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Axmuenbvie ooma, evipadamuléarouiue IHEPIUI0

B oannoii cmamve uznoowcenvl npodnemvl dHEP2ONOMpeONeHUs U UX peuleHus ¢
NOMOWBIO  MEXHONOSUM, NPUMEHAEMbIX NpU CMPOUMenbemee AKMUBHbIX 00MO8 C
nonodcumenvHolM  dHepeobaiancom.  Packpuleaemcs  konyenyus  30aHuil,  4mo
couemaromcs ¢ npupoooil, KOmopas ceUoemenbCmayem o mom, 4mo 0omd, Haxoo0ach 6
banance ¢ OKPYICAIOWUM MUPOM, OOJHCHbI OblMb MAKCUMATLHO O9KOIOSUYHLIMU U
oKkoHOMUuHbIMY.  [Ipusedenvl  anbmepHamueHvie UCMOYHUKU — dHepeuu, Hauboree
appexmusHbl npu cmpoumenbcmaee maxkux 00Mos.

Kniouesvie cnosa: opzanuueckas apxumexkmypa, Hyneevie 6blOPOCHl 3a2PAIHAIOUUX
ammocegepy eewjecms, Hynegvle 00beMbl OMX0008, HyNe60e nompedaeHue IHepuU ¢
20pOOCKOIL IHEp2OCUCeMDBL.

I.A. Shatrova, V.A. Belykh

Active homes that generate energy

This article outlines the problems of energy consumption and their solutions using
technologies used in the construction of active houses with a positive energy balance. It
reveals the concept of buildings that are combined with nature, which suggests that at
home, being in balance with the outside world, should be as environmentally friendly and
economical. The alternative energy sources are given, the most effective in the
construction of such houses.

Keywords: erganic architecture, zero emissions of pollutants, zero waste, zero
energy consumption from urban energy systems.

UDC 69.03
Robert Zeltser
PhD, Associate Professor
ORCID: 0000-0003-4433-6625
Maksim Kolot
postgraduate
lvan Panasyuk
postgraduate
Kyiv National University of Construction and Architecture

IMPROVEMENT OF ORGANIZATIONAL AND TECHNOLOGICAL
DECISIONS OF BUILDING PRODUCTION AND REMOTE CONTROL OF
CONSTRUCTION PROJECTS USING UAV

The article highlights the issues of improving organizational and technological
solutions for the construction industry, presents data on the experience of using
unmanned aerial vehicles and special software for organizing remote monitoring of
construction projects in Ukraine.

The experience of using UAVs in addressing such issues as the management’s lack of
relevant information on state of affairs at construction site, late identification of actual
deviations from the project documentation, uncontrolled influence of human factor in the
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process of checking the volume and quality of work performed by contractors, and
insufficient communication between project participants.

It was concluded that drones are an effective tool that has a wide scope of application
at the stages of survey and design works, zero-cycle works, construction of the above-
ground part of buildings and further control of the technical condition of buildings during
operation.

Keywords: drones, cloud technologies in construction, 3d model, orthophotoplan,
remote control, construction organization, monitoring, construction project
management.

1. INTRODUCTION

The construction industry has reached a turning point. Firms are recognizing the need
to enable better communication and access to project information for their entire team.
However, many are off to a hard start in this transition and the opportunity remains for
firms to optimize how to invest in and approach technology deployment.

Industry leaders need to better strategize the rollout of digital tehnologies that are
proven to support the workflow needs of their teams in the field. With strategic
deployment, companies increase the chance of achieving the high levels of technology
adoption needed in the field and office. Objectively implementing and evaluating a pilot
program will allow teams to make the right choices for technology rollout.

Today, Ukrainian construction companies are expanding the geography of their
presence and implement projects throughout Ukraine and abroad. In this regard,
management must cope with the problem of organizing integrated remote monitoring and
management of construction works.

2. DRONES AS AN EFFECTIVE TOOL FOR MONITORING AND
CONTROLLING CONSTRUCTION

The rise of mobile devices, cloud computing, and big data has opened up a new
frontier for construction. And today the digitization of the job site is well underway. There
are three main clusters where digitalization is happening: onsite execution, back office
integration, and digital collaboration. But the transformation won’t happen without its
challenges. For larger companies, identifying and implementing new technology can’t be
done overnight. It takes time to make technology purchases, train workers, and integrate
new field solutions with the back office.

If construction productivity—Ilead by technology adoption—can match the total
economy, the sector could be looking at $1.6 Trillion in added value worldwide. So
there’s a good case for companies to make the investment.

One of the most promising technologies for increasing efficiency of the construction
site is drones. With the costs of drone hardware bottoming in the last few years, and the
advent of easy-to-implement software, many companies see ROI once UAV completes its
first flight.

When organizing the management of the construction, it is important to ensure prompt
and complete exchange of information between construction site and office. Traditional
methods of photo and video recording, as well as written reports do not create a
comprehensive description of the state of the construction site, and the influence of the
human factor entails a lack of communication and distortion of information. Moreover,
most often there is a discrepancy between the work schedule and actual situation on the
construction site, which is caused by the lack of a digital tool for companies to integrate.

The consequence of the aforementioned negative factors is the management’s lack of
objective information on the state of the construction site. The situation is aggravated if
the site is significantly remote and there is no possibility for its regular visits for
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inspections. The result is the inability to identify risks and problems in time and make
decisions necessary to avoid or solve them.

At the same time, management, which is located on the construction site (construction
manager, site manager, foremen), is often unable to comprehensively assess the progress
of the project, since it does not have a digital tool for quickly and accurately monitoring
the progress of work, measuring lengths, areas and volumes of work performed, identify
errors in the production of works at an early stage.

All of the above, as a result, leads to the lack of timely adoption of the necessary
measures and, as a consequence, failure to meet deadlines and project budget overrun.

Drones in the complex with special software allow you to solve these problems.
Drones are an on-line and accurate digital tool for remote monitoring of construction.

With the help of a drone an orthophotomap and a 3D model (Fig. 1) of a construction
site are created. These results are created in the cloud software within a few hours
(depending on the size of the site) and are the basis for detailed analysis, a valuable source
of information and communication between project participants and stakeholders.

Figure 1. Construction site 3D model

Unlike conventional photographs, an orthophotomap provides a solid image of the
construction site in high resolution, which eliminates the risk of losing sight of any part of
the site during the analysis. The orthophotomap is created in conjunction with GPS
coordinates in real world scale, which makes it possible to carry out high-precision
measurements.

The ability to quickly measure large volumes of work allows for enhanced control of
contractors, especially at the stage of the capital-intensive stage of earthworks.

It is important that access to the obtained results can be obtained from anywhere in the
world through a web interface, which makes it possible to carry out remote monitoring
and control of construction projects in almost real time.

Thus, with the help of drones, a real picture of what is happening on the construction
site is created, and a detailed analysis of various parameters is carried out:

—  tracking work schedule — Contractor’s “monitoring wall” is presented below
(Fig. 2), which clearly displays that digital technologies can be used both paperless and in
traditional for construction manner;

—  overlapping of project documentation on the orthophotomap and the
identification of errors in the work at an early stage;
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—  measuring the volume of work performed using digital surface mode (DSM)
(Fig. 3) and 3D model.

Figure 3. Digital surface model of the construction site
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3. EXPERIENCE OF ORGANIZATION OF THE REMOTE CONTROL OF
CONSTRUCTION PROJECT WITH USE OF DRONES

Currently, the Ukrainian company “Drone Supervison” is using the technology of
monitoring construction projects using drones and cloud technologies in the project
“Construction of the Vinnitsa Regional Clinical Medical and Diagnostic Center for
Cardiovascular Pathology”.

The main office of the general contractor is located in Kiev, which makes the issue of
remote monitoring particularly relevant, as key managers of the company are not able to
regularly attend the construction site for inspections.

On a weekly basis, a qualified pilot collects data from using drone. The
orthophotomap and 3D model are delivered to the main office of the general contractor
within one hour. Next, the Drone Supervision employee analyzes the orthophotomap and
the 3D model, after which he enters up-to-date data into the work schedule and identifies
lags. Next stage of the analysis is comparison of actually performed works and project
documentation by means of overlay. This method allows you to identify errors in the
work at an early stage and save budget for their subsequent correction.

The necessary measurements are also performed, for example, the length of the
installed pipeline, the volumes of earth mounds and pits, the area of the constructed
temporary road, and others.

This tool has helped the general contractor to organize full remote monitoring of the
implementation of construction work at a remote construction site, to switch to digital
methods for organizing workflow. With this relevant and comprehensive information, the
general contractor performs the following actions:

—  promptly identifies deviations from the work schedule;

—  determines the necessary scope of work for the next week;

—  make informed decisions based on facts;
heavily oversees subcontractors;
captures the current state of the site and creates an archive of data that can be
used for further resolving disputes;

—  saves budget on the correction of errors in the work due to early detection
before influencing the next stages of construction.

The result is a reduction in costs and construction time.

Figure 4. 06.06.2018 Figure 5. 17.10.2018
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Figure 7. 11.12.2018

4. FUTURE OF DRONES IN CONSTRUCTION IN UKRAINE

One of the possible applications of drones in construction in Ukraine is their use by
supervisory agencies (STATE ARCHITECTURAL AND BUILDING INSPECTION OF
UKRAINE) to monitor the progress of construction projects, monitor the boundaries of
land plots that are used for construction, as well as control measures for compliance with
safety techniques. Government agencies of CIS countries are already using this
technology in construction. Also, the Resolution of the Cabinet of Ministers of Ukraine
Ne461 "The issue of putting into operation of completed construction projects" as
amended at June 7, 2017 provides photo and video fixation for the preparation of a
technical passport and certificate of the technical condition of the object. This work can
be done with the help of a drone, with higher clarity and accuracy, since there are many
places in the structures of buildings and structures that are physically difficult for a person
to get with a camera, for example: enclosing structures and coatings.

The construction industry has significant potential for productivity growth, one of the
sources of which is digital technology. Drones are a digital tool whose goal is to improve
the efficiency of construction companies. Even today, the leaders of the construction
industry in Ukraine are using drones to automate the processes of control and reporting in
construction and their use will constantly increase. The development of technology will
allow to deliver data in real time and apply new algorithms for their instant processing,
including artificial intelligence and machine learning. In the near future, flights will be
performed automatically, without the participation of the operator.

However, integration of new technologies is slow in construction industry due to the
conservatism, long-established paper work methods and the unavailability of companies
to experiment. Therefore, full implementation of drones requires requires attention from
the state authorities of the construction industry, a large number of examples of the
successful use of drones on construction projects in Ukraine and the relevant regulatory
framework.

This will allow construction companies of Ukraine to make their activities more
efficient and reach new levels of development, increasing their internal and global
competitiveness.
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P.A. 3envuyep, M.A. Konom, 1.0. Ilanacrok

Yoockonanennsn Op2aHi3ayiiinO-MeXHON02IUHUX piuens 0yoisenvHo20
eupodnuymea ma  OUCHMAHYILHUIL  KOHMPOAb  0yO0igebHUX  NPOeKmie 3
eurkopucmannam BIIVIA

Y cmammi euceimneni numanns 600CKOHANEHHS OP2AHI3AYIIHO-MEXHONOIUHUX
piwiens 0y0isebH020 BUPOOHUYMEA, NPeOCmAasieni O0ani npo 00CeI0 BUKOPUCHIAHHS
Oe3niNOMHUX TIMATbHUX anapamie i CheyiaibHO20 NPOSPAMHO20 3abe3nedeHHs Os
opeanizayii OUCMAanYiiiHo20 KOHMPOIO OYOI6elbHUX NPOEKMIs 6 YKpaiHi.

Buxnaoeno 0oceio euxopucmannsi BIIJIA npu eupiwienni makux Rumano SK
8IOCYmMHICMb Y KepIGHUYMBA akmyanvHoi inghopmayii npo cman cnpag Ha 6y0ieerbHOMY
MAUOAHYUKY, NI3HE GUAGIEHHA (DAKMUYHO20 BIOXUNEHHA X00Y GUKOHAHUX pobim 8i0
npoeKmHoi 0OKyMenmayii, HeKOHMPOIbOSAHUL BNIUE TOOCLKO20 (akmopa 6 npoyeci
nepegipku 06cs2ie i Akocmi podim, GUKOHAHUX NIOPAOHUMU OPeAMI3AYIAMU, A MAKOHC
HeOOCMamHs KOMYHIKAYISL MIHC YUACHUKAMU NPOEKNY.

3pobneno 6ucnosox npo me, wjo OpoHU € ePHeKMUSHUM THCMPYMEHMOM, AKUL MAE
WUPOKY chepy 3aCmOCy8ants HA emanax 6UULYKY8ANIbHUX MA NPOEKMHUX pobim, pobim
HYIb0B020 YUKTY, 36€0€HHS HAO3eMHOI uacmuuu 6ydieenv i nodanrbulo20 KOHMPOIIO
MexHiYHo20 cmaHy 6ydieensv @ npoyeci ekxcniyamayii.

Kniwouoei cnosa: Oponu, xmapui mexnonozii ¢ 0ydienuymei, 3D-moodens,
opmogomonnan, OucmaHyilHul KORMpPons, opzanizayia Oyoienuymea, MOHIMOPUH2,
ynpaeninua 6yoieenbHUM NPOEKMOM.

P.A. 3envuep, M.A. Konom, H.0. Ilanacrok

Cosepuiencmeosanue OpP2AHU3AYUOHHO-MEXHON0ZUYEeCKUX peutenuil
CMIpOUMENIbHO20 NPOU3600CMEA U OUCMAHUUOHHBLI KOHMPOAL CHPOUMEIbHBIX
npoekmoe c ucnonavzoseanuem bILIA
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B cmamve  ocsewenvi  gonmpocei  co6epuieHCMBOBAHUS  OP2AHUBAYUOHHO-
MEXHOIOSUYECKUX DeuleHUll CMPOUmMenbHO20 NPoU3B00CMaEd, NpedcmaegieHbl OanHvlie 00
onvime UCNONL308AHUSL OECHUIOMHBIX eMAMENbHbIX annapamos u CneyudaibHo20
npocpamMmHo2o  obecnedenus 0N OP2AHU3AYUU — OUCMAHYUOHHO20 — KOHMPOJIsL
cmpoumenvHlX npoeknos 6 Yxpaune.

HUsznoocen onvim ucnonvzosanus bBIIJIA npu pewenuu makux 60npoco8 Kak
omcymcmeue 'y pyKo8oOCMEAd aKmyaibHOU UHQDOpMAyuy o NOA0dNCeHUU Oel Ha
cmpoumenvHoll  naowjadke, No30Hee BbIsGICHUE DAKMUYECKO20 OMKIOHEHUs X00d
BbINOIHEHHBIX pAOOM OM NPOEKMHOU OOKYMEHMAYUuu, HEKOHMpPOIUpyemoe GausHue
uenogeyecko2o axmopa 6 npoyecce nposepku 06vLeMo8 U Kavsecmea pabom,
BbINOHEHHBIX NOOPSOHBIMU OP2AHUZAYUAMY, A MAKIHCE HeOOCMAMOYHASL KOMMYHUKAYUS
MeACOY YHACMHUKAMU NPOEKMA.

Coenan 61800 0 mMoM, 4MO OpPOHLL AGIIOMCS IPHEKMUSHBIM UHCMPYMEHMOM,
KOMOpblil  umeem WUpoKkyio cgepy NpuMeHeHuss HA IMAanax u3blCKamenbCkux u
NPOEKMHLIX pabom, pabom HY1e6020 YUKILA, 8036€0eHUs HAO3EMHOU 4acmu 30aHUll u
OanvHeliuie2o KOHMPOJs MeXHUYeCKO20 COCMOSIHUS 30aHUll 8 NPOYecce IKCRIYAMAYUU.

Kniouesoie cnosa: oponsl, oo1aunsvie mexnonozuu ¢ cmpoumenscmee, 3D-wooens,
opmoghomonnan, OUCMAHUUOHHLIL KOHMPONb, OPZAHU3AUUS CHPOUNIEIbCINGA,
MOHUMOPUHZ, yRPAGIeHUE CHIPOUM e/IbHBIM NPOEKMOM.
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BUKOPHUCTAHHS BIPTYAJIbHOI PEAJIBHOCTI ITPH PO3POBIII
IPOEKTY BYAIBHUILITBA

3a  Odonomoeoio  GuUKOpUCMAHHS — HOGIMHIX — MEXHONOZIU, MOJCe  3MIHUMUCSH
npoekmysanns 6 Oyoienuymei. Bipmyanvna peanvricmos donomazac 3naiimu HeoOOniKu 6
npoexmi i wWeuoKo ix Kopucyeamil.

Knwwuoei cnoea: eipmyansna peansmicms, HO8I MexHON0ZIl, RPOEKMYEAHHA,
0yoisnuymeo

Beryn. Llle xinpka pokiB TOMY PO BipTyalibHY peajibHiCTh TOBOPHIIH B MaiiOyTHHOMY
4aci, OCKIIBKH JOpOXKHEYa TEXHOJIOTIi He JI03BOJIsJIa BUKOPHCTOBYBATH il MOKIJIMBOCTI B
NOBHIH Mipi. | Xo4ya mepmmii mpuCTpill, 34aTHUII CTBOPIOBATH IOBHICTIO BIPTyaJbHY
peabHICTb, 3'1BUBCA 1Ie B 50-1 poku MuHYNOTO cTomitTs. Y 1961 poni kommanist Philco
Corporation po3pobmna mepmmii moyioM BipTyamsHOi peamsHOcTi Headsight s
BIfICBKOBHX LIiJIEH, 1 e CTAJIO TIEPLINM 3aCTOCYBAaHH;IM TEXHOJIOTIi B PEAIbHOMY JKHUTTI.

VR abo BipTyanbHa peanbHICTh - TPHBUMIPHE CEPENOBHINE, CTBOPEHE 32 JOIIOMOTOIO
KOMIT'IOTEpA, K€ BiITBOPIOE (Pi3NUHY HPUCYTHICTh B TOUKAX BIPTYaJIbHOTO CBITY 1 3 SIKOIO
KOPHCTYBa4 MOXE B3a€MOJISATH. BipTyanbHuii CBIT mepenaeThes JIIOAUHI 3a TOMOMOTO0
BIUYTTIB - 30py, AOTHKY i CllyXy. BipTyanbHa peasbHICTb CTBOPIOE IUTY4YHHH CBIT i
TIOBHICTIO 3aHYPIOE B HHOTO JIFOJHHH.

AHani3 gocaizkenn i my6uikaniii 3 mpo6emn. baTbkoM BipTyaiabHOI peaabHOCTI O
npaBy BBaxaerbcss Mopron Xeitmir. ¥ 1962 BiH 3anareHTyBaB HEpIIMH y CBITI
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