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Common Urban Information Model

CityGML
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Common Urban Information Model

CityGML
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Building Model
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New LoD concept in CityGML 3.0
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New LoD concept in CityGML 3.0

Interior in all LoD

LoD 2 building model
with LoD 2 interior model (rooms)

More general:
Any building subdivision can be modeled
(rooms, Storeys, Appartments,...)

ISPRS Annals of the Photogrammetry, Remote Sensing and Spatial Information Sciences, Volume
IV-2/W1, 2016, 11th 3D Geoinfo Conference, 20-21 October 2016, Athens, Greece
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CAD / CityGML

« CAD/BIM-Model (Layer-based)
« Walls, ceiling, floor as volumetric elements
* In CityGML: Room

CAD / BIM Modell CityGML Modell
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Data capturing: 3D Building Model

3D Building Model

Transmitted Pulse
— Recieved Pulse
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CityGML Tutorial

Chapter 1: Introduction CityGML

Chapter 2: Building Module

» Click to expand

Chapter 3: Validation

Chapter 4: Application: Urban Simulation

Chapter 5: Visualization

Chapter 6: 3D City Modeling using ArcGIS CityEngine

More Modules TBA

Extras:

e Solid Geometrie in FME 2019

e Solid Geometrie in FME 2019 on youtube, Teil 1

e Solid Geometrie in FME 2019 on youtube, Teil 2

¢ Adding an attribute to the CityGML dataset (with attribute-join)

e Rhinoceros3D/ArcGlIS CityEngine (2D/3D Shapefile) to CityGML v2.0 (Building/BuildingPart) in LoD 1 and LoD 2

https://transfer.hft-stuttgart.de/qitlab/coors/3d-stadtmodelle/-/wikis/EN/CityGML-T
utorial



https://transfer.hft-stuttgart.de/gitlab/coors/3d-stadtmodelle/-/wikis/EN/CityGML-Tutorial
https://transfer.hft-stuttgart.de/gitlab/coors/3d-stadtmodelle/-/wikis/EN/CityGML-Tutorial
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Heating demand

Q, heating demand

Q,, hot water heating demand
Q, solar gains

Q, internal gains

— HT transmission heat loss
— HV ventilation losses

13
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Simulation Model Components

. ' | Deterministic Phenomenon
“M‘l :  Shortwave & Transient heat
i conduction
' |+ Internal & External Longwave
Construction N, radiation exchange
| D :
Composition Vi | * Internal & External Convective |
. fluxes | |:> Energy demand &
ﬁ i Temperature profiles
i Stochastic Phenomenon
Household | ~) * Occupant metabolic gains
Composition “i'| '+ Internal lighting and equipment
! radiative gains

____________________________________________________

Weather || TT

Questions to be investigated: To what extent does the uncertainty in building
geometry affects the energy estimation predictions or rather is there any
significant impact at all?




Hochschule fur Technik Stuttgart

SimStadt: Urban Energy Simulation

it i —— 7”77.’7’,mr'., : — 7 — degngeEaessor
BuildingFilter | GeomPreprocessor PhysicsPreprocessor UsagePreprocessor
» | Din18599 with weather || » | Preprocessing ?‘ Filter T Geometry T‘ Building Physics j\ Building Usage » | WeatherProcessor »
SimStadtModels: 1 SimStadtModels: 1 SimStadtBuildings: 424 = SimStadtBuildings: 424 SimStadtBuildings: 164 SimStadtBuildings: 164 SimStadtModelPlusWeathers: 1
¢
- Input:

- 3D Citymodel ++
- CityGML & Energy ADE
- Weather data

- Simulation
- Heating demand per building
- DIN V 18599 Monthly Energy Balance
- Refurbishment scenarii
- lIrradiation
- District heating network layout

Building Solid
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Building Geometry

Attributes derived from 3D Geometry

— Volume [m?]

— Roof Area [m?]

— sun/wind exposed Wall Area [m?]
— Wall area to builings [m?]

— Area Groundfloor [m?]

— Orientation Wall-/Roofsurfaces

— Number of storeys (if not in the dataset)

— Building Typology (classification)

v Zldet(a:‘—b;‘,b:’—ci, C:—dil
— - 5
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Quality Management

Solid Geometry

) > Building $6%

Ground Surface 3m x 5m
Eaves Heihgt: 3m FME Workflow

Ridge Height: 4,5m

Vol 58 25 3 Volumenberechnung
olume: 56,25 m

17
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Quality Management

Volume

T N 7Y

No error
GE-gml:PO-NUMPONITS
GE-gml:PO-DUPPOINT-2
GE-gml:PO-DUPPOINT-3
GE-gml:PO-PLANAR
GE-gml:SO-POLYPEREGDE-1
GE-gml:SO-POLYPEREDGE-2
GE-gml:SO-FACEORIENT

56,25

48,75
Self intersection 52,5
Duplicated line 56,25
No planar surface 52,5
Minimal hole 56,1875
Large hole 37,5
Face orientation 18,75

18
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Quality Management
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Quality Management

Does the 3D model fits simulation demands?

SlmStadt

Validation

Validation

CityGML model Report

Validation

20
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Quality Management

CiD4Sim

City Doctor Validation Plan for SimStadt (CiD4Sim)

« Based on CityGML Quiality Interoperability Experiment OGC 16-064r1
* Implementation Independent
 https://gitlab.com/volkercoors/CiD4Sim/wikis/home

21
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Validation 3D-DLM

Validation (batch process)

Streaming 3.3 GB CityGML-File checked in 4m 50s
— Machine: Windows, i5-2400 @ 3.10 GHz
— Using <2 GB RAM
— Using 1 Core
— Output: Report-File (xml or pdf)

Errors:

— 20% Buildings, 0% Vegetation, 11% Transportation, 28% LandUse,
0% Bridge, 7%Water, 15%Overall

22
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Use of building typology to fill data gaps

(3D city model) (census)

f’ )
Buidling function J [ Building units

(3D city model) (3D city model)

‘————————q

( )
Building heightJ [ Ratio external walls

(census)

[ Building type ] { Year of construction J

N J
Y

Building Typology
IWU / Tabula
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Deutsche Gebaudetypologie et Gu _

Telefon: (0049) 06151/2904-0
Systematik und Datensatze Ui

eMail: info@iwu.de

Internet: http://www.iwu.de
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Urban Simulation

3D City model

Building
Attributes

SimStadt | i

3D-Geodatenserver

YAy
< )=
aQ

Irradionce &

Quality check tool

shadow
Building l
Libraries ) .
SimStadt Simulation Model
# Building Physics _ _
# Building usage - . <¢— Simulation
# Refurbishment scenarii Analysis

nergieb
Endenergiebedarf 183,3 kWh/(m?>a)
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Urban Simulation

Results SimStadt

"What if* Scenarios:

Refurbishment rate
needed to achieve climate
goals by 20507?

Heating Demand and

Scenarios
.“'.4/* sl v B QLA

EER Y
'.'T'.az-.-ﬂlli‘! =
= -EJ‘E T

PV Potential District Heating Network
Extension
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CityGML extensions

Energy ADE

http://www.citygmlwiki.org/index.php/CityGML_Energy ADE

Energy and
Systems

Time
series

Energy ADE
Core

Construction
and Material

Occupancy
and Schedule
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Urban Simulation

Landkreis Ludwigsburg

— 34 municipalities

— Similar Approach

— 3D city model provided by the state surveying (LGL BW)
— census data was not allowed to use

— Year of construction and building typology data bought from a
private company

— Some municipalities provided own data sets
28
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Urban Simulation: Example

EnSysLE Dashboard

EnSysLE Dashboard

Back to main page oD 3D

Select Area

Ludwigsburg

Building Energy Simulation

Specific Heat Demand v

Building shadow

36000

1800055 Heat Demar i{ Wf{mz.a))

Specific space heating demand
Nasme 10 Do L NN
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Urban Simulation: Example

Hochschule

fur Technik
Stuttgart | Institute of Energy Economics

at the University of Cologne

EnSys-LE Dashboard

The application visualizes the simulation of renewable energy potentials as
well as the heating and electricity demand of buildings in exemplary
counties. It can be used by local stakeholders for various applications such
as to access potential sites for renewable energy production or possible
district heating systems.

lIm-Kreis H Dithmarschen H Ludwigsburg

Supported by:

% ?(?rd Ezglnlrri:iig tAr¥fairs
https://transfer.hft-stuttgart.de/pages/ensysle/applicati and Climate Action
on/index.htm|

on the basis of a decision
by the German Bundestag
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Urban Simulation: SimStadt Cooling Demand Singapore

Energy co Comparison to Real Consumption Values - LOD2 CBD Area
By end-use
350
Comm 295.8
300
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Others 250
25% .
=
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Ventilatior“ghﬂ"g
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0
Singapore Specific space  Germany Specific space  Real Consumption 2015 Real Consumption 2016
Cooling demand Cooling demand
[kWh/m2.yr] [kWh/m?2.yr]
mms 1. Quartile 2. Quartile (Median) w3, Quartile Average e=@==Standard Deviation

M. Fitzky, Simulation of Cooling Energy Demand Using the 3D Citymodel of Singapore, Master
Thesis SS 2019, HFT Stuttgart & Singapore Land Authority (SLA)
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Urban Simulation: Wind field

CFD Simulation
—

Geometry

Simplification
& Meshing

Urban
Data
platform

Simulation

""""""""""
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Urban Simulation: Wind field

Beyond Buildings: 3D Landscape Model

Simulation ohne Vegetationskorper: Simulation mit Vegetationskorpern:
Pfeil rot: 2,9 m/s Pfeil rot: 1,6 m/s
Pfeil gelb 2,2 m/s Pfeil gelb: 4,5 m/s

L. Rothengal}, Master —Thesis Vermessung
Generierung und Evaluierung eines 3D-Landschaftsmodells fur eine CFD-Windsimulation
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Web-basierte Visualisierung

3D Portrayal Service

https://github.com/opengeospatial/3DPS

OGC
Khronos Content
1ISO X3D ol TF St;rll\:ﬁrd Delivery

OGC Standard 3DPS Query

35
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Web-basierte 3D Visualisierung, OGC Testbed 13
Experiment #2

|
|
User Interaction :
|
I

Raw Mapping Rendering
data Il

1
spmElEnE- = cesnum
CiyGML  ™Fraunhofer Q & 3D TiIes | ©cesum
1
fGEO OC= ] :
oGC*
Server 3DPS  Web-Client

Koukofikis, A.; Coors, V.; Gutbell, R. (2018): INTEROPERABLE VISUALIZATION OF 3D CITY MODELS
USING OGC’S STANDARD 3D PORTRAYAL SERVICE. In: ISPRS Ann. Photogramm. Remote Sens. Spatial
Inf. Sci. IV-4, S. 113—-118. DOI: 10.5194/isprs-annals-1V-4-113-2018.



https://www.isprs-ann-photogramm-remote-sens-spatial-inf-sci.net/IV-4/113/2018/
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FME to generate 3D Tiles & I3S

http://193.196.37.89:8085/app/

V. Coors: Presentattion FME days 2019



http://193.196.37.89:8085/app/
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Smart Villages

¢ |
Smart Villages - i‘dlgltal@bw
Unsere Anwendung Partnerkommune

Echtzeitdaten

22.90°C
10.88°C

Nn F M G N Am Ml Mg S Ot M e

Statistikdaten

=
' Sensor

Statistikdaten

2006 2007 2008 2009 2010 2011 2012 2013 2014 2015

[ ] 8
#LGL w7
wwighbwde  Stuttgart Baden- \Win'ttemberg
LANDESAMT FUR GEOINFORMATION UND LANDENTWICKLUNG
Folie 11



Hochschule fur Technik Stuttgart

3D city model and Sensor data integration

Connecting Sensors

& physical World

User Sensor 1 (PV)
interaktion iRl lﬁ'

/\7“ N

3D Building / landscape model

‘. private
— | — public @
.......... o — . .
— AN A
.......... : 2 sersor2
.......... o ‘ ’3DTiles c— ® )
. o)
3D Database O( : CO 3D Portrayal | OGC == Sensor
CltyGML Service | Making location count.

Py occd EE
' =

Making location count

SensorThings API

Sensor data Sensor data
Plattform A Plattform B
.......... o ceeee . O
.......... o )
.......... o )
! 40
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Sensor Things

ng Sensors and 3D City Model

N CeMi -~ i -~ ~~—---- SensorThings -----1

P I ObservedP
LocalityName ~ Stuttgart 1 Toperty [
I I Sensor +name: CharacterString
miliD 08111000_0_002_47740_000_000 5 - +definiton: URI
9 cel T B I *riame: Charagersmng +description: CharacterString I
Longitude 9.180978846655975 | | seccyType VekwCos - |
? +metadata: Any +observedProperty
Latitude 48.77937455798849 | [
I I 1 | #sensor I
I 0.* |+datastreams I
1 | Datastream Observation
I +name: C i +phenomenonTime: TM_Object I
I 0.4 intion: Cl i +resultTime: TM_Instant I
I +observationType: ValueCode +result: Any
I 0.+ |+unitOfMeasurement: JSON_Object 1 0.+ | *resultQuality: DQ_Element[0..*]
- bserved GM_| pe(0..1) +validTime: TM_Period[0..1] I
| 1 +datastreams | +phenomenonTime: TM_Period(0..1] +parameters: NamedValue[0..]
+resultTime: TM_Period[0..1] |
I +observations
| 0 |
1 1] oz
I +thing
[ L :
+name: C i || tings I
I on: C} 9 1 1 | +featureOfinteres
+properties: JSON_Object[0...1] P
s ecs oCodeLlsto FeatureOfinterest I
| 0.+ +historicall.ocations ValueCode - -
+things +name: CharacterString ’ I
1 HistoricalLocation C
I — +encodingType: ValueCode
I 0.* |+tocations +time: TM_Instant +feature: Any I
| Locatiof 0.* +historicalLocations |
I +name: CharacterString +location I
Atad )
I I +encodingType: ValueCode :
I +location: Any I
S B e T e
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Linking Sensor data and 3D City Models from CPS
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Building interior and sensors CO2 measures (ventilation system)
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‘ Environmental S’enso‘rs: Air quality
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