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The City Engine SystemThe City Engine System

Procedurally creates complex cityProcedurally creates complex city modelsmodels..

Cities consistCities consist of:of:
•• Street Street mapsmaps
•• BuildingsBuildings
•• Facade texturesFacade textures
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Example Zurich-London-ParisExample Zurich-London-Paris
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Example ManhattanExample Manhattan
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Example Manhattan 2259Example Manhattan 2259
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OverviewOverview

1.1. IntroductionIntroduction
Motivation and system Motivation and system pipelinepipeline

2.2. LL--SystemsSystems
From streetsFrom streets to to buildingsbuildings

3.3. TexturesTextures and and resultsresults
Rendering Rendering of of the resultsthe results
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MotivationMotivation

•• Many applicationsMany applications inin entertainmententertainment,,
simulationsimulation andand visualizationvisualization

•• Cities as virtualCities as virtual „„backdropsbackdrops““ are hardare hard toto
model bymodel by handhand

•• Procedural methodsProcedural methods have been used have been used to to model model 
complex environmentscomplex environments
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Related WorkRelated Work

•• Mostly satelliteMostly satellite--imagery basedimagery based systemssystems
e.g.e.g. HenricssonHenricsson, , StreileinStreilein, , GruenGruen; 1996; 1996

•• Work Work on on visualization visualization of of large data setslarge data sets
e.g. Davis, et al.; 1999e.g. Davis, et al.; 1999

•• Similar projects areSimilar projects are still instill in the makingthe making
YapYap; 1998; 1998
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System PipelineSystem Pipeline
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Module 1: Streetmap CreationModule 1: Streetmap Creation

Input:Input:
Image Image mapsmaps,,
parameters for rulesparameters for rules

Output:Output:
A A street graph for street graph for 
interactive editinginteractive editing
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Module 2: Division into LotsModule 2: Division into Lots

Input:Input:
StreetStreet graphgraph,, area area 
usage mapusage map

Output:Output:
Polygon Polygon setset ofof
allotments for allotments for 
buildingsbuildings
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Module 3: Building GenerationModule 3: Building Generation

Input:Input:
Lot Lot polygonspolygons , age, age
mapmap and and zonezone planplan

Output:Output:
Building strings withBuilding strings with
additionaladditional infoinfo
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Module 4: Geometry and FacadesModule 4: Geometry and Facades

Input:Input:
Strings and Strings and buildingbuilding
typetype

Output: Output: 
City City geometry geometry and and 
facade texturefacade texture
((procedural shaderprocedural shader))
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L-SystemsL-Systems

Generation of Generation of plantsplants
PrusinkiewiczPrusinkiewicz, , LindenmayerLindenmayer; 1990; 1990

EnvironmentEnvironment--sensitive sensitive 
PrusinkiewiczPrusinkiewicz, James, , James, MechMech; 1994 ; 1994 

Interaction (Open LInteraction (Open L--System)System)
MechMech, , PrusinkiewiczPrusinkiewicz; 1996; 1996

Ecosystems Ecosystems 
Deussen, et al.; 1998Deussen, et al.; 1998
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L-Systems for StreetsL-Systems for Streets

-- Grouping parametersGrouping parameters of different of different street street 
patternspatterns

-- Hierarchical influencesHierarchical influences: : global goals and and 
local constraints
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Extended L-SystemsExtended L-Systems

-- Template successor defines Template successor defines 3 3 branchesbranches
-- Parameters Parameters fields are unassignedfields are unassigned
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Extended L-SystemsExtended L-Systems

-- Initial Initial parameter settingsparameter settings
-- Design Design goalgoal
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Extended L-SystemsExtended L-Systems

-- Parameter Parameter value correctionvalue correction
-- Influenced by local environmentInfluenced by local environment
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Global GoalsGlobal Goals

-- Could beCould be aa plannedplanned urban designurban design
-- DifferentDifferent goalsgoals inin the same citythe same city
-- Controlled byControlled by imageimage mapmap ((user inputuser input))
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Local ConstraintsLocal Constraints

-- EnvironmentEnvironment--sensitivity for sensitivity for legal legal streetsstreets
-- SelfSelf--sensitivity for closed loopssensitivity for closed loops
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Division into LotsDivision into Lots

Lot Lot area depends area depends on:on:
-- LandLand Use mapUse map
-- Population Population densitydensity

-- Building heightBuilding height
-- Access to Access to streetstreet
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Procedural BuildingsProcedural Buildings

-- Modeled with Modeled with a a commoncommon LL--SystemSystem
-- LL--System System modules consistmodules consist ofof geometric geometric 

operations like extrusionoperations like extrusion
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Facade TexturesFacade Textures

-- Division Division intointo simplesimple gridgrid--like structureslike structures
-- Structures can be layeredStructures can be layered
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Layered TexturesLayered Textures

-- Two base functions Two base functions form a form a layerlayer
-- Every layer defines Every layer defines a a facade elementfacade element
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Layering of PlanesLayering of Planes

-- Stacked layers for facade textureStacked layers for facade texture
-- Functions between layers model relation Functions between layers model relation 

between facade elementsbetween facade elements
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Animated ExamplesAnimated Examples
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Future WorkFuture Work

•• TemporalTemporal developmentdevelopment of an urbanof an urban areaarea

•• Function based grammarFunction based grammar ofof buildingsbuildings

•• Bring lifeBring life into the citiesinto the cities
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