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The mesh model can be downloaded in DAE, FBX, : B | e A . —= R o T
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The Kalasatama mesh model is also viewable and to a CityGML Model Service Production Development
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GL-enabled browsers at: https://kartta.hel.fi/3d/
mesh/Kalasatama.
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The Mesh Model in the
Unity Streaming Service
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VR or AR compatible device

Highly detailed mesh mod-
els can be uploaded to the
Umbra Composit™ service
and its UNITY application as
base data

Forum Virium Helsinki, https://forumvirium.fi/en/
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of Helsinki innovation company. It
co-creates urban futures with compa-
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organizations and Helsinki residents.
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The city information model is stored Platforms and Services
in the 3DCityDB database, from

|
which it can be maintained, updated 3 DCItyD B

and managed.

The figure illustrates the
Produces a semantic data- overall system architecture
base-based city model that com- of the CityGML model’s data
plies with the CityGML standard. infrastructure, which can be
divided into three modules:
the CityGML information mod-
el, database and platforms,
and services.
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virtual city
systems

Solutions Products Explore Company DE Q

digital views. real perspectives.

A straightforward solution fo

Virtual City Systems offers innovati
distributing and using digital 3D city models.

3D City Models

A growing number of decision
makers are realizing that 3D city
models will soon be an
indispensable central information
system that virtually anyone can

access. The high-guality
information and solid spatial

visibility they offer — and the
diverse range of uses they support
as a result — make such models a
valuable tool for addressing a wide
variety of issues.

with 3D city models.

~

Digital Urban Planning

The field of urban planning is
subject to a good deal of give-and-
take with regard to the general
public interest. During planning
processes, interested citizens and

the people involved in such
projects need to be able to

understand the underlying plans
and follow along as they take
shape. Here, it's important to
present and pass on information
regarding the backgrounds,
challenges, and visions pertaining

1 complex challenges — new and innovative ways

ve solutions for managing,

Urban Simulation

Simulation of the spread of blast
waves and shrapnel caused by
unexploded aerial bombs from
World War II while factoring in
surrounding structures with

unprecedented accuracv and
speed. Along with adjustments in

existing structures, the solution
supports the modeling of specific
situations in which such ordnance
is discovered and can incorporate
further objects (e.g. temporary
container walls) into its

digital views. real

@cesium  why  Platform

Cesium

Developer Platform

Everything your software
application needs to utilize 3D
geospatial data: visualization,

data pipelines, curated data,
and analytics.

Industries Use Learn Blog Podcast

Cases

The Platform for 3D

Geospatial

Cesium is the open platform for software applications designed to

inleash the power of 3D data.

RUSTED BY THOUSANDS

SEOSPATIAL _@-malT KomaTsu Bentley Uber (Af) vsss

Mission Support

We proudly collaborate with
government agencies and the
United States Department of
Defense.

LEARN MORE

Digital
Transformation

We work with select partners to
bring about industry-wide
innovations.

LEARN MORE

Build Innovative 3D Geospatial Applications

Cesium empowers developers across industries to maximize the potential of their 3D data.

Performant

Best in class implementation of 3D Tiles for
streaming massive amounts of data.

Cesium: The Plat-

perspectives.

Virtual City Systems - A straightforward solution for complex
challenges — new and innovative ways with 3D city models.

form for 3D Geospa-
tial
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Creating the Plat- Cityplanner
form Bentley® OpenCities™
SMART SA| Z2H= Planner — More than

just 3D visualization
YA HE L Smart Kalasatama L2 A E

= 95| fu Ao 2 TP Y = bentley

EA% BY BAES LRAES U g

Helsinki

>N

A, Al B ARG 7hsA k. Smart

Co-creating urban
futures

forumvirium.fi

Kalasatamao]] 22¢] 714} ZE20. B alo A
714k OpenCities Planner -8 2 13- 7|
Hko 2 3tcl OpenCities Planner= H ©

= ohslch

Creating the Platform

rr
K
fru
2
|t
il
a3
%
=

OpenCities Planner
w2 Azksjels]o] g veke A su
SEZ2IYolrt, o] §-§ TR
A2 2Hkd 7171 A AR 4= Stk
Aol th g S-&Z 2 oA LAY ¥
E] g|o|E]S KMZ F= Collada/DAE & 4]
o2 FlA et Ao 7hsaict, AR Ael

1 H3eA0) Qlejo] ghauw 1 Qe
OpenCities Planneroj| A U3t 2327 o]
ol Hek. GIS dlol el o] xal
Ao 37k 4= ook, ®Al v mee

o] Bf-olMAH SEZ2aF | 7] mEd

2 A3leit,
S :

I M U Pipe-line based waste i -
1 collection system | SMART WASTE

SENSORS
DATA *

e
=,

forumvirium.fi

Co-creatlng urban Resﬁentsjtzf Helsinki meastL:Ired air
uality with sensors more than a
futures 1

million times




o] A Eofx] A2k Zrepatetut vA] -2 OpenCities

Planner 3-8 21310 EtjF o|Et}, 4] E-& OpenCi-
ties Plannero]] 97 x4ste{w L7 Sz a0 Zat
9-C AHAE Adetd Hoh AlE] A5E9) 3D 1Y iyt of

EERLE EECRERELEE TR

7|2 222 OpenCities Planner Z2E0Z 7}X27|
MicroStation 5827340 2 YA H DAE AE mde
OpenCities Planner2 A 45 #] ¢kol7] wjo], SketchUp %
LR o g o] rull HA Sojgtt) SketchUp 87
O As mEl E U2 e P 0B KMZOZ A3 sh=
Aol 7R3}, SkelchUpe 4|9 SEAE ehelalA) 2 Ual
A b=tk #F#7E U AN FEZRIOY Fekert FEet
A k7] wjzolch, uhehA BEle] ¢o] Rl o] S 7Ht
TE Bl SEZ R Afolof] WA AR I ZEAlA
= ot ek

1. 74l 2l g ARG-EE 4= QA A 3H= Connection Edition
(CE) H2]= 113 AR&-3 =A] 9] F3EA oA MicroStation 2-&

zzgdor s MAsH} 23 REle MicroStationo] A
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Planned
Models to
OpenCities
Planner
Platform

The reality mesh model of Kalasatama
and the design model for new planned
buildings on the browser-based OpenCi-
ties Planner platform

OpenCities
Planner

20184 & Bentley Systems2 OpenCities
Planner -$-8-Z2 73S 2 753

S Agency9< 2l=3itt, MicroStation

Bentley Systemso] £-8-5}11 gl A|Eo]
2= 9ro 22X MicroStation} OpenCi-
ties Planner 7+2] AF3-¢-8-4 o] WhAg A
© 2 7|dj¥t}, OpenCities Planner= #|

S0 = CityPlannerg}al £t}

Process is

as follows:
1

Create a model with the MicroSta-
tion application in city’s coordi-
nate system using Connection Edi-
tion (CE) release 11, as it better
supports the use of mesh models.
The terrain model is created with
the TerraModeler application that
runs on MicroStation.

2

Create a new blank file that will be backed up by a
design model and set to zero, that is, to another local
coordinate system. Doing this means there is no need
to change the coordinate system of the original file.

C

Save visible items in the SketchUp format.

4

Check the file with SketchUp and edit lightly if needed.
Save to KMZ format.

5

Import the file to the OpenCities Planner and position
the design model manually using the
mesh model.

6

Align the mesh model with the terrain of the design
model and with terrain of the mesh

model hidden, to the extent that the design mod-

el changes the terrain, e.g. coastlines, bridges and
ground shapes. The mesh model can be levelled by
using the Terraform tool of the OpenCities Planner. For
example, the visible coal pile in Hanasaari was flat-
tened in the mesh model as it will disappear in the next
few years from the new buildings.

7

Finally, the OpenCities Planner user interface is modi-

fied to meet the needs of the Smart Kalasatama project.

ZNEL o}l Yrto| 2ol o] g3 4 it

=4

https://cityplanneronline.com/helsinki/kalasatama.

A1) 5| = TerraModeler -8 2 7

2.0 Bale] AU WA 2 wlof g A AE AT 0
o AT % E e 4 AEAZ AgRT o3 su
A% 5190 HEAZ ¥AY Bash gl

3. =9 Kol &8 SketchUp F4] 02 A4gtct,

4. 53} SketchUp2 thx81aL 8 @b otk |9l KMZ
402 At

5. 1}9-S OpenCities Planner® 7} 9 11 #|A] eS8 AL&-35) A
A 2he 5oz SAAIZI

6. M Al el A HElo] AR AR A7]AL, A EEo] A
FEIAL, wg, A B4 5)S GebAA & A=A sA
wA] malo] gt Ax|A|ZIcE, WAl dl2 OpenCities Plan-
& %% 4 9k o8
Hanasaario] )= o] Hol= Ae tjuj= fA] malojA] HEer
SHA Hglek A& AmolAd S=d ol AbepE Zol7] wjzolct,
7. ufx]uto 2 OpenCites Planner A-&-2} 91 €]#|o] A& Smart
Kalasatama T2 A E 2| @ Jlof| BROF} == 7w c)

ner?] Terraform £ AFR-3| %

ot

Bentley Systems

Bentley Systems acquired Agency?9,
which originally created the OpenCities
Planner application.

MicroStation

MicroStation is a product owned

by Bentley Systems, so in future
interoperability between Micro-

Station and OpenCities Planner is
expected to develop. OpenCities 21
Planner was originally called City-
Planner.
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miki siind on kiinnostavaa tai erityist,

Kuukkell on hieno ja erattuva maamerkki [a

prosenttitaide, jota Kuukkeli edustaa on hyvi juttu,

A W @

KERRO MEILLE AJATUKSIASI KALASATAMASTA

NiMI

ASUINPAIKKA *

1A

HyvAksYN KAvTTOEHDOT [}

Kuinka tyytyvainen olet Kalasatamaan talla hetkella?

Em‘rr)im PALION MNEUTRAALI VAHAN Eltk Hﬂiﬂ

Merkitse kartalle paikka, jossa Kalasatamassa
vierailijan pitdisi kayda.

O @

OSOITA PAIKKA PIIRRA ALUE

Kerro miksi kyseisessi paikassa kannattaa kayd3,
mika siind on Kiinnostavaa tai erityista.

YOUR RESPONSE

OpenCities Planner platform

The project also tested how the OpenCities Planner can be used as a
platform for interaction and piloted the use of queries in the Smart

Kalasatama project.

Building an interactive PPGIS survey (Public Participation GIS) was
easy on the OpenCities Planner using some ready-made question
modules.

Smart Kalasatama project
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The Grasshopper application’s Ladybug Tools cre-
ates a wind rose that shows the percentage of wind
speeds and directions for the whole year. Signifi-
cantly the wind blows most strongly in Helsinki from
the south and south-west, i.e. from the sea

Wind-Rose

Helsinki_fin

1Jan 1:00 - 31 Dec 24:00

Hourly Data: Wind Speed (m/s)

Calm for 1.20% of the time = 105 hours

Exploring
the Speed

and Direc-
tion of the
Wind

R

m/s
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Each closed polyline shows frequency of 1.3% = 112 hours
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View of Kalasatama from the east. A south
wind blows 15 meters per second
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Close-up of the Kalasatama centre

Smart City Digital Twin

Kalasatama'’s buildings viewed from above. The south
wind blows from the left side of the picture
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blue) airflows. Whirlwind phenomena occur
next to the tower buildings

A section cut image of wind speeds about 31 meters above sea level. The warmer the
hue, the stronger the wind in the upper air. The image shows only buildings more than
31 metres high. The wind is blowing at 15 metres per second from the south

__“the northwest with a wind from the sou
blowing at 15 m/s. The winds shown in
picture:are between1m/s and 4 m/s. There
are both swirls and milder areas behind the
- /Kalasatama towers

Kalasatama'’s buildings from above. This section cut image Kalasatama's buildings from above. This section cut image
represents the air pressure distribution at street level caused represents the air pressure distribution at 31 meters above the
by the wind from the south (from left side of the picture). The sea level caused by the wind from the south (from left side of
warmer the hue, the higher the pressure in the area the picture). A cold hue shows that a low pressure is directed

towards the buildings
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. ¢ s AE el 1o B st 747 m/s from the south: The winds in the/pic-
ol g&Z o g wgto] AFAAHA AT L 9l HojEr) ture are between© m/s and 13 m/s. The air

that flows between the Kalasatama tower
blocks is channelled into a heavier airflow
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The simulations were calculated using the
ANSYS Discovery Live application, which has
been used in product development, such as
the German automotive industry, for design-
ing cars and exploring air flows.
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Sun Study:
Solar Hour
Analysis

ENQY G171: EHQPA| E2A1

)
2
>
m:]n
rE
flo
>
z
hﬂ
iy
rIo

% B0IA Sz A

[e]
B B AR YL Aws) B Folgle), o Z2A

Holl A= Zebatetat 2] odo]] ghopo] uli
Apgict, SR 1A BAel A A% o] ol £

2T} o EAel AHEE WA TXY
A0z HASE AY, AFFTHE 712 ofoltiojE A gt

UAE 5 203 FrblA Az Qzbe] 4e] Yol el o

o BALE oA YAkl AHET 4 Gl TRl G wAE

folo i Fasiet depatetule H9) 60 9118 glof
A e HAbe] QlAbzte] Adutch A Pk,
e okl Zhebabebube] CityGML Al A mElS o] g3 At
Yok, I AFE] AWy FAo] BT Wi AR
Wotek, A ojet PAE o]u]x]o] £42 Rhino $-&Z R
% 9 Grasshopper & A48 =3ttt Bk ofe) 1]
vebd upel o] Slwmof w2 2ol 91215 At

A=)

Smart City Digital Twin —— &

o] Ao 2 9 = A Y gjoF EARS 185kt
ZLefuf REDI £33 AlE] O] 244(53) flell Aojxl F-d& Zrepatbet
uke] FA%H FF Fofolrt, o] o|f=2 1 fA oA HYAE
=3t 4= QIEE REDIQ] AZEL mullof A A ASA)

kg HojAlofl Qlis B oju|x|ef BA GAre ok RT3 o)A 2
ol 2= 9lt}, https://youtu.be/3AhcdA900dQ.

Observations

=3 A St i EY Az e BAbs 2w
o542l Bdgel o Wol HlFa A&Hel= o #A v&
o A A

Aol olelst Agre A 47 Bl Hle)
T 4 gich B4 A o 5 9L, ool e e 2
2 HEE A AR YA o 24 Eeect A2
A%29] TR} Sl 1 A%To] TR BHB AL o
i glo] Ryl gick AZFo] ololdl Fu A eo] BAo| H=
= o Eguojof 5t7] wlitolc},

S A AR RES olga BAS AAs mUS TS
@ "azt A8 Qe chalo] mA AR B Fold Bag vy
gk 271 4 otk A B9 A5 & 27RAY 94E A%
22 AAE Aoltt.

The results of a solar hour

analysis for the 21st of

March.

A video of the solar hour
analysis can be viewed by
clicking the picture
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Shadow Analyses

The aim of this analysis was to observe the shadows created by the
proposed planned buildings in the center of Kalasatama's in differ-
ent seasons.

The OpenCities Planner was chosen as the tool to observe the shad-
ows created by the planned buildings on selected days and times.

A shadow analysis of Kalasatama centre on
the 21st of September
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The Use of Digital Twins in
City Processes and Service
Production - Helsinki's
Digitalisation Programme
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USE CASES OF
3D CITY MODELS

UTILIZATION / UTILIZATION RATE
USE CASES (12017)

SMART CITY,
[SMART] TRAFFIC & TRANSPORTATION,
[TELE] NETWORKS & LIGHTNING

CITY PLANNING,
[PROJECT] MANAGEMENT, BUILDING &
INFRA DESIGN, CONSTRUCTION

ASSET MANAGEMENT,
EXCEPTIONAL SITUATIONS, RESCUE &
SAFETY, MAINTENANCE

PROJECT PLANNING

COMMUNICATION & INTERACTION,
[CITY] MARKETING, TOURISM &
NAVIGATION, CITY EVENTS, EXHIBITIONS

Low HEDIUM HIGH

Z1uket Aoleh, AR mae wAo) AR, AEH, 714 2
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shot] mgol Hrk Wx14 7] WAl A AAge =

There are many different uses for 3D city models. City of Helsinki had tested already some uses (vio-

let) by the beginning of 2017 but there are still much more left to try
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From the BIM Model to a
CityGML Model - Over-
view of Research and
Development
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Rudi Stouffs, Helga Tauscher and Filip Biljecki

Achieving Complete and Near-Lossless Conversion from IFC to
CityGML (2018)

Department of Architecture, School of Design and Environment,
National University of Singapore ISPRS Int. J. Geo-Inf. 2018, 7,
355 hitps://www.mdpi.com/2220-9964/7/9/355 /pdf
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Native BIM

The project in a nutshell: the native BIM model, the CityGML model, and finally a
component of Virtual Singapore

. CityG ML Virtual Singapaore

native BIM
requirements

7

native BIM
model

IFC CityGML target|,
requirements specification
use
cases
IFC CityGML target PPR—:
model model

Project stages: from use cases to native BIM requirements, and from the native BIM
model to the CityGML model and its uses

Conversion cases: an
advanced experiment
for a large office build-
ing (on the left) and

a simpler case for a
two-storey residential
building (on the right).
Conversions include
rooms, walls, tiles and
roofs. The roofs have
been removed from the
image for visual clarity

» @

The project’s work plan included the
development of the CityGML model
with an application domain extension
(ADE), which allows the storage of IFC
data relevant to its spatial context,
which is not currently supported by
the CityGML standard format. In addi-

tion, the suitability of the TGG (Triple
Graph Grammar) method for the con-
version between IFC and CityGML mod-
els, for both the semantics and geome-
try, was tested.



Summary of Delft Uni-
versity’'s Research and
Development Work
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Geometric - "

CityGML
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Use cases Conversion

The final methodological approach of the GeoBIM project
[GeoBIM Project Final Report]

Ken Arroyo Ohori, Thomas Krijnen, Abdoulaye Diakité, Hugo
Ledoux and Jantien Stoter GeoBIM Project Final Report (2018)
TU Delft The final report is available at: hitps://3d.bk.tudelft.nl/
ken/files/18_geobim.pdf.
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The Simplebim® and
CityGML Conversion
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Simplebim® CityGML of =-2-(H| €} B )2 A-&-31H CityGML

IFC CityGML LoD3 CityGML LoD2

IFC model and CityGML models with different LoDs [http://datacubist.com]
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BuildingSmart modelling instructions (in Finnish): https://build-
ingsmart.fi/wp- content/uploads/2016/11/19.5.2016.IFC2Ci
tyGMLmallinnusohjeet.pdf.
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Conversion Experiment
from an IFC Model to a
CityGML Model
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LoD2 CityGML building converted from CityGML buildings converted from IFC

model (red) and CAD model (blue)
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UAV Drone
Experiment
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Buildings can be modelled with BRec appli-
cation from the classified point clouds for
the maintenance of city information model

A=)

Smart City Digital Twin —— &

A WA A= 1000 E 9L, Flo]#] Az Alof= 50~60m STt
o] =2 EHA oA A9 oAE 7Hsgl 3 wol A&
T QUEE HYLS WA v o] 83 AAEtAL

T Az, golA Azl oa) ZRIE Feh$-=(8,6009F Z <21
E)7L wbEo R AR S]] oJ5) ARl S

A
7} HEOI A TH1.63 m GSDoJlA] 4417H oju]x|2} 1¢] 3,4007t 5
2

i)
o
Iyl
2
rr
K
1
2
o
o
to
_>|J_A‘
X
Hel
ot
i)
32
B
=)
>
9
N
oty
el
o,
m

A%EL dolA 2709 o8z mdst/2 AU
AL GFANOE AAE A 2 EQIE Fe9SolA B

98 7 ez 2%
ek, 39 2 (DSM)
I A% 2(DTM)
Y=g AYske e
o] g|o] &2} MicroSta-
tion S8 = 10|

ARG 31, HolE 9
Ale A s
Y B alolA 27
ofl Aot FUT AL

= o|Rof et

The pilot area (above), the crossing flight lines for
UAV photographing (bottom left) and laser scan-

ning (bottom right)




RESULTS: OBSERVED
BENEFITS, EFFECTIVE-

NESS AND DEVELOPMENT
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Jor
5
i
g
10

AR o g2 ZRAES] FA 0 o] R XL Q7] W&

o Zepipetutol ] TRAES sastE AR EBE Qo

il
oS
224
_?L
K
§]
POUNL)
tlo
>
ofo
e
4
32
e
=
fru
Mo
N
toh
o
o
o
&)
H

H

B Qe AR A A ofe FHH ol

=
o} ARGY BAA B B FAREL oln] =77t Wa

ukg AlBEol A SR Q1% 3] 74e] WE % 719 Sl

& dzahe dE o8 4 Atk

£ =4 4R B9 §A%e shod AHgE 4 otk ol )
& EEHQ PHOR BAOA] Dofhis wsel Al&akA g

i)
)
o
o
rir
PUR=Y
o
oft
re
of
ok
O

nd Aol A E tAEEY Ago] Wik AR HilAE of
2] ZAJ €] 2] QFQrTh ST ElolE9F @I CityGML H|o]ElH|o] A

Yol w4714t} B3] o HloH S @yl 283

o
29
ol
=
u
o
>
jiAs
it
5
o
T
i
4
30
o

23] kel o4 w4 AT el 74X Al BaE mE
PARES AL ARl DA EAS 2 §5te] A1 o]

A 7V8} A o]tk

o=

T ey
CiyGML a7 B4 4] malo] AHgsls Bde 7lee 58
3 89 Alzol B zhaaor g-83kch Eat, mY §Awe] 7]
%, 2}, 2|3 BIM $43 GIS 24 2) mhziel e B3k 9

SAE A o] £7h2 447k o] 2eld Wart gk

rlo
i) e
N
Ollr
I

Tools
3DCityDB https://www.3dcitydb.org

ANSYS Discovery Live https://www.ansys.com/
products/3d-design/ansys-discovery-live

BIM inside ANSYS https://www.CADfem.de/pro-
dukte/CADfem-ansys-extensions/bim-inside-ansys.
html BuildingReconstruction https://www.virtualci-
tysystems.de/en/products/buildingreconstruction
ContextCapture hitps://www.bentley.com/en/prod-
ucts/brands/contextcapture

FME https://www.safe.com/
Grasshopper https://www.grasshopper3d.com/
Ladybug Tools https://www.ladybug.tools

MicroStation hitps://www.bentley.com/en/prod-
ucts/brands/microstation

OpenCities Planner https: //cityplanneronline.com /site/
pgAdmin https://www.pgadmin.org/

PostGIS https://postgis.net/

PostgreSQL https://www.postgresql.org/
Rhinoceros https://www.rhino3d.com/

Simplebim http://www.datacubist.com/

SketchUp https://www.trimble.com/Buildings/
SketchUp

TerraModeler http://www.terrasolid.com/products/
terramodelerpage.php

TerraScan http://www.terrasolid.com/products/ter-
rascanpage.php

virtualcitySUITE https://www.virtualcitysystems.de/
en/products

Open Data
Dowloadable City Model Data:

https://hri.fi/data/en_GB/dataset/helsingin-3d-kau-
punkimalli

City Information Model of Helsinki

https: //kartta.hel.fi/3d

Viewable Reality Mesh Model of Kalasatama
https: //kartta.hel.fi/3d /mesh/kalasatama
Umbrafied Helsinki 3D Data

https://info.umbra3d.com/request-accessto-umbra-
fied-helsinki

Platform for Smart City Development of Kalasatama
https: //www.cityplanneronline.com/helsinki/kalasatama
Platform for Smart Kalasatama's Projects and Innovations

https: //www.cityplanneronline.com/helsinki/fik-
sukalasatama

Videos

Kalasatama’s Reality Mesh Model:
https://youtu.be/c4SoR2SME_4
Umbra Composit
https://youtu.be/eQpXqcTiGQk
Wind Flow Simulation
https://youtu.be/Zynv4a_TIIU
Solar Hour Analysis

https: //youtu.be/3AhcdA900dQ
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Forum Viri-
um Helsinki

Co-Creating Urban Futures
forumvirium.fi/en/

Forum Virium Helsinki is the City of Hel-
sinki innovation company. We co-create
urban futures with companies, universi-

ties, public sector and Helsinki residents.

»
»
»

Piloting in Helsinki

Benefits for Helsinki

Distributed
Generation
Services

Energy
Storages and
Service
Reliability

FORUM

Co-creating urban futures VIRIUM
HELSINKI

Market-based
Demand
Response

Efficiency
Services

VISION
Helsinki is the mest
functional smart city

Being renewing and PO

agile expert organisation

Helping companies
utilise Helsinki as a
development platform

ening the City
ci's ability to utilize data,
new technologies and digitalization.

Smart Energy
Automation and
Comfort Ser;éices

Electric Mobility
and Charging
Services

HELSINGIN
ENERGIA
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Standardization of Smart cities
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ISBN 979-11-92052-04-5 (PDF)
ISBN 979-11-963090-6-0 (11 E)
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SMART CITY STANDARDS

Helsinki3D
Kalasatama
Digital Twins

Laying the foundation for international
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