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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 – 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 – 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 – 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 

instead presenting a ‘deterministic’ view of the model where each uncertainty parameter is assigned a 

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, increasing the level of ‘realism’ perceived by the public. 

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 – 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 

parameters is essential. The work of UoB in this area is to test CityEngine’s ability to support 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 idea of “terrace” architecture (‘terrace’ 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 buildings’ 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. 
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 (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) 



3D-COFORM D.8.1 (PUBLIC) 

16 

 

 

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 6: Terraces in Brighton’s Brunswick Square and Kemp Town 
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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. 
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(a)  

(b)  

(c)  

Figure 12: Proposal 2 for the extension and modification of the Louvre Palace (Bernin): (a) Elevation of 

the west front of the Cour Carrée; (b) and (c) First project for the entrance front of the Louvre  
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4.1.2.2.3 Sagalassos (work performed with ETHZ) 

This is an archaeological site that is located in south west Turkey. Sagalassos was occupied by the Roman 

Empire following the 300 years of Greek rule that began with Alexander the Great. A large amount of 

historical data has been collected from the site, documenting the buildings and artefacts discovered, as 

well as new information being generated by techniques such as cartography and geo-physical 

prospection (see Figure 13). 

   

 

Figure 13: Some of the information gathered about the Sagalassos archaeological site 
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4.1.3 T8.1 – Work performed at UEA 

During the first 12 months of work on the 3D-COFORM project, UEA has derived specifications for the 

Footprint Extraction component and researched suitable techniques for achieving the desired results. 

The Footprint Extraction component requires input of a 2D raster image of a map, showing an area 

containing buildings. By carefully examining the pixel data, the outlines of buildings are detected and 

then can be exported as sets of vectors. These vectorized footprints can then be utilised by other 

programs, such as the CityEngine, to allow semi-automated modelling of a large collection of 3D 

buildings. 

UEA's work during the first year has consisted of initial work towards solving the problem, involving 

experimentation using various image processing techniques to detect the footprints. 

4.1.3.1 Analysing the need for footprint extraction 

UEA undertook a survey of local cultural heritage experts in order to study the usage of mapping data in 

cultural heritage applications. Although many frequently used maps in the course of their work, they did 

not have the facilities to extract information about building layouts from them (other than manually), 

and they also lacked the facility to create 3D reconstructions of an area. 

Modelling a sizeable group of buildings in order to reconstruct a town or city can be a time consuming 

process involving large amounts of user interaction. For historic sites which may have changed 

significantly or even disappeared, there is no modern / digital data that can be easily used to determine 

building footprints. Therefore, a technique is needed to extract automatically this data from images of 

maps. When combined with other tools, such as the CityEngine, this will allow for high quality 

reconstructions of large historic areas. 

Through discussion with partners ETHZ, it has been possible to identify a means of integration with the 

CityEngine. A commonly supported file format (shapefile) was identified, and the possibility of geo-

referencing extracted building footprints has been discussed. This will be further considered in Year 2. 

4.1.3.2 Implementation 

The first step of successfully extracting a footprint is ensuring that an image is suitable to be processed. 

Investigation into suitable functions revealed that a few simple image processing steps such as 

brightness/contrast adjustment and noise reduction can help to optimize images for the extraction of 

footprints.  

Various algorithms have been created to extract building footprints to the best accuracy possible. Initial 

implementation work on the footprint extraction component so far in the 3D-COFORM project has been 

focused on experimenting with new techniques. Particular attention has been paid to refining results to 

ensure that corners of buildings are in their correct location. Additional care must be taken in the case 

of non-perfect maps where, due to errors/problems with the image, building outlines are partially faded 
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or missing. The algorithms have been designed to compensate for these errors. These cases must be 

distinguished from those where the footprint is correct but partial (e.g. an open cart shed as opposed to 

an enclosed barn). 

Figure 14 shows a building footprint extracted from a map. The building in question is a simple shape, 

with 4 straight walls to form a square. One important aspect of the footprint extraction work is to keep 

building outlines as simplified as possible, which can be problematic due to aliasing issues and other 

image quality problems. 

 

Figure 14: A building footprint detected from a 2D map 

4.1.4 Deviation from work plan 

During the first 12 months, there has been no deviation from the defined work plan by any of the 

partners of this task, namely ETHZ, UoB, and UEA. 

4.1.5 Plans for the next period 

For the next year, the main goal of ETHZ is to continue investigate the issue of presenting the 

uncertainty modelled in CityEngine procedural models, and propose a first approach to it. 

The UoB will start the study of design styles and development of shape grammars for use in the 

CityEngine, using at least one of the sites for which the data has been gathered. 

Finally, UEA will mainly work on improving the existing results of the footprint extraction. The focus is to 

ensure that the most accurate results possible are achieved. The extraction process must also be tested 

for flexibility, by testing the components on a variety of different styles of maps from different sources. 
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4.2 T8.2 – Toolkit for non-expert users to create procedural models 

The toolkit for non-expert users to create procedural models targets an important open problem. 

Procedural models are much richer than static models since they allow varying shape parameters. A 

single procedural model contains more than just a single 3D model; it contains a whole family (or class) 

of 3D models. The problem, however, is the creation of procedural models, which is mainly done 

through programming, i.e. manual code generation. This applies to all current procedural modelling 

approaches, including GML and CGA Shapes used in the CityEngine (see T8.1). As a result, creating good 

procedural models currently requires decent programming knowledge, and is therefore not suitable for 

non-expert users. Only very few CH experts are in fact also programming experts. 

The goal of T8.2 is to provide the superior expressiveness, changeability, and re-usability of procedural 

models also to CH experts who are non-specialists in 3D programming. 

The level of computer expertise that our toolkit is supposed to require is the same as a spreadsheet like 

application, e.g. Microsoft Excel. Every computer user able to create a spreadsheet should also be able 

to create a procedural 3D model using our toolkit. To reach this goal: 

TU Graz focuses on the back-end,  giving visual tools for creating modelling procedures 

FhG-IGD focuses on the front-end, providing intuitive but rich user input by sketching 

4.2.1 T8.2 – Work performed at TU Graz 

The approach pursued at TU Graz is to allow compositing GML procedures through visual tools. One 

advantage of GML over some other shape description languages is that it allows for automatic code 

generation. The stack-based approach is ideal for creating sequences of operations where the output of 

one sequence is input to the next. The example in Figure 155 illustrates this “assembly line” approach. 

The same approach can be used to create much more complex models. Figure 166 shows a collection of 

generative models that are all coded in GML. One great advantage is the small size of generative 

models; the archive containing the GML executable together with all the models in Figure 156 (and 

many more) is less than 5 MB. It can be downloaded from www.generative-modelling.org. However, the 

downside is that all of these models were created through coding, which is just what we wanted to 

avoid. In the first year, three case studies have been performed to automate the construction of 

procedural models. – The primary goal at that stage was to assess the suitability of the overall approach. 

 

 

 

 

http://www.generative-modeling.org/
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Figure 15: Example of GML-coded procedural model 

(0,0,0) (0,0,1) (2,0,0) 8  circle             % creates & pushes a polygon (n-gon)  

0.3 (0,0,1) 8              poly-circle-edges  % pops poly, pushes decorated poly 

5                          polYear 2doubleface    % pops poly, creates mesh, pushes edge 

(0,1,5)                    extrude            % pops edge, extrudes, pushes edge 
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Figure 16: Collection of parametric models programmed in GML. Row 1: Building and arcade are 

constructed from very simple polygons. Row 2: Parametric engine shows engine construction principles. 

Row3/4: Gothic window tracery is an ideal case for generative design. The GML code size for the 

“procedural cathedral” is less than 100 KB. All chess figures share the same function to create their basis. 

Parametric tubes can be interactively opened to show sub-tubes. Row 5: Many objects have the same 

basic structure as a chair (even a bed). The car rims are hierarchically parameterized (concept of styles) 
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4.2.1.1 GML-based approaches for 3D modelling by non-expert users  

During the first year, TU Graz has created two approaches for 3D modelling by non-expert users, and 

one prototype for the interactive creation of procedural models. The technology for the first two 

approaches is based on earlier developments, most notably the Castle Construction Kit (top row). This 

approach was used for 3D modelling in a web browser using a Sketchup-like approach (bottom row, 

left) and for the HouseModeler (top right) which allows editing a model created from an existing ground 

plan in pdf format. 

The Castle Construction Kit (CCK) 

This application is based on the GML applet, in this case in the form of an ActiveX control, ActiveGML. It 

is embedded in a VisualBasic application, which is created using a fairly conventional GUI builder. The 

idea is that all GUI elements, buttons and menus issue small GML commands to the ActiveGML, all using 

the same call() method. At startup, the CCK.xgml is loaded, a library of GML functions. Using the 

buttons, a drawing application can be started which enables 3D editing, e.g. of castle walls. The whole 

castle is built completely procedurally and allows high-level editing using just a few control points (red).  

3D modelling in a web browser 

Google SketchUp is a very popular 3D modelling software that follows an interesting approach, namely 

to use only very few but well-defined modelling operations that anybody can understand and use. The 

main tool is the push/pull tool, which is based on extrusion. This tool was realized also in GML, and the 

GML applet was used in the form of a web browser plugin. It loads a GML script, a function library 

realizing the different modelling commands. The functions are triggered using the JavaScript interpreted 

by the web browser, i.e. the buttons are scripted using JavaScript instead of VisualBasic. The interesting 

thing, though, is that the created model is completely procedural, i.e. it is available as a piece of 

generated GML code. This code is then sent to a server, which creates exactly the same model to make 

a database query to search for similar objects. The system was created as part of a different project, 

PROBADO, therefore it is not cited as 3D-COFORM publication. However, we now have the technology in 

place, of course [Berndt et al., 2009]. 

The HouseModeler 

The innovation here is to allow the creation of a procedural model from a given plan in pdf format (first 

image). Exploiting the structural similarity between GML and Adobe PostScript, the pdf plan was 

exported to PostScript, and by exchanging the header, the PostScript was converted to GML (second 

image). This way, the ground plan could be lifted to 3D, where it was used in a snapping manner to align 

editable building elements – scripted in GML – to the plan. So the user could activate the wall tool, and 

then select a line in the ground plan to which to snap the wall.  The whole model remains editable, of 

course (bottom images), and the associations between the building elements are still kept consistent.  
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Figure 17: The Castle Construction Kit (top row), 3D modelling in a web browser (bottom left), and the 

HouseModeller (bottom right) are applications for procedural modelling by non-expert users 

The ultimate goal of this task T8.2, however, is to support the authoring of parameterized models which 

have only a few degrees of freedom. The basic idea is that sequences of modelling operations are built 

where the output of one operation is flexibly used as input to another. We have realized the prototype 

of a 3D modelling application that uses a stack. The user can select objects, e.g. 3D points or half-edges 

of the mesh, which are put on the stack in the order of their selection. Then a modelling operation is 

issued, which takes its input from the stack and pushes its output back on it. The example in Figure 18 

shows that the approach in principle works, however, some usability issues remain which we need to be 

addressed. 
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Figure 18: Procedural 3D reconstruction. Top: Reconstruction in progress, a half-edge is on the stack 

(middle), then two points are selected (right) to continue the strip (bottom left). Once the appropriate 

functions are defined, strip creation goes faster (bottom middle) 

4.2.1.2 Functional specification and test object class  

Besides the technical specification of this 3D-COFORM component, which can be found in Appendix 

Error! Reference source not found., a first class of test objects to be available as shape templates was 

promised at the end of Year 1. We have chosen to work on the function composition problem rather 

than on the first class of test objects for two reasons: 

No raw datasets of a suitable test object class were available, e.g. a set of 30 different 

amphorae, or the like. We have therefore acquired datasets of object classes ourselves, in the 

Gipsmuseum scan campaign and in the Herz-Jesu scan campaign, which we envisage using. 

We realized that we needed to understand better the nature of procedural models, and of 

passing function parameters. Therefore we focused on improving the engine, rather than 

applying it. 

4.2.2 T8.2 – Work performed at FhG-IGD 

We have also started the development of part of the functionality of the GML sketching component. We 

combined subdivision surfaces with sketch-based modelling, in order to achieve ease of use and fine-

grained shape control. This is achieved by means of including stroke-based techniques in the modelling 

functionality for rapidly design regular surface parts. We proposed a simple and efficient algorithm for 

converting a 2D stroke to a control polygon suitable for Catmull/Clark subdivision surfaces. We 

published this work at the SBIM 2009 in New Orleans, USA [T8.2.1]. 
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The objective of Task 8.2 for the first year of the project is to define the functional specifications of the 

GML Sketching component. In order to advance towards this objective, we undertook a consultation 

with CH professionals at the V&A in London, where we aimed to brainstorm together the scenarios and 

workflows of GML Sketching. We prepared the consultation by means of collecting the state of the art 

on sketch-based interfaces. We presented these examples and our ideas in order to discuss the topic 

with the staff at the V&A and to identify the needs priorities and challenges. The following important 

topics have been identified: 

Sketching for generating a proxy geometry to be textured 

Sketching for exhibition planning 

The GML sketching component aims to allow the user to model 3D artefacts from scratch or to modify 

or complete an existing one. The sketching functionality enables an intuitive, predictable and simple 

interaction, which supports the user with modelling activities. The functional specifications of the GML 

Sketching component are described in more details in Appendix Error! Reference source not found.. 

Figure 199 represents the conceptual architecture and the building blocks of the GML sketching 

component and its integration within the 3D-COFORM infrastructure. 

 

Figure 19: Conceptual architecture of the GML sketching component 

The functionality of the GML sketching component was then further developed. We combined 

subdivision surfaces with sketch-based modelling, in order to both improve the ease of use and get a 

fine-grained shape control. This is achieved by means of including stroke-based techniques in the 

modelling functionality for rapidly designing regular surface parts. We proposed a simple and efficient 

algorithm for converting a 2D stroke to a control polygon suitable for Catmull/Clark subdivision surfaces. 
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We published this work at the SBIM 2009 in New Orleans, USA [T8.2.1] in which is Error! Reference 

source not found. presented initial results of the GML sketched 3D artefacts. 

   

Figure 20: Examples of GML sketched 3D artefacts 

4.2.3 T8.2 – Deviation from work plan 

TU Graz:  The deviation from work plan is that we do not yet have a parametric shape template for a 

first class of similar test object, as was promised for the end of Year 1. However, through the work on 

our prototypes, we have progressed so much that we can now define in a very concrete way the 

workflow of the authoring toolkit for GML shape templates (see section 8.3 in the Appendix). 

FhG-IGD: The work plan for the first year project has been fulfilled according to the DoW. Hence, there 

is no deviation at this moment. 

4.2.4 T8.2 – Plans for the next period  

TU Graz: We will continue to implement the functional specification (see Non Public Appendix). The 

research focus in Year 2 will be on finding an easy way to use interface to define procedural models 

interactively, and to solve the remaining user interface issues. Once we have done this, we will create a 

first series of shape templates for the models from the Gipsmuseum and the Herz-Jesu scan campaigns. 

Another issue is the integration of the interactive procedure definition with the sketch-based 

functionality from FhG-IGD. 

FhG-IGD: Task 8.2 will make further progress in the designed functional specifications and its 

implementation, in order to develop the GML sketching component. During the next period of the 

project, we will work on (i) Implementing a OpenSG2.0 plug-in; (ii) Refining the stroke recognition 
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process for analytic shapes; (iii) Developing sketching procedures; (iv) Improving usability; (v) Integration 

within the 3D-COFORM pipeline. 

4.3 T9.3  Re-assembly of fragmented artefacts 

The purpose of this task is to design a tool to facilitate the reassembling of an object from a set of 3D 

meshes (digitized in 3D and stored on the Repository Infrastructure). The process will be driven by an 

expert user (an art historian or a restorer) and the tool will provide some semi-automatic procedures to 

help the user in the fitting and reassembling task. 

4.3.1 T8.3 – Work performed at ISTI-CNR 

This activity started in the second semester of Year 1. Due to many other and more pressing 

commitments in the project (see the report of our activities in WP4, WP5 and WP10) ISTI-CNR has 

decided to dedicate to this task only a minor commitment during Year 1. 

Consequently, we have dedicated only 1 MM labour that was used to start the design of the 

specification of the tool and to specify its interconnection with the other project components  

4.3.1.1 Previous work and justification 

In the past few years, different researches have been presented which have the aim of automatically 

finding matching between 3D models of fragments of objects. After some basic work [Huang et al 2006], 

that showed the feasibility of this approach, the research tried to apply the same principles to real cases. 

The question of robustness of the approach and the formulation of a specific pipeline for fragment 

assembly has been explored in [Brown et al 2008]. Some important results have been also obtained in 

the Stanford’s Forma Urbis project (http://formaurbis.stanford.edu/) on a testbed composed of a very 

large number of fragments. 

While the works presented so far have proven that the theoretical bases of these methods are valid, the 

real-world impact of these techniques is still somehow limited. Analyzing the results of the 

aforementioned works, some conclusion can be drawn: 

The fully automatic approach is applicable (and actually make sense) only in very few cases 

Most of the systems presented rely heavily on user input (e.g. marking selective points) or specific 

features characteristics of the given dataset 

The cost/benefit ratio of scanning, cataloguing and hand-marking a large set of fragments is positive 

only in very peculiar conditions: very large collection of pieces, some dataset-specific characteristics that 

can be exploited and the impossibility to perform manual reconstruction 

http://formaurbis.stanford.edu/
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For these reason, it seems that the “fully automatic” approach, obviously of high interest from an 

algorithmic and speculative point of view, may be significantly less useful in real applications than it 

seems at first glance. This is as a result of cost, time and lack of outstanding results. 

Moreover, to be used by a completely automatic approach, the kind of features to extract from the 3D 

dataset may be too specific to the dataset, thus making it difficult to develop generic 3D filters with a 

reuse strategy in mind, as is our goal in this project. 

Finally, the scarceness of cases where this fully automatic approach may really be useful is another 

obstacle to the development of such techniques.   

To conclude, our plan is to focus on more common real-world cases and on the design of a sufficiently 

general system able to assist the user in the reassembly session, rather than able to process it in an 

unattended mode. 

4.3.1.2 Functionalities of the Fragment Reassembling tool 

A much more common task is to place in the correct position two pieces that do not fit precisely 

together because the fracture surface has been damaged or is even completely missing (a small gap 

between adjacent fragments).  A good example is the reassembly of the fragmented terracotta statues 

from the Luni’s temple [Dellepiane et al., 2008]. Figure 211 shows some of the fragments of the temple. 
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Figure 21: The fragments of the terracotta statues from the Luni temple (Italy) 

Another very common problem is the reassembly of disconnected fragments. This operation generally 

requires the creation of support structures and, in the case where the fragments are really heavy, it can 

be also very complex on the real artefacts. Digital instruments are best suited for this kind of 

reconstruction, since 3D meshes may float in space without support, thus making it possible to 

test/show reconstruction quite easy. 

While this reconstruction task can be performed by adopting commercial 3D modelling/rendering tools, 

their use in this specific task and in the CH disciplinary domain is not really easy and in many cases out of 

reach from CH operators. We are planning to design free software specifically designed for the task, 

with an easy-to-use GUI, which should support the experts in the task of reassembling this kind of 

fragments in an easy and assisted way. 

In order to assist a CH user to reassemble fragmented objects/monuments, a semi automatic tool 

should provide the following instruments/features: 

Adherence/compatibility check: To be able to stick one piece to another, which is indeed the most basic 

operation in a reconstruction tool, there should be a fast and accurate method to determine if the 
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surface of one piece may stick to the surface of another one. The test should work in a semi automatic 

way: the user will place the fragments in an approximate position and the system will be able to tell if 

the matching is not possible or, when possible, find a correct one. 

Even if it may seem very easy to accomplish this task, it cannot be implemented with a simple ICP 

variant, like the ones used in range map alignment. The method should be able to deal with eroded 

areas, small missing parts and, possibly, even small plastic deformations; all conditions common to real-

world archaeological findings.  

Constraint definition: What differentiates a standard 3D modeller from this assisted system will be the 

introduction of geometric constraints that will guide the user in the reconstruction and will validate the 

position of the placed fragments. Examples of constraints may include sticking to a plane, being in 

contact with another piece, being at a certain distance from an entity in the scene, making the fragment 

stick to a surface defined by the curvatures of another fragment. 

The system should allow the user to select/define specific constraints valid for the given set (or subset) 

of fragments, following personal observation on the fragments' shape, on its structural characteristics or 

usage. In any case, they may be based on knowledge coming from historical and/or artistic 

consideration. 

Constraints may also derive from some characteristic(s) of the dataset, such as the principal curvatures 

in vases (see Figure 22 below). 

Definition or selection of all the constraints in the reconstruction project is a preliminary phase to the 

effective fragments collocation in their correct position, which will be aided by the guides provided by 

the above constraints. 
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Figure 22: Two examples of reconstruction fragments by taking into account constraints 

 (shape curvature). 

Specialized manipulators: Moving a 3D object arbitrarily in a 3D space is generally a difficult task. The 

constraints defined in a reconstruction should not be just a visual clue or a way to measure the 

correctness of the placement. They should be helpful during object manipulation. 

The 3D manipulators should then automatically behave according to the constraints. They should giving 

the user, if not the force feedback, then a clear indication of the impossibility of a certain movement or 

make it easy to place the fragment in a specific position. 

Specific 3D manipulators may be implemented in MeshLab in a quite straightforward way. 

Feature filtering and automatic constraint creation: The system will provide some 3D filters that can 

extract specific features from the 3D surface of the fragments. These extracted features will then be 

used to generate constraints. As an example, a very useful extracted feature (and corresponding 

constraints) will be the surface extrapolated using the principal curvatures of the fragments: in the case 

of a vase or similar objects, this surface will greatly help in finding possible matches and position them 

around the fragment. 

This kind of filtering is quite common in the framework of automatic reconstruction tools like the ones 

mentioned at the beginning of the document. An important functionality which should be provided by 

the assisted reconstruction tool, however, is the capability to map the shape features reconstructed 

onto specific geometric constraints, which will assist the user in the reassembly phase. 

It is also important to note that the implementation of these software functionalities might also keep 

the way open towards a completely automatic reconstruction process. 
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The features being independent from one another, it will be possible, for example, to define custom 

filters that, thanks to scripting, generate constraints on a set of objects; the derived constraints will then 

be used by the system to try possible constraint-valid configurations and test them all with the 

connection tests. 

Following this strategy, it will be possible to create an instrument for CH experts for the reconstruction 

of fragmented artefacts but also, possibly, to provide the basic building blocks for a completely 

automatic system. 

4.3.1.3 Implementation strategy 

We have not yet decided if the resulting system will be implemented as a stand-alone tool or will be 

integrated as a sub-component of the MeshLab system (see T5.1). The decision will depend on the 

complexity of the system, the need for a specific GUI and the difficulty of implementing this GUI in the 

framework of the MeshLab system. The detailed systems specifications will be finalized in Year 2. 

4.3.2 T8.3 – Deviation from work plan 

No deviations with respect to the activity planning presented in the DoW document are reported. 

4.3.3 T8.3 – Plans for the next period  

The activities will follow in Year 2 as planned. We will finalize the design of the specification of the 

system and will start its implementation. 
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5 Conclusion 

This report presented the achievements of the WP8 partners within this first year (Year 1) of the 3D-

COFORM project. Overall, the majority of the work planned for this first year has been conducted 

successfully by the different partners. In particular, detailed functional specifications have been 

produced for the different components being developed within this work package, namely CityEngine, 

the Pictorial Data Modelling component, the GML shape template authoring component and its 

Sketching plugin, and the Re-assembling component. In addition, the CityEngine GIS import functionality 

has been implemented. It currently enables importing GIS data in Shapefile format with almost any kind 

of known projection system. Finally, three test cases have been identified for the creation of shape 

grammars for use in the CityEngine. The first test case is Brighton in the Regency period, the second is a 

set of proposals for extensions to the Louvre Palace in the 17th century, and the last one is the ancient 

Roman city of Sagalassos. For all of them, extensive relevant information about the layouts and 

architectural styles has been obtained. 

A deviation from the work plan by TU Graz has been reported on the application of the GML shape 

template authoring component on a first test object. 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. 

For the second year of the project (Year 2), the partners will continue their work as planned. ETHZ will 

work on the alpha release of its approach for the presentation of uncertainty in CityEngine procedural 

models; UoB will start creating shape grammars for the identified test sites (with focus on the Brighton 

case); UEA will continue developing the software for the vectorization of hand-drawn maps of city 

building footprints; TU Graz and FhG-IGD will work on the alpha release of the GML shape template and 

sketching software component; and finally, ISTI-CNR will work on the alpha release of the re-assembling 

software component.  
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1-2, 2009, New Orleans, USA. 
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