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Abstract. Tools and methods used by architects always had an impact on the way buildings
were designed. With the change in design methods and new approaches towards creation process,
they became more than ever before crucial elements of the creation process. The automation of
architects’ work has started with computational functions that were introduced to traditional
computer-aided design tools. While these high-tech computers aren't good enough for some ideas,
you'll have to rely on human intelligence. However, they can be used to save a lot of time by
completing some time-consuming tasks and we can use that time to create some other designs. The
geometry and efficient use of the space, building material amounts, wind patterns, load bearing
weights, and even foot traffic are all areas ripe for Al
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Introduction. The automation of architects' work began with the computational functions
provided by traditional automated design tools. Although these high-tech computers are good enough
for some ideas, you still have to rely on human intelligence. However, they can be used to save a lot
of time by completing some time-consuming tasks, and the architect can use this time to create other
designs. This article considers the possibilities of using artificial intelligence in architecture and
construction. There are many ways to involve Al, and we have analyzed a few of them. This is the
use of 3D printing in the construction of houses, the development of plans according to the given
requirements, and the quality control of construction execution using an iPhone or iPad.

Analysis of the latest sources of research and publications. The article is based on the
theoretical provisions set forth in the works of S.O.Khan-Magomedova, A. I Kapluna,
A. G. Rappaporta, 1. A. Azizyan, A.V.lkonnikova, A.V.Ryabushyna, O. M. Shukurova,
V. L. Hayta. Along with general theoretical works, research related to the search for «project thinking
matricesy», «project language», development of programs for «automated means of designing
construction objects», «automated design systemsy, presented in the work of L.M. Avdotyina, L.D.
Broner, E.P. Grigorieva, A.E. Gutnova, N.M. Notkina, E.P. Kostogarova, V.I. Retinsky, A.P. Roma,
D.M. Yablonsky. Some researchers (for example, Neil Leach, Roland Snooks) are engaged in the
implementation of artificial intelligence, which will allow teaching a computer to solve the task of
obtaining an architectural form based on spatial composition.
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Formulation of the task. The main tasks of the article are:

1. To consider the use of artificial intelligence in architecture and construction, using the
example of world experience.

2. To analyze the main methods of designing with the involvement of artificial intelligence.
3. To identify further prospects for the development of the use of innovative technologies in
the process of designing and constructing modern buildings and structures.

The basic material and results. Nowadays architects tend to use specified tools that suit their
specific needs. In some cases, they use artificial intelligence. Despite many similarities, they have
different advantages and disadvantages. Therefore, the change in the design process is more visible
and unseen before solution are brought in the discipline. The article presents methods of applying the
selected artificial intelligence algorithms.

Artificial Intelligence (hereinafter — AI) is a high technology mechanical system that can
perform any task but needs a few human efforts like visual interpretation or design-making etc. Al
works and gives the best results possible by analyzing tons of data, and that’s how it can excel in
architecture [1].

Artificial intelligence and robots are, first and foremost, terrific helpers. Automation tools are
an extraordinary helping hand on the small scale, able to speed up the research and design process at
the personal level. For example, one of the biggest challenges of an architectural design process is
the information gathering step, taking pictures, measuring, and sketching. However, there's a lot of
information that is already available online that allows the professional to tap into it and simulate
almost perfectly the surrounding site without being physically there. And all this information is
passively collected by the IoT every day. Smart tools can harvest this info and help the architects
generate a believable environment with minute precision without having to leave their offices. There's
no need to explain how useful this computational power can be in the creative process.

New tools now allow the architect to just input their project parameters and the software will
then suggest a range of solutions that fulfill these criteria. For example, the Dreamcatcher software
has been designed to integrate optimized parametric design with Revit and Dynamo. CAD models of
the surrounding site and other data are collected from huge cloud databases, and then a machine-
learning algorithm suggests optimized 3D design solutions ready to render. The results are amazing,
as the software often imitates structural rules found in nature to generate fluid and potent forms that
have been used, for example, to develop MX3D’s steel bridge in Amsterdam [2].

The concept Pod Skyscraper was inspired by the avant-garde capsule structures proposed by
the Metabolist Movement of Japan in the sixties. Skyscraper that would mass construct homes on site
through methods of 3D Printing. Architecture practice SOM has created a 3D-printed structure that
generates its own power and shares energy with a companion vehicle, providing a model for off-grid
living, reports Dezeen. Branch Technology's innovation in the 3D-printing process opens the door
for the creation of more complex design forms. The arching form provides structural rigidity to the
residence, using various spring points throughout the floor plan, allowing the structure to carry roof
loads and provide large open-plan living spaces, shaping structures in new ways without any
restrictions (pic. 1).
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Pic. 1. Delta printers

Having considered the use of artificial intelligence in architecture and construction, using the
example of world experience, it is possible to distinguish 3 ways of involving artificial intelligence
in the design and construction process:

1. Full-stage construction thanks to Al
2. The contribution of Al in building and creating designs.
3. Using Al to analyze quality levels and security risks.

Full-stage construction thanks to AI. One of the most authentically amazing uses of Al in
architecture is the implementation of fully automated robots and drones that could build entire cities.
Thanks to the possibilities provided by machine learning, autonomous drones can now collaborate to
build architectural structures by working together as a team.

But machines can do more than just pile up a couple of bricks. Integration between 3D printing
technology and Al software has the potential to give birth to a new generation of «robot crafters» that
can craft every component of a building from scratch. They can even arrange complex structures,
print building-scale rooms from sandstone, or even repair ancient statues with amazing
precision (pic. 2).

Pic. 2. Delta printers
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Eventually, they will also help in construction job sites, dealing with almost every task, from
welding, to concrete dispensing, and optimizing logistics and human resources. They can be used to
prevent risks and improve safety, for example, by identifying missing elements and mistakes in the
construction process in real time.

The contribution of Al in building and creating designs. Machines and Softwares have
previously impacted the architecture and engineering industry tremendously before, the Introduction
of CAD design tools is described as “the greatest advance in construction history” has improved the
entire industry. The role of an architect today to illustrate where artificial intelligence can be
beneficial. The first fact is that: the contribution of Al in building and creating designs in which data
is based on previous agendas and precedents, as well as create a new platform of designing according
to the constantly changing needs of the people and the project requirements [3].

The project developed by the Harvard school of design, that illustrates how Artificial
intelligence machines can generate and implement plans that fit the requirements of a given
style (pic. 3). After an initial study in the potential of Al-generated floor plans, Chaillou's project
developed into training and tuning an array of models on specific architectural styles: Baroque, Row
House, Victorian Suburban House, & Manhattan Unit. The study reveals how style carries a
fundamental set of functional rules that define mechanics of space and control the internal
organization of the plan (pic. 4) [4].
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Pic. 4. Chaillou applied this technology to floorplan design, using image
representations of plans as data format for both GAN-models’ inputs, and outputs
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Another example of generative design is Delve, a real estate development tool from Google’s
Sidewalk Labs. Delve can generate hundreds of designs in minutes. Each design considers various
requirements such as retail, residential, parking, and public spaces. The designs also have a detailed
cost model to show estimates of what a given design should cost [5].

Another reference was from the why factory explains the development of the block maker tool
which is an algorithmic tool to how Al can power buildings according to users’ needs. As well as a
reference from Spaceform, which include a virtual reality tool that can showcase how design
decisions affect the overall experience and the building itself, to clients and architects together by the
given data. This allows for adjustments and improved design outcomes. The second fact is that: Al
machines are currently developing into machines that can produce creative designs, created under
certain industries like Google’s Deepdream machine that produced a classical composition painting,
which can be in comparison with paintings done by a human.

Using Al to analyze quality levels and security risks. The BAM Ireland company implemented
the Construction IQ solution, in which machine learning algorithms are used to process the data of a
construction project from BIM 360, automatically determine the level of quality and safety risks.

The solution works as follows: the site foreman uses an iPhone or iPad to review checklists and
fix problems on the site in BIM 360 (pic. 5). Construction 1Q applies machine learning models to
automatically analyze such data and predict problems that are associated with maximum risk.
Problems with a high priority are displayed on the Insight control panel in the form of simple and
understandable emergency notifications.

P ]

Pic. 5. BAM Ireland reviewing models in BIM 360

For example, in one of the BAM projects there were several unresolved problems, which is
typical for the current project. Several such errors, discovered in the process of quality control, were
associated with the absence of a moisture-proof sealant in the joints of the windows. Construction 1Q
classified such problems as related to the risk of moisture ingress and marked them as «high risk».
“The beauty of this system is that it looks across all our projects,” Tritschler says. “It’s learning what
we consider a risk to be. The more important ones will be pushed up the list for immediate action,
and the less important ones will be pushed down the list” [6].

Directions of development and classification of digital methods of architectural design. Two
main directions of digital architectural methods can be distinguished: parametric and generative.
Parametric design methods stimulate the development and implementation of computer tools for
performing certain tasks, for example, for modeling a complex shape, creating an automated model
with variable parameters. That is, the architect creates a form according to his aesthetic ideas, and the
computer decides the further technical points, keeping the architect's initial idea. In this case,
computer tools help to make a flexible parametric model that can be changed at any level of the
geometric code (point, line, surface, volume). On the other hand, there are generative methods that
help solve architectural tasks by creating a large number of design options. Thus, the digital model is
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subject to computer generation, and the architect controls the correctness of the initial data (technical
task), the direct relevance of the computer code and chooses the most optimal one from the many
options offered by the computer, including from an aesthetic point of view (pic. 6).

After considering ways to involve artificial intelligence, we concluded that innovative
technologies can be divided into two groups, according to the time of application in the design
process.

Classification of the use of tools at different stages of design:

= at the concept stage, architects use a wide range of different generative design tools for
pre-project analysis and form finding;
= at the stages of design and work documentation, generative methods are narrowed down to
tools that contribute to the optimization of the digital model and help with the release of
drawings, reducing routine processes.
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Pic. 6. Scheme of the stages of design with the help of Al based on GAN technology

Conclusions. The effects of artificial intelligence on the architecture profession are yet to be
defined since the topic is highly current and is still under development. The advantages of Al are
attracting people and companies to adopt them, though the consequences of their rise on people’s
lives, industries, and jobs remain unknown. In the case of architecture, Al will increase efficiency in
the design and construction of buildings as well as create multiple solutions that will push boundaries
of architectural developments and it is an opportunity to discover what ways the world could be
improved through Al.

Having considered the use of artificial intelligence in architecture and construction, we can say
about their strong integration into construction specialties today, and the incredible interest of
specialists in greater possibilities of applying innovative technologies. Al works and gives the best
results possible by analyzing tons of data, and that's how it can excel in architecture.

Having analyzed the main ways of involving Al, as stated in the research objectives, it can be
concluded that Al can be applied in all stages of design. Artificial intelligence is already being used
in the development of building plans and concepts, in construction itself using 3D printers, and in
quality control of construction using BIM technologies.

Having identified the prospects for the development of innovative technologies, it can be
assumed that the spread of computers and cybernetic devices, their use in human needs will determine
the standard of living in the next century. All the considered factors speak only about one thing, that
is, future architects will devote less effort to drawing and more to satisfying all user requirements
with the help of Artificial Intelligence.
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ApximexmypHOo-Xy00*CHIU IHCMUmMym,
Ooecvia oepocasra akademisi OyoisHuymea ma apximexmypu, m. Odeca

AHoTamnig. [HCTpyMEHTH Ta METOAM, SKi BUKOPHUCTOBYIOTHCS apXITEKTOpaMH, 3aBXKIU
BIUIMBAJIM Ha T€, AK MPOEKTyBajgucs OyMiBiIi. 31 3MIHOIO METOMIB MPOEKTYBaHHS Ta HOBHUMH
MiIXOAaMH JI0 MPOLIECY CTBOPEHHSI BOHU CTalld OUTBII HiXK OYIb-KOJIM BAXKIMBUMHU EIEMEHTAMHU
MpoIiecy NPOSKTYBaHHSA. ABTOMATH3allisi POOOTH apXiTEKTOPIB Movanacs 3 OOYHUCITIOBATHHUX
(byHKLIH, TPEACTaBICHUX TPAIUIIHHUM IHCTPyMEHTaM aBTOMAaTH30BAaHOT'O MTPOEKTYBaHHA. Xoya IIi
BHCOKOTEXHOJIOT1YHI KOMITFOTEPH JOCTaTHBO XOPOII JUIsl ACIKUX 1€, BCE OJHO JIOBEIETHCS
MOKJIAIaTUCS Ha JIOJChKUHN iHTeNneKT. OaHaK iX MOKHAa BUKOPUCTOBYBATH, 100 3a0maantu 6arato
4yacy, BUKOHABIIHN JCSIKI TPYJIOMICTKI 3aBAaHHS, 1 apXITEKTOP MOXKE BUKOPUCTOBYBATH 1IeH Yac JJIs
CTBOPEHHSI 1HIIOrOo nu3aifHa. ['eomeTpis Ta e(eKTHBHE BUKOPUCTAHHS IPOCTOPY, KIJIBKICTbH
OyIiBeIbHUX MaTepialliB, XapakTep BITpY, HECy4a maca 1 HaBiTh MIIOXITHUN pyx — 1e chepu,
n03pinu s mryyHoro iHtenexty (IL).

HITyyHuil 1HTENIEKT — 1€ BUCOKOTEXHOJIOTIYHA MEXaHIYHA CHUCTEMa, SIKa MO)KE€ BUKOHYBAaTH
Oyab-siKe 3aBIaHHs, ajne NoTpedye AESKHX JIIOJCHKUX 3YCHIIb, TAKHX SIK Bi3yallbHa 1HTEpIIpeTalis,
CTBOPCHHS IW3aliHy 1 T. . B apXiTekTypi. «llITyuynuii iHTEeNmeKT — e He MPOCTO IMITaIlisl Yd
MOBTOPEHHS BXKe ICHYI0UMX pillleHb, — 3a3HaunB J[>xonatan Karan, npogecop YHuiBepcurety Kapneri
— Memiona — 11e BUBUCHHSI TOTO, SIK JIIOJIA BHPIITYIOTh KOHKPETHI POOIEMH Ta CTBOPIOIOTH HOBI
nau3aiiHepcehbKi pirneHHs. HacKinbKy rapHuM Mo)ke OyTH IITYYHUN 1HTETIEKT y LbOMY 7).

[ITy4Huii 1HTEIEKT — Qy’Ke MEPCIEeKTUBHA cdepa MOCHIIKEHb, PO3BUTOK SKOI 3YMOBJIEHO
JOCSTHEHHSIMH Yy KOMH'IOTepHiil cdepi. MokHa BBaKaTH, IO IOMIMPEHHS KOMIT'IOTEPIB Ta
KIOEpHETUYHUX TPUJIAIIB, iX 3aCTOCYBaHHS B JIFOACHKHX MOTpeOaxX BH3HAYATHME PIBEHBb JKUTTS y
HACTYIHOMY CTOJITTI.

Kuaro4oBi ciaoBa: mTyyHWN IHTENEKT, MEXaHIYHA CHCTeMa, NpOoeKTyBaHHs, 3D-mpyk,
MO/ICJIIOBAHHS, apXITEKTypa, pOOOTH.
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