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Top 10 Strategic Technology Trends for 2019:
Digital Twins

Digital twins — digital representations of people,
processes and things — will become more connect-
ed, providing a rich and real-time view of company
processes and assets. Enterprise architecture

and technology innovation leaders must plan for a
diverse environment with integration challenges.

"a dynamic virtual representa-
tion of a physical object or sys-

tem across its life-cycle, using
real-time data to enable under-
standing, learning and reasoning”

TOP 10 strategic technology trends for 2019 by Gartner [https:/www.
gartner.com/smarterwithgartner/gartner-top-10- strategic-technolo-
gy-trends-for-2019]

Top 10 Strategic
Technology Trends
for 2019

Intelligent Digital Mesh
Autonomous Digital Blockchain
Things Twin

0
2N 10 o0

Smart
Augmented Empowered Spaces
Analytics Edge
7> =
Al-Driven Immersive
Development Experience
Privacy and Ethics
Quantum Computing
gartner.com/SmarterWithGartner
e e NN Gartner.

ey HAHEAS BA| 1Y
2 ARSH= AL A A2
Ndolth, HAHENS A&/
AH/EHE Al 4 dxt
AHG-E o ITE, NASAO| A 15
3}= John Vickerso] w2 t]
AHEQS] FF A Be
2e M BANA WA AR
o el Az Aol
o] ol oja] HAaltt,

UAEENS 24 g

8dte A Ak dAE o
SISl Oﬂé =01 21tE
AlEj2E AR EQoZh= 7Y
2 AREelEY, HAREAT
AXA 7 Ao G, A A~
g, AA &I AR =A@
4ol AlEHold W 24, F4
Ko 9 B A A8 v]AA E
T FY, ALY =
S O oA Az A
=of k.



TOP STRATEGIC TECHNOLOGY TRENDS FOR 2020-2022 | Gartner

Top 10 Strategic

Technology Trends Gartner Top Strategic

Top Strategic Technology

for 2020 Technology Trends Trends for 2022

for 2021

People-centric Smart spaces arating Grow
I° . ege
é;'(/> 101 Peoplg _ Location Res.lhent e ianr
centricity independence delivery
Autonomic
Hyperautomation Empowered Edge Systems
O Total
° e Experience
) A O.O "
D,.,e o o \ / . \ Dlstflbl{ted
O.06 Internet of Distributed Intelligent i —— N Dy Eerpyse
Behaviors cloud composable culpting Change 4
. . I business
Multiexperience Distributed Cloud
Al Engineering w =
Yy | - e %o OI g ‘,‘"I 2 q' 55
O 'g ® ° ) _ ) Hyperautomation
"2\ . . 110 \ ?
L J [ ] Io o : ; \ -
® 5 ° Decision '
Democratization Autonomous ] . . Intelligence
Things Total experience Anywhere Al engineering D p ‘
strategy operations _ , Composable

Applications
Engineering Trust

d5 4

Cloud-Native  / | !
Human Practical (. Platforms <
Augmentation Blockchain YRV ; Privacy-
( ) Enhancing

. . . . ’ Y tati
'LLLL Privacy-enhancing Cybersecurity Hyperautomation _ \LN / i
: I computing mesh Cybersecurity
| N | | N | Mesh

Transparency and Al Security

. e s g { ) Data Fabric
Traceability Combinatorial innovation

gartner.com/SmarterWithGartner

gartner.com/SmarterWithGartner

Source: Gartner G t
Seuren sarn Ga rtner; © 2020 Gartner, Inc. and/or its affiliates. All rights reserved. CTMKT_1026461 G a rt ne rwy a r ne r

2018 Gartner, Inc. andor s afilites. All ights reserved. CTMKT_T44830




THE OBJECTIVES OF
THE PROJECT

Intermediate objectives

The general objective of the project was to
produce high quality digital twin city models
of the Kalasatama area and to share the
models as open data.
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This intermediate objective applies the basic
idea of digital twins: “design, test and build
first digitally.”
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PRODUCTION
OF THE TWIN
MODELS

TWIN MODELS
AS A SMART
DEVELOPMENT
PLATFORM

TWIN MOD-
ELS IN CITY
PROCESSES

SHARING THE
TWIN MODELS
AS OPEN DATA

TWIN MODELS
AS A SIMULA-
TION PLAT-
FORM

4

7, Intermediate
objectives of
The Kalasa-
tama digital
twins project
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3D REALITY MESH MODEL

Production of the
Twin Models

L

3D INFORMATION
MODEL
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Reality Mesh Model
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2. Automatic Aerial
Triangulation

1. Processing The

Input Data

Production

The Model's

Coverage and
3. Calculating The Mesh Model

Measuring Ground
Control Points

—,

Data
Collection

Defining
Water Areas

Source: The Kalasatama Digital Twins Project - Helsingin kaupunki

The production
work flow of the
mesh model

HIAl REo| M XY SEX

Data Collection, Preparatory
Work and Production

In calculating the mesh model, the source data con-

sists of several partially overlapping photographs of the
object to be modelled, and the resulting model looks

realistic, which makes it possible to speak of both a

production of the reality mesh model can be divided

photogrammetric and a photorealistic model. The
into three phases: data collection, preparatory work and

production.




Aerial Photography
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UltraCam Osprey Prime Il five-camera system used for
vertical and oblique aerial photography
Vexcel Imaging, https://ultracam.files.wordpress.
com/2014/04/ucop_2.png
https://www.vexcel-imaging.com

Aerial
Photography

New perspectives on 3D aerial map-
ping

Aerial camera collecting nadir &
oblique imagery.

The UltraCam Osprey Prime Il large
format aerial camera collects photo-
grammetry-grade nadir and oblique
images simultaneously, enabling
unprecedented flight collection ef-
ficiency at industry-leading image
and data quality.
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MicroStation

The CAD Leader
for Infrastructure
Design

The Original DGN.
https://www.
bentley.com/en/
products/brands/
microstation

TerraScan - Terra-
solid, https://ter-
rasolid.com/prod-
ucts/terrascan/
TerraScan is the
main application

in the Terrasolid
Software family for
managing and pro-
cessing all types of
point clouds.

%51

The boundaries of the Kalasatama i
area and its division into 250 x 250 15 ground control pomts

m sections (close-up on the right). ; “ Y and waterbodies

The mesh model was produced
inside the blue cropping
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Production of the Processing the
Source Data

Mesh Model PO

The actual production of the mesh
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Automatic aerial triangulation binds images together
by finding common features in the images

A point cloud formed from the tie points found in the aerial images
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The final product of the model calculation is a photorealistic mesh model.
The shadows captured in the aerial images are one part of the final mesh model
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CityGML City
Information Model

3D CITY INFORMATION MODEL

I

3D INFORMATION
MODEL

Heat-Demand [kWh/m2.year]

0 25 50 75 100 125 150 175 200 >250

CityGML is an open, international standard set by the OGC (Open Geospa-
tial Consortium) for 3D city information modelling, storage and transfer.
For details see: https://www.opengeospatial.org/standards/citygml.

CityGML = A| M mgl
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Smart City Standards

The CityGML structure of a Building
object. Semantic and geometry data
follow the same structure: there is always
a geometric consideration of semantic
information
[https://www.semanticscholar.org/pa-
per/3- DCityDB-a-3-D-geodatabase-solu-
tion-for-the- %2C-%2C-of-Yao- Nagel/
f6a8bb273495dec3dc940dcTec-
700fe563e 3f8f1/figure/2]

4
Semantics Geometry
based on 150 19109 based on 1SO 19107

i Composite
Building Solid

\

@ -:- b (L

More information about the CityGML 3.0 standard is available: https://
github.com/opengeospatial/CityGML-3.0, https://www.gis.bgu.tum.de/
en/projects/citygml-30/

In the future the CityGML 3.0 standard will be available here: http://
www.citygml.org/.

Composite Poly Composate
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CityGML
Thematic
Modules
and Classes

CityGML standard

Application Do-
main Extension
(ADE)

The CityGML informa-
tion model consists
of two types of mod-
ules: the core module
and the extension
modules.

CityGML modelled themes in-
clude terrain models, buildings,
bridges, water and traffic areas,
vegetation and street furniture,
etc. Appearance can be added
to three-dimensional city ob-
jects, and this can be any form
of visualization.
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Levels of Detail
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Production of the
CityGML v2.0 Model

CityGML v2.0 2 Hio| MM
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g9 A), A 9 22 A= Qe

Source Data AA H|0|E]

Zrepafetol 2220t W) EA(LOD 1t 22
A EA9] CityGML 1 melof] 273k Aot} o] Source Data

= 201790 Add A= FA 23] A=
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Kalasatama’s model's coverage and CityGML themes
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<<ExternalCodeList>> <<ExternalCodeList>>
BuildingInstallationClassType BuildingClassType

<<ExternalCodeList>> <<ExtemnalCodeList>>

BuildinglnstallationFunctionType BuildingFunctionType

<<ExternalCodeList>> <<ExternalCodelList>>
BuildinginstallationUsageT | [BuildingUsageType

<<Feature>>
core::_CityObject

0.1 <<ExternalCodeList>> <<ExtemnalCodeList>>
- <<Geometry>> IntBuildinglnstallationClassType RoofTypeType
Ity M L lod4Geometry gml::_Geometry oo <<ExternalCodeList>>
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Bu‘lld'lngs are one of +class : BuildinglnstallationClassType [0..1] outerBuildingInstallation <<ExternalCodeList>> <<ExternalCodeList>>
2 x3IE o] Qltt, 3 LoD glHlof 7 X oH| E g +function : BuildinglnstallationFunctionType [0.4] | BulldingFurniturell sageType RaomtlzegeType
- - - +usage : BuildingInstallationUsageType [0..*]
the most well-defined 2 Ao AFES ThaFet LoD el 4] FAlf
address =<Feature>> address
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" <<Feature>>
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= =, g +function : IntBuildingInstallationFunctionType [0..*]
HE=E jsi¥e} (¢} T3] = - ‘ i AbstractBuilding
‘1375 Eﬂ ]-./] U'" 1_]. 7}1’:'”#3] — AbstracthIdlng Eﬂ +usage : IntBuildingInstallationUsageType [0..] +class : BuildingClassType [0_1]
uloltt, o] AL CityObject A2 ABZ g Ao] roominstallation /N 0..1 |+unction : BuildingFunctionType [0..%]
+usage : BuildingUsageType [0..*]
t}. CityObject= B E glu} S| A 9] 7] S0 A +yearOfConstruction : xs::gYear [0..1]
* BuildinaFurniture +yearOfDemolition : xs::gYear [0..1]
ildi = = |  BuildingFurniture = = = 0|
=3 AbsfracTBwIdlng% A=E B A=E9 o +olass : BuldingFumitureClassType [0.1] +roofType : RoofTypeType [0..1]
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g y Y AZER o]|Fo A&E WA (Y, HY 5) N - +storeysHeightsAboveGround : gml::MeasureOrNullListType [0..1]
. . . interiorFurniture +storeysHeightsBelowGround : gml::MeasureOrNullListType [0..1] <>'
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y <<Feature>>
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3= Ao| 7535t +function : RoomFunctionType [0..] [ Building BuildingPart
Usagaj:|RcomUsageTypa|[0-1] consistsOfBuildingPart
A%5-0] uAlE = oju] A} BoundarySurface2} Build- T
. =& SR o Y oF 0.4\ loddimplicitRepresentation °--1<> lod1Solid lod1MultiSurface lod1 Terrainintersection lod2MultiCurve
1 i H a]sF A& o) - - = -
The main Category of inglnstallation 2 2| & <= 31T}, BoundarySurface:= <<Object>> lod2Solid lod2MultiSurface lod2Terrainintersection lod3MuttiCurve
core::ImplicitGeometry .
WallSurface = RoofSurface 5-2] 7|58 2= E lod3Solid lod3MultiSurface lod3Terrainintersection lod4MultiCurve
the building theme ' ace o 7 Eo B iy _ . o ! !
. . Wl ok HH o] Hbty, Bulldlnglnstallahont EIEsAS -1, lod4Solid lod4MultiSurface 0..1y|/l0d4Terrainintersection 0.1
1S the AbStl'aCtBl.I'lld- s lod4Solid <<Geometry>> <<Geometry>> <<Geometry>>
U Aol @ 4= it ool
- th h_ h - . . gmi::_Solid aml::MultiSurface gml::MultiCurve
mn eme, wnicnis a _—. _—. . -
g H Building®} BuildingPart= AbstractBuilding |~ = 0.1\ 0.1 0-1
3 . lod4MultiSurface lod2MultiSurface
SUbCIass Of the CIty- e o8] 7]%(class, function, usage, yearOfConstruc- <<Feature>> |~ :
2 . . . o Opening [~ I lod3MultiSurface led3MuliSurface
Oblect class_ tion, yearOfDemolition, roofType, measuredHeight)& > opening logaMultiSurface ogAMuliSurface
PN T) -1 [
sk S 4= 9t} At} Building®} BuildingPartsol] Forros | [—=Feaess oundedy 1l
Address& 43 4= 9it}, AbstractBuiIding 71| 1L Do Boox <<Feature>> boundedBy
" 0 ZO BoundarySurface
gof 23 75 o= MEE F= £45 ADE - ’
71522 F= Generics 2E9] genericsAﬂribufe% | | | | ? I |
H <<Feature>> <<Feature>> <<Feature>> <<Feature>> <<Feature>> <<Feature>> <<Feature>>
[OGC Clty Geography Mark—up A]’%ﬁﬁ %}%Q\ ] Z7]'_5]' 2= O]E]' RoofSurface WallSurface GroundSurface ClosureSurface CeilinaSurface InteriorWallSurface FloorSurface
Language (CityGML) Encoding

Standard v2.0, https://www.
opengeospatial.org/standards/
citygml].

UML diagram of CityGMLSs building model. Prefixes are used to indicate XML namespaces associated
with model elements. Element names without a prefix are defined within the CityGML Building module,
OGC City Geography Markup Language (CityGML) En- coding Standard, Open Geospatial Consortium
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te.

—> ¢ (captions read from left to right, top to bottom)

Description of surface and terrain models.

Base map and point clouds.

Terrain and surface models from one building area.
Roof shapes of buildings from point cloud.
Semantics of the buildings, and roof shape library.
Geometries of city information modelled buildings.
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[Image:https://www.virtualcitysystems.de/images/vcs/products/buildin-
greconstruction/1024px/BREC_Rooftypes_Attributes_EN.png]
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Maintenance of CityGML
Buildings at Helsinki City
Survey Services
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Browser view of kartta.hel.fi/3d web site, where 3D city
information model is being updated
https://kartta.hel.fi/3d/heating/Apps/Helsinki/view.html

’lHELSlNKI"’

Content

Rakennukset

Maintenance =
and updating
the CityGML ==

Maasiomal

Olympiastadion

Suomeninna

buildings in the =
3D city infor-

Karkeasaar

mation model
of Helsinki

X

®

© © © © © ©

Data preparation Simulation Evaluation Result visualization
CityGML check Define building Energy ADE  Refur- Energy ADE  Vadlidation Cesium 3D Tiles conversion
Building attributes libraries database bishment database against 3D web visualization
collection connection  scenarios  writer measured data

Building
physics

Selaed catogary

SimStadt simulation enviroment

Validation

T

m Measured ® Simulation CesiumJS
NodelS
ciyemL+ [N QQ_, R
Energy ADE ' 3DTiles

ﬁ»%,«_—,

’ - =y
Styling Options b, - o = Q; % -,e

Gobal properes

Heating co2 Database +
demand emission AR
simulation simulation

Database
connection

writer

== —f = o4
Heating demand 50 __ Ma . BID_0f865d4f-0925-46ae-92d0-01556dcc3eb2 x
. — — — B e VTJ_PRT 1031131698
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Case Study
Helsinki

g Concept and Eval-
e s uation of Heating
Demand Predic-
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Concept and Evaluation of Heating Demand Prediction Based on 3D City
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Modelling the
Future Build-
ings and Envi-
ronment
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A

In general, planned building have been modelled
with flat roofs and without windows. View from
the OpenCities Planner browser-based application,
where the models of the planned buildings have
been embedded
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Future

The source data
for future build-
ings is received
from the Kala-
satama—Malmi
project

DGN

The data is divid-
ed into several

files and is availa-
ble in DGN format
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the data set con-
tains illustrations,
conceptional
sketches and
scenes of the en-
tire Kalasatama
area
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kartta.hel.fi/3d

3D models of Helsinki - Energy and Cli- Helsinki Map Service - Helsingin

mate Atlas karttapalvelu

The Helsinki Energy and Climate Atlasis  The City of Helsinki map service is

a service produced with the city's 3D city a map portal that can be used to

information model, which can be found access the map and geographic in-

at https://kartta.hel.fi/3d/atlas. formation datasets of several depart-
ments.

Future Plannings Geoenergy Potential

Energy and Climate Atlas Heating Demand Prediction

Solar Energy Potential Energy Data of Buildings

CO2 emissions
BID_e03f4305-4c07-4dbd-82ba-ddc30e418525
VTJ_PRT 103094053L .
RATU 1260 Climate change
Adress Ehrensvardintie 3

Function Muut kerrostalot

Year of construction 191 Refurbishments

Storeys above ground 3
Total floor area 1181 m? .

Volume 4041 m?

CO2 emissions > - - 3 ) Year of construction 1907
Storeys above ground 4
o Total floor area 3078 m?
imate change

; - Volume 10284 m?
e a . : - !
! . )

Refurbishments.

| ‘
Space heating demand: 126 (kWh/m?a)
)

Heating demand

Heating saving
potential

CO2 emissions

Climate change

Refurbishments

A H\l‘%‘

Q search = Content i Help % Settings

Lprivacy

BID_f40ca897-5133-493-8c03-44bafc1adca8

VTJ_PRT 103113151N
RATU 1545
Adress Tehtaankatu 24
Function Muut kerrostalot
Year of construction 1906
Storeys above ground 5
Total floor area 8473 m?
Volume 30542 m?

Space heating demand: 144 (kWhim?a)

Space heating [kWh/(m2.a)]

BID_7f0175c2-6ea2-4ae0-95e8-98151cb612f3

VTJ_PRT 1030367471
RATU 313
Adress Mannerheimintie 1

Function Liike- ja tavaratalot, kauppakeskukset

Year of construction 1878
Storeys above ground 5
Total floor area 11146 m?
Volume 57754 m3

Window Advanced



Modelling Planned Build-
ings into the CityGML For-

E

MicroStation -
3D CAD Software
for Architecture,
Engineering

CAD models in DGN format

Application: MicroStation, MicroStation - 3D CAD Software

for Architecture, Engineering

A
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Separation of the footprints

and the roofs
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The roofs in the
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PRODUCTION OF
THE TWIN MODELS
- CityGML Model
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Step 1: DTM and DSM (application: BRec)

Step 2: Buildings fitte

d into the DTM and DSM
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Modelling Bridges into
the CityGML Format
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The starting point: a vector-
ized bridge in DGN format
(Kaikukatu's light traffic
bridge, in Hakaniemi)
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the bridges would be more
visible in the model
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The CityGML Terrain Model Modelling the
CityGML Terrain

The terrain model i tial part of
e terrain moaetis an essential parct o Model onaTheo_

the city information model. A digital ter- )
rain model (DTM) works in the Relief ex- retical Level
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+stopLines : gml::LineStringSegment [0..*] el .
+breakLines : gml::LineStringSegment [0..*] Wlthln the CItyGML
+maxLength : gml::LengthType [1] Relief module.

+controlPoint : gml::posList [1]
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Production
of the Ter-
rain Model

The terrain of the
Kalasatama area

is part of the en-
tire city-wide ter-
rain model and the
planned terrain
model for the future.
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Terrain model from the area in a planning stage
The current stage terrain model
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CityGML Land Use
Areas

CityGML EX]| 0|8 X|¥
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T A3 4= 9lth CityGML mdlo|A] B2 o] 83}
EoFS W% landUse S|4~ YR AW £4 ¢
o[¥| & A S}FEl Tt

N

I LandUse Z1A|+= class, function, usage 42 2F
glojo} Fitt. Class= =4 olg #j(FA A9,
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O|2X XIHO0l|A CityGML EX| 0|8 X|H2| Z&E

o
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MultiSurface Z4#j|o| oo} 3}, -
<<Feature>>
core::_CityObject
ﬁk lodOMultiSurface [OGC City Ge()graphy
<<Feature>> N Mark-up Language
LandUse lod1MultiSurface

+class : gml::CodeType [0..1]

lod2Multisurface] 0| <<Geometry>>

(CityGML) Encoding
Standard v2.0, https://

+function : gml::CodeType [0.."]
+usage : gml::CodeType [0.."]

lod3MultiSurface

Z| gmi:MultiSurface | \yww.opengeospatial.org/

standards/citygml].

lod4MultiSurface

class_CodeSpace : class Data source

1000 : Settlement Area

1100 : Undeveloped Area

4000 : Water

2D data from WFS service (area’s of specific land plots)

The remaining areas from terrain model

The different classes of
CityGML land use and
source data used in clas-
sification

Digitized waterbody in DGN format
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