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Abstract: In this article main areas of research on construction automation, as well as reasons
for their studying, are defined.
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Anomauin: B paHii poOOTI BHU3HAUYEHO OCHOBHI HamlpsMHU PO3BUTKY TEXHOJOTIH
aBTOMAaTH30BAHOTO OYIIBHUIITBA T aKTYaIBHICTh 1X JTOCTIIKCHHS.

Knrouoei cnosa: ApromatnzoBaHe OyqiBHUUTBO, OyaiBHUUTBO 4.0, 6€3NUTOTHUI TpaHCHOPT,
OymIBHUYMN IHTEpHET pedeld, moyiboBe 3D-mojenmtoBaHHS, TMPOTHO3HE OOCIYrOBYBaHHS,
poboTOTEXHIKA, IPOH, BIpTyalbHa PEAbHICTD, TIOTMTOBHEHA PEAIBHICTb.

INTRODUCTION. The realm of case research topic usually both follow the rules of general
one and have its own unigue features. Same rules may be applied to the automation studies: while
the technologies of computer vision, Internet of things, etc. may be applicable to vast variety of case
studies, construction automation may deal with the issue of building up an on-site 3D-printer: a
problem, unique to the construction automation.

As a rule, the general technologies enjoy more attention and research due to their
revolutionary nature. So to say, it is complicated to find one who doesn’t know of artificial
intelligence (AI), isn’t it? The case studies, however, have less research invested in, as way less
crowed is thrown into its research. According to this article, there are less research in construction
automation in comparison to automation research in general.

At the same time, the neglection of case studies would be a missed opportunity for researchers
to get basics for the next breakthrough in more general studies. So to say, there would not have been
successes at Al research without Gaussian’s investments into solving linear regression problem.

As for construction, even though technologies of Industry 4.0 have been implemented in
construction, a major part of projects remain being labor-intensive while lacking professional staff
even in rather developed markets, like European one [1]. In this way, implementing new
technologies may turn a constructional site into the portable automated factory, which generates
profit in the same way as implementation of Industry 4.0 on the production.

In this article, main directions of Construction 4.0 technologies are observed, which may be
used for modernization of building process.

ROBOTICS. Various reasons may be found to use robots on the construction site: some of
them are better for carrying out backbreaking weights, while others are used for performing actions
in unreachable for operator zones. The main goal behind robot deployment here is the same as for
any other industry: increase the productivity of automated processes while lessening the amount of
simple, dangerous for human or repetitive work.
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A major part of construction robots are manipulator-based one, as machines there may
perform as many tasks, as there are hands for robotic arms (Figure 1).

Drones may be used to perform actions, which are complicated for humans to get to (Figure
2).

The realm of construction robotics is constrained with sections mentioned above: new types
of robots constantly occur on the market. On figure 3 several examples may be found: a human-like
robot on figure 3.a, marking mobile one on figure 3.b.

Figure 1 — Applications of manipulator-based construction robots
a) — sanding; b) — crushing; ¢) — cutting; d) —jackhammering; €) — painting;
f) — laser marking; g) — milling; h) — 3D-printing; i) — plasma cutting;
J) — surface scanning; k) — gectoral lifting; I) — screwing; m) — grinding;
n) — object carrying [2][3]

Figure 2 — Drones in construction
a) — cement mixture spraying; b) — hole drilling [4]

All things considered, various robots may be found on a site, mainly for materials handling,
materials shaping and structura joining.



Figure 3 — Other construction robots

AUTONOMOUS VEHICLES. Autonomous constructional vehicles are the machineries
with built-in autonomous car system. Naturally, they may differ from robots mainly by size-mass
parameters and the presence of an operator. This category is way bigger than construction robotics
due to scales of buildings, and thus, diversity of construction machinery.

On the contrary, the technologies behind turning the construction machinery into an
autonomous one are the same. For instance, an autonomous bulldozer is different from a common
one inasimilar way, as autonomous truck differ from a common one. Thus, to turn a vehicle into an
autonomous one, certain technologies may be used.

A common self-driving car control system may be implemented in a construction vehicle. A
set of sensors (figure 4) may transfer input environmental data to an embedded machine learning
system, and transfer output signals to the actuators of car [6].

From the point of classical representation of automation control structures ([7], p.117), the
self-driving car system should also be supervised by the SCADA operator. In such way, some
autonomous vehicles like D11T bulldozer [8] may be operated remotely from a 300-distance.

In this way, autonomous construction vehicles may be considered either as vehicle-sized
constructional robots or constructional vehicles with implemented self-driving technologies.

R e v— vy

Figure 4 — Sensors of an autonomous vehicle [5]

3D-PRINTING-LIKE TECHNOLOGIES. Additive 3D-printing is a technology of model
creation with a use of molted material. From a more common perspective, huge 3D-printer may be
able to raise up an appropriate object, such as building itself. Main problems behind that are to get
the proper cement component proportion, so that the concrete mixture has less viscosity and larger
yield stress, while preserving other properties, such as compressive strength and the number of
pores[9]. Less commonly, polymers and metal powders may also be used as a filament.



Initially, a dlab or ribbon footing is installed as a base for future building [10]. The concrete
mixture is created in an in-built mixer and sent to the extruder. The process of printing may usually
stop to insert specific partsinto infrastructure, such as windows or water pipes (figures 5.a, 5.b).

Figure 5 — 3D-Printer based technologies in construction
a) — concrete additive manufacturing [8]; b) — bricklaying additive manufacturing;
c) —rebar tyer; d) — slipform paver [11]

Even though nowadays on-site 3D-printing face various issues connected with infrastructure
quality, installation difficulties and lack of professional operators, it can decrease 30-60% of
construction wastes, 50-80% of labor costs and 50— 70% of production time.

From a more complex perspective, frame of printer may be used for performing cartesian-
based operations. The extruders with filament in such structures may be changed for rebar tyer or
paver (figure 5.c, 5.d).

CONSTRUCTIONAL INTERNET OF THINGS (IOT). Internet of things is a set of
sensors, embedded on the physical system for data collection. From one perspective, 10T may be
used in construction as a simple control system, like a back-over accident prevention ([12], 1045),
[13]. Here, datais collected by sensors like LIDAR, GPS position, vision tracking system, etc. Data
is converted by a microcontroller, which resends the appropriate signal to actuators (like buzzing
equipment onto the builders in our case). In addition, controller transfers signal to the cloud server
for the last to register al the necessary data.

From another perspective, 10T is commonly used in a predictive maintenance, like for
modeling the prediction of energy maintenance cost of infrastructure ([12], 1047-1048), or
prediction of time span required for project completion based on the area characteristics [14]. The
structure of such systems may be represented as figure 6 accordingly.

Even though 10T is rarely used on construction sites, cheap though effective systems may be
implemented in construction with it: security systems, human resource control or infrastructure
monitoring may be implemented in construction.
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VIRTUAL/AUGMENTED/MIXED REALITIES. Mentioned technologies (VR, AR, MR
respectively), allow user to observe textures, covered above the real world partialy (AR),
completely (VR) or both (MR).

In construction, realities may be used for representing infrastructural parameters on the top of
constructional site. For instance, AR may be used to overlap building infrastructure model and thus
provide the quality assurance workers with ability to compare current site [15] with required one
[16]. Similar VR technology may be used for a distant connection of supervisor.

Another information overlayed may be both graphical user interface for operated machinery
and the digital twin of the last one: a modular representation of the real machine [17-20].

Despite few research have been done for VR/AR/MR in construction, such technologies may
become of more use in time due to high risks of getting injury in construction and the ability to
lower the number of qualified staff, required to perform intellectual work on site.

CONCLUSION. According to all mentioned above, the number of professional staff in
construction and research dealt nowadays is lower than expected, while the potential behind
developing such industry may lead to significant savings of cash from lowering expenses on petrol,
salaries of laborers, medical insurances, etc. In this way, dealing time for mentioned technologies
may be arewarding investment.
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