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Why Construction?
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https://www.rferl.org/a/ukraine-destroyed-cities-
https://mhinfographics.com/2024/06/22/visualizing-the-destruction-in-ukraine-a-years- russia-war/32454453 .html
lona-project-followina-satellite-clues/







We want to live
In a smart house.

How do we envision it?



ASK
to identify the need
and constraints

IMPROVE

and redesign
as needed

RESEARCH

the problem

ENGINEERING

L~ We start here

2 IMPLEMENT
% Put the vision into effect.

&
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v
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DESIGN
THINKING

v TEST
x
X

Return to your users

EMPATHIZE

Conduct research
to develop an
understanding of
your users.

DEFINE
Combine all your research

and evaluate
the prototype

CREATE

a prototype

monday.com/blog/project-management/design-process/

s DESIGN PROCESS

PLAN

by selecting a
promising solution

for feedback. and observe where your
1 0 1 users’ problems exist.
possible solutions NNGROUP.COM
PROTOTYPE IDEATE @
Build real, tactile Generate a range of E

representations for a
range of your ideas.

crazy, creative ideas.

EXPLORE

https://www.nngroup.com/articles/design-thinking/



Characteristic features of smart building :

EMPATHIZE
- a residence that uses internet-connected devices to enable the _

remote monitoring and management of appliances and systems, such
as lighting and heating’;

- provide insights into energy use that can help you become more
energy efficient and mindful of ecological factors?;

- efficient and intelligent home?;

- a residence equipped with devices that automate tasks normally
handled by humans?; .
- a house which is equipped with connected devices that can be

programmed and controlled remotely via a smartphone or computer,

PR
- comfortable and intuitive®. DEFINE

[1] www.techtarget.com/iotagenda/definition/smart-home-or-building,

[2] https://www.constellation.com/energy-101/what-is-a-smart-home.html,

[3] https://lwww.eescorporation.com/smart-home-devices-checklist,

[4] https://www.vationventures.com/glossary/smart-home-definition-explanation-and-use-cases,
[5] https://smarthomeenergy.co.uk/what-smart-home/,

[6] personal opinion.
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TV/SPEAKERS

HOME SMART HOME - comfort, safety
and efficiency.

533 BLINDS THERMOSTAT Q

SECURITY A LIGHTING
CAMERAS i ; T

=5

APPLIANCES

............




SMART HOUSE
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https://www.eescorpora om/smart-home-de



Intrusion protection - Wireless security devices

AIAX Products v Solutions Support ~ Company v For partners Blog Where to buy Ass

\ B '
‘ - BASELINE Video surveillance @ Comfort & Productivity

Intrusion
protection

.{
. S

@ Products for projects @ Fire detection @ Water leak prevention

https://ajax.systems/solutions-by-facility-type/apartments/




What about industry?

I -+ 3+ e 3t e v

Mechanization, Mass production, :
water power, steam asse?'nbl line Computer and Cyber Physical Human
p : Ll automation Systems and Al in
power electricity harmony?

Figure 2.3 Four Industrial Revolutions. (Source: https://commons.wikimedia.org/wiki/
Category:Industry_4.0#/media/File:Industry_4.0.png)



More control!

Smart Manufacturing System

Orders, I
Requests, N Standardl . . e T
Requirements | - Proceduref Smart Manufacturing units Js ¢ H g
I—I JOTT 2
¢> Design :::;,_ Manutacturig Data Acquisition
Information s Data flow
flow Planning R, e:[:]hnec::ﬁgy Self Optimization
_—
_—
- Knowledge
base LT 4

1] » '

Material
o Micrologistics Prﬁc?;m

https://ceur-ws.org/VVol-3468/paper2.pdf



Why do we care?



SUSTAINABLE ™ &
f@ peveLopment it ALS

17 GOALS TO TRANSFORM OUR WORLD

NOD 2 IERD G000 HEALTH QUALITY GENDER

POVERTY HUNGER ANDWELL-BEING EDUCATION EQUALITY
DEGENT WORK AND 9 INDUSTRY, INKOVETION 10 REDUGED '1 SUSTAIMABLE CITIER 12 RESPONSIBLE
EGONOMIC GROWTH ANDINFRASTRUCTURE INEQUALITIES AND COMMUNITIES CONSUMPTION
ANDPRODUGTION
‘I ndEE

CLIMATE LIFE PEACE, JUSTICE
13 ACTION 14 BELOW WATER 16 AND STRONG
INSTITUTIONS

1? PARTNERSHIPS

FOR THE GOALS @
@ SUSTAINABLE
DEVELOPMENT
GOALS

https://www.undp.org/sustainable-development-goals



Natural Human Enhanced
Greenhouse Effect Greenhouse Effect

More heat escapes Less heat escapes

into space F ﬂ into space

Agriculture

E b
h!

Commercial &
Residential
12%

Electricity
31%

Transportation
27%

https://www.researchgate.net/figure/Natural-and-the-human-enhanced-greenhouse-gas-effect-in-the-atmosphere-
10_fig2_ 364315857
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Power e
= Wind —— ST |
: : oo, | — Off -grid
~ Solar —[ CSP
Heat
| Ocean Thermal Energy
Dl Conversion (OTEC)
-1 Hydro '—'
' —~ Ocean thermal energy
Renewable Energy Sources [f5 ~ Ocean =  Power H| g
(RESs) '
Biofuels — Tidal
—  Biomass Biopower —  Osmotic
Biobased products
_ ’ Power
—  Geothermal —[
' Heat
Nuclear is still the best! https://www.researchgate.net/figure/Different-types-of-renewable-

energy-sources-within-main-utilizations-28_fig4 364315857



So we decided, we need:
* Smart Lighting Solutions;

* Smart Thermostat;
* Smart Plugs;

* Smart Home Air Quality;

* Smart Home Air Quality;

* Smart Locks;

* Smart Home Network;
* A Virtual Assistant.

https://www.eescorporation.com/smart-home-devices-checklist/



This is our smart house:

Flood Sensor

Doar Locks

Solar Panels

Garage Door

Wifi

lights

Weather

Acitivity Sensor

https://www.datasciencecentral.com/smart-home-as-a-service-how-smart-homes-can-deliver-1/

Water Valve

Security panel

Robot Cleaner

Shades

Multimedias

Thermometer

Video

Camera



How do we get there?

Sensors (data sources), loT (Internet of Things), embedded systems




loT Architecture

Application
Layer

Network
Layer

Perception
Layer

3-Layer
Architecture

ey —_

Application
Layer

Service Layer

Network

Layer

SoA-based
Architecture

e o i i

T o T e S

Business
Layer

Application

Middleware
-based
Architecture

https://www.mdpi.com/2078-2489/12/2/87

ANS Anme
OpenSiack

; o i i i e Apphcabion Anaklhics,
: Industrial Application Sloraoe ISA 88,
B O

(7 Y
3 N &
Perception Layer )-¢ Q

Camera Sensors Meter

Transport Layer Lim, 6 GB (A)

Routing Wi-Fi Bluetooth Transmission

Processing Layer F{s}

Web Service Data Center

Application Layer SE:

Smart Health Smart Home Smart City Smart Grid

https://dgtlinfra.com/internet-of-things-iot-architecture/



PIR

//LED output Infrared
// PIR senor input radiation
J/LDR sensor input —
vee p A" &9
IR-absorbing
layer
out Pyroelectric
material
LED
LDR
10 k0
i p—
+

https://www.researchgate.net/publication/325154131



Hall effect
Magnetic field

current

Compare Phase
and Amplitude

https://www.researchgate.net/publication/325154131




communication

Wireless Networking Overview

Range 100km

LoRa-‘& SigFox
Antenna Anvtenina 3G,4G Mobile Networks
_ _ _ Kind of Light Frequency Wavelength
Comparison of Wireless Technologies Radio WEIV@S < 300 MHZ ~ l m

. Microwaves 300 - 750000 MHz Amm-1m
2 et W Infrared 750 GHz - 430 THz 700 nm- .4 mm
E < Visible 430 - 750 THz 400 - 700 nm
g —— Ultraviolet 750 - 6000 THz 5-400 nm
% X rays 6000 - 50000000 THz 006 -5 nm
E = Gamma Rays >50000000 THz <.006 nm
(a4]

Short Medium

Range Capability

Long

© UnitingDigital.com




What’s about
intelligence?



Vor. L1x. No. 236.] [October, 1950

: MIND
Intelligent systems are A QUARTERLY REVIEW

OF

PSYCHOLOGY AND PHILOSOPHY

teCh n O I Og ical Iy ' I._—COMII?’UTING MACHINERY AND

INTELLIGENCE
By A.M. Turine

| |
advanced machines s s
I ProrosE to consider the question, ®Can machines think ?°

This should begin with definitions of the meaning of the terms
“machine " and ° think ’. The definitions might be framed so as to
reflect so far as possible the normal use of the words, but this
attitude is dangerons. If the meaning of the words * machine *
and ‘ think * are to be found by examining how they are commonly

]

th at pe rce Ive a n d " used it is diffienlt to escape the conclusion that the meaning
and the answer to the question, * Can machines think ? ' is to be
sought in a statistical survey such as a Gallup poll. But this is
absurd. Instead of attempting such a definition I shall replace the
question by another, which is closely related to it and is expressed

in relatively unambignous words,
reS po n d to th e The new form of the problem can be described in terms of
WO r a game which we call the ‘imitation game’, 1t is played with
three people, a man (A), a woman (B}, and an interrogator (C) who
may be of either sex. The interrogator stays in a room apart
from the other two. The object of the game for the mterrogator
is to determine which of the other two is the man and which is
the woman. He knows them by labels X and Y, and at the end
a ro u n d th e I I l of the game he says either *Xis Aand Yis B or " Xiz Band Y
n is A*. The interrogator is allowed to put questions to A and B

thus : :
C: Will X please tell me the length of his or her hair #

Now suppose X is actually A, then A must answer. It is A's

433

www.csee.umbc.edu/courses/471/papers/turing.pdf



axon of
previous axon

newuron
neuron cell body

dendrites

~

n
s=> x-w;+T

' Machine Learning — Model Flowchart

Unsupervised

Get Data Classification

Split Data

Test Model

o

https://www.youtube.com/watch?v=1wVgtINZIT4 and more

y=f(s)

i=1

ARTIFCA NTELUGENCE SWOICATE




What are the
constraints?



Definitions: Net Zero Carbon Buildings

Operational
carbon

Whaole Life
Carbon -<

= | Compensate for
residual emissions
Embodied

carbon

Reduce embodied carbon

Net zero operational
carbon

https://worldgbc.org/advancing-net-zero/what-is-a-net-zero-carbon-building/



Total Energy Use Intensity (EUI) - _
Energy use measured at the meter should be equal ‘l‘”‘
to or less than:

« 35 kWh/m2/yr for residential

For non-domestic buildings EUI equal or less than:
* 65 kWh/m2/yr for schools

s (85 Net Zero =
- 70 KWh/m2/yr (Net Lettable Area) or 55 INE | Rprrati e
kWh/m2/yr (Gross Internal Area) for commercial 4 e; MR ;
offices % \ §
%“%\, & M 35?0
Building fabric is very important therefore %, - 39_1_0\. 5
space heating demand should be less than

15 kWh/m2/yr for all building types.

https://ukgbc.org/resources/net-zero-carbon-one-pager-for-new-buildings/

... manufacturing lumber is the least energy intensive, at 33kg net carbon emissions per

production ton, compared to 220kg for recycled steel, 265kg for concrete, and 694kg for
virgin steel...

https://www.thinkwood.com/sustainable-architecture-design/net-zero-carbon-buildings



Energy consumption in buildings

Figure 1: Building energy consumption at normal climate since 2000 at the EU level
Copyright European Commisson 2016

400
320 o g O o

240

Mtoea

160 e e e ———

80

0

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014

» Besidentia O Mon-residentsal

https://energy.ec.europa.eu/system/files/2016-11/energyuse_0.pdf
https://climateactionaccelerator.org/solution-areas/energy _consumption_of buildings/



Energy consumption in buildings

Figure 4: Energy consumption of residential buildings per muﬂgﬂgﬂmﬂctaz’ﬁggﬂul&
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https://energy.ec.europa.eu/system/files/2016-11/energyuse_0.pdf



Figure 7: Final energy consumption breakdown into sectors in the EU-27, 2020

Other, 0.4%
Tertiary, 13.7% '

Agriculture/Forestry/
Fishing, 3.3%

Source: Eurostot

https://publications.jrc.ec.europa.eu/repository/bitstream/JRC130732/JRC130732_01.pdf



2000 2020

4.0% 4.4%

3.8%

2.9%

1.4%

1.2% 1.6%

= Paper, Pulp and Print =1Iron and Steel

ITranspDrt EqUipr‘nenl: ® Non-Ferrous Metals
i m Chemical and Petrochemical
= Machinery

= Wood and Wood Products

m Non-Metallic Minerals
m Mining and Quarrying
Construction = Food, beverages and Tobacco

Mon-specified (Industry) m Textile and Leather

https://publications.jrc.ec.europa.eu/repository/bitstream/JRC130732/JRC130732_01.pdf



How to overcome
obstacles?

DEFINE

FH01dX3

V

IDEATE



New materials?



What do we heat?



Concrete Cracks

It's not unusual to find
cracks in reinforced
concrete structures.
These can be caused
when stresses exceed
the tensile strength of
concrete.

Self-healing concrete ?

Prevent Corrosion

Concrete cracks
can result in leakage
or corrosion to steel
reinforcement. If the

cracks are not
repaired, it could

weaken the structure.

Self Healing

When the bacteria
inside the self-healing
agent comes into
contact with water, it
multiplies and starts to
produce limestone.

Cracks Repaired

The limestone fills the
crack and seals the
damaged area.
Preventing any further
leakage and protecting
the steel reinforcement.

https://www.rics.org/news-insights/building-a-sustainable-future-the-incredible-potential-of-self-healing-concrete
https://pmc.ncbi.nlm.nih.gov/articles/PMC9106089/



Compressed Earth Blocks (CEB) ?

https://uku.eu/en/clay-products/ceb-compressed-earth-block/



Richlite (recycled and renewable forest products combined with a

thermosetting resin under extremely high heat and pressure) ?

https://www.richlite.com/



Light-Generating Concrete?

https://theconstructor.org/building/smart-materials/light-emitting-cement/210471/



Translucent Wood?

https://www.newscientist.com/article/2265874-wood-can-easily-be-turned-transparent-to-make-energy-
saving-windows/#ixzz7P7Av0sSh



https://architecturecompetitions.com/5-innovative-materials-in-architecture-construction



HexChar (non-toxic bioplastic made of biochar from
forest and agricultural waste capturing carbon) ?

‘

https://www.planradar.com/gb/top-15-innovative-construction-materials/#16



New technologies?



Emerging Construction Technology Trends

* Project Management Software;

* Virtual and Augmented Reality;

* Generative Al;

* Drones;

* Construction Robotics and Automation;
* Digital Twin;

* 3D Laser Scanner;

* 4D Simulation;

* Building Information Modelling;

* 3D Printing;

* Data Analytics in Construction Technology.

https://www.intellectsoft.net/blog/emerging-construction-technology-trends/



Digital Twins?



Reflection from the digital world to the physical world
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Reflection from the physical world to the digital world

https://www.researchgate.net/publication/323397001 Digital_twin-driven_product _design_framework



Digital twin reference architecture
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https://developer.ibm.com/articles/what-are-digital-twins/
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»Digital Twins for Smart Manufacturing”
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Building information
modeling?

Building Information Modeling (BIM) is a collaborative way for multidisciplinary information storing, sharing,
exchanging, and managing throughout the entire building project lifecycle including planning, design,

construction, operation, maintenance, and demolition phase.
2017, Encyclopedia of Sustainable Technologies

Building information modeling (BIM) is described in various ways: as a technology and a
methodology, as product modeling and process support, as three-dimensional (3D) and n-
dimensional (nD) technology, as object-based representation and shared knowledge resource, but

above all as a promise of higher performance.
2020, Advances in Construction and Demoilition


https://www.sciencedirect.com/referencework/9780128047927/encyclopedia-of-sustainable-technologies
https://www.sciencedirect.com/book/9780128190555/advances-in-construction-and-demolition-waste-recycling
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Seamless Collaboration Design Automation
Optimized designs Integrated Analysis

https://www.autodesk.com/solutions/aec/bim/structural-engineering



Energy-Efficient Buildings
for a Sustainable Future

A WHITEPAPER BY @ MagiCAD

https://www.magicad.com/whitepapers/energy-efficient-buildings-sustainable-future/
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3D Modeling with SNAPS


https://blogs.unity3d.com/ru/2019/03/12/look-closer-thats-the-power-of-real-time-3d-for-aec/

VR/AR?



REALITY-VIRTUALITY CONTINUUM

o X

Extended Reality
(XR)

Umbrella term that encompasses any sort
of technology that alters reality by adding
digital elements to the physical or real-world
environment by any extent

MIXED REALITY

HRI AR AV VR
REAL AUGMENTED AUGMENTED VIRTUAL
ENVIRONMENT REALITY VIRTUALITY ENVIRONMENT

ADAPTED FROM MILGRAM, TAKEMURA, UTSUMI AND KISHINO (1995)

VIRTUALITY CONTINUUM

l— MIXED REALITY —I

%

Virtual
Reality (VR)

Fully-immersive digital
environment

Mixed
Reality (XR)

Digital elements can
interact with physical
elements

Augmented
Reality (AR)

Digital layer over
physical elements

REALITY AUGMENTED AUGMENTED VIRTUAL REALITY
REALITY (AR) VIRTUALITY (AV)

https://www.interaction-design.org/literature/topics/extended-reality-xr



Competence

www.made-cc.eu



www.made-cc.eu
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Competence Center 14.0
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http://www.museivaticani.va/content/museivaticani/en/collezioni/musei/cappella-sistina/tour-virtuale.html
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https://museums.authenticukraine.com.ua/ua/
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Industry
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https://blog.cartif.es/en/digitizing-cultural-heritage-what-are-we-talking-about/

https://curio.zubr.co/case-study/carrickfergus-castle/



Time to wrap up.

So, what do we use in design of smart
building of tomorrow?

new ideology,

- new materials, N—

new enabler teChnologieS , ‘\% 5 e THINKING  comme e e
hew requirements...

PPPPPPPPP

Build real, tactile

https://www.nngroup.com/articles/design-thinking/



and be
aware of real
nature of our
world...
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