3D

COFORM

D.8.11 First Year Report
WP8 1 Synthesis of 3D Artefacts

Grant Agreement number:

Project acronym:
Project title:
Funding Scheme:

Project ceordinator name,
Title and Organisation:

Tel:
Fax:
Email:

Project website address:

Version FINAL

30 November 2009

231809

3D-COFORM

Tools and Expertise for 3D Collection Formation
FP7

Prof David Arnold, University of Brighton

+44 1273 642400
+44 1273 642160
D.Arnold@brighton.ac.uk

www.3d-coform.eu



3D-COFORM B.1 (PUBLIC)

The research leading these results has received funding from the European Community's Seventh
Framework Programme (FP7/20Q013) under grant agreement n° 231809.

Authors:

Contributing partne organizations:

Luc Van GoolFrederic Bosche

Eidgenossiche Technische Hochschule ZUrHZ)
University of Brighton (JoB)

Consiglio Nazionale Delle Ricerch¢STI(CNRISTI)

Fraunhofer Gesellschaft Zur Forderung Der Angewand
Forschung E.\(FhGIGD)

Technische Universitaet GrdZU Gra}x

University of East Anglid(EA



3D-COFORM B.1 (PUBLIC)

Table of Contents

1 EXECULIVE SUMIMIAIY....ciiiiiitiieeeeeeeeetitiimeeeeeettaa e e e e e e e eaeana s eme et s e e e e e e eesaann e e e e s amnnas 4
P22 [ 011 oo [F o3 1T ] o PP 5
3 Detailed description Of WOIK...........oooiiiiiiiiii e 6
3.1 GENEIAl ODJECHIVES . ..oiiieiieeeeee e e e e 6
T 165 V7= T= VYo ] 4 1 ] = o PP 6
O iYL o 1 =T 0] f 41T T 8
4.1  T8.1¢ Site modelling tooIS fOr CH EXPEIIS......cciiiiiiiiiiee e 8
4.2  T8.2¢ Toolkit for norexpert users to crate procedural models............cccceevviiiiiieeeeennnnns 26
4.3 T9.3 Rassembly of fragmented artefactS.......cccevvevveeiiiiii, 34
LS o ) o 1153 o ) 40
G U o] o= [0 1 USPPPRUPRR 41
7 References (to other publications outside the Project).........cccoeevveviiiiiiiiceeeeeeeeeeeee, 42



3D-COFORM B.1 (PUBLIC)

1 Executive Summary

This deliverable, D8.1, presents thrk conducted within Work Package 8 (WP8) by the different
partners during the first yearYgar } of the 3DCOFORM project. This work mainly included the
establishment of the functional specifications of the different (software) components being dedelope
as part of WP8, namely the CityEngine, the Pictorial Data Modelling component, the GML shape
template authoring component and its Sketching plugind the Fragment Ressemblycomponent. A
second important task performed iMear lis the identificationof one (or more) test cases for the
creation of CityEngine shape grammarthese are to be used for the testing of the two components
being developed as part of Task 8.1 (T8.1): the CityEngine and the Pictorial Data Modelling component.
Three test casesave been identifiedBrightonduring the Regency period, the extension proposal for
the Louvre Palace and Sagalassos (an ancient Roman city). A second important task perfyieaed. in

is the development of the GIS import functionality for the CityEngite CityEngine is now able to
import geographic information systenG(S) data in shapefile format and usst aboutany kind of
known projection system. The last task fgear 1was the application of the GML shape template
authoring component on a firdiest object. We report a deviation from the original work plan here.
Nonetheless, this was compensated by improvements of the GML engine. Additionally, raw data for
testing the component have been produced through two acquisition campaigns, so thatlaagrig in

place to perform this first test very rapidly.

This document presents the work performed withfear 1per Task (8.1, 8.2 and 8.3). At the end of the
section on a given task, the authors summarize the deviations of their work compared to gireabri
Description of Work (DoW), and present the work they intend to perform for the secondYyear 2.
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2 Introduction

In this report, we present the advancements made in the first 12 montt83Da@ OFORMwhich mainly
consist in identifying the specifidahs of the proposed components, but also include some early
research achievements.

This document is organized as follows. Sec8idirst reviews the overall objectives of WP8 as well as the
work that was planad for the first year of th&8D-COFORNbroject. Then, Sectiod presents the work

that was performed during this first year. The presentation is done per task and per partneagsip
organisedsimilarlyto the original Description of WorodW). For eah task, a section is devoted to the
analysis of the deviations between the work performed and the work planned, and an additional section
presents the path forward for the second year of the project. An overall conclusion on this first year of
work is firally given in Sectiod.3.

It must be emphasized that a large part of the work performed by the different partners in this first year
aimed at developing the functional specifications of 812 COFORMomponentsthey aim to develop

as part of WP8. These specifications are summarized in the sections on the work performed, but are
supplied in full detail in the (nepublic) appendices. These specifications not only address the internal
requirements of each individd component, but also the requirements with the respect to their
integration within the3aD-COFORNramework.
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3 Detailed description of work

This section reviews the overall objectives of WP8 as well as the work that was planned for the first year
of the SAD-COFORMroject.

3.1 General objectives

The main objective of WP8 is to cre@B-COFORNMomponents enabling the synthesi$ 3D artefacts
(objects andscenes). Two sufoals are identified: (1) the modelling of the 3D artefacts using procedural
methods; and (2the assemblpf fragmented artefacts.

Within the first subgoal, the partners distinguish two types of 3D artefacts: individual objects and large
scenes. For individual objects (T8.2), the objective is to develop a 3D modelling toolkit that enables
Quitural Heritage (6) professionals interested in a particular shape class, to produce a parametric shape
template for that class. Then, by matching this template to the digitized artefact (seeT®/B5 a
synthesized, but semantierich, representation oftiat artefact can be obtained. With respect to large
scenes (T8.1), the objective is to build on existing tools created by the partners (CityEngine and
SceneAssembler) to assist CH experts in rapidly building detailed hypotheses aboatédegsites, é.

the past of landscapes, villages and cities, for which little or no strudtustill standing. These
synthesized scenes will be reconstructed by takingnash aspossible of the existing evidence into
account, (e.g. GIS data, maps, contours, sketelngsdrawings). Some of this information, in particular
maps, is often handirawn. As a result, an important part of this task is the development of tools for
their digitization (with the difficult challenge of maintaining the semantic information theyaion

The third subgoal (T8.3) is fairly se#xplanatory. In smmary, the partners aim here to develop
intuitive components and exploring automated approaches teassemb¢ artefacts (which can be
either dismantled complex artefacts or fragmented itgmsf which the individual elements are digitized
in 3Dand available in th8@D-COFORNRepository Infrastructure.

3.2 First year work plan

The activity of WP8 is subdivided into three tasks. The activity planned in the first year for the three
tasks have beedefined in theDoWdocument as follows.

Task 8.1

In the first 12 months of th&D-COFORMbroject, the team planned to first establish the functional
specifications for the components it is developing as part of T8.1. There are two such components: (1) a
software component for (semjautomated digitizatiorfrom maps resulting in Gemeferenced building
foot-prints; (2) an extension of the CityEngine for importing Gderenced data (e.g. digitized maps)

6
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into the CityEngine. Then, in addition to these speations, ETHZ planned to produce effectively an
alpha release of the City Engine with the abawventioned GIS functionalities.

Task 8.2

In the first 12 months of th&D-COFORMbroject, the teamfirst planned toestablish the functional
specifications forthe components it is developing as part of T8.2. There are two related such
components: (1) a software component for the creatiorsbépeclass templates by combination of pre
defined parametric shape building blocks formulated in GML; and (2) a Sketfihiogonality
integrated into GML. Then, in addition to these specificatidit$ Graz planned to effectively produce an
alpha release of its software component to model GML shapes, and test it using a test case.

Task 8.3

In the first year of th68D-COFORNproject, the team planned to establish the functional specifications
for the component it intends to develop as part of T8.3. This component is a software component
(possibly as an extension to MeshLab) for wtdréren reassembly of digitized fragment3[ + texture)

of fragmented artefacts.
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4 Work performed

The work performed in the first year of activity is described in the following, focusing on each task.

4.1 T8.1 z Site modelling tools for CH experts

In the first 12 months of the3D-COFORMproject, the patners of Task 8.1 have established the
specifications of the components they are developing as part of this task. Then, the CityEngine has
effectively been enhanced with capabilities to import geferenced information. A preliminary
investigation on thepresentation of uncertainty in procedural models has also been conducted and
published. Finally, a test case for the creation of CityEngine shape grammar has been identified and all
input data required for this task (i.e. pictures, maps, architecturatdpesons) have been gathered.

4.1.178.1 z Work performed at ETHZ

In the first 12 months of th&D-COFORNMroject, ETHZ has performed the following tasks. First, the
specifications for the enhancement of the CityEngine with GIS import capabilities have balglishet,

and then effectively implemented. Then, some preliminary work has been performed in the
presentation of uncertainty modelled in CityEngine procedural models.

4.1.1.1 CityEngine with GIS Support: Functional Specifications

While the CityEnginwvasoriginaly developed for the movie and gaming industries, other applications
havesince been identified includingrban modelling and CH site reconstruction. The difference with
both of these new applications is that they systematically refer to a site with ggdngally meaningful
locations. The input data that can be used for their modelling is consequently ofterefprenced.

As a result, in order to support these new applications, the CityEngine must be able to import digital
data expressing in ge@ferenced coordinate systems (e.g. ground textures, landscape maps, vectorized
building footprints). While there exist a few different acknowledged standards forrefeoenced data

(e.g. OpenGIS, ESRI Shape file), the difficulty with dealing with GIS dataHegotentially unlimited
number of map projection systems (representing geterenced data on a globe is typically not
manageable, so that it is typically projected onto planar maps, thus requiring a projection system).
Therefore, the CityEngine shidusupport as many projection systems as possible. More practically,
however,for 3D-COFORNt should support the projections systems that are typically in use enGH
domain. Unfortunatelydealing with geereferenced data is an issue that has only beeny recently
realized, and only very little work, if any, has been done in investigating any (set of) standard projection
system(s) for the CH domain.

From a3D-COFORMnNtegration perspective, it is expected that gesferenced digital datawill be
geneiated and therefore ingested in th8D-COFORMRI through other tools, including othe3D-

8
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COFORMomponents such as the Footprint Extraction component deedrin Section4.1.3 This
requires that at least on@D-COFORMtandard GIS format be specified. Howevas, with the map
projection systems, only very little work has been done in investigating such a standard. This is
acknowledged in the EPOCH Deliverable 3.6 [D3.6, Section 3.1.3] and MINERVA techgrigasguid
[http://www.minervaeurope.org/interoperability/technicalquidelines.htmSection 4.1.2] on standard
formats for the CH domainwhere it is mentioned that OpenGIS wd constitute such a standard.
Whatever the format3D-COFORMpecifies as standard for GIS data, the CityEngine should support it.
Nonetheless, it is noted that ESRI Shape file format is also a very widely used standard format for GIS
data.

Also with repect to the integration of CityEngine withBD-COFORMIt is important that it enables
retrieving data (not only GIS data, but also existing projects, other types of data) directly fradd-the
COFORNMRI. Furthermore, it must enable the ingestion of Cityiga projects in the RI.

For more detail, the full functional specifications of the CityEngine can be found in Apgemaik
Reference source not found.

4.1.1.2 CityEngine with GIS Support: Implementation

Functionalities have been ddd to the CityEngine to import GIS data (street map, parcels, building
footprints), through the use of the Java projection library
[http://mww.jhlabs.com/java/maps/proj/index.html].

It must be noted here that the GIS needs ofGDFORM are partially algd with those of the project
V-City. As a result, many developments of the GIS functionalities were done in a concerted way
addressing both needs in a unified manner.

With respect to the needs of 3DOFORM, the following features were especially addressed

1.CityEngine enables interactive editing of GIS information (e.g. building footprints): the grammar is
able to adapt to changes in the footprints. This has a further consequence, which is that
uncertainty can be modelled in the building footprints. Thisfismportance for enabling a CH
expert to model such uncertainty, but also to be able to deal with errors in the input data.

2.Spatial overlaps between and within buildings can now be handled, e.g. to test if two balconies of
neighbouring buildings would evlap each other. This feature is of importance to CH
reconstructions because ancient cities are often very densely built.

3.CityEngine enables importing GIS data in Shape files (.shp), which is a format agreed upon with
UEA for importing the traced buildirfgotprints that their component will produce (cf section
4.1.3.1). We note here that CityEngine supports about 80 different map projection systems,
including common ones such as the Mercator projection system. A complete list of the GIS
projection systers supported by CityEngine can be found at
http://www.jhlabs.com/java/maps/proj/index.html
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Figurel shows an example of GIS data (building footprintported into CityEngine. This data was
imported through a Shape file. Note that the GIS functionalities of CityEngine have already been used
for a CH project: RomeReborn 2.0 [Dylla et al. 2009]
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Figurel: Example of GIS data immped into the CityEngine
4.1.1.3 Procedural Modelling: Presenting uncertainty

In the first year of the8D-COFORNbroject, the ETHZ partner has conducted an analysis of the need for
the presentation of uncertainty modelled in (CityEngine) procedural models, asml ltid down the
specifications for an approach enabling this presentation.

4.1.1.3.1 Analysis of the need

At the 3D-COFORMUser Feedback Workshap the VAST 2009 conferendewas reported that one of
the main current drawbacks of using CityEngine procedural flingen CH is that, although CityEngine
has the great functionalitfor modelling uncertainty in procedural models, the presentation of this
uncertainty remains an issue.

A typical approach to present uncertainty is to use transparency as its visudatiransHowever, in the

case of large 3D scenes presented to the public, transparency can lead to worsened visual experiences
and confusion. Additionally, in procedural modelling, not all uncertainties can be presented with
transparency, e.g. floor heightcation of windows.

10
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Up to now including the Rome Reborn 2.0 and Pompeii projects, the difficulty in presenting uncertainty
contained in procedural models has typically led to the surprising result of not presenting it at all, and
AyaidSFkR LINRSBINVRYWME GIA OBR GASs 2F GKS Y2RStf 6KSNB S|
single value chosen based on its associated probabilistic distribution, i.e. a snapshot of the uncertainty
space. For instance, a screenshot of the model resulting from the Rahern 2.0 project is shown in

Figure2. For most of the buildings shown in the foreground, only very little is actually known, but the

current view of the model does not provide any information about what is actually certaiat dabis

scene, and what is not.

Figure2: Screenshot of the Rome Reborn 2.0 model presented to the public
(Image © 2009 The Board of Visitors of the University of Virginia.
Model © 2009 The Regents the University of Califora)

This in fact questions the purpose of the stochastic definition of procedural model parameters. Indeed,
uncertainty is then currently used only so that similar objects with similar procedural descriptions result
in slightly different generated models,y ONB I aAy 3 (KS t S@St 2F WNBIfAAYQ

As a result of this analysis, there is a clear need to effectively present the uncertainty modelled in
procedural models. This would greatly improve public understanding of the level of knowileeégeh
model. Requirements for such a method asfollows

The method must enable the presentation of any type of uncertainty present in procedural models.

The method must result in a presentation in which the user can clearly identify the level obtype
uncertainty, without significantly altering his/her visual experience.

A method has been envisaged that would consist in presenting several models of the same scene (and
from the same viewpoint) generated from the same procedural model but with distadaes picked for
the uncertainty values. This approach is currently under investigation.

11
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4.1.2T78.1 z Work performed at UoB

In order to enable the procedural modelling of CH sites, a certain amount of data and expertise must be
made available to the modelleThese requirements are reviewed in Sectigh&.2.1 below. Then,
Section4.1.2.2presents two CH sites that have been identified for which there is some CH interest t
obtain some virtual reconstructions and sufficient data and expertise is avaikbleast one of these
caseswill be used as a tedbor demonstrating the impact of the components and methods thed
developed as part of 3D COFORM, namely the Footdxtraction component (Sectichl.3, the GIS
import functionality of CityEngine (Sectichl1.2) and the method for presenting uncertainty in
procedural models (Sectich1.1.3. The work of UoB in this first year has mainly consisted in gathering
all this data from multiple sources, so that the modelling task can start early in the second year of this
project.

4.1.2.1 Requirements: Data & Expertise

In order to enable the raamnstruction of CH urban siggallthat isknown about the buildings, streets and
possibly vegetation must be gathered. With respect to the buildings, this includes footprints,
orientations (front, back), layouts (with connectivities) arab@ciated archéctural stylesparticularly

with respect to building facadesBimilarly, information about streets an@vhere relevant)known
characteristics o¥egetation must be gathered (e.g. pavement types and tree species).

Given that an archaeological reconstrocti will involve interpretation of partial evidence from a

particular period, access to expertise to allow interpretation of the evidence within known stylistic

LI N YSGSNE Aa SaaSydAlfo ¢KS g2N)] 2F | 2.suchy (KAZ
analysis and debate of uncertainty and interpretation from the perspective of an expert in historic

styles.

4.1.2.2 Identified Sites

Further than defining the data and expertise requirements for procedural modelling of CH sites, we have
also identifiedsomesites that could be used as test caseegency Brighton and Hqouee Louvre Palace
proposals andSagalassasAs described below, these fulfil the requirements defined above. These sites
represent a variety of cases in size of the site (from a set oflibgd to a city), current state of the
buildings (from building that never existed to buildings which still standhave adapte}l locations

and styles of the design. The following section summarizes the information collected for these sites. This
is intended to illustrate how the collected information of these sites fulfils the requirements defined
above.

4.1.2.2.1 Regency Brighton and Hove

Brighton is a city on the south coast of England. A small fishing village in theetiury, the Prince
Regent, later to beome King George IV, visited Brighton frequently early in th2 dehtury and
eventually constructed his Royal Pavilion there. The Regency Period (between 1795 and 1837) brought
the development of the Georgian terraceshangingthe face of the village ahthat of neighbouring

12
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Hove into a seaside resort. Thedency style was characterized by several features including: a respect

for a standard of proportion, theRSI 2 F & i SNNI @BaceQis ANl Jappke® tbdaNB 6 Wil
buildings which groups in aniform composition of a number of individual living units), and the
speculative basis of the majority of urban developments (Paul Reilly, An Introduction to Regency
Architecture, London: Art and Techniques: 1948).

There are many maps, images and othecutbents available that allow ue track the developments of
what isnow the City ofBrighton and Hove, during the Regency period. Experts in Regency architecture
are also available through the Faculty of Arts at the University of Brighton. Their expgadisdes
interior and urban studies, history of art and design as well as historical studies.

The material available includes:

Detailed maps from mid 18th centurythese are available detailing the basic town structure and street
blocks (seeerror! Reference source not found.The maps also illustrate the buildings footprints and
their orientation and layout. Therare also sketches of buildst@nterior layout (e.g. doors, walls) of the
period. The type of cartography is consist with that of other bwns mapped in the 18th century.
Hence it is possible to know its accuracy.

13



3D-COFORM B.1 (PUBLIC)

@)

(©)

Figure3: Examples of detailed maps and architectural drawings: (a) Brighton streets, 1825; (b) Brunswick
Square Hove, 1825; (¢) No. 19 Brunswick Square, 1827. (Neil Bingham, C.A. Busby, The Regency
Architecture of Brighton and Hove, 1991)

14
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Classification of building design3he different building desigstyles include classical stytgthic style
and exotic stie (see examples iBrror! Reference source not founy.

Figure4: Examples of building styles: (a) Classical style: Pavilion, ¢.1800, design by Henry Holland (John
Morley, Regency DesigA. Zwemmer Ltd, 1993); (b) Gothic style: The National School, Church Street,
Brighton, 1929, built by Stroud and Mew (John Morley, Regency Design, A. Zwemmer Ltd, 1993; (c) Exotic
style: Design for the West Front of Brighton Pavilion, by Humphrey Rep&0% (John Morley, Regency
Design, A. Zwemmer Ltd, 1993)

15
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Facade primary featuresError! Reference source not foundllustrates the features of a building
facade. This include features such as pediment, vestigial pilasteblatire, capital, flat pillar, smooth
stucco finish, sash boxes, cast iron balcony, frieze decorated with metopes and triglyphs, rusticated
succo, sliding sash, cast iron railings, plain stone steps.

pediment

vestigial pilaster
cornice
frieze entablature

architrave
capita
pilaster (fiat pillar)

smooth stucco finish with fine
block lines’ cut into surface

h extra channels to
sliding storm shutters

SRLLEL T T, =
ity

triglyphs, mutules and guttae ove

d stucco finished to

rusticate
look like block work

sliding sash windows with small
panes separated by thin glazing-bars

cast iron railings

plain stone steps, often later
decorated with ceramic tiles

Figure5: No.13 Brunswick Eade features (The Brunswick Town Charitable Trust, The Regency Town
House, 2001)
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Building Structuresthere are three kinds of Regency building structures: terraces, town houses and
regency buildings. (Paul Reilly, An Introduction to Regency Archigediondon: Art and Techniques:
1948).

TerracesTerraces are recognizable by their stucco fagade, classical architecture style, their columns and
capitals, and their palatial air. In street planning, each block between side streets would be treated as
one composition. Examples of this type of building can still be seen in thdaitinstance in Brunswick
Syuare and Kemprown(see Error! Reference source not found. The layout of the terraces is also
particularly well documenteth maps and pictures of the time (s&gror! Reference source not found.

Figure6Y ¢ SNNJ O0S&a Ay . NAIK(G2yQa . NHzyasghi O]
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(b)

Figure7: Layout of the Taces: (a) Kemp Town, 1824 (Neil Bingham, C.A. Busby, The Regency
Architecture of Brighton and Hove, 1991); (b) Brunswick Square and adjacent buildings, 1826 (Neil
Bingham, C.A. Busby, The Regency Architedf Brighton and Hove, 1991)

18
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Town housegsee Figure8): houses with gentle bowed windows on the ground floor, semi rusticated
stucco up to the level of the first balcony and intricate cast iron railings to the balconies. These building
typically follow a classical styleé could be found among the terraces in the most famous squards an

in other streets in the cityTre internal layout is also well documented for bigger town houses.

(b)

Figure8: Town houses: (a) An example of a town hailestanding; (b) The internal structure of a town
house (The Brunswick Town Charitable Trust, The Regency Town House, 2001)

19
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Regency buildingshe most recognizable building is the Brighton Royal PavilionHigeee9) which has
a distinct gothic and exotic style with a complex facade. This buildingatedin the centre of the city
centre and suounded by the old town, and squares witedency style terraces.

Figure9: Brighton Royal Pavilion: (a) The pavilion; (b) Layout of the areas surrounding the pavilion

4.1.2.2.2 The Louvre Palace proposals

The Louvre Palace has evolved since the |ath tentury, when it was built on thevestern edgeof

Paris The dark fortres of the early days was transformiado a modernized dwelling fdfrancois | and,

later, the sumptuous palace of the Sun King, Louis XIV. During the 17th Century, this transformation was
led by Louis XIV who invited sevieranowned sculptorsand architets to design extensions and
modifications to the building. These proposals still exist in the fornketiches and plans; most of them
never became a reality. The proposals, with detailed architectural drawings, have been preserved by the
Louvre museum ahmade available t8D-COFORM A few of the available drawings from three of the
proposals are presented Figure 1Go Figure 12

20
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FigurelO: Proposal 1 for the extension and modification of the Louvre Palace (Louis Le $taxijigRe
elevation

Figurell: Proposal 3 for the extension and modificatidrihe Louvre Palace (Rainaldi)

The investigation in this case would examine whether the data is sufficient to extrapolate a meaningful
set of 3D construmns and the susceptibility of the styles to mapping in CityEngine procedural models
by someone not involved in the development of the tool. To achieve this evaluation a new member of
the 3DCOFORM team is being recruited at UoB to being work on both.thwre Palace design
reconstructions and Regency Brighton modelling.
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