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Abstract

In many applications, such as in massive urban models visualization or in the study of the impact of urban sim-
ulation at different scales, models with different levels of detail are required. In this paper we propose a flexible
system for configuring level of details models using Procedural Modeling aiming to generate only the geometry
required for each specific need. We test our system for a solar simulation analysis at urban scale. We evaluate
the solar irradiation and the Sky View Factor in order to study the impact at different scales. We show that our
tool provides a way to handle the complexity of urban scale models, and specifically to study the sensitivity of the

geometry.

1. Introduction

Urban models are complex systems that can be managed
at different correlated scales (building/district/city). For in-
stance, in building energy performance, the solar potential
and the access to sunlight in urban areas are directly influ-
enced by the urban geometry, both at the neighborhood and
at the building scale. For their simulation, a well-defined
geometrical model of the urban environment is mandatory.
Producing such kind of models at all scales accurately, as
may be required by many applications, is a challenge. One
of the main difficulties is the amount of data to deal with.
City models have large-data sets built from different sources
as cadastral data, digital images and CAD models. The man-
agement of this large data, concerning new techniques for
the treatment of a different scale-model is a current research
topic in modeling simulation [Robl1, Bec12] and visual-
ization [HBT*12]. Another important aspect that should be
guaranteed is that all geometry representations must be con-
sistent between levels, meaning they must share the same
basic geometric structures.

The production of a multi-scale 3D city model implies
different representations of the models at different Levels
of Detail (LoDs). The classic solution for introducing lev-
els of detail, for an already generated model, is to use re-
duction techniques to simplify the model complexity from
quality parameters [LWC*02]. However, if the simplifica-
tion is done after the model is completely created it can result
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in unnecessary synthesis plus reduction processing. Another
possibility is to embedded the level of detail representation
inside the model generation process, as can be done with
procedural urban modeling techniques [MWH™06a]. Using
these methodology, LoD generation can be set manually as
parameters inside the rule creation. This procedure provides
a way to control the density of the model, which can increase
excessively in the amount of geometry generated. However,
there is a lack of an automatic control of the model complex-
ity according to specific needs. Ideally, the LoD generation
for urban multi-scale models should be configurable accord-
ing to the final requirements of the application.

In this paper we propose a new system for configuring
procedural urban models with different levels of detail in a
flexible way. The main goal is to provide users with a tool
capable of generating automatically different levels of de-
tail according to the application needs. For that, we used a
semantic-based procedural modeling. The basis of our ap-
proach is the introduction of a new command that can act on
some selected elements of the model through configurable
criteria. This command automatically detects which is the
geometry affected and works on it performing the replace-
ments for the corresponding levels of detail. We design two
kind of criteria: a spatial one where the user can set the dis-
tance from a point-of-interest region and a semantic criteria
where the user can instantiate specific structures by express-
ing them as semantic combinations (e.g. Main doors facing
an avenue). We analyze our system for solar simulation com-
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putation at urban scale. As simulation results are sensible to
geometry accuracy, the tool provides the flexibility to con-
figure the complexity of details balancing the amount of ge-
ometry required and the accuracy of the simulation.

2. Related Work
LoD in Urban models

Previous work on level of detail for urban models can be
found in the area of urban generalization, like the carto-
graphic generalization proposed by Anders [And05], or the
face collapse from known constructive structures as walls
and roofs [RCT*]. Other works, like the CityGML stan-
dard [Kol09], proposes the definition and usage of five dif-
ferent LoD levels, but does not provide a mechanism to gen-
erate them, nor an adaptive LoD scheme.

For procedural modeling, Parish and Miiller [PMO1]
presented an initial proposal intended for city generation
based on the L-system recursive nature. Automatic LoD-
generation is obtained by starting from the building envelope
as axiom, and the output of each rule iteration represents a
refining step in the building generation. Although it is sim-
ple and automatic, this approach does not provide control
on geometric building details. Through a similar approach,
in the CityEngine system [Esr12], LoDs can be added man-
ually in the grammar-rules by using a switch-case scheme
for controlling the insertion of the geometry. Recently, new
approaches were proposed to integrate LoDs mechanism in
the procedural processing. In [BP13b], a rewriting method
of the rulesets for the buildings has been developed for fur-
ther replacing the geometric operators, which produced the
right level of detail for each asset according to some user-
defined criteria. In [BP13a], the authors proposed a highest
level of detail by enabling selection, from entire buildings
up to whole blocks, for geometric reduction. These works
focus more on solving rendering problems, whereas in our
approach we target more on the model preparation for simu-
lation analysis.

Urban Physic Simulation

City models are complex systems of physical objects that
can be considered as an interface between building and
territory, where the main physical parameters are deeply
and complexly modified. Such information is needed at all
scales: at lower scale by intervention (pedestrian comfort,
building thermal efficiency), as boundary conditions, and at
upper scale (meteorology, climate). This requirement sug-
gests a unified simulation approach able to represent the
physical behavior of the system at each scale with a level
of detail required for a given accuracy of the simulation.

Current numerical computational methods, as for example
the Finite Element Method, allows to model phenomena at
individual scales such as a building or a block street, with

different degrees of accuracy. But fully integrated multi-
scale approaches are still an open research subject [Bec12].
Beyond the dimensionality that overtakes computer capaci-
ties in memory and processing time, adaptive level of detail
with respect to the analysis needs comes as an imperative
requirement to deal with the problem.

Concerning solar energy simulation, defining the optimal
LoD at the neighborhood scale is not a simple problem and
most of the approaches are taken from an empirical perspec-
tive. In [RBPB], a study of the sensitivity of the geometry
used is carried out taking into account the solar flux com-
putation, where for a neighborhood-scale model, different
levels of detail elements (windows and roofs) are evaluated.

3. Semantic Procedural Modeling

The seminal works by Wonka et al. [WWSRO03] and Miiller
et al. [MWH™06b] introduced Grammar-based procedural
modeling for buildings. A complete survey including more
recent improvements can be found in [WAMV11]. The main
concept of this technique is a shape grammar based on a
ruleset: starting from an initial axiom primitive (e.g. a build-
ing outline), rules are iteratively applied, replacing labelled
shapes with other labeled ones. New labels can be option-
ally assigned to the resulting geometry with the purpose of
being further processed. In our system, this geometry car-
ries all labels that the shape or any ancestor has received
during the production process. We call this systems Seman-
tic Procedural Modeling, because the meanings, managed as
tags, are associated to all product results of each rule. For in-
stance, a facade avenue semantic tag that is derived from a
building rule that faces an avenue, can further be used with
a command Subdiv to produce the semantic tags fop, middle,
lower and floors. Then, we can build semantic combination
and identify all products that fulfill such a combination. As
is was shown in [Pat12, HWM™10], this is equivalent to a
graph, where commands are the nodes of the graphs and the
edges represent the flux of geometry between rules.

The main potential of shape grammars lies in the varia-
tions they can produce, as each created instance of a build-
ing could look different by changing parameters of the rules.
We explore this idea in combination of the Semantic Proce-
dural Modeling described above to build a system that not
only identifies structures in the hierarchy but is also flex-
ible to change assets at the leafs to generate models with
different levels of detail. This idea was already applied for
level of detail production in [BP13b], but here we intro-
duce a more flexible LoD system where the user can spec-
ify explicitly the geometry model for each geometry level.
Other approaches also uses semantic approaches for other
purposes such as local selection [LWWOS] or generalization
of L-systems [KPK10].
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4. LoD System

Our system workflow is described in Figure 1. First, a pro-
cedural building model is generated using semantically en-
riched rules as described in Section 3. Then, the user should
configure the levels, deciding the architecture elements that
should be replaced and the criteria that should be applied
for the replacements. We provide three different methods for
the multi-scale generation: an explicit level-of-detail speci-
fication, a view-dependent LoD and a semantic combination
method. The rest of this section describes details of each pro-
cedure.

Input model User Configuration Output models

Elements:
* Windows

Buildings model . . D .
with details oors

* Balconies

Level 1

Level 2

Level 3
Criteria:

* Point of Interest
= Semantic
Multi-scale

Bl

Figure 1: System workflow

4.1. Explicit LoD

This is a simplest but very useful procedure. We call it Ex-
plicit LoD because all levels of simplification of a given ar-
chitectural element must be completely specified by the user.
The user provides the final assets details, such as windows,
doors or balconies, for all the desired level of detail (for ex-
ample, windows at the winLoDO, winLoD1 and winLoD2
levels). We provide a GUI for configuring the different lev-
els in a flexible way (see Fig. 2). This basic method allows to
study the impact on a simulation for the same building with
different structures at different levels of detail.

4.2. POI Distance

We implement a Point of Interest (POI) reference approach
to classify the geometry according to a distance criteria. The
user can define a set of distances to the reference point, and
for each one, which LoD should be applied. Then, the sys-
tem automatically builds the model according to the respec-
tive building evaluation (see Fig. 3). This is an interesting
procedure for cases where the evaluation analysis must be
concentrated on a local region and the rest of the city can be
roughly approximated. It also has applications when deal-
ing with a dynamic reference point, where an impact study
should be carried along a path in the model.
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Figure 2: Explicit LoD: interface configuration for the el-
ement window (top), geometry affected (middle) and final
replacements (bottom).

4.3. Semantic LoD

The semantic LoD method allows to customize any defined
building structure. The definitions should be associated in
the initial model with textual labels. They can be basic ar-
chitectural elements as windows or doors, but also building
meanings like the fop floor or the ground floor. The user can
select several structures using boolean combination to define
them. For instance, to focus on the fop floor that faces to the
main avenue buildings. For each case, the geometry that is
going to be replaced should be instantiated in the same way
as the two methods previously described. The system au-
tomatically searches for geometry that accomplishes a valid
combination and builds the final model (see Fig 4). This pro-
cedure is interesting when the analysis is focused on a par-
ticular structure of a neighborhood. The method could also
be used to store a model with a multi-scale description, as
for example using the standard format CityGML [Kol09].

4.4. Implementation

The base of our system essentially is an automatic transfor-
mation of the initial building model. For this purpose we
create a new command called LoD that is first instantiated
with the list of architectural elements (windows, doors, etc)
selected where different levels of detail should be applied.
Then, we perform a search on the graph-model of the build-
ing and we transform it by inserting the new rule according
to the nodes that are affected. For each element selected, a
new command LoD will be inserted. Once the command is
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created, all parameters are allowed to be configured in a flex-
ible way from the GUI interface, where each LoD method
has their own specific parameters (see Figures 2, 3 and 4).

The other important operation involved in the method is
the replacement of the geometry. This is the most time con-
suming procedure as all the affected buildings should be
recomputed for each specific level of detail configuration.
The classical Insert shape-grammar command [MWH*06a]
is embedded in the new LoD rule and used to associate the
assets at each level. All geometric transformation involved in
the insertion of the new assets can also be reconfigured from
the LoD interface. For fast visualization, we also provide a
color mode rendering that indicates the placement where the
geometry is inserted at each level in different colors. This
is particulary interesting for the case of POI, where the dis-
tances for each level should be set before the final computa-
tion. For classifying the structures according to the reference
point selected, we evaluate the distance from the point to the
center of each elements affected by the selection. The final
model resulted can be output as independent geometry for
each level in standard 3D formats, as required for the ap-
plication. For example, for the test results of Section 5 we
exported each level in separate STL files.

5. Application for Solar Simulation

We test the usability of our system for a daylight analysis in a
urban model. The full city model (see Figure 2) at the highest
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Figure 3: Point of Interest LoD. The user defines elements
and affected distances (top) from a reference POI (the ball)
that results is geometry replacements (bottom)
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Figure 4: Semantic LoD. Windows at top, lower and middle
floors are selected through semantic combinations

level of detail (LoD2) is composed by 92.606 polygons. The
purpose here is not to perform a real daylight analysis but to
study the impact of the geometry at different resolutions can
have. Also, a secondary objective is to show the simplicity
of our system to perform an analysis on geometry sensitivity
at different levels of detail.

We used the windows of the buildings as target elements
to compute the direct solar irradiation per unit area of the
glazing surface and the sky view factor [Ung09]. Both of
them are intensive magnitudes. The Direct solar irradiation
is evaluated taking into account the absorption of the atmo-
sphere for a clear day. Sky View Factor (SVF), currently
used in daylight assessment, is defined as the percentage of
sky visible from a surface, taking into account the angle of
inclination to the sky vault. It is a pure geometrical param-
eter that has a physical meaning. All daylight computation
were performed using the engine Heliodon [BM12].

Figure 5 shows results of the simulation for direct solar ir-
radiation and sky view factor analysis for three different lev-
els of detail for the windows: a single plane (LoDO0), a simple
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window-frame model (LoD1) and the full model with details
(LoD2). All windows having the same exposed glazing area.
The whole city model is simplified to 23.909 polygons for
LoDO and to 33.527 polygons for LoD1. For the solar impact
we computed the total-day irradiation for the summer sol-
stice (21th June) at Barcelona. Considering the whole facade
computed for the selected building, the relative error for the
two simplifications, given as Errop, = (ILop, — LoD, ) /LoD, »
are 200% and 87% for LoDO0 and LoD1, respectively, which
are significant difference. The total SVF, that is the percent-
age of visible sky considering the all windows facade, is
30.6% for LoDO, 15.1% for LoD1 and 14.8% for LoD2. We
observe a small variation between the LoD1 and LoD2 com-
paring to the appreciated difference with LoDO. Thus, LoD1
may be a feasible approximation when computing daylight
diffuse components. This result confirms the one obtained
in [RBPB], where it is shown that the thickness of the wall
plays an important role in the SVF and in most cases could
be simplified to a window frame model with no more details.
One of the benefits of our system is that it allows to easily
analyze and configure the correct level of detail according to
the required specific simulation.

To analyze the neighbor geometry impact we consider the
same previous computation but just with the generated fa-
cade with detailed geometry (LoD2), taking out all the other
buildings. For the same SVF computed as the one computed
in Figure 5 we obtained 29.1% which represents a large dif-
ference with respect to the 14.8% originally obtained. We
note a considerable difference in the simulations (see Figure
6), that enhances the importance of the neighbor scale in-
fluence, even when only a local building is being analyzed.
This motivates the use of a distance criteria for simplification
from a POI reference.

by fctor 0 g

Sky factor | 100100 grid

Figure 6: SVF at the top windows of the facade consider-
ing only the isolated building (left) and with the whole city
(right).

The Point of Interest LoD can be used for a local analysis
study introducing a reference point (see Figure 7). While no
significant simulation results are observed comparing to the
simulation with the full model resolution model, there is an
important reduction in geometry size. Considering only the
windows geometry that is being replaced, we obtained a sim-
plification of 12% over the full detailed windows. In simula-

(© The Eurographics Association 2014.

tion applications, involving numerical methods like the finite
element approach for global illumination or heat transfer, it
is important to to manage the balance between the amount
of data and the accuracy.

Figure 7: Urban model resulted from the POI LoD using the
green ball as reference.

5.1. Discussion

Our system does no use simplification reduction routines as
the ones presented in [BP13b] and [HBT* 12]. We consider
that all element models that are eligible for being simplified
should be provided by the modeler. According to this strat-
egy, our technique can be classified as a discrete LoD. The
main advantage of the present approach is that we provide
more control over the reduction, making it more feasible for
analysis.

Our methodology is independent of the application and
could be included in any ruleset procedural engine. Aside
of the flexibility of the configurable parameters shown in
the examples for the simplification, a procedural strategy
also provides the benefit of easily modifying modeling pa-
rameters in order to explore with changing element sizes or
shapes. This advantage could also improve simulation appli-
cation where different elements should be explored in order
to analyze the impact of a given configuration.

Our future work includes the application of the method
to structures at all levels like facades, blocks and districts.
Also, more detailed simulation analysis specific for global
illumination and heat transfer will be performed in order to
analyze the geometry needs and sensitivity.
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