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Abstract. The work examines new IT - solutions for monitoring the state
of construction projects. Two areas are investigated: the first - monitoring
of high-rise buildings and other large-scale objects, the second -
monitoring of construction sites located in remote, hard-to-reach areas. The
possibilities of integrated use of the following information technologies are
considered: Machine Vision, Wireless Sensor Network WSN, Edge
Computing. Other new IT solutions are also in the field of view of the
study: Cloud Computing, the Internet of Things, etc. To improve the
quality of monitoring, it is proposed to use advances in other subject areas
- in the field of unmanned aerial vehicles (drones) and in the space area
(geostationary satellite communications). The idea of using drones and
artificial earth satellites to monitor objects (particularly buildings) is not
new in itself, but the use of these devices as part of the proposed set of IT
technologies allows to bring solutions in the construction industry to a
qualitatively higher level.

1 Introduction

Recently, there have been effective directions in IT technologies: Cloud Computing, Edge
Computing, Wireless Sensor Network WSN, Internet of Things, Machine Vision, Deep
Learning, Big Data, etc. It is interesting to explore the possibility of using these IT
technologies in conjunction with advances in other areas of the economy - in the field of
unmanned aerial vehicles (drones) and in the space field (geostationary satellite
communications). Two specific areas in the construction industry have been proposed, in
which the combination of these technologies allows to get good results. First, it is
monitoring of high-rise buildings and other large-scale construction projects, and secondly -
monitoring of construction sites located in remote, not convenient for transport areas with
poorly developed communications infrastructure. In both cases, it is possible to obtain
innovative solutions and bring automated monitoring of buildings to a qualitatively higher
level.

" Corresponding author: a.konikov@gmail.com

© The Authors, published by EDP Sciences. This is an open access article distributed under the terms of the Creative
Commons Attribution License 4.0 (http://creativecommons.org/licenses/by/4.0/).


https://core.ac.uk/display/429977291?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1

E3S Web of Conferences 263, 04005 (2021) https://doi.org/10.1051/e3sconf/202126304005
FORM-2021

2 Materials and Methods

Let's consider the problem of monitoring the state of high-rise and other large-scale
construction projects. The proposed approach focuses on three modern IT technologies:
Machine Vision, Wireless Sensor Networks WSN and Edge Computing. Let's first consider
the first of them - Machine Vision.

In IT technologies there are two similar concepts: machine vision and computer vision
[1,2]. However, there is a certain difference in the interpretation of these concepts. Machine
Vision is the use of computer vision for production purposes. While Computer Vision is a
common set of methods that allow computers to see. There are a number of applications in
the construction industry where the use of machine vision seems very promising. These
areas include: smart house, smart city, quality control of welds, use of unmanned aerial
vehicles (drones) to control construction sites, etc. The paper examines these areas in the
context of their use to monitor the condition of high-rise buildings and other large-scale
construction projects.

Machine vision is a rather complex engineering solution that includes a number of
components. First of all, the machine vision system should include one or more cameras. In
the creation of machine vision systems are increasingly used so-called "smart cameras" that
have in its composition an invader of frames, a specialized processor, etc. The complex
"machine vision" includes software and hardware of various types. The equipment usually
includes an ADC analog-digital converter that serves to digitize the image, a computer with
quite powerful computational resources - is an obligatory component of the machine vision
system. It is a specialized microprocessor that allows to speed up the performance of typical
digital signal processing tasks: digital filtering, Fourier's transformation, signal search, etc.
As far as software is concerned, specific applications are used to process images and detect
properties in addition to conventional software. The complex "Machine Vision" often
includes specialized light sources (LEDs, fluorescent and halogen lamps, etc.).

Machine vision can be successfully used in the construction industry. In the context of
this study, first of all it should be noted directions: control of the quality of welded products
and control of the cracks of the building. First, let's look at the first direction. The basis of
many construction structures are welded structures: beams, farms, columns, masts, frames,
reinforcement nets. The quality of welded structures is subject to strict requirements,
regulated by the relevant regulations. Visual analysis of the welding joint allows to reveal
welding cracks, and undercuts, pores, fistulas, burns etc. Most of these defects are
unacceptable and need to be corrected. Visually-measuring non-destructive quality control
of welds in construction structures has been carried out before, but the introduction of
machine vision systems brings this work to a qualitatively higher level.

Now about the second direction - control the state of cracks of the building. Cracks in
building structures can indicate a serious threat to the structure of the building and the
safety of people. A variety of tools are used to control the cracks. For example, you can do
this with special devices that act as sensors.

To monitor the quality and condition of welds, control the condition of cracks and other
deviations from building codes, you can apply a machine vision system built on the basis of
an unmanned aerial vehicle (drone). This direction is very promising in the construction
and control of the state of large-scale construction sites: high-rise buildings, bridges, etc.
For example, using machine vision mounted on a drone, you can explore areas of the
building that are at high altitude hard-to-find parts of the bridge (Figurel).
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Fig. 1. Using machine vision installed on a drone, high-rise buildings are examined.

The idea of using drones for visual control of various objects is not new, such a solution
is used in the construction industry. However, in known sources, the machine vision system
is loosely tied to other modern IT systems, which severely limits its functionality.

In this work, the machine vision system is used in conjunction with other IT systems,
primarily with a system of wireless sensors.

A few words about the sensors used to monitor the condition of a building. In the
process of automated monitoring of the building, it is customary to use certain types of
sensors. First of all, these are tensometric voltage sensors in the structural elements of the
building. Tensometric motion sensors allow measuring the deformation at the point of
installation to monitor surface cracks and joints in concrete structures (tunnels, piles,
bridges, foundations, dams), as well as moving structural elements relative to each other.
Tilt sensors (inclinometers) are used for long-term measurements of changes in the position
of different structures, determining the size of bends and deformations of supports and
beams. The list of sensors is continuously replenished: a separate set of sensors (humidity
sensors, etc.) is used to conduct climate control in large buildings; another set of sensors are
used in the Smart Home solution: water leak sensors, gas, penetration sensors, etc. The
examination of the sensors can be continued, and it can be argued that a large number of
sensors of different types located at different points in the building are required to monitor
the condition of the building.

There is now a trend towards wireless methods of transmitting information from
sensors. The benefits of wireless connectivity are well known - you don't need wires, you
can move the sensor position mobility. The first advantage is particularly important for
building monitoring, as many sensors must be located in places where wired
communication is virtually impossible. At the same time there is a problem with energy
consumption - we need low-cost sources of electricity, able without additional maintenance
to maintain the health of the sensor for a long time. Hence the following conclusion:
building monitoring requires wireless sensors with a small transmitter power, hence having
a limited range.
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It should be clarified: under the sensor (Sensor Node) we will understand a set of
devices, including, in addition to the sensor itself, ADC, digital computer (microcontroller),
memory, power device and device providing wireless communication (receiver). Often,
several sensors (temperature, humidity, etc.) are included in one sensor to expand
functionality.

Pre-processing information from the sensor by a microcontroller allows to optimize the
entire process of processing information. When designing automated monitoring devices,
you should consistently take a system approach that takes into account the parameters of all
the devices involved in the processing process, from Sensor Node to the data center. For
example, if the ADC is incorrectly selected in a Sensory Node, it is difficult to compensate
for subsequent processing.

To work effectively with wireless sensors, they are usually combined into the Wireless
Sensor Network WSN [3-5]. The Sensor Nodes of one location area of WSN are
connected to a Gateway that communicates with external devices and can pre-process
information. The diagram of a typical WSN [3] is shown on Figure 2.

Data Center

Sensor Nodes

Fig. 2. The diagram of a typical Wireless Sensor Network

The issues of building a Wireless Sensor Network are well researched and addressed
within the framework of the "WSN" concept - a distributed, self-organizing network of
many sensors and executive devices combined by a radio channel. This technology is
governed by standard 802.15.4 and is one of the most promising areas for the development
of distributed surveillance and management systems for resources and processes. Therefore,
we will not elaborate on the general issues concerning WSN, consider some of the features
of use in the construction industry.

Sensors at the construction site are unevenly distributed: in certain areas of construction
there are many of them, in others - not at all. It should be noted that the distances between
localization zones in high-rise buildings and other large construction sites can be quite
significant. These zones can be located in such a way that the most rational option for
information sharing (from a technical and economic point of view) is the use of drones
(Figure 3).
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Fig. 3. The system that includes a drone and WSN

In economic calculation, it should be taken into account that drones are used not only to
work with wireless sensors, but also include elements of the machine vision system, which
visually analyzes the building.

Next, consider how to process information from the drone and other sources. The most
common approach to processing is that the information collected is transferred to the Data
Center, which is most often found "in the cloud" [6] (one of the variants of this approach is
shown in Figure 2). However, this solution is not optimal, a more rational approach is to
combine remote (cloud) computing and on-site processing. In our opinion, we should use a
solution based on the "Edge Computing" concept [7,8]. According to this concept, a
substantial portion of the information is processed "on the spot" while only the necessary
information is provided to the data center of the entire system (which is most often in the
"cloud").

There are prerequisites for this technique:

The automated monitoring system processes data from drones in conjunction with data
obtained in other ways: sensors of different types, cameras, [oT devices, etc. Among the
devices mentioned, IoT devices are particularly noteworthy, as due to the successes in the
field of the Internet of Things [9,10], there is a mass introduction of them. As a result, the
amount of information generated is very large, and information can accumulate in real time.
The flow of raw information is difficult to transmit to a remote center (even with a very
broadband communication channel). Therefore, it is necessary to carry out pre-processing
on the spot, which will significantly reduce the load on traffic to the external channel.

Another argument for using Edge calculations is that in some cases the time interval
required to send data to a remote center, process data, and get results is unacceptably long.
It requires the rapid processing and analysis of the data obtained "on-site" and the provision
of results to employees working directly at the site.

Note that the use of Edge Computing in conjunction with Cloud Computing can be used
very productively for intelligent information processing (Data Mining, Big Data, etc. [11-
17)).

Thus, a comprehensive method of automated monitoring of the state of high-rise and
other large-scale construction projects has been proposed. The method is based on a
number of new IT technologies, focusing on technology: Machine Vision, Wireless Sensor
Networks and Edge Computing. The monitoring system includes an unmanned aerial
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vehicle (drone), which is especially important when monitoring highly located and hard-to-
reach areas of the building. The method allows to bring to a qualitatively different level
monitoring of construction sites of this type.

Now let's consider another option of monitoring the construction site - when this facility
is located in a remote, hard-to-reach area, with an underdeveloped communication
infrastructure. In this case, you can use a set of IT solutions, including a geostationary
satellite of the earth, to solve the issue[19]. The corresponding technical solution is shown
on Figure 4.
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Fig. 4. Scheme of monitoring the state of construction remote object using Satellite technology

Signals about the state of a remote construction site are formed using the Data
Collection System (DCN). The basic information comes from a Computer Vision system
(in the simplest case it may consist of one or several video cameras) and sensors (may
include a Network of Wireless Sensors). The signal from the satellite terminal located at the
remote construction site is sent to a geostationary satellite, where it is processed and
redirected to the satellite operator's control center Satellite Operator Control Centre SOCC,
which is connected to global networks. Information from SOCC is sent via the Internet to
the Central Office of the company that monitors the remote facility. This office can be
located at a very long distance from both SOCC and a remote construction site.

Let us point out that one geostationary artificial satellite of the earth covers almost the
entire territory of the Russian Federation. This territory includes areas where it is either
impossible or economically impractical to communicate in another way. Therefore, in some
cases there is simply no alternative to the use of satellite communications. There are a
number of factors that can reduce the financial costs of such a system. One is that several
remote construction sites can be connected to the satellite system, after which the
corresponding unit costs for the facility are reduced. Another option is to temporarily
monitor the facility. Satellite equipment installed at a remote site can be dismantled and
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transferred to another object. You can reduce costs by optimizing communication sessions
with a remote object.

It is noted that there are a number of factors that can reduce the financial costs of the
proposed system. One is that several remote construction sites can be connected to the
satellite system, after which the corresponding unit costs for the facility are reduced.
Another option is to temporarily monitor the facility. Satellite equipment installed at a
remote site can be dismantled and transferred to another object. Costs can be reduced by
optimizing remote-object communication sessions.

Note another point: the satellite channel can provide a duplex (two-track
communication), so you can not only receive data from a remote construction site, but also
transmit information to executive devices. This allows you to adjust the parameters that
characterize the condition of the object (e.g. humidity or temperature inside the building)
within the required boundaries.

Thus, this it-based complex provides remote control and maintenance of the
construction site located in a remote area with poor communication infrastructure.

3 Results

The work offers a comprehensive solution to the problem of automated monitoring of high-
rise buildings, large bridges and other large-scale objects. Three modern IT technologies
are adopted as the main ones: Machine Vision based on unmanned aerial vehicles (drone),
Wireless Sensor Networks and Edge Computing. Other trends in IT technologies have been
taken into account: Cloud Computing, the Internet of Things, Big Data technology.

The possibilities of "machine vision" technology have been investigated. It is noted that
machine vision is a rather complex engineering solution, which includes a number of
components. First of all, the machine vision system should include one or more cameras,
other components in particular a specialized microprocessor, which allows to speed up the
performance of typical tasks of digital signal processing.

There are areas in the construction industry where the machine vision system can be
used. Two areas are highlighted: quality control of welding products and control of cracks
of the building. Solving these problems is especially important for highly located areas of
buildings, bridges, etc. because it is very difficult to get results in other ways.

It is noted that the systems of machine vision installed on the drone and used in
construction are known. However, such systems are loosely tied to other modern IT
systems, which severely limits functionality. It is proposed to use the machine vision
system installed on the drone in conjunction with other IT systems, specifically - with
wireless touch network Wireless Sensor Networks WSN.

A comprehensive solution based on the combination of the two systems has been
proposed. To do this, the drone must be equipped with additional hardware and software.
The solution has a number of important advantages, of which the main thing is that a
comprehensive assessment of the state of the large-scale construction facility is carried out.

The question of how to process information received from a drone has been
investigated. There are many options, including cloud-based processing. It is noted that the
most rational way - the use of a solution based on the concept of "Edge Computing" is the
most rational. The concept involves a significant portion of on-site processing, with only
the necessary information provided to the entire processing center of the system (which is
most often in the cloud). Arguments were presented in favor of such a decision.

The second direction is considered: monitoring of the construction site, when this object
is located in a remote, hard-to-reach area, with an underdeveloped communication
infrastructure. In this case, you can use a set of IT solutions, including a geostationary
satellite of the earth, to solve the issue.
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Let us point out that one geostationary artificial satellite of the earth covers almost the
entire territory of the Russian Federation. This territory includes areas where it is either
impossible or economically impractical to communicate in another way. Therefore, in some
cases there is simply no alternative to the use of satellite communications.

It is indicated that the satellite channel can provide duplex (two-way communication),
so it is possible not only to receive data from a remote construction site, but also to transmit
control information for executive devices. As a result, this IT-funded complex provides
remote control and maintenance of the construction site located at a great distance from the
company's main office in an area with poor communications infrastructure.
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