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SUMMARY

The concept of creation of automated systems for deformation monitoring and control of the technical
condition of engineering infrastructure is proposed; tasks related to the principles of construction,
features of functioning and efficiency, as well as the technical condition and reliability of the
engineering infrastructure objects, are considered. The structural diagram of the four-level
fundamentally automated system of remote deformation monitoring and control of the technical
condition of engineering infrastructure, which ensures the fulfilment of the requirements set for it, is
given.
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Introduction

With the development of high technologies and the intellectualization of technological processes,
solutions to operational diagnostic problems that ensure the effective operation of expensive and
complex equipment and machinery are becoming more and more relevant. This, in turn, requires an
effective and clear solution to the problem of automating the process of monitoring, diagnosis, and
control (Astrém et al., 2006; Johnson et al., 2005; Zurawski, 2007).

The last decades have been marked by significant progress in the development of hardware and software
for systems for collecting and processing measurement information, a certain revolution in
measurement technology, which is called the revolution of virtual measuring instruments (VMI)
(Klassen, 2000).

As VMI, we mean instrument systems that include computers, multifunctional and multi-channel
analog-digital input-output devices, external software-controlled modules for pre-processing of signals,
devices, as well as specialized software shells that allow control of collection algorithms, processing
and visual presentation of measurement information (Babich et al., 2017; Korobiichuk et al., 2020a).

The key element of VMI is software for collecting and processing measurement information, which
differs in its functionality, problem orientation, and the level of software tools used. The quality and
flexibility of the software used in the creation of data collection systems ultimately determine their
overall quality and usefulness.

Almost all manufacturers of hardware and software for system data collection supply the market with
their own software versions of various levels: from the simplest device and device drivers to powerful
integrated software shells that support various interfaces, additional devices, and built-in modules that
provide configuration of the measuring system any complexity.

To create a complex software and hardware of a typical information collection and transmission system,
it is necessary to ensure a reasonable combination of the cost of the equipment and the operating
characteristics of the system. Typical systems for collecting and transmitting information and its main
elements are currently effectively used in solving a wide range of tasks of the automated control system
for various technological processes (Korobiichuk et al., 2020b; Uikzer, 2002).

Modern systems for managing data transmission and processing processes perform complex and
responsible functions. For automated control and management systems used in the deformation
monitoring and control of the technical condition of engineering infrastructure, it is necessary to ensure
a high level of functional reliability, which is understood as the completeness, reliability, and timeliness
of the implementation of the given algorithm of operation.

To ensure the integrity of the functioning of the engineering infrastructure, it is necessary to ensure the
reliability of the functioning of all its subsystems. Therefore, a necessary task is the implementation of
intelligent systems for remote monitoring and control of their technical condition, that is, the search and
localization of technical malfunctions and damages for the purpose of a prompt response.

Methods and techniques

ASSS is a distributed system of remote monitoring and control, which is built according to the
technology of the so-called "industrial network", which provides reliable protection against obstacles,
reducing the cost and simplifying the installation and operation of the automation system. "Industrial
network" carries out the physical unification of measuring, communication and control devices and
allows the use of open software and logic protocols for information exchange.

The automated system of remote monitoring and control of the technical condition of the engineering
infrastructure an automated system of "open type", which provides the possibility of phased
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development of the system, interchangeability of hardware and software tools, and compatibility with
ACS of another level.

Results and Discussion

The concept of construction and structure of an automated system for remote deformation monitoring
and control of the technical condition of engineering infrastructure (Figure 1) includes an automated
sensor survey system (ASSS) and an information-diagnostic system (IDS) operating in a local or
corporate computer network and is integrated at the software level, while ASSS carries out end-to-end
data transmission from primary sensors to the central data collection server. At the exit from the data
collection server, ASSS integrates with IDS (Kuzmych L et al., 2017; 2018).
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Figure 1 Basic structural diagram of the automated system of remote deformation monitoring and
control of the technical condition of engineering infrastructure: ASSS - automated sensor survey
system; IDS - information and diagnostic system; SCTS - signal collection and transmission system,
SCS - signal coordination system; PD - primary sensor.

The automated system of remote deformation monitoring and control of the technical condition of
engineering infrastructure consists of four levels:

1) the first lower level - control and measurement equipment containing primary sensors, measuring
devices, etc.;

2) In the second level - the signal matching system is used for the selection and conversion of signals
(in digital form) taking into account the type of signal conversion;

3) the third level is the signal collection and transmission system, which is a telecommunications
system, conversion, and transmission of information in a digital code to the central data collection
unit of the ASSS;

4) the fourth upper level is a software and technical complex containing a central block of automated
surveys and an information-diagnostic system for monitoring the safety of engineering infrastruc-
ture objects with appropriate computers and software.

At the first lower level, the automated system directly applies to measure devices with sensors that
register physical processes and impacts on the objects of the engineering infrastructure. A variety of
primary sensors can be used in the automation system, in particular: movement sensors; stress sensors;
pressure sensors; water level sensors; overpressure sensors on pressure and non-pressure piezometers;
sensors - flow meters; temperature sensors, etc. (Rokochinskiy et al., 2020; Rus et al., 2006; Uikzer,
2002).

The second and third levels contain means of switching sensors, converting an analog signal into a
digital code, and communication lines for transmitting signals from the sensors to the central unit of
ASSS.
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The upper fourth level of the system is a software and technology complex consisting of (O’Dwyer,
2009):

- data input-output controller;

- acentral unit based on an industrial data collection server;

- basic and specialized software for managing automated surveys of sensors.

The information and diagnostic system are the final link of the automated system. It interacts with the
ASSS at the program level via a local computer network and performs the functions of data collection,
storage, processing, analysis of all types of in-situ observations (instrumental, visual), and also performs
operational diagnostics of the technical condition of the engineering infrastructure based on comparison
measured state indicators with their criterion values (Li, 2011).

On the basis of the above, a modern automated system of remote deformation monitoring and control

of the technical condition of engineering infrastructure must meet the following requirements:

* provide automated polling of sensors, collection of information, its storage, transmission, pro-
cessing, and analysis in the information and diagnostic system;

* use the existing network of control and measurement equipment at the engineering infrastructure
facilities;

* to provide automatic polling of sensors according to a given time mode with the possibility of
manual polling when setting up and checking ASSS;

* to process measurement information taking into account the disturbing situation;

* to form an information package of field observation data with the preservation of all information
in the memory of the data collection server and in archives on independent media.

Conclusions

The proposed concept of building an automated system for remote deformation monitoring and control
of the technical condition of engineering infrastructure allows diagnosing and monitoring the actual
technical condition of these objects in real-time, which will increase their reliability, safety and contrib-
ute to their timely care, maintenance and repair.
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