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The object of the study is the process of automated decision-making about the
condition of bridge structures on the basis of their non-stationary deflections,
obtained by remote measurement.

The subject of the research is models, methods and information technology of
providing automated decision-making on the condition of bridge structures on the
basis of the results of remote measurement of parameters of non-stationary
deflection processes.

The PhD thesis is devoted to the development of models, methods and
information technology of remote monitoring technical objects with non-stationary
output signals for automatic decision-making on the state of these objects. Bridge
structures and autonomous mobile robots were used as technical objects in the
research.

Models, methods and information technology of remote monitoring technical
objects with non-stationary signals have been presented in the thesis. In contrast to
well-known technical solutions, our technology provides sustainability and value of
obtained data in real-time mode when analysing non-stationary processes. That was
substantiated by 5 patents of Ukraine, obtained by the author and his colleagues.

The dissertation is related to the relevant world-wide problem of real-time

analysis of non-stationary processes, the characteristics of which are difficult to



predict, and it is very difficult to extract valuable information in a large data set and
to draw conclusions about the process itself.

In Introduction the choice of the theme of the research and topicality of the
thesis have been substantiated, the purpose and objectives have been formulated, the
object, subject and methods of the study have been defined, the connection of the
work with scientific themes according to the Ministry of Education and Science of
Ukraine has been shown, the scientific novelty has been provided and practical
significance of the results has been formulated.

The first section is devoted to the literature review on the subject of the
dissertation, in particular a comprehensive analysis of existing information
technologies in systems for remote monitoring technical objects like bridges and
landmarks for autonomous mobile robots, their features and their applications. The
main shortcomings of existing information technologies of remote monitoring
technical objects have been analysed in particular: the complex process of obtaining
data about bridge structure conditions using contact methods of measuring
deflections and the dynamic amplification factor; the need to restrict traffic on the
bridge to obtain information about its condition; the ability to find data about the
bridge structure only at one measurement point; a large amount of information to be
analysed and selected as useful; the use of complex and time-consuming for
implementing methods of finding information about the state of structures while
analyzing non-stationary processes, etc.

In the second section the theoretical bases of construction of models, methods
and information technology of remote control of bridge constructions were
considered. The essence of the existing models of decision-making on the condition
of bridge structures was considered, which consists in measuring dynamic
amplification factor by finding the ratio of the dynamic deflection to the static one
of the bridges in the middle of the longest span. After that, the factor that was found,
Is compared with threshold value, which is set for a certain type of bridge structure
and if this certain threshold is exceeded, a decision will be made on the further

operation of this bridge structure. Attention was drawn to the fact that this decision-



making model can be applied to homogeneous deflections of a bridge structure, the
fluctuations of which can be described by a stationary process. But if the fluctuations
of the BS are a non-stationary process, then the traditional methods and models of
decision-making do not work here and new methods are needed, methods of finding
information about the state of the bridge structures.

In the third section, the models have been created and the methods in
information technologies for remote monitoring bridge constructions have been
developed. One of these methods is the method of collecting information on the
spatial deflections of the lower surface of bridge structures using non-contact
methods of measuring and finding data about bridge structures using a miniature
radar that can be located in any convenient place for the operator and a system of
secondary emitters located on the lower part of the bridge structures surface. The
advantage of the method over the existing ones is the ability to obtain data at several
points of the bridge construction, not only one. The model and information
technology for determining constancy, data value by remote measuring deflections
of the lower part of the bridge structure and information technology of decision-
making on the bridge structures conditions with non-stationary input actions have
been offered. The model for estimating the sustainability of information obtained
from non-stationary processes relative to the reference stationary process has been
improved. It differs in data processing about the stationary Hilbert-Huang modes,
which allow one to improve the quality of automatic decision-making about the state
of any technical object. Information technology for remote monitoring technical
objects has been further developed, in contrast to the well-known ones it takes into
account the non-stationary nature of input processes and ensures the sustainability
of data for decision-making. The information technology for determining the value
of measuring data about the bridge structure deflections has been further developed,
in contrast to the well-known ones it takes into account the indicators of statistical
decisions on the safety of structures, which allows meeting conflicting requirements
for data safety and value. The choice of threshold deflections is carried out with the

best possible subject to these requirements.



The fourth section discusses the implementation of using the developed
models, methods and information technology for technical objects, e.g., for
navigating autonomous mobile robots in unfamiliar terrain when GPS is not
available. Firstly, it is a system for data collecting and processing based on using
dynamic spatial channels for detecting landmarks. These channels are created
artificially when scanning the surrounding area with a video camera and
compressing data by converting two-dimensional images into one-dimensional ones
to identify landmarks against a background similar to landmarks in colour. Secondly,
it is a system for collecting data about the chromaticity parameters R, G, B,
decomposing the dependence of the latter on the spatial coordinate of the image
frame in the space of orthogonal Hilbert-Huang modes, and decision-making on the
detection of a landmark based on information about the statistical distribution of
only the first three Hilbert-Huang modes.

Theoretical and applied results of the thesis have been used in the educational
process of the Department of Bridges, Structures and Building Mechanics at
KhNAHU for training students (speciality 192 «Construction and Civil
Engineering»), in lecture courses «Innovative Directions of Operational Technology
of Transport Facilities» and when making preparation for Laboratory Practicum.

The results of the dissertation have been implemented in the project
«Development of information-measuring systems and diagnostic systems for static
and dynamic objects in the machine-building and road-building industries» (state
registration number 0120U104317).
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