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1 Executive Summary  

 This deliverable, D8.1, presents the work conducted within Work Package 8 (WP8) by the different 

partners during the first year (Year 1) of the 3D-COFORM project. This work mainly included the 

establishment of the functional specifications of the different (software) components being developed 

as part of WP8, namely the CityEngine, the Pictorial Data Modelling component, the GML shape 

template authoring component and its Sketching plugin, and the Fragment Re-assembly component. A 

second important task performed in Year 1 is the identification of one (or more) test cases for the 

creation of CityEngine shape grammars ς these 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 cases have been identified: Brighton during the Regency period, the extension proposal for 

the Louvre Palace and Sagalassos (an ancient Roman city). A second important task performed in Year 1 

is the development of the GIS import functionality for the CityEngine. The CityEngine is now able to 

import geographic information system (GIS) data in shapefile format and use just about any kind of 

known projection system. The last task for Year 1 was the application of the GML shape template 

authoring component on a first test 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 that everything is in 

place to perform this first test very rapidly. 

This document presents the work performed within Year 1 per 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 the original 

Description of Work (DoW), and present the work they intend to perform for the second year (Year 2). 
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2 Introduction  

In this report, we present the advancements made in the first 12 months of 3D-COFORM, which mainly 

consist in identifying the specifications of the proposed components, but also include some early 

research achievements. 

This document is organized as follows. Section 3 first reviews the overall objectives of WP8 as well as the 

work that was planned for the first year of the 3D-COFORM project. Then, Section 4 presents the work 

that was performed during this first year. The presentation is done per task and per partner (sub-task), 

organised similarly to the original Description of Work (DoW). For each 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 finally given in Section 4.3. 

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 the 3D-COFORM components they 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 (non-public) appendices. These specifications not only address the internal 

requirements of each individual component, but also the requirements with the respect to their 

integration within the 3D-COFORM framework. 
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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 3D-COFORM project. 

3.1 General objectives  

The main objective of WP8 is to create 3D-COFORM components enabling the synthesis of 3D artefacts 

(objects and scenes). Two sub-goals are identified: (1) the modelling of the 3D artefacts using procedural 

methods; and (2) the assembly of fragmented artefacts. 

Within the first sub-goal, 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 

Cultural Heritage (CH) 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 (see WP5-T5.3), a 

synthesized, but semanticly-rich, representation of that 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 about large-scale sites, i.e. 

the past of landscapes, villages and cities, for which little or no structure is still standing. These 

synthesized scenes will be reconstructed by taking as much as possible of the existing evidence into 

account, (e.g. GIS data, maps, contours, sketches and drawings). Some of this information, in particular 

maps, is often hand-drawn. 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 they contain). 

The third sub-goal (T8.3) is fairly self-explanatory. In summary, the partners aim here to develop 

intuitive components and exploring automated approaches to re-assemble artefacts (which can be 

either dismantled complex artefacts or fragmented items), of which the individual elements are digitized 

in 3D and available in the 3D-COFORM Repository 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 been defined in the DoW document as follows. 

Task 8.1 

In the first 12 months of the 3D-COFORM project, 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 (semi-)automated digitization from maps resulting in Geo-referenced building 

foot-prints; (2) an extension of the CityEngine for importing Geo-referenced data (e.g. digitized maps) 
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into the CityEngine. Then, in addition to these specifications, ETHZ planned to produce effectively an 

alpha release of the City Engine with the above-mentioned GIS functionalities. 

Task 8.2 

In the first 12 months of the 3D-COFORM project, the team first planned to establish the functional 

specifications for the components it is developing as part of T8.2. There are two related such 

components: (1) a software component for the creation of shape class templates by combination of pre-

defined parametric shape building blocks formulated in GML; and (2) a Sketching functionality 

integrated into GML. Then, in addition to these specifications, TU 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 the 3D-COFORM project, 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 user-driven re-assembly of digitized fragments (3D + 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 ɀ Site modelling tools for CH experts  

In the first 12 months of the 3D-COFORM project, the partners 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 geo-referenced information. A preliminary 

investigation on the presentation 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, architectural descriptions) have been gathered. 

4.1.1 T8.1 ɀ Work performed at ETHZ  

In the first 12 months of the 3D-COFORM project, ETHZ has performed the following tasks. First, the 

specifications for the enhancement of the CityEngine with GIS import capabilities have been established, 

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 CityEngine was originally developed for the movie and gaming industries, other applications 

have since been identified including urban modelling and CH site reconstruction.  The difference with 

both of these new applications is that they systematically refer to a site with geographically meaningful 

locations.  The input data that can be used for their modelling is consequently often geo-referenced. 

As a result, in order to support these new applications, the CityEngine must be able to import digital 

data expressing in geo-referenced coordinate systems (e.g. ground textures, landscape maps, vectorized 

building footprints). While there exist a few different acknowledged standards for geo-referenced data 

(e.g. OpenGIS, ESRI Shape file), the difficulty with dealing with GIS data lies in the potentially unlimited 

number of map projection systems (representing geo-referenced 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 should support as many projection systems as possible. More practically, 

however, for 3D-COFORM it should support the projections systems that are typically in use in the CH 

domain. Unfortunately, dealing with geo-referenced data is an issue that has only been very 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 a 3D-COFORM integration perspective, it is expected that geo-referenced digital data will be 

generated and therefore ingested in the 3D-COFORM RI through other tools, including other 3D-
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COFORM components such as the Footprint Extraction component described in Section 4.1.3. This 

requires that at least one 3D-COFORM standard GIS format be specified. However, as 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 technical guidelines 

[http://www.minervaeurope.org/interoperability/technicalguidelines.htm, Section 4.1.2] on standard 

formats for the CH domain, where it is mentioned that OpenGIS could constitute such a standard. 

Whatever the format 3D-COFORM specifies 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 respect to the integration of CityEngine within 3D-COFORM, it is important that it enables 

retrieving data (not only GIS data, but also existing projects, other types of data) directly from the 3D-

COFORM RI. Furthermore, it must enable the ingestion of CityEngine projects in the RI. 

For more detail, the full functional specifications of the CityEngine can be found in Appendix Error! 

Reference source not found.. 

4.1.1.2 CityEngine with GIS Support: Implementation  

Functionalities have been added to the CityEngine to import GIS data (street map, parcels, building 

footprints), through the use of the Java projection library 

[http://www.jhlabs.com/java/maps/proj/index.html].  

It must be noted here that the GIS needs of 3D-COFORM are partially aligned 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 3D-COFORM, 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. This is of importance 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 overlap 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 building footprints 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 systems supported by CityEngine can be found at 

http://www.jhlabs.com/java/maps/proj/index.html. 

http://www.minervaeurope.org/interoperability/technicalguidelines.htm
http://www.jhlabs.com/java/maps/proj/index.html
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Figure 1 shows an example of GIS data (building footprint) imported 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] 

 

Figure 1: Example of GIS data imported into the CityEngine 

4.1.1.3 Procedural Modelling: Presenting uncertainty  

In the first year of the 3D-COFORM project, the ETHZ partner has conducted an analysis of the need for 

the presentation of uncertainty modelled in (CityEngine) procedural models, and then laid down the 

specifications for an approach enabling this presentation. 

4.1.1.3.1 Analysis of the need 

At the 3D-COFORM User Feedback Workshop at the VAST 2009 conference, it was reported that one of 

the main current drawbacks of using CityEngine procedural modelling in CH is that, although CityEngine 

has the great functionality for 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 visual translation. However, 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 height, location of windows. 
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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 

ƛƴǎǘŜŀŘ ǇǊŜǎŜƴǘƛƴƎ ŀ ΨŘŜǘŜǊƳƛƴƛǎǘƛŎΩ ǾƛŜǿ ƻŦ ǘƘŜ ƳƻŘŜƭ ǿƘŜǊŜ ŜŀŎƘ ǳƴŎŜǊǘŀƛƴǘȅ ǇŀǊŀƳŜǘŜǊ ƛǎ ŀǎǎƛƎƴŜŘ ŀ 

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 Rome Reborn 2.0 project is shown in 

Figure 2. 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 certain about this 

scene, and what is not. 

 

Figure 2: 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 of the University of California) 

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, ƛƴŎǊŜŀǎƛƴƎ ǘƘŜ ƭŜǾŜƭ ƻŦ ΨǊŜŀƭƛǎƳΩ ǇŜǊŎŜƛǾŜŘ ōȅ ǘƘŜ ǇǳōƭƛŎΦ 

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 knowledge in each 

model. Requirements for such a method are as follows: 

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 of type of 

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 distinct values picked for 

the uncertainty values. This approach is currently under investigation. 
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4.1.2 T8.1 ɀ 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 modeller. These requirements are reviewed in Sections 4.1.2.1 below. Then, 

Section 4.1.2.2 presents two CH sites that have been identified for which there is some CH interest to 

obtain some virtual reconstructions and sufficient data and expertise is available. At least one of these 

cases will be used as a test for demonstrating the impact of the components and methods that are 

developed as part of 3D COFORM, namely the Footprint Extraction component (Section 4.1.3), the GIS 

import functionality of CityEngine (Section 4.1.1.2) and the method for presenting uncertainty in 

procedural models (Section 4.1.1.3). 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 reconstruction of CH urban sites, all that is known about the buildings, streets and 

possibly vegetation must be gathered. With respect to the buildings, this includes footprints, 

orientations (front, back), layouts (with connectivities) and associated architectural styles, particularly 

with respect to building facades). Similarly, information about streets and (where relevant) known 

characteristics of vegetation must be gathered (e.g. pavement types and tree species). 

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

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

ǇŀǊŀƳŜǘŜǊǎ ƛǎ ŜǎǎŜƴǘƛŀƭΦ ¢ƘŜ ǿƻǊƪ ƻŦ ¦ƻ. ƛƴ ǘƘƛǎ ŀǊŜŀ ƛǎ ǘƻ ǘŜǎǘ /ƛǘȅ9ƴƎƛƴŜΩǎ ŀōƛƭƛǘȅ ǘƻ ǎǳǇǇƻǊǘ such 

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 identified some sites that could be used as test cases: Regency Brighton and Hove, Le Louvre Palace 

proposals, and Sagalassos. As described below, these fulfil the requirements defined above. These sites 

represent a variety of cases in size of the site (from a set of buildings to a city), current state of the 

buildings (from building that never existed to buildings which still stand but have adapted), 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 the 16th century, the Prince 

Regent, later to become King George IV, visited Brighton frequently early in the 18th century and 

eventually constructed his Royal Pavilion there. The Regency Period (between 1795 and 1837) brought 

the development of the Georgian terraces, changing the face of the village and that of neighbouring 
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Hove into a seaside resort. The Regency style was characterized by several features including: a respect 

for a standard of proportion, the iŘŜŀ ƻŦ άǘŜǊǊŀŎŜέ ŀǊŎƘƛǘŜŎǘǳǊŜ όΨǘerraceΩ is a word applied to all 

buildings which groups in a uniform 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 other documents available that allow us to track the developments of 

what is now the City of Brighton and Hove, during the Regency period. Experts in Regency architecture 

are also available through the Faculty of Arts at the University of Brighton. Their expertise includes 

interior and urban studies, history of art and design as well as historical studies. 

The material available includes: 

Detailed maps from mid 18th century: these are available detailing the basic town structure and street 

blocks (see Error! Reference source not found.). The maps also illustrate the buildings footprints and 

their orientation and layout. There are also sketches of buildingsΩ interior layout (e.g. doors, walls) of the 

period. The type of cartography is consistent with that of other towns mapped in the 18th century. 

Hence it is possible to know its accuracy. 



3D-COFORM D.8.1 (PUBLIC) 

14 

 

 (a)  (b)  

(c)  

Figure 3: Examples of detailed maps and architectural drawings: (a) Brighton streets, 1825; (b) Brunswick 

Square, Hove, 1825; (c) No. 19 Brunswick Square, 1827. (Neil Bingham, C.A. Busby, The Regency 

Architecture of Brighton and Hove, 1991) 
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Classification of building designs: The different building design styles include classical style, gothic style 

and exotic style (see examples in Error! Reference source not found.). 

 (a)  

(b)  

(c)  

Figure 4: Examples of building styles: (a) Classical style: Pavilion, c.1800, design by Henry Holland (John 

Morley, Regency Design, A. 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 Repton c.1805 (John Morley, Regency 

Design, A. Zwemmer Ltd, 1993) 
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Façade primary features: Error! Reference source not found. illustrates the features of a building 

façade. This include features such as pediment, vestigial pilaster, entablature, 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. 

 

Figure 5: No.13 Brunswick Façade features (The Brunswick Town Charitable Trust, The Regency Town 

House, 2001) 
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Building Structures: there are three kinds of Regency building structures: terraces, town houses and 

regency buildings. (Paul Reilly, An Introduction to Regency Architecture, London: Art and Techniques: 

1948).  

Terraces: Terraces are recognizable by their stucco façade, 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 the city, for instance in Brunswick 

Square and Kemp Town(see Error! Reference source not found.). The layout of the terraces is also 

particularly well documented in maps and pictures of the time (see Error! Reference source not found.) 

  

Figure 6Υ ¢ŜǊǊŀŎŜǎ ƛƴ .ǊƛƎƘǘƻƴΩǎ .ǊǳƴǎǿƛŎƪ {ǉǳŀǊŜ ŀƴŘ YŜƳǇ ¢ƻǿƴ 
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 (a)  

(b)  

Figure 7: Layout of the Terraces: (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 Architecture of Brighton and Hove, 1991) 
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Town houses (see Figure 8): 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 style and could be found among the terraces in the most famous squares and 

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

(a)  (b)  

Figure 8: Town houses: (a) An example of a town house still standing; (b) The internal structure of a town 

house (The Brunswick Town Charitable Trust, The Regency Town House, 2001) 
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Regency buildings: the most recognizable building is the Brighton Royal Pavilion (see Figure 9) which has 

a distinct gothic and exotic style with a complex façade. This building is located in the centre of the city 

centre and surrounded by the old town, and squares with Regency style terraces. 

(a)   (b)  

Figure 9: 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 late 12th century, when it was built on the western edge of 

Paris. The dark fortress of the early days was transformed into a modernized dwelling for François I and, 

later, the sumptuous palace of the Sun King, Louis XIV. During the 17th Century, this transformation was 

led by Louis XIV who invited several renowned sculptors and architects to design extensions and 

modifications to the building. These proposals still exist in the form of sketches and plans; most of them 

never became a reality. The proposals, with detailed architectural drawings, have been preserved by the 

Louvre museum and made available to 3D-COFORM.  A few of the available drawings from three of the 

proposals are presented in Figure 10 to Figure 12. 
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Figure 10: Proposal 1 for the extension and modification of the Louvre Palace (Louis Le Vau): Restoring 

elevation 

 

Figure 11: Proposal 3 for the extension and modification of the Louvre Palace (Rainaldi) 

The investigation in this case would examine whether the data is sufficient to extrapolate a meaningful 

set of 3D constructions 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 3D-COFORM team is being recruited at UoB to being work on both the Louvre Palace design 

reconstructions and Regency Brighton modelling. 












































