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Procedural modeling

To create 3D models and textures from a set of rules
following a given shape grammar

Traditionally used to model geometry that is recursive and too
tedious to be modeled manually e.g. plants (a single tree pattern
can be used to create an entire forest) and landscapes.

P. Prusinkiewicz and A. Lindenmayer 1990
(digital version: 2004), The Algorithmic Beauty
of Plants, 29.




CityEngine

2001: Developed by Pascal Mueller e
during his PhD at ETH Computer Vision , e
Lab, Zurich (2008: distributed by his o,
company Procedural) STy /3

2011: Procedural bought by ESRI
(strong link with ArcGIS; 3D GIS for
urban environments)

Import of real data (GIS data, Aerial
images, 2D building footprints, 2D street
network)

Export of the created 3D environment in 3
ArcGIS to perform spatial analysis,
visibility analysis, shadow and visual
impact of buildings on the surrounding
cityscape




CityEngine shape grammar

CityEngine’s shape grammar is based on the so called
“L-systems” developed in 1968 by the Hungarian
biologist Lindenmayer to describe the growth of plants
in a formalised language

N YT

‘Second recursion Third recursion Fourth recursion Seventh recursion, scaled
down ten times

http://en.wikipedia.org/wiki/L-system



CityEngine shape grammar

The same principle is applied to architecture: the 3D geometry is
created by iterative horizontal and vertical splits of an initial shape.
The steps for shape creation are written in a so called “CGA rule”

LEE
Tih

Wonka et al. 2003. Instant Architecture. In A. P.
Rockwood (ed.), Proceedings of ACM SIGGRAPH
2003 / ACM Transactions on Graphics 22(3), 672
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Procedural modeling approach

Disadvantages:
less user friendly than manual 3D modeling techniques
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CityEngine interface

B citytngoe Advanced 2012.1 - butldngs2 cya
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CityEngine 3D city generation
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CityEngine 3D city generation

...to a 3D cityscape generation based on real data, e.g. by importing
GIS data and writing ad hoc CGA rule files that describe the required
architecture typology

ANEEIL IS TN L EESL S ST e L KN
w0 LEPO o HE-0+2+~0 Onocn 2

(Target: urban plannersf§

...archaeologists)

0 190D Stbatre Py hars Soam FIFS 1000 16 FoeOMas 2000 &) (o

CityEngine template: Philadelphia
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Map layers

Obstacle maps can be used to avoid geometry generation in
specific areas

‘ - B P —

Obstacle A
Viewport ® 0| & W & Ly h~yT0O

. ~ Obstacle file:
A N
h_l‘ \;1 obstacles.png
Channel brightness

Obstacle Threshold

Bounds

X-Size: 720,000

§53  X-Offset: 0.000




S e

Mapping
Mapping file:
skylineMap.png Browse,<.
Bounds
™ X-Size:  3000.000 Z-Size: 3000
§E§ X-Offset: 0.000 Z-Offset:  0.000

Mappings
Attribute Channel Minimum Maximum

i skylineValue red 20.0 2000 :
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Left: screenshot from Koroneia’s buildings in CityEngine; right: Koroneia’s functional areas (picture modified after J.
Van Zwienen)



CityEngine modeling process

Street network creation = block shapes creation

Default block parameters can be easily changed in the Inspector
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CityEngine modeling process

Example of CGA rule with stochastic parameters

Simple
16 Apr 113
piceolichin

version "Z01zZ.1"

bebogoogod b dogododogogededogodoqdododigi oo god b dgogidododidid fogogd dopgigigogdd
# Attributes

=
ffzet (- 2) BuildingLot

BuildingLot —--> comp(f) { inside: EBuilding | border: 3Zethack. 1}

Building --> extrude| | r | min heicnt, max heigth 1) |BuildingZ




CityEngine modeling process

The CGA rule is assigned to the blocks and the geometry is generated according
to the height range that was set in the rule file
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CityEngine modeling process

Every time that the “‘Update seeds and generate models’ button is hit, the
geometry is stochastically updated within the parameters set in the rule file
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CityEngine modeling process

The height range can be changed both in the rule file editor and in the inspector,
where all the attributes that are stated in the rule files are automatically displayed
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CityEngine modeling process

..or Level of Detail (according to the parameters set in the CGA file)
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Screenshot from one of
the Villa Rustica’s for the
Montegrotto project
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J. Maim et al. ‘Populating Ancient Pompeii with Crowds of Virtual Romans’ VAST 2007, 26-30.



CityEngine modeling process

The shape grammar gives a high degree of freedom in specifying the rule for the
geometry creation, e.g.

BS CityEngine Advanced 2012.1 - Extrude_Case.coa
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SHP GDB OSM DXF KML Images OBJ DAE PY

ESRI® ESRI® OponStroetMap  Autodask® Koyhole Maps, Toxtures Wavefront COLLADA Python Scripting
Shapefiie FileGDE KML/KMZ Terrain

gLl 8888y U

CityEngine

U0 Uy U4l

OBJ 3DS vOB FBX DAE RIB MAS ABC

Wavefront Autodesk® e-on®Vue Autodesk® COLLADA RenderMan® mcrtalrav Massive™ Alembic Pnhor :.cnotnq
Reporting, Metadata
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Import OBJ

BB CityEngine Advanced 2012.1 - Villa_ressdenziale<ga
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Inserting the OB]J of the statue in CityEngine scene (Villa Rustica at Montegrotto)
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CityEngine template: Pompeii



Import SHP

CityEngine imports SHP directly — the coordinates system is automatically
recognised and the attributes that are stored in the GIS file are displayed in the
inspector

(e.g. SHP file with Koroneia’s grid units)
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Import GDB
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CityEngine template: Philadelphia




Export GDB

From CityEngine to ArcGIS: 3D geometry
exported as multipatch
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3D models exported from
CityEngine into ArcScene












http://www.romereborn.virginia.edu/



http://www.cineca.it/it/progetti/genus-bononiae-musei-nella-citt%C3%A0-cortometraggio-3d



http://www.portusproject.org/methods/computer-graphics/procedural-modelling/
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Roman Montegrotto

Instances of “Villa Rustica” created in
CityEngine for the Aquae Patavinae project
from the same set of CGA rules (C. Piccoli)










Multiple 3D reconstructions

i 1 L1 e

With procedural modeling it is easier to
create multiple models to convey the
uncertainty of the reconstructed
archaeological evidence

Variations in shapes can be easily
included in the rule file to clarify what is
uncertain and what is more precisely
documented in the archaeological record

Example from Haegler et al. ‘Procedural Modeling
for Cultural Heritage’ , EURASIP 2009:
archaeological evidence of doors thresholds; no
evidence for the window in between and the
standing wall.




Improved intellectual transparency

-The modeling process is ‘recorded’ step by step in the rule file
-Annotations and metadata can be included in the rule to explain

reconstruction choices and to give extra information
e.g. CGA rule for the Villa Rustica at Montegrotto (C. Piccoli)

const columnStep tex = fileRandom ("*/StoneBlock.*.c.jpg")
const impluvium tex = “piletra.jpg"

con=st lintel tex = "general/stonework/stone.c.03.jpg"
conzst packed earth = "packed-earth-fleoor.jpg"

gonst plaster = "plaster, Jog”

//For compari=zons with the building architecture cfr willa Pisanella and willa Regina at Boscoreale, Naples.
//Bule starts

Lot —--> case convert(y, scope, world, pos, 0,1,0) - convert(y, scope, world, pos, 0,0,0) < 0 :

reverseNormals

LotNormalUp
else:

LotNormalUp

LotNormalUp ——> alignScopeToGeometry (yUp, auto)
villaRustica

villaRustical|——>530% : willaPisanella
else : villaRegina

/f Willa Pisanella
villaPisanella —--> & (4, 0, 4)
InizioVillaPF
InizioVillaP —-> split(=z) { ~1 : NIL
|villaP Xdim: villaPXdim
[~1: NTL}










