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Plan de la présentation 

  Introduction, problématique 

  La simulation pour l'architecture (travaux existants) 
  modèles géométriques 

  matériaux pour la simulation 

  besoins de topologie  

  Représentation d'environnements complexes 
  Modeleur de bâtiments (niveaux de détail) 

  Reconstruction à partir de plans 

  Simulation d'éclairage 
  utiliser les informations topologiques 

  réaliser la simulation, quelques résultats 

  Conclusions 
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Introduction 

  Architecture et simulation : 
  nombreuses études, domaines variés 

  éclairage, acoustique, thermique, aération 

  pour l'intérieur (bâtiments) et pour l'extérieur (urbanisme) 
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Vent [BC2007] 

Radio [CVPA06] 

Eclairage [NP03] 

Introduction – existant – modélisation – éclairage – conclusion 



Daniel Meneveaux, Université de Poitiers, Environnements architecturaux complexes et simulation d'éclairage 

Modèles nécessaires 

  Modèles géométriques 
  forme des bâtiments 

  informations de voisinage 

  Modèles de matériaux 
  dépendant des applications/simulations 

  acoustique, thermique, éclairage 

  les dimensions supports diffèrent (volumes, surfaces, mixtes, etc.) 

  Modèles sémantiques 
  autres informations : volume=pièce/mur/escalier 

  selon les dimensions : arêtes=côtés des faces/linéaires/autre ? 

  Modèles topologiques 
  très importants pour la modélisation 

  cohérence de l'ensemble 
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Verrous, problématique 

  Nombreux modèles 
  forme des bâtiments (modèles géométriques) 

  matériaux, dépendant de la simulation 

  informations sémantiques (murs, ouvertures, vides sanitaires, etc.) 

  dimension de travail : parfois 2D, parfois 2,5D, parfois 3D 

  Hétérogénéité des traitements 
  disciplines distinctes 

  même bâtiments, représentations multiples 

  nombreuses opérations manuelles 

  pourtant, il s'agit bien du même bâtiment !!! 

  Recherche d'homogénéisation 
  depuis quelques années (IFC) 

  encore peu exploité 
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Travaux existants 

  Représentation d'environnements 
  informations à partir de plans (analyse d'images) 

  proposition de modèles topologiques dédiés 

  Modèles indépendants des outils de simulation 
  seulement pour la modélisation/représentation 

  pas ou peu de liens avec la simulation 

  Difficulté majeure : 
  disciplines multiples (modélisation, architecture, simulation, etc.) 

  communautés très éloignées 

  Objectifs 
  proposer un modèle de représentation 

  adapté à plusieurs champs disciplinaires 

  adapté à modélisation géométrique et simulation d'éclairage 

7 

Introduction – existant – modélisation – éclairage – conclusion 



Daniel Meneveaux, Université de Poitiers, Environnements architecturaux complexes et simulation d'éclairage 

Travaux existants : modèles 

  Modèles géométriques 
  représentations très simples 

  primitives géométriques : triangles, rectangles, sphères, etc. 

  Modèles de matériaux 
  très nombreux, dépendent de la simulation 

  éclairage [Lambert,Phong,Cook,Oren,Ward,Lafortune,Walter,etc.] 

  idem pour chaque discpline 

  Besoin important souvent négligé : la topologie 
  nombreux travaux pour la synthèse d'images 

  important pour conserver la cohérence des objets/formes 

  Principe : profiter de leur richesse pour la simulation 

  Une application : simulation d'éclairage 
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Exemple 
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Modélisation procédurale 
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Modélisation procédurale [MWH06] 

Introduction – existant – modélisation – éclairage – conclusion 



Daniel Meneveaux, Université de Poitiers, Environnements architecturaux complexes et simulation d'éclairage 

Besoins 

  Volumes (murs, pièces, ouvertures, etc.) 

  Faces (matériaux : peintures, tapisseries, sols, plafonds, etc.) 

  Arêtes (représentations planes, faces, arêtes) 
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Room / Cell

Walls

Portals

Large occluder

Furniture

Introduction – existant – modélisation – éclairage – conclusion 



Daniel Meneveaux, Université de Poitiers, Environnements architecturaux complexes et simulation d'éclairage 

Besoins 

  Informations d'adjacence et d'incidence 
  Entre volumes (faces partagées) 
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Besoins 

  Informations d'adjacence et d'incidence 
  Entre volumes (faces partagées) 

  Entre faces (arêtes partagées) 
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Arêtes partagées entre faces 

-  Faces incidentes au volume 
-  Volume incident aux faces 
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Besoins 

  Informations d'adjacence et d'incidence 
  Entre volumes (faces partagées) 

  Entre faces (arêtes partagées) 

  Etc. (pour toutes les dimensions) 

  Représentation topologique 
  architecture : récemment plusieurs modèles (graphes) 

  informatique graphique : 20 ans de travaux 

 [Brisson,Lienhardt,DeFloriani,etc.] 

(graphes, cartes, cartes généralisées, arêtes ailées, etc.) 
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Existant en architecture 

  Etudes récentes en architecture 
  plus récent que pour l'informatique graphique 

  peu de communication entre les disciplines 
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Reconnaissance plans [AhSon01] 

Analyse et 
topologie 
[LTSC05] 
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Existant en architecture 
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 Graphes d'adjacence[TR05] 

Thermique [CAH01] 
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Représentation informatique 

  Choix de modèle 
  cartes généralisées [Lienahrdt91] 

  modeleur libre Moka (Poitiers/Lyon) 

  détaillées tout à l'heure par Sébastien Horna ! 

  Élément de base : brin 
  avec des liens correspondant à chaque dimension 
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Modeleur de bâtiments 

  Objectifs 
  représentation complète 

  structure des bâtiments (façades, étages, pièces) 

  adapté à la simulation d'éclairage (faces, ouvertures) 

  environnements complexes (niveaux de détails, mémoire) 

  facilité de construction (visualisation, interactivité) 

  possibilité d'extraire une sélection (selon application) 

  En pratique 
  interface utilisateur dédiée 

  construction par étape 

  possibilité d'édition possible (mais limitée pour le moment) 
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Représentation topologique 
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Modeleur de bâtiments 

  Opérations hiérarchiques 
  ajout de nouveaux éléments 

  propagation des modifications dans les LOD 

  Création de groupes 
  ailes des bâtiments, séries de pièces (bureaux, administration, etc.) 

  Ajouter des objets 
  manuellement, dans les pièces 

  de manière automatique : programme d'ameublement 

  Gestion des bases de données 
  Taille sur le disque 

  Informations mémoire 

  Temps de calcul pour les opérations 
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Représentation hiérarchique 
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specific modeling strategies depending on the nature of
the environment (architecture, automotive, etc.).
This is why we propose to enrich a topological model

with a hierarchical description which allows to create a
building from a coarse description to its precise details. In
this context, each operation corresponds to local modifica-
tions of topology and geometry. Moreover, as explained
above, a hierarchical topology representation is also use-
ful for lighting simulation and visualization.
Our model is dedicated to building description includ-

ing information for both modeling and rendering. It cor-
responds to a structured space subdivision, defined so that
adjacency and visibility graphs such as those defined in
[ARB90, Tel92, MBMD98] can be easily and efficiently
built. Moreover, information extracted from our model
has n used in [FMH05] for reducing computing time dur-
ing global illumination and rendering.
For handling a complex scene, we believe that it is

worth to make use of topological information about the
scene even though it increases the storage of all the data
structure involved: (i) topology facilitates the scene con-
struction (for instance through local operations such as
split, extrusion, etc.); (ii) it provides a coherent repre-
sentation of space subdivisions with adjacency/incidence
relationships; (iii) taking topological information into ac-
count can drastically reduce the time complexity of visi-
bility computations during the rendering process.
In this paper, we address this problem and show that

a fine topology representation, necessary for modeling
operations, also provides adequate information for ren-
dering complex indoor scenes. Our topological model
extends generalized maps proposed in [Lie94] with two
important features: multi-partition and hierarchy. The
multi-partition concept allows to create groups of objects
(groups of rooms for example in Figure 2.b) while hier-
archy (Figures 1 and 2.a) makes it possible to perform a
given processing only on a subpart of the scene.

a. A hierarchical decomposition of a building

Teaching

Administration

Offices Classrooms

b. Several partitions of a building (multi-partition)

Figure 2: (a) Hierarchy representation for a simple build-
ing and (b) two partitions (or a multi-partition representa-
tion).

The originality of this paper concerns the design of a
model accounting for two generally separated areas: mod-

eling and rendering. Historically, the modeling commu-
nity does not take into account rendering problems and
conversely, rendering programs do not exploit efficiently
topology information. Our contributions concern the fol-
lowing points:

• A multi-partition and hierarchy representation dedi-
cated to the modeling and rendering of complex in-
door scenes;

• A set of topological operations associated with this
representation;

• A modeler prototype for large buildings with furni-
ture;

• Results concerning visibility computations and
global illumination with our topological model.

Section 2 presents the work most closely related to our
approach. A description of our model based on general-
ized maps and labeling is given in section 3. Construc-
tion operations and modeler implementation are defined
in section 4. Results concerning lighting simulation and
rendering are discussed in section 5.

2 Related Work and Choices
We aim at representing large buildings, actually corre-
sponding to 3D topological objects, made up with ver-
tices, edges, faces and volumes. Note that cells do not
necessarily have regular shapes. For instance a simpli-
cial description is not desired. Many topological mod-
els have been proposed in the literature for handling dif-
ferent classes of subdivisions (oriented surfaces, mani-
fold, non manifold, etc.) for any dimension. Examples
of such structures are adjacency graphs [RO89], ordered
models (as defined in [Bri93]), 2D or 3D edge-based mod-
els [Bau75, GS85, Wei86] or higher dimensional models
[Bri93, Lie94].
Incidence graphs (such as [RO89]) do not allow multi-

incidence (see [Lie94]). Coherence constraints necessary
to represent an orientable 3D manifold with an incidence
graph cannot easily be expressed. The definition of con-
struction operators accounting for these constraints and
guaranteeing thus topological consistency of modeled ob-
jects can be also difficult for dimension 3 and higher (see
[Wei88]). This is the reason why ordered models have
been introduced. They are mainly defined with a single
type of basic element and links between these elements
[Bri93, Lie94].
For the reasons explained above, we chose an ordered

topological model. Complexity studies have shown that
for 2D and 3D manifold (surface subdivisions or R3 sub-
divisions), costs for representing an ordered model com-
pared to an incidence graph are comparable [FB00], in
particular for attributes management.
The objects we wish to represent are buildings com-

posed of volumes (walls, rooms, floors, etc.) sharing
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Multi-partitions 

  associer des groupes de pièces 

  purement sémantique 

  outil pratique pour des environnements complexes 
(par exemple hôpitaux de Paris) 
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specific modeling strategies depending on the nature of
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Multi-partitions 
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Figure 17: Images of our modeler : (top) topological view of the SP2MI building, (bottom) an entire furnished floor of
the octagon building.
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3. Room furnishing
Each room can be enriched with furniture (4th hierarchy
level). We can use either topological objects described by
a g-map modeler or objects defined by a list of polygons.
In this level, furniture is represented by a bounding box
volume. The last hierarchy level contains object details
(Movie 04 in [Mod]).
Practically, due to the high number of polygons, object

geometry and topology are stored on the disk (except for
the currently edited room). Bounding boxes contain an
attribute indicating the object file name and the transla-
tions/rotations applied. The same file can be used several
times. This corresponds to clones of the same object. As
for floors, room furniture can be duplicated and used for
several locations in the building. Moreover, a mechanism
of furnishing scripts is also used to automatically add ob-
jects into a given room with slight random modifications.
Note that inserted objects are either defined by a G-map

with its geometry or described by a list of polygons. In this
latter case, object topology needs to be estimated. The ob-
ject is firstly revised so as to suppress degenerated trian-
gles and triangulate non-coplanar polygons; α involutions
are automatically retrieved from the resulting list of poly-
gons when possible.
4. Final building

When each room has been described, we can see entire
building by displaying all levels of the hierarchy, except
furniture (see bottom of Figures 13 and 17, Movie 05 in
[Mod]).

5 Results
The following results correspond to scenes that have been
constructed with our modeler and used with various ren-
dering programs.

5.1 Buildings
The simplest scene contains 300K triangles and the most
complex one contains 1 billion triangles. Table 1 provides
disk space required by various scenes; note the difference
between raw and hierarchical models. The raw description
includes the complete list of triangles with photometric at-
tributes while the hierarchical representation uses cloned
pieces of furniture.

Building # Polygons # rooms Disk (compressed)
raw model hierarchy

L-Building 336.5K 27 3.55 MB 2.3 MB
Z-Building 1.074M 22 10.4 MB 1,51 MB
Octagon 5 250K 232 54.8 MB 6 MB
Tower_100 1.074 billion 17 800 8.5 GB 164 MB

Table 1: Four furnished buildings; disk space is given with
compression.

Figure 13 presents images of our buildings. Our mod-
eler interface with our biggest manually-modeled scene

Figure 13: Screenshots of three different buildings con-
structed with our modeler (with and without automatic
furnishing).

are illustrated in Figure 17. As shown in Figure 18, we
can also use our modeler for producing various and com-
plex shapes such as the Chartres Cathedral.
Finally, we have created a building made up with one

billion triangles spread out in 17 800 rooms and 101
floors. Furniture have been automatically placed. This
model has been used for a photon-mapping method dedi-
cated to large buildings [FMH05].

5.2 Rendering
For complex scenes, it remains difficult to interactively
display millions polygons even with powerful graph-
ics hardware. The scenes produced with our modeler
have been used for several rendering systems, includ-
ing OpenGL based visualization, ray-tracing and photon-
mapping. The topological information we propose is used

10
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b. c.

Figure 18: During building construction, a plan can be inserted in background image to help the design: a. the user has
loaded a cathedral plan. - b. & c. the final model of this cathedral.
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Analyse à partir de plans 

  Plans numériques 
  Erreurs 

  pas de topo 

  Système de correction en 2D 
  Présentation suivante 

  Structure topologique 

  Opérations de correction en 2D 

  Ajout d'informations sémantiques 

  Gestion des matériaux pour toute dimension 

  Passage à la 3D 
  Automatique 

  Aucune intervention manuelle 

28 
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Plans exploités 
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Résultats 
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Plan de la présentation 
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  modèles géométriques 

  matériaux pour la simulation 
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  Représentation d'environnements complexes 
  Modeleur de bâtiments (niveaux de détail) 
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  Simulation d'éclairage 
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  réaliser la simulation, quelques résultats 
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Simulation d'éclairage 

  Processus coûteux 

  Différents types de réflexion / réfraction 
  miroirs (cas idéal, une seule direction) 

  transparence (matériaux homogènes, purs) 

  tout le reste (basse fréquence) 
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Quelques images 
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Approches existantes 

  Depuis le milieu des années 80 
  [Goral84], [Kajiya86] 

  Dans les années 90 

  Beaucoup de radiosité (maillage, mettre image) 

  De plus en plus d'approches de type "Monte-Carlo" 

  Finalement 
  Quelques familles de méthodes 

  Domaine scientifique très actif jusqu'à récemment 

  Notre choix 
  Après radiosité 

  beaucoup de méthodes développées et testées 

  aujourd'hui : tracé de photons 
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Tracé de photons 

  Idée 
  suivre des chemins lumineux depuis les sources 

  stockage des points sur les surfaces atteintes (photons) 

  construire une carte de photons (accélérer ensuite les recherches) 

  Intérêt 
  méthode indépendante de la position de l'observateur 

  calculs réutilisables pour plusieurs images 

  Mais... 
  (il y a toujours un "mais") 
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Carte de photons 

  Comment faire une image à partir de cela ? 
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Photons et bâtiments 

  Nos bâtiments 
  ne tiennent pas en mémoire 

  mais définis avec une structure appropriée 

  possibilité de charger seulement une pièce en mémoire 

  Principe 
  calculs pièce par pièce (possible pour nous !) 

  prendre en compte les échanges à travers les ouvertures 

  maintient de la cohérence énergétique globale 
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Résultats 
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Figure 2: Photons emitted from a light source located in R1.
The right table illustrates TP1, TP2, TP3 and TP4.

associated with Rk. Note that photons of El never need to be
loaded back into memory since they only need to be used
later for the kd-tree construction.

The number of photons hitting a portal depends on geom-
etry factors related to the building structure and light sources
positions. Therefore, the size given to each list of TP
is difficult to estimate. In our implementation, this size ,
MAX_TMP_PHOTONS, is identical for all the rooms and
determined empirically.

During the algorithm, when an entry of TP is full,
the corresponding photons are moved onto the disk, ap-
pended to a file corresponding to Ri. The block of
MAX_TMP_PHOTONS photons is written in one go.

Figure 3 shows photon impacts for two adjacent rooms
separated by a portal. Only one room contains a light source
and both rooms receive light flux.

Finally, once all the photons have been propagated
(Russian roulette), photon tables are reorganized as kd-trees
(photon-maps) in every room [Jen01].

5. Ray Casting and Data Management

Both our rendering process and photon propagation method
are based on ray casting for triangular models. Non-
triangular polygons are triangulated for more efficiency, as
stated in [PKGH97,WBWS01]. We use an accelerating spa-
tial subdivision structure for each room. In our case, we rely
on a uniform grid.

We make the assumption that every room can be com-
pletely loaded in memory. Our method deals with rooms
having up to 500K triangles). Thus we choose to store only
one room in memory during the computation.

5.1. System architecture

Our system architecture is described in Figure 4, and the al-
gorithm works as follows. While photons remain to be cast
in the scene, (i) the scheduler selects a room Ri and loads
it in memory as well as the list of photons to be cast and

Figure 3: Two adjacent rooms with one portal; the only light
source is placed at the right. The second image shows pho-
tons corresponding to direct lighting, showing the influence
of portals. The third image shows all indirect lighting pho-
tons.

the uniform grid information; (ii) the table TP is updated
according to the portals of Ri; (iii) all the photons are cast,
reflected and stored either on the local table of photon or in
TP; (iv) the list of local photons is then saved onto the disk,
appended to the list of photons file corresponding to Ri.

A room’s data is compressed on the disk in separate files
so that loading one room requires reading one block of in-
formation. Note that in a given room, the number of casted
photons depends on both the number of photons sent from
the current light sources and the number of photons entering
the room through portals. However, the number of photons
entering through portals is small in comparison. On the av-
erage, 5% of the total photons come from portals in our test
cases.

5.2. Scheduler Ordering Strategy

Our aim is to reduce disk accesses and cast as many pho-
tons as possible every time a room is loaded into memory.
Statistically, the more photons casted in one room will re-
sult in more photons propagated in adjacent rooms. If only
a few photons are cast in a room, the impact on the over-
all convergence of the algorithm is insignificant Therefore,
our scheduler selects the room having the highest number of
photons to be processed.

c© The Eurographics Association 2005.
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Conclusions 

  Environnements architecturaux 
  modèles incomplets 

  essentiellement géométrie 

  peu d'informations autres 

  Notre objectif 
  représentation complète (voire verbeuse) 

  informations à toutes les dimensions 

  possibilité d'extraire seulement l'essentiel 

  Représentation hiérarchique 
  environnements (très) complexes 

  possibilité de travailler à plusieurs niveaux de détail 

  Outils de construction 
  modeleur géométrique (hiérarchique) 

  reconstruction à partir de plans 
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Conclusions 

  Pour la simulation 
  essentiellement éclairage 

  structure validée depuis plusieurs années 

  autres réalisations en propagation radio (Wifi, Téléphonie) 

  Résultats 
  calculs rendus possibles, temps de calcul acceptables 

  environnements très complexes 

  Perspectives simulation 
  valider pour d'autres types de simulation 

  accélérer encore les traitements (travaux en cours) 

  Perspectives modélisation 
  encore peu d'opérations de construction 

  étendre les opérations hiérarchiques (thèse T. Mortreuil) 

  diffuser ces travaux, ils peuvent être utiles ! 
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Complexes architecturaux... 

   Merci ! 
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