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ABSTRACT

We present a state of the art of techniques that can be implemented to automatically generate virtual cities (non
existing ones). An urban zone constitutes a too vast volume of data to be directly understood, modeled or visual-
ized. The multiresolution approach based on imbricated logical structures allows us to divide this volume of data

into successive levels of detail.
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1. INTRODUCTION 2. AUTOMATIC TECHNIQUES

Recent applications in virtual reality, video games and Figure 1 presents a hierarchical division in seven
simulation of city expansion as well as the emergence stages of city generation. This division is used as the
of problems due to the urbanization, such as the in- guideline of this paper to present the existing methods.
fluence of electromagnetic radiations and the forecastAccording to the complexity of every stage, we pro-
of the urban transportation network, creates increasingpose a brief presentation of the formalism and the han-
needs in term of digital mock-ups studies and forecast- dled data as well as a discussion about the presented
ing. The capacity to quickly generate credible digital generation methods. A stage can be seen as a level of
city models helps the user to fulfill these needs. detail during a multi-scale representation of the city.
A real city satisfies construction rules and depends on Techniques described in this paper come from various
multiple influences throughout the time. However the domains such as artificial intelligence, operational re-
detailed modeling of realistic towns is very challeng- search, town planning or declarative modeling.

ing for computer graphics. Modeling a virtual city

which is detailed enough to be credible for a visit- 2 1 Urpban zone

ing user is a huge task that requires thousands hourSye need to know at least the limits of a city to be able

of work. In this context, we think that automatic ap- (4 generate it. We consider the definition of the sur-
proaches are well suited for this problem. Hence, they ¢, ¢e that the city covers as the minimum level of infor-

represent a promising research topic which has 0 béyaiion. This information is generally defined within a
developped becau_se the current results do not satisfygg (Geographic Information System). Itis also possi-
the previously defined needs. For these reasons, We,|q 1 constraint the generation in order to respect data
propose a state of .the art of the currgnt techmquqs tomap: geographical (altitude, hydrography and vegeta-
distinguish what exists and what remains to be studied. tion) or socio statistical (population density, street pat-

terns and elevation).
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Figure 1: Hierarchical division of city generation




Discussion The procedural method based on the L-
Systems creates city-scale results, while the one based
on declarative modeling suffers from the chosen gen-
eration method that does not allow it to generate re-
sults from a too vast search space. Nevertheless, the
approach stemming from the declarative modeling de-
scribes urban patterns not yet managed within proce-
dural approaches. To guarantee a bigger variety of
generated road networks, it would be a good idea to
integrate the not yet available urban patterns (as the
diamond shaped one) into the L-System formalism.

2.3 Blocks
Figure 2: One possible roadmap generated from a setA block is a connected surface delimited by roads or
of maps PMO0] streets. The partition of the city into blocks defines a

first stage of hierarchical organization: this decreases

the number of constraints to manage, for example in
2.2 Road network the case of the disjunction constraint. The used model
Even if it seems illusory to try to characterize all ex- for 3 block is the polygon, commonly only the convex
iSting Cities according to predefined patternS Of Stl‘eetS, po'ygons are used to take advantage Of the |esser com-
some classic patterns can be used during the generapjex geometric algorithms for this kind of polygon.
tion. For example, most of the cities in USA are de- The generation process of this stage is not at all com-
signed according to a checkerboard pattern, whereasylex compared to the previous stage. It can be seenas a

European cities tend to follow a radial/concentric pat- simple intersection computation between the segments
tern. Nevertheless, these observations are to be baluf the road network as irPMO1].

anced by the fact that the structure of a city moves dur-
ing time, according to geographic and socio-economic 24 Lots
constraints. In practice, we tend to observe a compo- "

sition of patterns within the same city. A lot is a surface of the same mailing address. Lots

are the areas on which the buildings will be placed. It

L_System C|tyEng|nePMol] uses an extension of is pOSSible to generate all the lots of a block then to
the L-System for the creation of the road network. generate again those that do not satisfy the user. There
Creating realistic road networks needs a lot of rules are several similarities with the blocks stage, they use
with a large number of conditions and parameters. the same model: the convex polygons. .
Wr|t|ng a new rule means rewriting numerous rules, Like for the road networks, the partition of a block into
so the extension of a system is actually a difficult task. 10ts is generally done according to a predefined pat-
In order to avoid the growth of the set of rules, Parish tern. This resemblance of description does not extend
and Miller defined an extension of the L-Systems that into the generation methods: the small dimensions of a
creates generic successors at every generation stagdlock do notrequire the use of the L-System. The used
they named thenideal successors The parameters ~Methods tend to be based on a geometric partition or
of these successors are not instantiated, the call to theon an instantiation of a pattern.

lobal goal function instantiates them in order to sat- . . . .
g 9 Geometric partition In [PMO01]], this stage is han-

isfy the global goals. Then, the system checks if these dled by a recursive process that divides the bigger lot

Ez:ameters satisfy the local goals and modifies them |fin the middle of its bigger side. This process ends

when the surface of the biggest lot is lower than a
Declarative modeling of line segments In the field predefined threshold. Then a post-filtering on the lots
of declarative modeling for urban layout,H97] in-

troduces the notions of urban elements that can be =~ ~ Wiyl
combined to obtain more complex urban patterns. The jbju '. '
scene is described in a hierarchical and incremental an g;
way. The user begins with an approximate sketch, giv- 7@ U pu 'n' p
ing only the main features such as the main roads and “\ n .\
= D C . o

crossings. This description is used to propose one or D
several solutions that the designer can refine. The gen- o
eration process is based on the CSP approach. Figure 3: Roads, blocks and lot3101]
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delete the too small lots as well as those that do not Geometric modeling AGETIM [LLGC™05] is an
have a direct access to a road. integrated software tool suite that enables 3D envi-
ronment generation with infrared, electromagnetic and
Pattern guided partition In [LH97] the generation  acoustic characterization. The GenVillage module al-
begins from a discretized surface corresponding to the|oys the system to create buildings from their base
block. A point of this grid is randomly chosen, thenthe (¢reated in an automatic or manual way) by using pre-
process searches for another point in order to create &jefined templates. Buildings which are created in this
new segment that will be compatible with the chosen \yay have variable heights and roof forms, and are au-

pattern. This guided search for the extremity of the tomatically adapted to their environment (style, orien-
segment reduces efficently the search space. tation and textures).

Discussion Both methods presented here are ex- pjiscussion The methods described for this stage an-

tremely different. The first one is effective but creates syer different needs. The construction of the library

little varied results. The second offers a big variety of yequired for the use of the shape grammar takes a lot

results but uses a generation based on an enumerativg time but allows the user to generate realistic results.

process, thatleads to restricting the domain of applica- The declarative modelling is less realistic but quicker

tion. According to the degree of realism and efficiency than the first one, whereas the method based on geo-

wanted either can be used. metrical modelling allows an easy integration accord-
ing to the building’s environment.

2.5 Buildings

This stage defines the exterior of the buildings. The

variables to instantiate during this stage are the shape2 6 Building plan

height and orientation of the building as well as the Thjs stage was studied as a 2D architectural problem
distance to the lot's contour. that corresponds to a partition process. Work pre-
sented in Mac97]] introduces the building design as a
process of constraint satisfaction. This work relies on
the framework of Al and Operational Research. The
representation of the spatial knowledge in architecture
was more particularly studied to be able to define the
spatial constraints. More precisely, he studied the link
between the symbolical (topological) and the numeri-
cal spatial knowledges that had not been properly stud-
ied before.

Theses knowledge were used on objects which were
Declarative modeling BatiMan ([Cha98) is a declar- modeled using 3D boxes called tManhattan boxes
ative modeller of a small number of buildings. It is This representation was selected because of its ade-
based on a learning process stem from the Artificial 9uacy with the architectural problems: a building can
Intelligence. It classifies the solutions to propose to Pe seen as a compound of simple shapes. These boxes
the user a restricted number of characteristic solutions.@nd the associated operations form kenhattan al-
Batiman relies on a constraint solver based on the CSPgebra A constraint network represents the problem,
approach on finite domains for the generation phase.that is solved by a static propagation mechanism of
The number of parameters defining a building can go constrair!ts using heuristics for the instantiation order
to about twenty with a small number of values for each Of the objects.

Shape grammar The LaHave House project studies
the industrial architectural design iRMS94. This

tool is intended to help the designer to conceive aes-
thetic and functional houses that will be buildable.
From shape grammars, a library of architectural el-
ements is generated then used to visualize work-
ing/assembly drawings and 3D scenes. A model is
made up of the geometric description and the configu-
ration of the house levels.

variable. An extension was develope@fha93 in order to take
into account the geometric specificity of a layout prob-
Split grammars Work described in\WWSRO03 de- lem, using a new filtering methosemi-geometrical

rived buildings using split grammars. Theses gram- arc-coherency Work presented inN1YO1] proposes
mars are parametric set grammars based on the conan improvement of previous work by the use of dy-
cept of shape. The system uses a second kind of gramnamic space ordering heuristics and a topological
matr, thecontrol grammayin order to control the prop-  characterization of the solution space.

agation of the split grammar’s attributes. Using theses

two types of grammars, the system can create realis-2 7 Furnished buildings

tic buildings from high-level or precise descriptions.
Nevertheless, if the user wants to modify the rules of
the grammar, he must be familiar with the split gram-
mar approach.

It is possible to completely define the instantiation of
an object within a 3D model by its geometrical de-
scription and its variables of orientation and position.
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