Active3D: Vector of collaboration, between sharing and data exchange
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ABSTRACT. This paper presents a new method to structurdibgiinformation with semantic and 3D. On this
method the web platform Active3D-Build was develdpd@he kernel of this system, composed of inforomati
management processes and information sharing meges based on IFC files. These files allow usttocture
geometric and semantic data. Moreover, these files used as a structure for interoperability betw€AD
software.
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new kind of tool. The following section presentsotw
1 Introduction examples of platform using digital mock-up for the

handling of the conception data. This section prisse
Decisions taken during the conception phases ire hugiso the problematic of structuring and storingadas
architectural projects influence a lot the cost ahel \e|| as 3D computing optimizations. Section three
schedule of the building construction. To ease thisresents our solution through the presentationhef t
decision-making, many mock-ups have been used asgtive3D platform for the collaboration of the
project prototype. This prototyping is useful tsttand  architectural project's actors. Section four presehe
to improve the conception of projects. Nowadaysactive3D platform as a central point of collabooati

collaborative sites that appear on the Web greatlyith the help of use-cases examples. The lastcsecti
improve the flexibility of the framework's actor§ @ goncludes on the work being undertaken.

distant project [01, 02, 03]. Digital mock-ups ased to

represent future 3D elements of the final prodiitte 2 Sharing and exchange of information

use of digital mock-ups is known to be highly used

architecture. Indeed the visualization of the feturThe collaborative work between distant actors oa th
buildings in 3D by architects and engineers is & t@a same project improves the conception of a prototype
facilitate the testing of the choices, the schedplof reducing the time between each update. A lot of CAD
costs and process, and the completion dates. In tle®ls were modified to allow virtual prototyping af
architecture each type of activities has develojpeds digital mock-up from plans and independently of
for special prototyping: Structural analysis, thatrand specific project requirements. Unfortunately, maost
fluidic networks, etc. Unfortunately, this developmiis these solutions do not join together the essential
completely chaotic. Sometimes existing tools in theapabilities of interaction and collaboration fdret
same type of activity cannot exchange informatiorcompletion of an engineer project. To avoid this
Moreover, information stored by tools is in mosse&s problem many projects were suggested. The project
bound by a set of files that contain only geomatric Cavalcade [04] is based on a distributed architectu
descriptions of the building. Not every actor giraject allowing several distant teams to collaborate on a
has necessarily the same knowledge as the otheisacttonception, to test, to validate and to exchange
to understand and to interpret information. Thuee t documents. Cavalcade provides a visual system of 3D
collaboration between the actors as well as tha datisualization. Contrary to classical ideas on satioh
interoperability seems to be difficult to evolvethut a  tools, the virtual representation of a prototypeayns



only the visual aspect of attributes of which thgeots of information is, the more semantics containsfiles.

of the building are composed. These attributes afighis semantics is an additional knowledge on
functions like “is a part of a subsystem” and doents geometrical information making it possible to reus a

like technical files or a Web links. The 3D modelbetter way the geometrical file and its definitions
becomes then a visual interface of information estmt Databases ensure the storage of large quantifies o
Cavalcade aims to manage conception data. Teformation by structuring and indexing information
exchange the models created with the help of CABometimes information is restructured for applmati
software, the developers of this software use §ipecirequirements which results in a reduction of tire t
format files for their requirements. The whole dé$ access information. Restructured or not, infornmiio
that forms the conception of the project constfiutee the database is accessible only by a query lang g
digital mock-up. The 3D model of the conceptionembj language makes it possible to extract partial imftron

is generally integrated in this mock-up and a set @ompared to criteria of selection contrary to tiesf
information allows to manage the project by itself. which are accessible only in block. Thanks to these
Starting from the Saxo and 406 projects, PSA Pdugegeneric query languages, databases store all iaf@m
Citroén has seen a great augmentation of piecésutba that an information system requires. In generag th
carried out by CAD tools. This fact allows to camt® databases carry the subjacent semantics of infmmat
that the organization of the engineering and desigmhich they store. Indeed, the structures which ivece
department must be reconsidered. To facilitate theformation model information that they must contai
pooling of data on the 206 project, a digital magk- therefore these structures form metadata on infiloma
was installed. With the help of this mock-up aleth The semantics of the metadata specified by the
selection work to extract relevant data from thessna application field is used to request the informatio
sent by the constructor is almost eliminated. Thsystem. The databases are thus of primary impatenc
conception work is then immediately possible frdra t organize information so that it becomes possible to
mock-up. Access to the last updated data avoidgarch for relevant information in a vast set of
expensive errors related to the use of data ntd date. information such as a file.

The sharing of conception data is obviously a

requirement in order to accelerate the conceptjmrec 2.2 3D optimization

Several problems must be taken into account in the

conception of a 3D collaborative platform. Thestfir Any application has requirements which oscillate
problem concerns the choice of an information gfera Petween speed execution and quantity of data in
structure. The second problem concerns the defimgi  memory. The larger information in memory is, the
an optimized 3D interface that allows a flexibleldast Slower the application will become. Certain appimas

handling of stored information. require at the same time a lot of memory and armimi
speed of execution. For instance the computer-aided
2.1 Structuring and storing design often produces complex 3D geometrical models

that have a very large size. Thus, the recurrimdplem
There are two kinds of information storing: fileada in graphical application is the data visualizatibnleed,
databases. A file allows to structure a particklad of with the advent of design techniques, the growtithef
information in function of a particular applicatidm the volume to be computed is largely higher than the
field of 3D, the file formats are very numerousincrease of the capacity of the graphic material.
Although the principal information of these files the Consequently, a phase of optimization is neces$aisy.
geometrical representation in 3D of the objectghealocated at the data model and at the data thensselve
kind of file has its own levels of abstraction. Tdlesest Many techniques of optimization and acceleration fo
model used by video cards is the model with facBte. interactive navigation were developed. These irelud
objects are described by triangular or rectangialees. calculations of visibility, geometrical simplifiaah and
The diversity of the models shows that the higher t the image-based representation.
model level is the lower the size of the data dtome.
And the computing time to go down to the low lefied.  Geometrical simplification: The triangular facets ¢éhe
the triangular model) from the high level modeliisg most popular graphic primitives. They are managgd b
long. On the other hand, the higher the abstradéeal the majority of the graphic libraries. The triargumesh



of a design object is sometimes very complex bexé@us to navigate in real time through the digital mogkafter
can reach several hundreds of thousands of faCAB. a time of approximately 40 hours pre-calculatiof][1
tools usually generate such objects. Unfortunatilg,
increase of the data size always exceeds the t@sani There is, however, no perfect system. Each teckeniqu
the computer. The algorithms of simplification redu has advantages and disadvantages but certain
the number of facets of an object according to iual combinations with precise conditions are very difec
criteria [05, 06]. Research on the simplificatiof oThese techniques described previously proved their
surfaces enjoyed a great popularity during the lastliability within a static framework, i.e. the apized
decade but these techniques are usually used tién o scene is calculated once for several visualizatibms
optimization techniques because they do not solve dact, the pre-computing time before the accessgibdf
the problems. the scene can sometimes take several days. The pre-
computing of the optimized scenes is the major jerob
Occlusion Culling: The complexity of scene compgtin of all these techniques because if the 3D modealsvev
is related to the number of objects present inadhe during this time then the management of the data
concerned. Visibility computing determines if arjeath  synchronization must be taken into account. These
is visible according to the observer’s point ofwiand synchronizations are not always possible because th
if it is visible then it enters in graphic rendeyipipeline. complete structure of the scene can sometimes ehang
The graphic computing times and the memory spacgther ways must be explored to allow for the
depend on the number of objects constituting the 3dsualization of a 3D scene to evolve during tlnset
scene [07]. On the one hand, it is obvious that th@ptimizations are always carried out in comparison
graphic computing time of a whole building is highethe geometry or the topology of the scene. On e o
than that of a small apartment. It is simply duethte hand, the nature of the geometrical objects wasakein
number of objects that are present in the 3D soc®ne. into account for computing optimization. The natofe
the other hand, if the objects hidden by the wsiblthe objects thus proves to be an undeniable way for
objects do not enter in the computing cycle ofithage research. This nature depends on the scene stngctur
then the time saved is considerable and thus itots but if it is limited to geometrical information theonly
dependent of the kind of the building. geometrical optimizations are applicable. On theept
hand, if information on the nature of the objects i
Image-based techniques: These techniques uselicated then this information provides a new vady
references of pre-computed images of the 3D s@@me. research on the handling of geometrical informatiad
3D objects are replaced by 2D pictures. Thesheir storage.
techniques are relatively inexpensive in resourak do
not require a specific graphic material. The graphi3 Collaborative Web 3D platform
computing time of an image is independent of the
geometrical and physical complexity of the scera i Nowadays, the fundamental needs of all the actors i
being rendered. It appears clearly that the rengeri architectural engineering projects relate to a &nbpol
based on image-based techniques is extremely Useful which allows a coordinated management of the astion
its effectiveness with complex scenes [08, 09,11, carried out in a project. This tool must allow tamage
data generated during the life cycle of the project
Coupling of these techniques: All these techniquege through a 3D visualization of a digital mock-up and
combined successfully for rendering specific dat'ust also allow its access to all through a coliaboe
including architectural models [12] and urban medelWeb platform. This section presents the ACTIVe3D-
[13]. The GigaWalk project is a rendering systerat th Build platform which makes it possible for the astof
makes it possible to render CAD projects of momnth @ Project, geographically dispersed - from the igech
10 millions of polygons. The most striking examjge tO the plumber - to exchange documents directly in
the design project « DoubleEagle tanker » made fup ¥rtual environment centralized during the life lyof a
more than four gigabytes of data, that is to say 83Vil engineering project. A 3D visualization makis
million triangles and 127 thousand objects. The @t POssible for the actors to move around the buildiag

calculation is 11 to 50 images per second whictmail S being designed and to obtain information on the
objects. This section is divided into three partse first



presents the format used to describe the data. Thadational classes and the instances of objecsetaOn
second part deals with the data structuring. Thel th this level there are two types of links between the
part presents the division method and exchangataf d objects. We call them direct and indirect links.eTh
indirect links are defined by instances of relagion
3.1 Data format "Relationship Element" (RE: triangles - Figure The
direct links are defined by discontinuous red links
CAD software used in civil engineering projects ®isd petween the instances of class resources (rhombuses
each building element by a set of vectors. In thiﬁigure 1) and an instance of "Semantic Elementsga
formalism there is no semantic information on ths(‘SE: circles - Figure 1). These indirect links are
objects that compose the building. Thus, ther®isiay re|ationship elements. The instances of objectsun
to select automatically objects by their nature.sbtve  grchitecture are semantic elements. The instance
these problems the International Alliance fofesources are the attribute elements like the gegme

Industrial  Foundation Classes — http://www.iai-hjerarchical trees.

international.org/) which describes the represanabf

the objects that can be found in an architecturajept.

The IFC file format is a model which associatesléra RE #2
semantics with 2D/3D geometry for each elemer

constituting the building. The addition of trade

semantics makes it possible to limit the redundzsnoif SE #1 SE #3
information because it identifies instantaneousighe

element that the building is composed of for aefast

qualification of the building elements. The bad&sses 1p Geo LP, Geo

of the IFC include the description of the objectsl a

provide a structure permitting the data interopiitgb e -

between trade applications. For example, an IFC @oo RE : Relationship Element SE : Semantic Element
not simply a collection of lines and geometrica  LP:Local Placement Geo : Geometry

primitives identified as a door, but it is recogeizsuch

as door by the machine and has attributes corresppn Figure 1. Example of direct and indirect links between
to its nature. The adoption of this format by dlet several semantic elements

leaders of software CAD solves the problem of the

interoperability of information between the variatigil  These resources are of very diverse nature likeyhe
engineering professions. Each profession intervémes of materials for a wall or the structural charaistézs

the project in a particular context, enriching fl@an for a beam. Those are defined in the model IFOWeut
with its own vocabulary, its own concepts and ¥0 can also add other types of resource like Word®
trade objects. At the end of the project, the IH€sf documents, requests on Web Services (elements of
corresponding to the building contain all the buitdl catalogue's suppliers), etc. These types of ressuace
elements using a multiple context definition. THC| added to the IFC via our structuring model of tR€ |
files are textual files whose size can reach mbent for the management of electronic documents. The IFC
100 megabytes. Several IFC files can coexist on thRodel defines only one type of direct link betweéen

same project. For the reasons evoked previoust, tBemantic elements. This link is the placement liskd
choice of this format is thus judicious for thelizgtion  for the definition of the local placement betweére t

of an architectural collaborative platform. graphic elements of scene 2D/3D. In the IFC makisl t
. link is called “IfcLocalPlacement”. The whole local
3.2 Data structuring placement link forms a tree which is the graphietr

scene. Thanks to the definition of their semantihs,

The choice of the IFC format for the data structyrias nature of the elements makes it possible to chabseh

many advantages but comprises also CeMallements are relevant for the actors of the project

dlsadvar_ltages. The. study of the IFQ shows tr’@onsequently the elements are extracted from the
complexity of the links between the instances O;f)latform according to the needs



hypermedia links which associate a set of semantic
elements to a trade object. In this case the bkt is
a semantic element “Slab” (Slab - Figure 4). Cartai
contextual trees are generated dynamically byykes
starting from IFC files. Others can be created
specifically by the actors to structure their data
| according to their own format (starting from an If€
; . or starting from existing trees). The principaletis the
Figure2. A 3D scene Figure 3. A 3D scene 9 g ) principaktn

ding tthe ; geometrical contextual tree which contains the
corresponding corresponding to the tonoloaical lati f th ) biects. Th
resulting 3D scene corresponds to a particularetrad
Figure 2 shows a representation of the trade plognbi view [16]' This .V'ew cor.responds .to the actor trade

association. This one is customized by the actor

view of an IFC file. Figure 3 shows a representatid ! . o ;
. . . according to his needs, its rights, and the sizheflata
the architectural trade view. These trade views are

textual information from which specific documenenc to be transmitted on the network. Starting froms thi

be generated or associated (reports, information g}terface, the actor can update the model whilanarld

management, etc). In the 3D scene all the georalatricrmd'fylng or removing part of the principal treehel

forms defined in IEC trees are converted in thselectlon can be also carried out through the 3hesc

triangular model of surface [15]. During this corsien, y selecting th? 3D Ob,]eCtS' The following section
the 3D objects are associated to a GID. This Glihas shqws the Sef"!ces available to t.he speakers of the
. . . . . project underlining the collaborative aspect of the
general identifier used to identify each trade obg an
IFC file. The GID is used to combine 3D visualipati P 0¢€55€° of the platform.
with the information stored in the database. Anvtgsm FRONETOeEE
insertion of new data in any database is referoeolyta | "%
GID corresponding to an object IFC. All the trees
generated by the platform are XML trees. We dewediop
a database schema which takes into account sesian
and the 3D aspects of the IFC files. The trees ai
elements are stored in a relational database amd
handled using SQL. Thanks to this database and t
GID, all types of information can be combined tvale
object of a 3D scene.

— pemeso

3.3 Sharing and data exchange: The ACTIVe3D methg

The mgchamsms ,Of management .and handllng. of IFlgfgure4. Snapshot of the 3D scene management system
files, like the fusion of two files in one, the pat

extraction of data from one file, visualizationstoring,

must take into account the multiple semantic valles 4 Demonstration of inter oper ability thanksto | FC

the objects, which depend on the context of use. To

achieve this goal, we defined a hierarchical stmecof This section shows the use of the ACTIVe3D-Build

context called contextual view. The solution cotssia  platform as well as IFC files within the framewook

reducing the complexity of a cyclic multiple-contex civil engineering projects. In the first part ofdtsection

graph in an acyclic mono-context graph. we will see the design phase of a building through
actions made by several actors working on different

Figure 4 presents the 3D scene management syst&AD software. The second part of this section priese

which builds a specific user interface made up aea the technical study phase of the building for the

of composure (1), of a 3D scene (2) and of a teethni structural and thermal validation of the buildingiriy

chart (3) on a semantic element of the scene. Tlesigned.

navigation between the elements is carried outgusin



4.1 Phase 1: Conception 4.1.3 ARCHICAD: Mock-up enrichment

The design of building is divided in four phasesieT Following the architect's updating of

first phase consists of bringing a ground stateroéain Bi:ll\:jir?pactise Igntri]:ee?;(tegflci?\e Ofci\tir;e
. . . FOR TEAMWORK]

old building to the platform. The second phase S ineerin connectg’themselvgs to the platform to

in defining an extension to this building. The thphase 9 9 P

carries out the extension and the last phase defime COIIe.Ct the last |nformat|oq. These engineers work
o . . o . ArchiCAD® from Graphisoft. When they have
building’s floors raised in the first intervention.

completed their work of building design, these rata
4.1.1 Viz’all: A solution for building statementavia are added to the digital building mock-up that is
pocket PC designed on the ACTIVe3D-Build platform.

Viz'all® is an automated solution of

\Tiza“ building statement, associating theD

use of a laser meter, a pocket PC an
software on a pocket PC. The
principle consists in tracing by hand the sketchthef H;__QHLU:J ]
room on the touch screen of a pocket PC. After th L
connection and the deposit of the statement on th.... ==
ground, the model of the building is updated and is Updates on ArchiCAD
available for all the other actors of the building
restoration project. The other actors of the prtofm
now visualize the building starting from the 3Derface  4.1.4 ALLPLAN: Importation of file and finalizatioof
of the ACTIVe3D-Build platform. the building

The second part of the project on this

A
ol |

ACTIVe3D Platform

building is the rehabilitation of the
T —= existing building. For that, a team of
mewe  €NQINEErs manages the design of this
: part. As the other teams do, this one
Real building  Building statement ACTIVe3D Platform IS connected to the platform to extract information
concerning the principal building. This team wovkigh
the software AllPlan® from Nemetschek Systems Inc.
Once the updates have been carried out, the emginee

After the deposit of the ground pyt this new information on the platform.
statement, other actors of the

project connect themselves to s
the platform to retrieve this !
statement and to enrich the mock-up. For this, tF
architect defines new spaces by using ADT (Autodes
Architectural Desktop). Once the architect hassfied
his updates on the model concerning the futuredingjl
extension, he adds these new data to the platform.

4.1.2 ADT: Mock-up enrichment

Autodesk
Architectural
Desktop

Updates on AllPlan ACTIVe3D Platform

. 4.1.5 Assessment
: Thanks to the platform, a whole set of actors can
5 —> exchange information on the building design and thi
: between various types of CAD software. The IFC 2.x
: ’ standard is used to format the data sent to edoh #dl

ACTIVe3D Platforn the data flows forward through the ACTIVe3D-Build

Updates on ADT platform because it allows each actor to have att dip



to date, once they were placed on the server. THe2.2 Thermal calculation

effectiveness of this exchange process and the Heat exchange between building spaces
centralization of information has as its result an @, have standards for the validation of these
important time saving because the data exchanges ta —=* exchanges. The thermal module of the
place on a daily basis in design projects. Moreotres .7 software CLIMA-WIN® made by the
waiting for data updates can block the work of haot company "BBS Slama" makes it possible to carry out

team, therefore the access to the up-to-date Higifge ca\cylation of heat loss “Th-D 1991" as welltaes
mock-up on the platform makes it possible to rE’E"Sowlawful coefficients of the buildings according to
these emergencies more quickly. "ThBat/ThU rules" of 2001. This software importsdan
exports IFC data which allows to update and todzdé

4.2. Phase 2: Technical studies the digital mock-up concerning the heat exchange.

We saw in the previous section that it is possibladd
information to the semantic elements of the digital
mock-up of the building. This semantic informatioil

be re-used thereafter in the creation processewewf
data on the building using calculation software.

4.2.1  Structural calculation

7 RobesAT During the design of a building,
N v = the structures like the beams and
Rﬁ%?m'm the columns must be validated.
h Indeed, if the structures are too . oo m;"r;' in ROboBAT
weak and they do not respect the  the web platform
standards then the plans must be modified accdyding ) ] N
RoboBAT is a structure calculation software. Thig-2-3  Calculation of Bill of Quantities
software makes it possible to optimize and validhtee ————— Windesc® is a tool of bill of quantities from
structures according to national and European atalsd (A the company ATTIC+ which imports IFC
about reinforced concrete, wood, steel, aluminutw, e ATHC* fies This software provides reports/ratios
One of the advantages of this software is thdtdivs to and estimates in connection with surfaces of
import IFC data. Consequently, the structuralvalls, grounds, etc. This tool is essential whetoines
engineering and design departments can validate establishing the revaluation of the cost oftihéding
information of the digital mock-up being designen o construction. The reports/ratios and the estimedesed
the ACTIVe3D-Build platform. out on the digital mock-up are then added to infdiom
concerning the building and the phase of design.

[EE——

— Calculation of heat loss

E ey
""'er.i.

rpera

&
2

Extraction of .

structural data Structural calculation in-

RoboBAT

the Web platform

To realize this study, the engineers must connestconclusion

themselves to the platform and select all the ehésne

concerning the structure. These elements are tlls, waln this paper we have presented the Active3D method

Calculation of
wall surface

the slabs, the beams, etc. For that, they useetfi@tibn  which makes it possible to associate semanticsaD

of the contextual tree "structural analysis".

documents. This method was adapted to the IFC to



allow the semantic handling of the building compuse [08] M. Levoy and P. Hanrahahjght field rendering
This handling implies the partial extraction anseirtion in Computer Graphics, SIGGRAPH 96 Proceedings,
of building elements in a digital mock-up. This hned 31-42,1996

was implemented as a web platform called ACTIVe3D[09] S. J. Gortler, L.-W. He, M. F. CoheRendering
Build. The infrastructure of this modular platforis layered depth imagedechnical Report MSTR-TR-
based on a Service Web Architecture developed in 97-09, Microsoft Research, March 1997.

JAVA. The module of 3D visualization called "IFC[10] D. Christopoulos, A. Gaitatzes, G. Papaioannou
Viewer" was developed using GL4JAVA. The "IFC Image-Based Techniques for Enhancing Virtual
Viewer" passed certification ISO/PAS 16739 under th  Reality Environmenis2nd International Workshop
direc?tion of the IAl. The Active3D—bui.Id plaﬁorm ggogc,zxtsh,eﬁsr,tsegré%eCultural Heritage, November
received the gold medal of the technological intiove

to international building exhibition BATIMAT in Par; [11] W. R. Mark, L. McMillan, G. Bishop.Post-
November 2003. Cgrrently thg resgarch on the piatfo rSeynmdScr)lgi% m3 D ovr\:arm?eggr;r:;t:?/:eocgeDdlrgrsa;):]i::hs? 1,3(9:&
heads for two directions. The first direction rekato the SIGGRAPH, April 1997.

phase of "statement of plans". We develop a modiile

3D acquisit?on gonnected with the platfgrm to camee Khorramabadi, The UC Berkeley System  for
cloud of points into a set of IFC semantic elemente Interactive Visualization of Large Architectural

second direction relates to the development of an Models Presence, the Journal of Virtual Reality and
automatic tool of qualification at the data upditee on Teleoperators, vol5, nbl, MIT Press(1996), pp.13-
the platform between several participants. A péthis 44

problem is solved by a step which plans the13] P. Wonka, M. Wimmer, F. Sillion,Instant
interventions of each actor in the process of Visibility, EG 2001 Proceedings, vol20(3),
conception/construction. Nevertheless the managemen Blackwell Publishing, A. Chalmers and T.-M.
of the problems of coherence between each phasetis ~ RNyne, pp. 411-421

automated and the know-how of the architect and th|E4] W. V. Baxter 1, A. Sud, N. K. Govindarajp.
engineers is always necessary. Manocha, GigaWalk: Interactive Walkthrough of

Complex Environment&urographics Workshop on
Rendering, 2002.

[15] R. Ronfard, J. Rossignac,Full-range
[01] J. F. Balaguer, S. De GennakENUS: A virtual Approximation  of  Triangulated  Polyhedra
reality project at CERNComputer Graphics 30, 4  Computer Graphics Forum 15(3): 67-76 (1996)

(Nov. 1996), 40-48. [16] Boon-Hee Kim, Jun Hwang, Young-Chan Kihe

[12] T. Funkhouser, S. Teller, C. Sequin, D.
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