, etc.) data
about TI elements coming from different sources are processed and presented to support decision-making on the survey of existing
infrastructure and its improvement. The developed IT makes it possible to obtain complex indicators for analyzing the TI of a par-
ticular area, to solve the problems of inventorying objects, TI and its elements modeling, taking into account the physical and geo-
graphical location, which makes it possible to consider it as an auxiliary tool that complements existing methods of TI monitoring.

Results. The developed IT was studied in solving the problem of monitoring the TI section of the Kharkiv region using satellite
imagery of medium (Sentinel-2) and high (SuperView-1) resolution and the results of laser survey of the road bridge across the river
Mzha (as an element of infrastructure).

Conclusions. The conducted experiments confirmed the operability of the proposed information technology and showed expedi-
ency of its practical use in solving the problems of obtaining generalizing characteristics of the infrastructure, inventory of TI objects
and their modeling. This opens up opportunities for substantiating project decisions for the reconstruction of the transport network
and planning procedures for examining its condition. Prospects for further research may include: creating reference models of TI
objects, expanding the table of decryption signs of road transport infrastructure objects, integrating remote data, survey results of TI
sections and engineering surveys of objects to obtain evaluations of the condition of TI in general.

KEYWORDS: model of information flows of the process, IDEFX-models, mapping and 3D-modeling.

ABBREVIATIONS v is an output function, that generates an output data;
IT is an information technology; A is a set of operations that implement the transport
GIS is a geoinformation systems; infrastructure monitoring process;
GPR is ground penetrating radar; H is a population size, thousand people;
RMC are road-maintenance companies; I _Pr is a model of information flows of the transport
TI is a transport infrastructure. infrastructure monitoring process;

NOMENCLATURE Ji are junctions, that define the interaction logic of

¢ is an update function; IDEF3-model operations;

© Danshyna S. Yu., Nechausov A. S., Andrieiev S. M., 2022
DOI 10.15588/1607-3274-2022-4-7

86



p-ISSN 1607-3274 PagioenexkrpoHika, iHpopmaTuka, ynpaeiinss. 2022. Ne 4
e-ISSN 2313-688X Radio Electronics, Computer Science, Control. 2022. Ne 4

K(F) is an Engel coefficient;

K(G) is a Goltz coefficient;

L is the length of roads in the given territory, km;

N is the number of settlements;

O is a set of output data the TI monitoring process;

r is the correlation coefficient;

S'is the area of the territory, km®;

V is a set of input data, incoming into an input of an IT
in the TI monitoring process;

Z is a set of documents regulating the TI monitoring
process.

INTRODUCTION

The development of countries, the strengthening of in-
ternational relations, the activation of globalization proc-
esses increases the importance of transport as a factor in
economic and social development [1]. Thus, experts from
the World Economic Forum note that for countries and
economies are assigned to nascent archetypes, is a me-
dium-pronounced dependence (with a correlation coeffi-
cient » =0.567) between indicators of TI and the struc-
ture of production components, reflecting the complexity
and scale of the country’s current production base
(Fig. 1a). A more pronounced relationship (7 =0.637)
between indicators of TI and drivers of production, that
position a country to capitalize on emerging technologies
and opportunities in the future of production (Fig. 1b) [2].
Thus, transport and the transport sector have an impact on
the location and efficiency of production, on the forma-
tion of local and national markets, and on the solution of
socio-economic problems [1, 3].

Determining the cost of production, on the one hand,
TI turns out to be a measure of economic activity; on the
other hand, it becomes its reflection, forcing the business
to coordinate the development of its enterprises with the
development plans of TI [2—4]. In this context, improving
the efficiency of the existing TI becomes the main goal of
government programs and development projects, and un-
derstanding the quantity, quality of roads and the entire
infrastructure as a whole is necessary for making strategic
decisions.

The object of study is the process of monitoring
transport infrastructure in order to find ways to improve it
when implementing development projects.

One of the most promising and powerful monitoring
tools for TI is considered to be methods based on remote
sensing of its elements, which traditionally focus on mon-
itoring the condition of the road surface [5]. However, it
is noted that TI is a broader concept that combines not
only roads as elements of communication networks for all
types of transport, but also the corresponding set of struc-
tures to meet the needs of the population and production
in transportation [6]. Therefore, in order to increase the
objectivity of TI evaluation in general, it is necessary to
expand the use of remote zoning by implementing models
and methods based on the analysis of spatially distributed
data about its elements.
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Figure 1 — The scatterplot (for the top 10 countries of the
nascent archetypes) that illustrates dependence between trans-
port infrastructure components and indicators: a — structure of

production; b — drivers of production
(According to the results of the analysis of work [2])

The subject of study is the information technology
for transport infrastructure monitoring, which uses remote
sensing data to analyze it and find ways to improve it.

Increasingly, urban planners and transport engineers
note that there is a need to create scientific and methodo-
logical support that combines spatial data with evalua-
tions of TI to provide information support for its monitor-
ing process while making decisions on ways to improve
it. The growing number of vehicles, in particular, on
highways, increases the need to step up efforts to imple-
ment IT of TI monitoring as a set of methods for search-
ing, processing and presenting heterogeneous data in the
implementation of development projects. Therefore, the
known sampling methods [5—16], which, unfortunately,
are focused on the remote evaluation of only the road
surface, have excellent prospects for using the entire road
infrastructure in IT for monitoring.

The purpose of the work is to increase the objectiv-
ity of the decisions made on the survey, reconstruction,
development of the existing transport network through the
representation and visualization of spatial data for moni-
toring of the TIL.

1 PROBLEM STATEMENT
Assume there is a set of data V' ={v;},i=Ln, ob-

tained during the TI monitoring process and incomed on
the input of IT. Next, this data is transformed into a set

O={o,},j= I,_m — a set of output data for analysis and
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search for ways to improve the TI. The rules for this
transformation are set by the function

SV —>0,9v;eV3o;e0:v; = f(o;). (1)

It is necessary to define actions within the framework
of information technology for TI monitoring, which im-

plements the mapping V' S 50in expression (1).

2 THE LITERATURE REVIEW
Among economists, the generalizing Engel or Goltz
coefficients are widely used as a tool for evaluating the
condition of the transport component. These coefficients,
based on statistical data, show the level of provision of
the population with a transport network or the level of
development of this network between settlements, taking
into account the length of roads, the area of the analyzed
territory, the population and the number of settlements.
To calculate the level of provision of the population of the
analyzed territory with the transport network, we use
Engel’s formula [6, 7]:
K(E)= L . )

JsH

and to calculate transport network development level —
Goltz’s formula [7]:

K(G) == G)

Jsv

These coefficients make it possible, with a certain re-
liability, to judge the level of development of transport
networks in relation to their main users and to determine
the main differences in development in the study areas.
However, the coefficients useful for the system analysis
of the transport component of the territories do not take
into account the configuration of TI, the condition of the
road surface, its objects, etc. [6, 7]. Therefore, more and
more often, urban planners and transport engineers come
to the need to create indicators for sustainable planning
and making informed decisions that combine spatial data
with evaluations of TI [8, 9].

The regulatory database for evaluating the condition
of roads in Ukraine is regulated by a number of state, in-
dustry and departmental standards (for example, GOST
8747:2017, BC B.2.3-4-2007, BC B.2.3-218-534:2011,
DBC H.1-218-530.2006 etc.). For employees of road
maintenance organizations (RMC), the standards define
the rules for expert-visual or visual-instrumental control
of the road surface, all structures and elements of TI.
However, due to the high operating costs of specialized
inspection vehicles, conventional monitoring systems
suffer from a limited amount of data collected from peri-
odic inspections, which makes it impossible to fully eval-
uate the condition and form a clear plan for upgrading
roads, structures and TI elements. This makes road survey
work cumbersome and inefficient [6, 10]: some checks
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are redundant, and some lead to belated detection of prob-
lems. At the same time, visual methods are resource-
intensive (in terms of human, time and financial re-
sources), not promptly (do not allow you to clearly and
quickly obtain data on the condition of TI, develop project
documentation, etc.) and subjective (significantly depend
on the experience and qualifications of employees exer-
cising control roads) [10, 11].

It is precisely because of the outdated and poor func-
tioning of TI monitoring systems that today RMC are
reforming their observational methods and, supporting
world trends, are moving to new competitive technologies
that can detect and analyze the condition of TI in a short
time and with high accuracy [11].

An analysis of the development of approaches to TI
monitoring (A. Shtayat, et al. [11]) shows the presence of
trends in the use of remote methods to solve the problems
of evaluating its condition. The existing monitoring
methods are conditionally divided into two groups: static
methods — focused on the use of stationary sensors or
instruments; dynamic methods — require certain actions to
collect data on the condition of TI. At the same time, the
growing appearance on the market of drones, video cam-
eras, GPR, laser scanners, etc. as a constant and periodic
source of information, contributes to monitor the condi-
tion of roads in real time (D. Gura, et al. [5]).

Static remote methods implement the ideas of non-
destructive control to obtain accurate and valuable infor-
mation about TI objects without direct physical contact
with them. They have proven themselves well in the prob-
lems of determining local surface and structural deforma-
tions in linear transport networks (F. Tosti, et al. [12]).
With low operating costs, non-contact information, and
less labor required, these approaches enable early inspec-
tion of pavements, optimizing maintenance and repair
practices, reducing maintenance costs, and extending
pavement life (M. Rasol, et al. [13]). However, it is fair to
say that the potential of these methods in TI monitoring
systems is still not well understood, and they are not suit-
able for large-scale studies of surface deformation of the
road network [5, 11, 12].

Even more theoretical are studies related to the use of
dynamic methods for TI monitoring. The few studies in
this area are focused on a dynamic monitoring system
using portable equipment. For example, Khoudeir et al.
[14] experimentally prove that, in comparison with other
monitoring systems, the use of digital images of the road
surface can increase the efficiency of its evaluation and
operational safety. In addition, digital images can be used
to evaluate any type of pavement, as well as unpaved
roads. For example, Amarasiri S., et al. [15] based on the
evaluation of the change in the brightness level of the
image of TI objects, conclusions are drawn about the po-
tential possibility of monitoring the degradation of the
macrotexture of the road surface. Evaluating the prospects
of dynamic monitoring methods, many experts consider
them the most effective and recommend them, in particu-
lar, for information systems for evaluating the condition
of concrete pavement [11]. We also note that in the case
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of using spatial data, an important point is the ability to
track the dynamics of TI development, highlighting com-
mon features and main geographical patterns [8, 16].

Thus, regardless of the aspects of the monitoring prob-
lem considered, the TI literature review results confirm
the following. The effectiveness of TI status evaluation is
reduced due to the large size of the geographical areas
that need to be controlled, the limited amount of human
and financial resources available for RMC [10, 11, 17]. At
the same time, studies of the possibility of using remote
methods confirm the reduction of socio-economic costs
due to such unique advantages [10, 17]:

— a large amount of data increases the accuracy of pre-
dicting the condition of TI,;

— the cumulative measurement of the current condition
of the object increases the accuracy of the inspection,
contributes to the early detection of problems and reduces
the number of visits of the TI facilities with an inspection;

—reducing the time of road maintenance work while
complying with RMC policies based on continuous moni-
toring of the TI condition.

Therefore, in order to increase the objectivity of moni-
toring results based on the analysis of independent het-
erogeneous data obtained by different methods from dif-
ferent sources, it is necessary to implement IT that com-
bines visual control of the TI condition with remote sens-
ing data. Implementing the concept of non-destructive
control to obtain accurate and timely information about
the condition of TI, such technologies [11, 12, 17]:

—allow you to create lists of works for maintenance,
renovation and / or reconstruction of TI facilities, reduc-
ing the total cost of maintenance;

—help RMC prioritize finding ways to improve TI by
formulating plans and investment strategies for develop-
ment projects;

—make it possible to track the dynamics, establish
common features and patterns of TI development, etc.

3 MATERIALS AND METHODS
Today, the legislation of Ukraine in the field of evalu-
ating the condition of roads is in the process of formation,
only some operations of the TI monitoring process are
regulated at the level of industry standards (for example,
[18, 19]). Traditionally, the standards prescribe to collect
data (the initial elements of the set V' ={v;} ) by expert-

visual and visual-instrumental methods, the choice of
which is determined by road-maintenance priorities,
available resources and geographical limitations [17]. The
global practice of RMC “transfer of responsibility” em-
bedded in the regulatory framework can significantly re-
duce the objectivity of the obtained evaluations of the TI
condition [6, 15], causes delays in problems detection
[17], increases overall maintenance costs [20], reduce
road safety and quality of TI [12]. In order to eliminate
the possible listed problems, it is proposed to expand the
set V' by adding data obtained by remote sensing methods.

When monitoring the TI, an idea is formed about the
actual condition of the road surface and infrastructure
elements to find ways to improve it, i.e., in accordance
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with expression (1), the resulting elements of the set V'
must be transformed by IT into a set O ={o;} for evalu-

ating the TI condition.

At the same time, like any information process, the TI
monitoring process under consideration requires algo-
rithmizing and formalization to eliminate chaos, determi-
nation of a clear sequence of operations, ease of control
over their implementation, etc., as well as for systematiz-
ing the data, requirements, norms and rules in one docu-
ment arising from the provisions of various regulatory
documents [21].

To determine the procedure for actions that implement

the mapping v— 50 , using the author’s methodology

for studying information processes, we will conceptually
present the process of TI monitoring as a set-theoretic
model of its information flows [21-23]

I Pr=(V,0,4,y,Z,0). “)

Based on the requirements of the standards [18, 19]
and taking into account global trends [5, 17], we will form
the set 7 of the model (4) from the following elements:
v, — satellite imagery of the TI study area; v, — survey

results of the TI section; v3 — results of engineering sur-
veys of the TI section objects; v, — base map. At the out-

put of the process, a set O is formed, which combines the
following elements: o; — TI section objects database; o,

— the list of objects of problematic TI section; o3 — TI

section condition evaluations. It is possible by implement-
ing the operations defined by the set A: a; — to define the

objects of the TI section; a, — to check the condition of
the TI section objects; a3 — to form TI section condition

evaluations. To normalize the internal content of informa-
tion flows during TI monitoring, documents that specify
the requirements for TI objects, the rules for their defini-
tion, control and operation are used. This means that the
set Z (a set of documents regulating the process) will
combine the elements: z;— table of decryption signs of

objects; z, —requirements of the Building Code; z3 — TI

section objects evaluation requirements. Also, in model
(4) v means the output function, which uniquely deter-
mines the rules for the formation of elements of the set O;
¢ — update function, the execution of which is necessary
to clarify the input data of the process in accordance with
the requirements of the elements of the set Z.

TI monitoring is carried out discretely in time, which
means that the inputs and outputs will change depending
on the requirements of the regulatory documents, the ini-
tial data at the input and the set of operations that imple-
ment the process:

{V (O =9V (t-1),Z@t)); )

o) =y (), A1),
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that is, the input of the process at the present V' (¢) de-
pends on the input at the previous moment of time and the
set of documents regulating the process, Z(¢) ; the output
of the process O(¢) is determined by the set V' (¢) and the

operations A(f) performed in the present.
The output function — displaying the view:

y:AxV -0, (6)

which depends on the complexity of the process, can be
presented in tabular, graph and graphical view [21-23].

Defining the mapping (6) in the model (4), we present
the function y in graph form (Fig. 2) in accordance with
the rules formed in [22].

V1. V2 |0

Figure 2 — Output function graph view (6)

Output function graph view (6) — it is a directed graph
representation (Fig. 2), whose vertices correspond to the
operations of the set 4={a,},g=1,..,3, and edges —

z,- table of decryption
signs of objects

z,- requirements of

possible transitions from one operation of the process to
another. Each edge has a weight — specifying an element
of the set V' ={v;},i =1,...,4, on which there is a transi-

tion from the execution of one operation a, to another,

g
and an element of the set O ={o;},j=1...3 as a result

ag , necessary to perform subsequent operations [22]. For

example, at time ¢, the arrival of the operation at the input
as element v, allows to form an output element o5 . But

at the same time, an output o; is needed, resulting from
an operation @; by combining an input data v; and v,,
as well as the exit o0, , as a result of operation a, .

For clarity and to facilitate the perception of data and
operations of the I Pr process, while maintaining the ri-
gor and formality of the presentation, we depict the graph
(Fig. 2) in the form of an IDEF0-model (Fig. 3) [22, 23].
Based on the provisions of the functional modeling meth-
odology, IDEF0-model determines the structure of IT
monitoring of the TI.

In the IDEF0-model, GIS is considered as a means of
performing a set of operations A, and spatial analysis (or
GIS analysis) of TI monitoring tasks solved with its help
contains a set of methods and tools for combining geospa-
tial data with the arguments of decision makers
[3, 17, 23].
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Figure 3 — IDEF0-model as a structure of information technology of transport infrastructure monitoring,
that explains graphical view of function y realizations
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Executing the update function — displaying the view
[21-23]:

0 VxZ >V @)

is necessary to refine the input data in accordance with the
requirements of the documents of the set Z.

The simplest approach to the definition of function (7)
is enumeration, when the expert associates each element
of the set /" with an implementation of the view:

v; =o(v;,zp) Vvl-eV,i=1,_4 VzleZ,lzl,_3. ®)

Taking into account the dynamic nature of the TI
monitoring process, based on the first expression of the
system (5), experts need to discretely form a set of im-
plementations (8) in time. On the other hand, in the con-
text of digitalization of TI monitoring and its information
support, the expert approach to the formation of imple-
mentations (8) contradicts the principles of standard pro-
cedures, adherence to uniform approaches and data proc-
essing technologies, formed, for example, in [5, 12, 15].
Dynamic nature of the function ¢ can be explained by
using the IDEF3 methodology. It has been chosen due to
the following reasons [21, 24]:

— IDEF3 reveals the implementation logic of set 4 op-
erations, representing their dynamic sequence in the form

Table of decryption
signs of objects

(1)

Setting the Tl section
imagery history

Decrypting
objects of Tl

Satellite imagery
of the Tl study area

vyi-1) a, 5 ‘

Requirements of the

of a scenario that is implemented by IT in a finite time in
accordance with the first expression of the system (5);

— IDEF3 is an extension of the IDEF0 standard, which
is used to represent the function of outputs ;

— IDEF3 provides a tool for creating a set of graphical
models that reveal the mechanism for generating realiza-
tion (8) of the update function ¢ of the process, while
providing simplicity, clarity and ease of perception of the
dynamic character of information flows;

—IDEF3 as a part of a structural analysis, has certain
semantics for describing information processes, which
facilitates their full understanding by developers and end
users.

All of the above, on the one hand, makes it possible to
take into account the dynamic nature of the TI monitoring
process and, in particular, the update function ¢ according
to (5), on the other hand, reveals the mechanism for ob-
taining realizations (8) in the form of a final sequence of
process operations. A graphical representation of the im-
plementations of the function ¢ based on the IDEF3
methodology, which explains the TI monitoring mecha-
nism in accordance with the expressions of system (5), is
shown in Fig. 4. The resulting IDEF3-model reveals the
IT monitoring structure of TI for decision-making when
looking for ways to improve it [24].
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Figure 4 — IDEF3-model, that explains graphical view of function ¢ realizations
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The sequence of actions on Fig. 4 is formed by sum-
marizing the results of works [5, 12, 15, 17] and the rec-
ommendations of current standards [18, 19]. At the same
time, the operations of the set 4={a,},g=1,...3 are

refined and revealed as the function f:/ — O is imple-

mented. This is explained by the corresponding identifiers
of the unit of work of IDEF3-model (for example, the
identifier as; denotes the first sub-operation of the op-

eration as, etc.). Also here, a temporary designation of

the elements of the sets /" and Z is additionally introduced
to explain the dynamics of their change (which is not
typical for the IDEF3 methodology).

The IDEF3-model uses typical definitions of industry
standards [18, 19], for example, the TI section survey
results sheet, etc. This is a document that organizes the
results of a survey of a road surface by a visual or visual-
instrumental method in order to determine its technical
condition. Thus, the output o;, obtained from the junction

J4, 1s a multidimensional database that combines in a

single description heterogenecous information about static
(TT object name, coordinates, geometric and operational
characteristics, etc.) and dynamic (a snapshot of the ob-
ject, the area of damage to the coverage on the date of the
survey, the strength of concrete relative to the norms, etc.)
characteristics of the objects obtained during TI monitor-
ing. The algorithm for the formation of such a database on
the example of another object of study is considered in the
work of the authors [23]. The same data are input to op-
erations a, and a3, where, in one case, they are consid-

ered as the basis for the formation of evaluations of the
condition of the TT site, in the other, these data are refined
by comparison with the results of engineering surveys of
TI objects.

Thereby, the consistent refinement of the conceptual
model of information flows of the TI monitoring process
makes it possible to form the structure of IT and present it
as a set of IDEFX-models that explain how a set of het-
erogeneous (graphic, text, digital, cartographic, etc.) data
about TI elements obtained from different sources are
processed and presented to support decision-making on
ways to improve it.

4 EXPERIMENTS

The possibility of using the proposed IT for TI moni-
toring is considered on the example of the Kharkiv district
of the Kharkiv region near the villages of Rokytne, Pav-
livka, Vatutine, Vilkhuvatka, Ordivka, Krynychky with a
total population of 3602 people (Fig. 5).

The purpose of the experiment was to evaluate the
possibility of using remote data in TI monitoring to solve
the following problems:

— obtaining generalizing coefficients for the analysis
of TI of a separate area for choosing directions for the
strategic development of territories;

— inventorying the TT objects;

— modeling the TI and its elements;
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Figure 5 — Study area (TI section) on the Sentinel-2 imagery

—researching the TI properties to substantiate design
decisions during the reconstruction, development of the
existing transport network;

— planning a procedure for surveying the condition of
highways and other TI facilities.

The following were used as initial data:

—satellite images of the study area from Sentinel-2
and SuperView-1;

— table of decryption signs of TI objects;

—results of laser survey with a Leica RTC 360 scan-
ner;

—results of tachometric survey in the SK-63 coordi-
nate system using the Leica FlexLine TS03 device.

The implementation of proposed IT is possible by us-
ing the ArcGIS software suite by Esri. When validating
the evaluations, they were compared for compliance with
the results obtained from the statistics department of the
Kharkiv region, which made it possible to conduct an
experiment to study the effectiveness of IT in real condi-
tions and on real objects.

As a result of the experiment, conclusions were drawn
about the possibility of using remote data as auxiliary
tools that complement the existing expert-visual and vis-
ual-instrumental methods for TI monitoring.

5 RESULTS
An analysis of a snapshot of the road infrastructure in
the study area (Fig. 5) showed that it covers an area of
$=61.25 km’, the total length of roads of various types is
L=17.8 km. Using formulas (2), (3), we find generalizing
coefficients K(F)~0.038 and K(G)~0.93. To validate

the obtained data, using statistical data, for the Kharkiv
region we will obtain S=31418 km?, 1=9672.8 km,
H=2633834 people, N=1755; hence the values of the co-
efficients for Kharkiv region are K(F)=0.034 and
K(G)=13.

Fig. 6 shows the result of solving the problem of in-
ventorying objects and TI cartographic modeling of the
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study area: all TI objects were found and plotted on a car-
tographic base to fix spatial data, systematize and visual-
ize the information received about the road transport in-
frastructure.

Artificial structures, and primarily bridges, are the
most complex and expensive structures in the transport
infrastructure [25]. The cartographic model (Fig. 6) shows
several bridges that have been identified in the study area.
Further, among the bridges presented in Fig. 6, a bridge
over the river Mzha, located on the territory of the Ro-
kytne village, which is on the local road that connects the
M-18 and M-29 highways, was selected for analysis.

Traditionally, evaluation of the condition of bridges is
based on visual inspections and surveys using geotechnical
field instruments and geodetic equipment. Naturally, the
results of such engineering surveys significantly depend on
subjective factors, including the level of training of special-
ists [17, 25]. However, laser scanning technology is in-
creasingly attracting the attention of inspectors and re-
searchers in the field of bridge management, allowing to
obtain detailed bridge geometry. Being a kind of remote
methods, laser scanning of objects increases the reliability
of the survey results by increasing the sample of measure-
ments, and improves the quality of project documentation
[5,25].

The results of laser survey of the bridge obtained as
initial data made it possible to build an information 3D-
model of bridge structures (Fig. 7) with an accuracy of
1 mm. Its integration into a 3D relief model improves the
perception of TI objects as natural elements located in
real conditions of the natural environment of the study
area.

6 DISCUSSION

The results of the experiment confirmed that, based on
remote data, it is easy to find the generalizing Engel and
Goltz coefficients for analyzing the transport component
of the area. In the context of the ongoing administrative-
territorial reform in Ukraine, when statistical data on the
region may not be available, remote data becomes the
only means of obtaining the necessary information. Note
that the found values of the coefficients for the study area
are comparable with the statistical values for the region.
At the same time, the level of provision of the population
with motor transport routes slightly exceeds (by 12.7%)
the statistical data for the Kharkiv region, and attention
should be paid to the development of the road network
between villages: compared to the region, this indicator is
lower by 28.7%.

Legend

A3C | - The Petrol Station: - The Transport Station:

- The Bridge :

mme - |Local Roads:

s - Expressway Of International Importance M-18:

- The Vehicle Servicing Point. e - Expressway Of International Importance M-29:

Figure 6 — An example of solving the problem of object inventory and TI cartographic modeling based on:
a — satellite images from SuperView-1; b — satellite images from Sentinel-2
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Figure 7 — An example of solving the problem of 3D-modeling of TI objects based on the results of laser scanning

The results of solving the problem of inventory of ob-
jects and cartographic modeling of the TI of the study
area (Fig. 6) showed that the graphical interpretation of
different types of objects and the possibility of combining
different images on the model improves the visual percep-
tion of the condition of the TI section. At the same time,
the high resolution of images does not affect the speed of
their processing by ArcGIS.

Analyzing the image from the SuperView-1 satellite
(Fig. 6a), we note that its resolution (0.5 m per pixel)
makes it possible to apply the results of a visual inspec-
tion of the highways concrete pavement condition to the
model using the gradation provided by the Building Code
B.2.3-218-534:2011. This significantly expands the scope
of the developed IT and in the future creates an opportu-
nity for substantiating design solutions for the reconstruc-
tion of the transport network and planning procedures for
examining its condition, which is also confirmed by the
conclusions obtained in [17]. However, due to the lack of
results of a real survey of TI in the study area, the scope
of this study is limited only to evaluate the possibility of
using the developed IT in solving such problems. It
should be noted that the low-resolution, free images from
the Sentinel-2 satellite (Fig. 6b) do not allow solving
such problems. But the resulting cartographic models will
help RMC to identify vulnerabilities in the investigated
road infrastructure, facilitate decision-making when plan-
ning procedures for examining the condition of TI ob-
jects, etc.

Interesting prospects are opened by the integrated use
of remote data and the results of engineering surveys of
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TI objects, collected using modern geodetic equipment.
The 3D-model of the bridge built based on the results of
laser scanning makes it possible not only to obtain accu-
rate design documentation, but also makes it possible to
conduct a comprehensive analysis of the bridge, taking
into account the physical and geographical location and
predict its behavior without fieldwork. However, the lack
of a reference model makes it difficult to solve the prob-
lem of evaluating the condition of the bridge: research is
primarily focused on its representation as a whole, it lacks
a clear linkage of changes to specific characteristics,
which means that it is difficult to understand what data
should be used as a reference for the condition evaluating
for a certain period of time.

CONCLUSIONS

The actual problem of developing scientific and meth-
odological support of information support for the process
of monitoring the transport infrastructure in order to find
ways to improve it in the implementation of development
projects has been solved.

The scientific novelty of the obtained results is that
the methodology for researching information processes
has been further developed by adapting it to solve TI
monitoring problems by refining the set-theoretic model
of information flows process. Based on the requirements
of current standards, taking into account global trends, a
set of input and output parameters of the model, as well as
a set of process operations, are formed. As a result of the
consistent refinement of this model, for the first time, an
information technology for monitoring the transport infra-
structure was proposed, including a set of IDEFX-models
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that explain how a set of heterogeneous (graphic, text,
digital, cartographic, etc.) data about TI elements upcom-
ing from different sources are processed and presented to
support decision-making process on the survey and im-
provement of the existing infrastructure.

The practical significance of the obtained results is
that the representation of the IT structure based on the
IDEF functional modeling standard makes it easy to move
to the creation of information monitoring systems for TI
based on remote data. The conducted experiment on stud-
ying the capabilities of the proposed IT showed its effec-
tiveness in solving the classical problems of complex
analysis of TI based on generalizing coefficients, and also
outlined the range of tasks where it can be used as an ad-
dition to the existing expert visual and visual-instrumental
methods of TI monitoring. The results of the experiment
make it possible to recommend the developed IT for use
in practice, as well as to determine the effective condi-
tions for its application.

Prospects for further research are the combining of
remote data, survey results of TI sections and engineering
surveys of objects on these sections to form evaluations of
the TI condition. On the other hand, the direction associ-
ated with the refinement and expansion of the table of
decryption signs for road transport infrastructure objects,
as well as obtaining reference models of TI objects for
monitoring the road surface and infrastructure as a whole,
becomes interesting.
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THO®OPMAIIMHA TEXHOJIOT'ISA MOHHMTOPHHI'Y TPACIOPTHOI IHOPACTPYKTYPH
HA OCHOBI JAHUX TUCTAHHOIMHOI'O 30HAYBAHHSA
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HanionanbsHuit aepoKOCMIYHUH yHIBepCcUTeT «XapKiBCHKUH aBiallifHuH IHCTHTYT», XapkiB, YKpaiHa.

HeuaycoB A. C. — kaHJ. TeXH. HayK, JOLEHT Kadeapu reoinpopManiiiHuX TEXHOJOTiH Ta KOCMiYHOr0 MOHiTOpUHTY 3emii, Ha-
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AnapeeB C. M. — kaHJ. TeXH. HayK, TOLUEHT Kadeapu reoindpopManiiHuX TEXHOJIOTIH Ta KOCMi4HOro MoHiTOpHHTY 3emui, Hai-
OHAJIbHUH aePOKOCMIYHUI YHIBepCUTET «XapKiBChKUil aBialliifHuii iHCTUTYT», XapKiB, YKpaiHa.

AHOTANIA

AxTyanbHicTs. Ha Tii icHyI090i IpakTUKH MOHITOPHHTY aBTOJOPOKHBOI MEpeKi Iie JOCHIIKEHHS CIPSIMOBAaHE Ha BUBUCHHS
MOXJIMBOCTEH TEXHOJIOTIH MUCTAHI[IHHOTO 30HAYBAaHHS IS BHPIMICHHS 3aBJaHb IMIABHINCHHS 00’€KTHBHOCTI OAEPXaHHUX OIIHOK
CTaHy TPaHCIOPTHOI iHppacTpyKTypH B HizioMy. O6’€KTOM IOCIIJPKEHHS SIBISETHCS MIPOLIEC MOHITOPHHTY TPAHCIOPTHOI iH(pacTpy-
KTYpH JUIsl TIOLIYKY LUIAXiB 11 BIOCKOHAJEHHS IPH peaji3alil MpOoeKTiB po3BUTKY. Mera poOOTH — ILIIXOM HAOYHOTO IOJAaHHS Ta
Bi3yaunizallii MpoCTOPOBUX JaHMX MOHITOPUHIY TPAHCIOPTHOI iIHPPACTPYKTYPH MiABUILUTH 00 €KTUBHICTD PillleHb, IO MPUHAMAIOTh-
Csl, BITHOCHO IIaHIB 0OCTE)XEHHS, PEKOHCTPYKIIT Ta PO3BUTKY ICHYI0YO0T TPAaHCIOPTHOT MEPEXKi.

Mertop. [IpoananizoBaHo iCHYIOUi iIXO0H A0 MOHITOPUHTY TpaHcrmopTHOI iHdpacTpykTypu (TI) Ta ouinroBaHHs i crany. Bumi-
JIeHI HEeNIOJIKH, a TaKOK TeHACHIII PO3BUTKY TEXHOJIOTiH MUCTAHIIHHOTO 30HAYBaHHS BiAKPUBAIOTH MEPCIEKTHBH 3 BUKOPHCTAHHS
IUCTaHIOIHHUX AaHUX Yy mporeci MoHiTopuHTY T1. 3ampornoHOBaHO TEOPETUKO-MHOKHHHY MOJAENTH iH()OPMALifHUX MTOTOKIB MPOILIECY
MOHITOPHHTY, TOCIIiIOBHE YTOYHEHHS €JIEMEHTIB SIKOI JTaJIo 3MOTy 3amporoHyBatu iHdopmauniiiny texHonorio (IT). dopmyBanns
MHOXXHH BXiTHUX 1 BUXiqHUX napametpiB IT, MHOXHHY 11 onepaniii, nomanns ix y Hotamii IDEFX-Mozneeit moscHIOE SK CyKyIHICTh
pisHOpimHKX (TpadiuHKX, TEKCTOBHUX, HU(POBHX, KapTOrpadiyHKUX TOIIO) AaHHX Ipo enemMeHTH TI, ki HAAXOAATH 3 PI3HUX JDKEpEl,
0OpOOISIOTECS Ta HANAIOTHCS YIS MIITPUMKH MPUHAHATTS PillleHb MO0 0OCTeXEHHs iCHYI0401 iH(pacTpyKTypH Ta i BIOCKOHAJICH-
Hs1. Po3pobnena IT nae 3Mory oTpuMmarti KOMIUIEKCHI TOKa3HUKH i aHaiizy TI okpemoro paiioHy, BUpIllyBaTH 3aBAaHHsS iHBEHTa-
pu3atiii 06’ekTiB iHppacTpyKTypH, Kaprorpadidnoro moaemtoBans TI Ta 1 eneMeHTiB 3 ypaxyBaHHsIM (iznko-reorpadivHoro pos-
TaIlyBaHH, IO Ja€ 3MOTY PO3TIIAAATH i1 K JOMOMDKHHIA 3aci0, 0 TOTOBHIOE iCHYI041 MeToau MOHITOpUHTY TI.

PesyabTaTn. Po3pobnena IT mocmimkeHa npu BUpimieHHi 3aBnanb MOHITOpUHTY T1 minsaku XapkiBChKOTO pailoHy 3 BUKOpPHC-
TaHHSM CYIyTHHKOBHX 3HIMKIB cepenHboi (Sentinel-2) i Bucokoi (SuperView-1) po3ninbHOI 37aTHOCTI Ta pe3ysbTaTiB Ja3epHOI
3HOMKH JIOPOXKHBOTO MOCTY 4epe3 p. MKy (SIK elTeMeHTy iHppacTpyKTypH).

BucnoBku. [IpoBeseHi ekCliepUMEHTH MiATBEPXKYIOThH Mpare3natHicTs 3anpornoHoBanoi IT i 1aroTe 3MOry pekoMeHayBaTH ii
JUIS BAKOPUCTAHHS Ha TPAaKTHILI NPH BUPIIICHH] 3aBAaHb 3 OTPUMAaHHs y3araJIbHIOIOYNX XapaKTePUCTHK 1HOPaCTPyKTypH, iHBEHTa-
pu3ariii 06’exTiB TI Ta ix MoxentoBanns. Lle BiikprBae MOXKIMBOCTI 00 OOIPYHTYBaHHS IPOEKTHHUX PillleHb PEKOHCTPYKIIii TpaHC-
MOPTHOT MEpexi Ta IUIaHyBaHHs NpoLEeayp oOcTexeHHs 11 ctany. [lepcreKTHBH MOAANBIINX TOCHIIKEHb MOXKYTh MOJATAaTH: y CTBO-
peHHi eTanoHHUX Mojenei 06’ekTiB TI, po3mupenHi Tabiuii AemmudpyBalbHUX 03HAK 00’ €KTIB AOPOKHBO-TPAHCIIOPTHOI iH(pa-
CTPYKTYpH, KOMIUIEKCYBaHHI AUCTAHIIHNAX JAaHUX, Pe3yJIbTaTiB 00cTekeHHs NUIAHOK T1 i iHKeHepHUX BUIIYKYBaHb 00 €KTIB IJIS
OTpUMaHHS OIIHOK cTaHy T1 B miomy.

KJIFOYOBI CJIOBA: mozens indopmaniitaux nmorokis nponecy, IDEFX-monenu, kaprorpagiuae Ta 3D-MozxemoBaHHs.
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