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“Wir entwickeln visuelle, digitale 
Methoden um die Analyse und den 
Entwurf von Stadtstrukturen zu 
unterstützen”
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MOTIVATION

Heute lebt über die Hälfte der 
Weltbevölkerung in Städten. Es ist zu 
erwarten, dass im Jahr 2030 diese 
Zahl auf 5 Mil l iarden ansteigen wird 
bei einer Gesamtbevölkerung von 8.1 
Mil l iarden Menschen (UN Habitat 
Report 08/09).

Daher müssen wir besser verstehen, wie 
komplexe urbane Systeme in Städten 
zusammenwirken, damit Städte in 
Zukunft nachhaltiger geplant werden.

Expected urban and rural population growth
Source: GeoHive
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MOTIVATION

Weiterhin:

Metropolen müssen effizienter mit 
Energien umgehen.

Metropolen müssen sicherer werden.

Metropolen müssen mehr 
Lebensqualität bieten.

Expected urban and rural population growth
Source: GeoHive
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Platform für partizipatorisches Forschen, 
Planen und Entwerfen von 
Zukunftsstädten.

Forschungslabor für Forschungsfragen 
zwischen Informatik, Geowissenschaften, 
Planungswissenschaften und Städtebau.

‘Front-End’ der Simulationsplattformen 
im ‘Future Cities Laboratory’ mit Singapur 
und in SNF Projekten. 

Caption of figure comes here
Source: Reference is stated here

ETH VALUE LAB



ETH Value Lab
Chair for Information Architecture, ETH Zurich
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Architectural Programming Workshop for Swiss Vil lage Abu Dhabi
Chair for Information Architecture, ETH Zurich
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PARTIZIPATIVES PLANEN

1. Anforderungen werden gemeinsam mit 
Stakeholdern und Urban Modeling 
Group definiert.

2. Urban Modeling Group entwickelt 
Szenarien.

3. Szenarien werden gemeinsam mit 
Stakeholder evaluiert und weiter 
angepasst.
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Kreislauf partizipatorischen Planens - NFP 65 und Porto Alegre
Chair for Information Architecture
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Rostock, Deutschland
Satell itenbilder: Google Maps

13

VON GIS ZU 3D

1. Regelbasierte Methode zur Generation 
von 3D Stadtmodellen.

2. GIS Daten assozi iert mit Grammatik.
3. Detai l l ierte parametrisch veränderbare 

Modelle.



Rostock, Deutschland
Satell itenbild: Google Maps
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VON GIS ZU 3D
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VON GIS ZU 3D
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VON GIS ZU 3D



Parametrische Gebäudemodell ierung
Procedural AG

17

INTERAKTIVE 
STADTMODELLIERUNG

1. Regelbasierte Methode zur Generation 
von 3D Stadtmodellen.

2. GIS Daten assoziert mit Grammatik.
3. Detai l l ierte parametrisch veränderbare 

Modelle.



Parametrische Strassen
Procedural AG
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INTERAKTIVE 
STADTMODELLIERUNG

1. Regelbasierte Methode zur Generation 
von 3D Stadtmodellen.

2. GIS Daten assoziert mit Grammatik.
3. Detai l l ierte parametrisch veränderbare 

Modelle.



Parametrische Strassen und Quartiere
Procedural AG

19

INTERAKTIVE 
STADTMODELLIERUNG

1. Regelbasierte Methode zur Generation 
von 3D Stadtmodellen.

2. GIS Daten assoziert mit Grammatik.
3. Detai l l ierte parametrisch veränderbare 

Modelle.



CGA Shape Grammar
- Einfaches Encodieren von Fassaden- und 
  Gebäudetypologien  
- Split Grammar
- Verhalten vom Kontext abhängig
- Produkt CityEngine 
   (http://www.procedural.com)

Pascal Müller, Jan Halatsch
Procedural AG, ETH Zurich

REGELBASIERTE 
MODELLIERUNG

20

http://www.procedural.com
http://www.procedural.com


Beispiel

Jan Halatsch
ETH Zurich

PARAMETRISCHE 
TYPOLOGIEN

21



Jan Halatsch
ETH Zurich

KONTROLL PARAMETER
22

BUILDING_H = 220
BUILDING_W = 100
GROUNDFLOOR_H = 6
WING_W = 16
SPINE_W = 50
TEETH_PROJ = 10
TEETH_DIST = 12



PARAMETRISCHE 
TYPOLOGIEN
Beispiel

Jan Halatsch
ETH Zurich

23



Geometry Insertion: i(objId)
Transformations: t(tx,ty,tz), s(sx,sy,sz), 
r(rx,ry,rz)
Branching: [ ... ] 
Simple example:
    A  ->	[  t (0,0,6) s(8,10,18) B ]
	 	 t(6,0,0) s(7,13,18) C
	 	 t(0,0,16) s(8,15,8) i (cyl inder) D

Pascal Müller
ETH Zurich

BEISPIEL MASS MODELING
24



Floor (3.0m)

Floor (3.0m)

Floor (3.0m) 

Ledge (0.3m)

GroundFloor (3.5m) 

Example
Facade -->   
split(y) { 3.5: GroundFloor | 0.3: Ledge |  { 3: Floor }* }

Pascal Müller
ETH Zurich

BEISPIEL FASSADEN
25



José Duarte
TU Lisbon

BEISPIEL TYPOLOGIEN
26



City Region

Jan Halatsch
ETH Zurich

MASSSTABSFREIES 
STADTMODELL

27

Zoning (Usage mix, Open Space) Vegetation Patterns

Street graph generation
(major, minor streets)

District & Block Derivation

Grammar Scope

Street Patterns
(Avenues, Highways)

Open Space

Lots, footprints

Vegetation Patterns

Lot Opening

Building

derivation

Patterns of 3D Masses

Facade Patterns



Swiss Vil lage Abu Dhabi
Chair for Information Architecture, ETH Zurich 

Foster+Partners, ffgs.org
Caption of figure comes here

Source: Reference is stated here

Masdar Masterplan
SWISS VILLAGE ABU DHABI
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Passive design guidelines from Foster+Partners

Masdar Masterplan
SWISS VILLAGE ABU DHABI
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Procedural Model



Masdar Masterplan
SWISS VILLAGE ABU DHABI
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Masdar Masterplan
SWISS VILLAGE ABU DHABI
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Evaluierung der Gebäudestrukturen 
hinsichtl ich gegebener 
Passiv-Design-Regeln

Sonnenlast auf Fassaden und Stadtraum
ETH  Zürich

32

ECOTECT ANALYSES

Prof. Dr. Gerhard Schmitt
Jan Halatsch | halatsch@arch.ethz.ch
Chair for Information Architecture | www.ia.arch.ethz.ch
HIT H12 | Information Science Lab
Wolfgang-Pauli-Strasse 27, 8093 Zürich

DAYLIGHTING ANALYSIS  USING ANALYSIS GRID

Step-by-step Instructions

1. Click the Display Analysis Grid button. The analysis grid appears in the 3D Editor window. 

2. Con gure the analysis grid using the settings on the  Analysis Grid panel / Grid Manager. 
3. Go to the Calculate menu, and select Lighting Analysis.. The Lighting Analysis wizard appears. 

Select Natural Light Levels option and click Next. 

4. Select Over the Analysis Grid and click Next.

5. Set the Ray-tracing precision to High and click Next. 

6. For Design Sky Illuminance, use the default values, and click Next. 

7. For Room-based Settings, use the default values, and click Next. 

8. Select Increased Accuracy Mode and click Next. 

9. Con rm the settings are correct, then click Ok. 

10. EcotectX calculates the daylight factor over the analysis grid and displays the corresponding 

results. 

11. To display results in 3D, select the Show Values in 3D checkbox in the Analysis Grid Panel. 

12. You can also view the analysis grid using the Visualize page.

ECOTECT ANALYSES

Prof. Dr. Gerhard Schmitt
Jan Halatsch | halatsch@arch.ethz.ch
Chair for Information Architecture | www.ia.arch.ethz.ch
HIT H12 | Information Science Lab
Wolfgang-Pauli-Strasse 27, 8093 Zürich

DAYLIGHTING ANALYSIS  SHADOW RANGES and BUTTERFLY DIAGRAM 

Step-by-step Instructions

7 Click on the Set current time and/or location button and select winter 

solstice.

7 Go to the Shadow Settings panel. 

7 Under the Shadow Range section, specify a start time of 10:00 and a 

stop time of 17:00. Leave the value in the step  eld as 30 for the time 

being. 

7 Click the Show Shadow Range button. This will display a full range of 

shadows for the speci ed date and times. 

7 The darker the shadow is the longer that area is in shadow. 

7 The Time Step value mentioned previously relates to how often Eco-

tectU produces a shadow diagram. Change this value to achieve a 

lighter or darker  nal diagram. For instance, a Time Step value of 15 

creates a shadow diagram every 15 minutes and results in a darker 

 nal diagram than having a Time Step value of 60. 

Prof. Dr. Gerhard Schmitt
Jan Halatsch | halatsch@arch.ethz.ch

www ia arch ethz chChair for Information Architecture |

Sommer solctice 21 Juny

Winter solctice 21 December

ECOTECT ANALYSES

Prof. Dr. Gerhard Schmitt
Jan Halatsch | halatsch@arch.ethz.ch
Chair for Information Architecture | www.ia.arch.ethz.ch
HIT H12 | Information Science Lab
Wolfgang-Pauli-Strasse 27, 8093 Zürich

INSOLATION ANALYSIS TOTAL RADIATION

Using Ecotect6 you can calculate the visibility of selected objects from 
speci c locations in the model. This type of analysis can be used to 
determine how much of a proposed development is visible from another 
building facade.

Step-by-step Instructions

Ecotect6 calculates the visibility of the selected objects from the building 
facade. Results are displayed as square metres of visible area over the 
analysis grid.

Use the options under the Analysis Grid panel to manipulate the display 
of the analysis grid. For example, to display contours over the analysis 
grid, select the Show Contour Lines checkbox.

ECOTECT ANALYSES

Prof. Dr. Gerhard Schmitt
Jan Halatsch | halatsch@arch.ethz.ch
Chair for Information Architecture | www.ia.arch.ethz.ch
HIT H12 | Information Science Lab
Wolfgang-Pauli-Strasse 27, 8093 Zürich

ACOUSTIC ANALYSIS SPRAYING ACOUSTIC RAYS OR PARTICLES
Step-by-step Instructions

1. Select the Calculate » Linked Acoustic Rays... item in the main menu to 
display the Linked Acoustic Rays dialog.

2. Make sure the Re ections value is set to 2 and that the Only Test Objects 
Tagged as Acoustic Re ectors item is checked, then click the OK button.

To interact with the rays: 
Use your mouse to select the source vector. 
Move your mouse over the top of it then, when the cursor changes to a small 
black arrow, click the left mouse button. 
Now nudge the source towards the front of the stage by pressing the X key. 
You can also use Shift+X to move it backwards.
To interactively move model geometry: 
Use your mouse to select the re ector surface. 
Move your mouse over any line that belongs to it and then, when the cursor 
changes to a small black arrow, click the left mouse button. 
Now nudge the re ector downwards by using the Shift+Z key. 
You can also use just Z to move it back upwards. You can also adjust the angle 
of the re ector, again using the Z and Shift+Z keys.
Spraying Acoustic Particles
Select the Play (>) button in the ANIMATE RAYS section of the Rays & Parti-
cles panel.
You can quit the animation by either clicking the same button again or using 
the Escape key. 
When it is static, you can also use the Mouse Wheel to interactively move 
backwards and forwards in time - try it. 
Alternatively, you can click and drag the Elapsed Time track bar in the ANI-
MATE RAYS section.

ECOTECT & WINAIR4

Prof. Dr. Gerhard Schmitt
Jan Halatsch | halatsch@arch.ethz.ch
Chair for Information Architecture | www.ia.arch.ethz.ch
HIT H12 | Information Science Lab
Wolfgang-Pauli-Strasse 27, 8093 Zürich

CFD Analysis
Cell Temperature

Verschattungsstudien Akkustikanalysen Windströmungen

Masdar Masterplan
SWISS VILLAGE ABU DHABI



Abklärung von Habitatsanforderungen
und natürl ichen Potentialen

Habitatsanforderungen für Foki-Spezien
U. Wissen Hayek, PLUS, ETH Zürich

Natürliches Verschattungspotential
ETH Zürich

33

Masdar Masterplan
SWISS VILLAGE ABU DHABI



Lehre FS2010
SWISS VILLAGE ABU DHABI
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CO2 Simulation,  Science City
Chair for Information Architecture, ETH Zürich

EVALUATION SCIENCE CITY
35

Bewertung des ETH Campus Science City 
hinsichtl ich seiner CO2 Emissionen

1. Präzise Nachbildung der 
Gebäudestrukturen.

2. Berechnung von CO2 Emissionen pro 
Gebäude.

3. Interaktive Exploration von 
Verbesserungspotentialen. 



CO2 Simulation, Stadt Zürich
ETH Zürich

CO2 EMISSIONEN 
STADT ZÜRICH

36

1. Prototyp zur stadtmassstäblichen  
Berechnung von CO2 Emissionen.

2. 3D Stadtmodell zur Berechnung der CO2 
Emissionen pro Gebäude.

3. GIS Daten assozi iert mit Evaluation.
4. Resultate Informationsvisual isierung und 

parzel lengenaue Listenauswertung.





EVALUATION VON 
ZUKUNFTSSZENARIEN

38

Wie sähe ein Zürich in 100 Jahren aus, wenn 
kein Atomstrom und keine fossi len Brennstoffe 
mehr zur Verfügung stehen?

1. Kompakte Gebäudestrukturen.
2. Stadt der kurzen Wege.
3. Langdistanzen über Schienenverkehr.
4. Lokale und exportierte Energieerzeugung.
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Partizipatives Planen benötigt interaktive 
Werkzeuge, um Visual isierung und Simulation 
mit den Menschen zusammenzuführen.

1. Zugriff auf GIS oder Web GIS.
2. Steuerung von Simulationsparametern.
3. Auswertung in Echtzeit.

Herkömmliche Verfahren sind langsam und 
teuer in der Wartung (Hardware und 
Personenstunden).
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Web GIS

ArcMap

nVidia RealityServer

CityEngine ArcScene

Laufende Forschungsprojekte, ff. !

SEC Future City Laboratory, Singapore

- Simulationsplattform für die Planung von 

Zukunftsstädten

Dauer: 9.2010- 12.2015




Prof. Dr. G. Schmitt


Laufende Forschungsprojekte, ff. !

SEC Future City Laboratory, Singapore

- Simulationsplattform für die Planung von 

Zukunftsstädten

Dauer: 9.2010- 12.2015




Prof. Dr. G. Schmitt
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Laufende Forschungsprojekte, ff. !

SEC Future City Laboratory, Singapore

- Simulationsplattform für die Planung von 

Zukunftsstädten

Dauer: 9.2010- 12.2015




Prof. Dr. G. Schmitt


Laufende Forschungsprojekte, ff. !

SEC Future City Laboratory, Singapore

- Simulationsplattform für die Planung von 

Zukunftsstädten

Dauer: 9.2010- 12.2015




Prof. Dr. G. Schmitt
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64

Windows

Mac OS X



Lecture
Theory in urban simulation, modeling
and participatory planning.

COURSE STRUCTURE
65



COURSE STRUCTURE
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Exercises
Represent the practical implementation of specif ic 
aspects of the theory taught in lectures. Al l 
exercises result in one urban planning project.

Dues are:
(a) written form, 
(b) computed simulation examples 

The case study area is Altstetten, Zurich. Target of 
this course is to learn the important tools and 
methods for the modeling, simulation, visual ization 
and analyses of the large scale urban models.



Graded test

COURSE STRUCTURE
67

Oral examination: to be announced. 

Each test will be 20 minutes.
One student per test.

Pre-requisites are:
(a) Participation at least 80% of al l  ‘off icial’ events

(e.g. lectures, mid-term crit ics)
(b) successful participation on exercises



Semester Project

COURSE STRUCTURE
68

Final presentation May 07, 2012. 

Semester project covers aspects of theory and practical    
implementation. Final delivery of project in written form and 
presentation.



Denise Weber 
denise.weber@arch.ethz.ch
Off ice hours: 9:00-15:30 (except Wednesday)

Administration

Jan Halatsch 
iaurbansim@arch.ethz.ch

Lecturer

HIT H12
Every Monday, 10:45- 13:00

Exercise

HIT F22 Value Lab
Every Monday, 9:00- 10:30

Lecture

COORDINATES
69

mailto:denise.weber@arch.ethz.ch
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Participation
- at least 80% of al l  ‘off icial’ events
- signature at end of lecture and exercise

CONDITIONS
70

Certification and Grades
- successful participation on exercises, semester project
- oral exam: to be announced



Case-study Altstetten (Zurich)
- Area 7.47 km²
- Population of 29,348

EXERCISES OUTLINE
71

!

Exercises will be online each Monday 
after Lecture

Case-study Altstetten
Source: Noemi  Neuenschwander, Plus, ETH Zurich



- E1 CityEngine tutorials Part I
- E2 CityEngine tutorials Part II
- E3 CollabWorkshop: DesignCode for Altstetten
- E4 Using GIS for procedural modeling and as data warehouse
- E5 Simulating development goals, economic growth and congestions
- E6 Creating a web-based interactive model of Altstetten

DATE

EXERCISE 1

27/02/12 05/03/12 12/03/12
CollabWorkshop

19/03/12
Seminar Week

26/03/12 02/04/12 09/04/12
Spring-Break

16/04/12
Mid-Term Critic

23/04/12 30/04/12 07/05/12
Final Presentation

EXERCISE 2

PROJECT

EXERCISE 4

EXERCISE 5

EXERCISE 6

E2

Semester Project

EXERCISES TIMELINE

E4

E6

E5

EXERCISE 2 E3

E1



Individual learning. Work through the ten 
selected CityEngine tutorials and the 
prepared “Altstetten” CityEngine file.

E1 - CITY ENGINE TUTORIALS I

- Please start early enough as it takes a lot of t ime  
to work through tutorials and learn the software

Demos: http://www.esri.com/software/cityengine/
demos.html 

CityEngine Rotterdam example
Source: www.procedural.com

http://www.procedural.com
http://www.procedural.com


Individual learning. Work through the ten 
selected CityEngine tutorials and the 
prepared “Altstetten” CityEngine file.

E2 - CITY ENGINE TUTORIALS II

- Please start early enough as it takes a lot of t ime to 
work through tutorials and learn the software

Demos: http://www.esri.com/software/cityengine/
demos.html 

CityEngine Altstetten
Source: Tim Hoffmann_Bingyi Li



L3 - DESIGN CODE CATALOGUE

Collaborative Workshop
- Create a design code catalogue for Altstetten 
regarding the main design patterns e.g. street profi le, 
block, bui lding shape, facade, ..

SmartCode Catalogue: Special Districts
Sports | A l lotment Garden | Storey Hall | Off ice



Determining urban rules for Altstetten

E3 - CITY ENGINE

CityZoom Evaluation
Source: UFRGS, Simmlab, Benamy Turkienicz

- First bui lding prototypes: massing and 
arrangements
- Street profi les according to the traff ic concept
- Open space design inside CityEngine (parks, 
water features, vegetation, etc.)

CityEngine Model second iteration for case study Switzerland
Source: Yuliya Schlegel_WFA_Urban Patterns 



Using GIS for procedural modeling and 
as data warehouse

E4 - GEOGRAPHIC 
INFORMATION SYSTEMS FOR 
CITY MODELING

-Creation of large-scale urban patterns in 
CityEngine using GIS data
-Visual ization of different usages, densit ies, ..

CityEngine model: height extrusion
on GIS based building shapes



Simulating development goals, economic 
growth and congestion

E5 - URBAN SIMULATION

Ecotect Insolation Analysis 2D Diagram 
Source: Yuliya Schlegel

!

- Creation of future scenarios and visions for 
Altstetten, Zurich
- Designing urban patterns such as street networks 
or bui lding dimensions based on diverse f low 
calculations (e.g. commuters, goods, heat, wind, ..)



Creating a web-based interactive model 
of Altstetten

E6 - VISUALIZATION

Perspective view on Altstetten from WebViewer Application
Source: CityEngine Altstetten_WFA_Tim Hoffmann_Vedran Brasnic

-Simulating large-scale urban environments
-Programming real ist ic city models and revealed 
information as interactive as they can be



Presentation in Value Lab

FINAL PRESENTATION

Value Lab
Source: IA Chair ETHZ

- Final Presentation in .ppt format
- Presentation of the 3D urban model with 
Showcase
- 15 min. per group



  THANK YOU!

Zurich sustainable future vision 2100 
Source: Jan Halatsch




