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1 Executive Summary 

This deliverable, D8.3, presents the work conducted within Work Package 8 (WP8) by the different 

partners during the third year of the 3D-COFORM project. This work mainly consisted of the 

development of the different software tools included in this work package, namely: CityEngine, the 

Footprint Extractor, the GML Compositor, the shape sketching tool and the Fragment Re-assembler.  

Overall, this document shows that WP8 has made significant progress towards completion of its 

objectives.  

CityEngine’s 3D-COFORM edition is mostly fully-functional. Several improvements have been reported 

with respect to the tool functionality in core and user-interface related areas. The tool was adapted to 

take GIS input but there is a delay in the uncertainty modelling functionality due to handover of the task 

to a new team member. Progress should be achieved in this regard by the beginning of Year 4. 

Improvements have been reported on the Footprint Extractor’s functionality using improved image 

processing techniques and semi-automation. The Footprint Extractor’s support for perspective maps has 

been discontinued. The 3D-COFORM-modified CityEngine and the Footprint Extractor have already been 

functional and integrated with respect to the previous RI API from Year 2. They were tested in Year 2 

and refined according to received feedback.  The procedural modeling of Regency Brighton has not been 

achieved in full. However, the photographic survey of Regency style buildings has been conducted in 

preparation for the procedural modeling task of Regency style buildings. In a deployment experiment, 

the 3D modeling of Louvre facades was performed as an additional Cultural Heritage (CH) scenario using 

procedural modeling.  

The shape sketching tool has been released for training and testing. A user-assisted completion tool 

created in Maya was later integrated in the tool. The usability of the tool has been simplified without 

affecting fidelity of the modelling. The tool is progressing to plan. The communication with the RI is 

delayed but should be addressed in Year 4 by the definition of the metadata for communication through 

the ingestion tool with the RI. 

The change of trajectory for the GML Compositor in terms of functionality (i.e. moving from a fully 

automated to a user-driven modelling process), resulted in the need for new conceptual development 

which delayed the actual algorithmic development of functionalities. The tool development is now back 

on track.  The tool is being made more powerful and “Compass and ruler” constructions are being 

explored. 

The fragment re-assembler was separated into a distinct tool from MeshLab. The tool allows the user to 

re-assemble the digitally acquired fragments; given various types of local constraints the tool optimizes 

over the remaining unknowns to give optimal shape assembly. While work on two such methods has 

been completed, two others are underway. The tool is in good shape and the decision about integration 

with MeshLab will be taken towards the end of the coming period.  
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After a brief introduction of objectives, this document presents the work performed within Year 3 per 

Task (8.1, 8.2 and 8.3). For T8.1, the progress of the Brighton Regency procedural modelling tool is also 

reported along with the integration progress. Each task reviews the work planned for Year 3, the work 

actually achieved, the deviations, and finally the plans for the final year (Year 4). 
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2 Introduction and objectives 

The 3D-COFORM framework and its components have been divided into four clusters:   

 Acquiring and Processing (A&P), encompassing the developments in WP4/WP5  

 Integrated Viewer/Browser (IVB), encompassing the developments in WP6/WP7  

 Modelling and Presenting (M&P), encompassing the developments in WP8/WP9  

 Repository Infrastructure (RI), encompassing the developments in WP3  

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 two 3D modelling components (the 

GML Compositor and Shape Sketching components) that enable Cultural Heritage (CH) professionals 

interested in a particular shape class to produce parametric shape templates for that class. The main 

goal of the components is to provide means of creating procedural models without programming or 

scripting. In the case of the GML Compositor component, the template it produces is specifically 

planned to be used for matching to digitized artefacts, as covered in WP5 - 3D Artefact Processing and 

Analysis - T5.3 - Fitting procedural models to classify acquired 3D artefacts, so that a synthesized, but 

semantically-rich, representation of that artefact can be obtained. With respect to large scenes (T8.1), 

the objective is to develop tools (Footprint Extractor, and extensions to CityEngine) to assist CH experts 

in rapidly building detailed hypotheses about large-scale sites (e.g. 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, i.e. GIS data, maps, contours, sketches 

and drawings. Since some of this information, in particular maps, is often hand-drawn, 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). In addition, T8.1 aims at testing and demonstrating, through a 

couple of examples, the capacities of CityEngine and Footprint Extractor to aid the CH professional in 

creating realistic hypotheses and/or reconstructions of heritage sites based on limited evidence. 

The second sub-goal, the assembly of fragmented artefacts (T8.3), aims to develop intuitive 

components and explore 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 (RI). The goal is to have a process driven by 

expert users (an art historian or a restorer) with semi-automatic procedures to help the user in the 

fitting and reassembling task. 
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3 Work Package Work Review 

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

3.1 T8.1 – Site modelling tools for CH experts 

3.1.1 Work planned 

CityEngine 

In addition to taking input from GIS systems, the other goal of T8.1 was to explore intuitive ways of 

exploring uncertainty, by showing the user several models, each representing the variations in the 

structure. Some work has been reported in both the modelling and presentation of uncertainty. 

Footprint Extractor 

The main aim was to continue improving the quality of the extractions. The idea was to simplify and 

semi-automate the pre-processing that images currently require. To cope with maps where buildings are 

shaded with cross-hatching, pattern recognition was also proposed. More intelligent line processing, 

both for detection and for merging neighbouring footprints, may help to improve results. Finally, 

automatic adjustment of image processing thresholds would help to make the software more adaptable.  

Integration 

For Year 3, the goal was to maintain the current integration, since the RI would undergo some interface 

changes. The integrity of data at ingestion time remains an aspect that has not been addressed yet. 

Finally, if necessary, additional provenance information will be gathered for inclusion at the time of data 

ingestion. 

Regency Buildings 

The goals for Year 3 were to: (1) create a procedural model of Regency Brighton, (2) carry out a 

photographic survey of a random sample of Regency period terraced houses in Brighton, (3) carry out 

focus groups with Regency experts, and (4) test another CH scenario for procedural modelling. 

 

3.1.2 Work performed 

CityEngine 

1. The CityEngine 2011 has been extended with support for the ESRI FileGDB GIS database format 

and better scene geo-referencing (see Figure 1). 
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2.  Another new feature is the support for drag-and-drop of static models into the scene which 

makes the combination of pre-built models (e.g. reconstructed building remains) and rule-based 

buildings much easier.  

3. In addition, the 3D viewport has been enhanced with reflection and ambient occlusion.  

4. Further changes include the support for skeleton-based subdivision of blocks, enhanced street 

editing tools (i.e. editing of street tangents) and the introduction of styles for rule-based 

modeling. 

Figure 1: A geo-referenced reconstruction of Philadelphia with some new developments embedded. 

Footprint Extractor 

A new, interactive image processing system has been implemented to pre-process map images in order 

to improve flexibility and get the best results from Footprint Extractor. The new image processing 

system uses the OpenCV library to provide quick and reliable processing of images. The image 

processing works via a step-by-step image editor which has been created to allow multiple changes to 

images in order to optimize images.  

Processing images in the tool is preferable for a number of reasons; for instance, it removes the need for 

the user to have any external pieces of software and it simplifies the workflow. It also allows only 

relevant image processing options to be presented to the user, rather than exposing all the functionality 

that a multi-purpose image processor contains. The common operations suitable for processing maps 

were determined as a result of testing on a variety of maps and determining common factors across 
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multiple map types. Operators include morphological operators such as erode/dilate, and combinations 

thereof, which can for instance allow the removal or negation of small complex details such as text 

whilst not affecting building shapes. Additionally, by processing in the tool, the provenance data of the 

image edits can be recorded and reproduced by the Footprint Extractor. 

The multiple steps of image processing can optionally be saved as a preset for batch processing similar 

images, allowing faster processing of images that have a consistent style by applying the presets to 

groups of similar images, giving more consistent and reliable results. This new system has improved 

quality of results, made it more flexible, and reduced previous limitations that the software had with 

buildings shaded with hatching rather than a solid colour (see Figure 2 for an example result).  It also 

allows the possibility in the future to provide the software with built-in presets which are designed for 

certain common styles of maps. This may be possible after more widespread testing of a variety of maps 

is carried out. 

 

 

Figure 2: A map of an area of Brighton in 1822, shaded with hatching (left) and the same map shown 

with an overlay of the footprints as detected by the Footprint Extractor following image processing 

(right) 

Work is being undertaken to gather a large amount of maps for thorough testing of the tool in order to 

cover a wide variety of styles and make it more robust. The aim of testing these maps will aid in the 

design of several image processing presets which can be included with the software in order to produce 

good results on some map styles with minimal user input. 

Integration 

Due to recent changes in the RI API, the implementation of the RI integration in the Footprint Extractor 

must be migrated to the new API. Once this is complete, the Footprint Extractor will be able to achieve 

the same integration as before: the original map is ingested to the RI, along with the extracted 

vectorized map (in Shapefile format) and provenance metadata. This will now include the extra 

provenance information of the image processing steps and the associated parameters that were used to 

achieve the result. 
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Regency buildings: 

This year has seen the completion of the photographic survey of Regency facades in Brighton (c.f. goal 

(2) in 3.1.1 above) that will underpin the completion of a procedural model of Regency Brighton (goal 

(1)). A reconstruction of the Louvre has also been carried out as part of the deployment experiments 

(c.f. WP10.2) that has also been used to test another CH scenario for procedural modelling (goal (4)). 

Significant steps have also been made towards the completion of the procedural model of Regency 

Brighton (goal (1)) in conjunction with UEA using the Footprint Extractor tool. This work will be reported 

below.  

Photographic Survey of Existing Regency Building Sample in Brighton 

A lengthy data gathering exercise has been undertaken in 2011, which has seen the collection of 109 

photographs of Regency style buildings in the centre of Brighton (see Figure 3). In addition, and in 

collaboration with the Regency Town House Trust, six volunteers of the Trust and members of the public 

have taken a further 138 photo sequences of historic buildings in Brighton that have been processed in 

ARC 3D and/or Autodesk PhotoFly software to create 3D meshes of the facades of the buildings (see 

Figure 4). This data set, having been completed, will be used as the basis for an expert elicitation 

exercise on Regency Style. In addition, it will be used to create a more generalized Regency .cga rule set. 

This work is as yet unpublished although there are plans to submit a collaborative paper with ETHZ in 

2012. 

Reconstructing the Louvre in 3D Using Procedural Modelling: Testing New CH Scenarios 

As part of the deployment experiments in WP10.2, an additional Cultural Heritage scenario was tested in 

the form of a reconstruction of the Louvre (see Figure 5). The aim of the project was to attempt to 

reconstruct the existing East wing of the Louvre and two alternative design proposals for it that were 

never built. The purpose was to aid the curator of the History of the Louvre to compare and contrast 

how the East wing of the Louvre might have looked had it been built according to two of approximately 

20 design proposals that were submitted in competition for the appointment to build it. The procedural 

models were to be created on the basis of contemporary and historic drawings of the three schemes 

that in all cases were more or less fragmentary and incomplete. By taking stock and measurements from 

the existing evidence, it would be possible to conjecture how the East Wing of the Louvre might have 

looked. Due to several technical issues with CityEngine, this work has been delayed, but is on course for 

completion in early 2012. Two and a half of the three models are now complete. The work, as reached in 

February 2011, is documented in [Calogero & Arnold 2011]. 

Creating a Procedural Model of Regency Brighton 

This year has seen progress with the procedural model of Regency Brighton. Shape grammars have been 

developed for Brunswick Square, which is a quintessential Regency development, designed by architect 

Charles Busby. The work has been published in [Calogero et al 2011] (see Figure 6). In addition, four 

historic maps of Brighton have been chosen in order to achieve an interpretative reconstruction of 
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Regency Brighton at four distinct dates in time: 1779, 1788, 1802 and 1822. Each map has been 

processed by UEA with Footprint Extractor (c.f. UEA section). The resulting polygons have been extruded 

to create rough block models of the city at these four dates (see Figure 7). This work is as yet 

unpublished but a collaborative publication with UEA is planned for early 2012.  

 

Figure 3: Collection of Regency Facade Photos:  Photos were taken to form a sample set for future expert 

elicitation and the application of automated style reconstruction algorithms developed at ETHZ 



3D-COFORM D.8.3 (PUBLIC) 

12 

 

 

 

Figure 4: Collection of Photograph Sequences of Regency Facades: Photo sequences were photographed 

by volunteers from the Regency Town House Trust and members of the public as part of the Heritage 

Open Days event in September. 

 

 

Figure 5: A reconstruction of the East façade of the Louvre using CityEngine. This work was carried out as 

a deployment experiment as part of WP10.2. 
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Figure 6:  CityEngine generated, procedural model of Regency Town Houses on Brunswick Square. 

 

Figure 7: Brighton in 1802: 3D Visualization of Brighton in 1802 based on historic map by Hannington 

(c.f. UEA report for WP8.1) processed in Footprint Extractor and then extruded in Rhino. 
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3.1.3 Deviation from work plan 

CityEngine 

One of the goals of the 3D-COFORM edition of CityEngine was to allow improved uncertainty 

visualization, which allows the viewer to fix certain observations while being presented with a variety of 

possible models or reconstructions to “imagine” the uncertain parts. Due to handover between 

personnel, this task is slightly behind schedule. Progress should be visible by mid Year 4. 

Footprint Extractor 

The Footprint Extractor tool is no longer intended to support pictorial maps from a perspective 

viewpoint (e.g. Figure 8). This decision has been taken for a number of reasons. Firstly, the techniques 

used for extracting building shapes from these images would be significantly different to those used on 

“standard” maps viewed from above and thus would require a large amount of extra work and extra 

flexibility to account for the large array of possible perspectives. Secondly, maps in a pictorial style from 

a perspective viewpoint would provide inaccurate results as their style is inherently more focussed 

towards artistic rather than technical merit and they tend not to focus upon displaying the layout of a 

town and its buildings, and as such are less useful in work focussed towards accurate historical 

reconstructions. The perspective viewpoint also adds complications as a result of a number of factors 

including warped, incorrect, or inconsistent perspective and scale applied by the artist, important details 

being obscured as a result of the perspective viewpoint, and inaccurate depictions of buildings due to 

artistic licence or other factors (e.g. in some drawings of this type, significant buildings such as churches 

would have their size exaggerated in order to be depicted as larger than they really were). 

Depending upon the style of the map and the perspective used, some useful results may still be 

achievable when using Footprint Extractor on some images, if the user can find a suitable set of 

parameters. However, they will not be explicitly supported and these types of maps will not be as 

thoroughly tested with the software as standard maps. This is not considered a major deviation as the 

historic sources most suited for use in accurate recreations are still being supported. 
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Figure 8: An example of a pictorial map from a perspective viewpoint which will no longer be supported 

by the Footprint Extractor. 

 

Integration 

The RI API was recently updated. Therefore, the task of upgrading to the new API and ensuring 

continuity of all functionality is in progress.  

Brighton regency style buildings 

The following items have not been completed for Month 36:  

1. Completing a procedural model of Regency Brighton 

2. Carrying out focus groups with Regency experts.  

The reasons are:  

1. More time was devoted this year to developing CGA rules of the Louvre than expected (reported 

more fully in WP10.2) 

2.  The testing of the tools provided valuable feedback, which needs to be considered before a “real 

world” application can be performed 
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3.1.4 Plans for the next period 

CityEngine 

Until the end of the project, we now expect to focus further on the issue of integration, testing and 

modelling uncertainty. This is critical, as the current approach may not be sufficiently flexible for CH 

users. In parallel, the analysis of the feasibility of using CityEngine, and more generally procedural 

modelling, for CH applications will be continued. Focus will first remain on the Brighton Regency test 

case, but it is also foreseen that work on a second example can be reported at the end of Year 4. 

Footprint Extractor 

Future plans for the tool include the investigation of automatic detection of map type that, if possible, 

will allow the best parameters (or presets if applicable) to be selected automatically. The optional shape 

simplification will be improved in order to optimise the results for outputs where simplified shapes 

would be preferable e.g. CityEngine. The ability for the user to apply geo-referencing to the Shapefile 

output will also be added. 

Integration 

Due to the recent changes to the RI API, the previous integration status is being maintained by migrating 

from the old API to the new one. Future work for the Footprint Extractor will be to ensure that this 

migration is finalised and fully functional as before. 

Regency style buildings 

The final year will see the finalization of the procedural model of Regency Brighton using the sample 

photographs collected in Year 3 to create a stochastic style definition. This will be based on an expert 

elicitation session with experts on Regency style that was proposed to be carried out in Year 3. All of this 

will need to be integrated with the output from Footprint Extractor, filling in the gaps between the 

current output of Footprint Extractor and the input required for CityEngine. 
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3.2 T8.2 – Toolkit for non-expert users to create procedural models 

3.2.1 Work planned 

GML Compositor:  

The main issue here is now to find a good user interface for managing the complexity of the dataflow 

graph. The challenge is to give the user detailed control over the operation sequence and the parameter 

dependencies, but avoid information overload. The fallback solution is direct editing of the dataflow 

graph (as with Rhino), but avoidance of graph editing altogether is preferred, as is exposing the user to 

GML source code. The aim is to find a good trade-off of comfort versus control; ideally, this trade-off can 

be adjusted at runtime by the user. The user interface will consist both of 2D and of 3D components. 

The goal is to have a usable software system together with a class of parametric CH models at the end of 

Year 3. It is also important to point out that the software from T8.2 will also be used for the parametric 

fitting component in T5.3 - Fitting procedural models to classify acquired 3D artefacts. 

Shape sketching component 

Usability aspects will be addressed, in order to ease the user interaction during sketching sessions. 

Reference images: It would be beneficial if reference images could be loaded during modeling sessions 

to help the sketching of shapes. Communication with the RI: Currently, the tool is not able to 

communicate with the RI, neither for retrieving nor for ingesting data. This is an important functionality 

that is currently missing. 

 

3.2.2 Work performed 

GMLCompositor 

The progress of Year 3 is described in two technical reports (TR) that were derived from paper 

submissions. GML Compositor is a tool for general parametric and procedural modeling. It is not 

targeted at any particular shape domain. However, since architecture is the domain that is understood 

best, architectural modeling is the starting place for the first TR. The second TR then attempts to 

generalize the approach and uses as an example the domain of compass-and-ruler constructions. GML 

Compositor is nevertheless still more a research than an end-user tool. 

Towards an interactive procedural reconstruction of the Louvre 

Please refer to attached: Technical Report 3DC-T8.2-TR-2011-01-TUGraz-GMLCompositor 

This report describes the GML Compositor tool, and in particular the available modeling tools and the 

procedural modeling approach. The goal of this tool is to avoid as much as possible the typical dual-view 
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approach in procedural modeling, e.g. 3D-model + source code, or 3D-model + dataflow graph, etc. 

Instead, the user directly interacts with the 3D model in order to browse through and edit the 

parametric dependencies. This was accomplished by exploiting the recursive split hierarchy. The user 

can select an element, which brings up the manipulators for that particular object. By spinning the 

mouse wheel, the user can go up and down in the parametric history of the selected object. On each 

level, the manipulators are displayed allowing editing of the respective parameters. 

Further tool improvements are that the user interface was streamlined, and that the tool is extensible as 

additional libraries for parametric assets can be loaded. In GML Compositor, the ‘terminal shapes’ are 

not pre-modeled 3D-assets, but parametric assets that are geometrically constructed on the fly. For a 

list of these assets see Figure 9, and for further information on parametric details consult the Technical 

Report. 

In order to see how well an existing complex building could be reconstructed, a case study was 

conducted with a computer science student whose goal was a reconstruction of the Louvre (Figure 10).  

          

Figure 9: GML Compositor tool (left) and custom library for parametric assets (right).  

      

Figure 10: Use case Louvre reconstruction. Right: The façade of the Louvre is not just 2.5D but true 3D. 

 

A Graph-Based Language for Direct Manipulation of Procedural Models  

Please refer to attached: Technical Report 3DC-T8.2-TR-2011-02-TUGraz-GMLCompositor 
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The next step is a generalization of the shape grammar approach towards more general dataflow 

graphs. A shape grammar (used in CityEngine) is based on the principle of recursive refinement, which 

effectively results in a split tree. Dataflow graphs (used in Rhino Grasshopper) are more general since 

they also allow combining the results from different branches of the tree, effectively resulting in a 

directed acyclic graph (DAG) instead of a tree. In a split grammar, each element is processed (refined) 

individually without taking other elements into account – single input, multiple outputs. In a dataflow 

graph, multiple inputs and multiple outputs are possible. Furthermore, the inputs are not replaced by 

the outputs, but are still available for other processing steps later on.   

One striking domain where this is necessary is the domain of compass-and-ruler constructions: A line is 

created from two points, two lines intersect in a point, a line intersects a circle in two points, a circle is 

created from point and radius or from two points, etc. The GML Compositor tool was extended to allow 

the definition of compass-and-ruler constructions, and the editing metaphor was enhanced to take into 

account the navigation through a dataflow graph instead of a tree (Figure 11).  

 

         

Figure 11: Parametric compass and ruler construction. The trefoil Gothic window can be made into a 

cinquefoil window by a simple parameter change, and can be extruded to be inserted into a wall. 

The particular challenge treated in this TR is that the dataflow graph can cope with multiplicities. This 

means that an output value can be a point, but also an array of points (or other objects). This allows, for 

example, changing the number of foils in the Gothic round window in Figure 11. Another application is 

the conversions of a circle segment into a part of an n-gon, in order to create a polygonal wall. When the 

wall is further refined using parametric assets, the parametrics of the compass-and-ruler construction 

still apply, so that the procedural refinement is automatically carried out on the link group also when the 

construction parameters are changing (see Figure 12, right).  
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Figure 12: The circle is converted into an n-gon which consists of linked entities, so that subsequent 

operations (e.g. recursive refinement) are automatically copied to the whole link group.  

 

Shape sketching component 

The Sketching tool was for the first time released for testing and training purposes. The documentation 

in text and video format, as well as the binary files were provided to different CH partners, in order to 

perform the testing exercises. Many improvements in terms of usability have been undertaken, in order 

to keep the user interaction simple, but without affecting the fidelity of the sketches. In this context, a 

generic approach for approximating combined B-reps (the internal representation of the Sketching tool) 

was published at CGI 2011 ([T8.2.1]). During the second period of the project, the Sketching tool 

enabled the completion of an external mesh by means of processing it in Maya for creating the needed 

patch, which set the reference for sketching. In the third period, the functionality was implemented in 

the Sketching tool, thus drawing a sketch over existing meshes can be made within the same tool.  

Figure 13 illustrates the process. 

   

Figure 13: Enabling drawing over imported meshes. 

This capability opened new application scenarios for the Sketching tool, in addition to completion of 3D 

artefacts (for the analysis of hypothesis) or to easily model 3D artefacts from scratch (e.g. for exhibition 

planning). The current version provides also the possibility to sketch the negative of a 3D artefact for a 

given position and a reference plane. In this way, the needed mounts for positioning the real object in 

an exhibition can without difficulty be designed and later manufactured. 
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Although the inclusion of a reference image was investigated, there is no final solution for the time 

being, thus it will be further analyzed in the following period. The communication with the RI was 

delayed because of its new design. Thus, the communication will be accomplished by means of the 

Ingestion Tool. 

3.2.3 Deviation from work plan 

GMLCompositor 

Work is progressing as was planned in the Description of Work (DoW). The tool is continuously being 

enhanced in expressiveness, and we can create models from a specific domain, in this case architecture; 

a second domain, compass-and-ruler constructions, has also been added. The challenges laid out in the 

previous period, progressing from tree of operations to DAG of operations (see Section 3.2.1), were 

successfully solved. The only delay is with user testing.  

Shape sketching component 

The work on the Shape Sketching component is progressing as planned. The third year work plan has 

been fulfilled according to the DoW.  

 

3.2.4 Plans for the next period 

GMLCompositor 

The main fundamental issue remaining is to find ways for dealing with complexity. An experience that is 

common with parametric and procedural modeling systems can be restated, which is that with ever 

more powerful tools, users have ever more ways in which to create models with undesired outcomes 

(see Figure 14). Using the classical idea of creating functional units is envisaged as a solution. So the 

main challenge in the next period will be function extraction: The user will be able to specify that a 

number of processing steps are to be treated as black-box-tool. So far, the parametric asset library is 

extended using tools that are scripted directly in GML. The next step will be to extend the tool library by 

user-defined constructions that are created interactively. This will require ways in which to specify input 

and output parameters of a whole processing sequence. 

With respect to practical usability, the user interface must be further improved and streamlined. It 

would be highly desirable to collect feedback from end users, and to deploy the tool as soon as possible 

for user testing. 
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Figure 14: Complex things such as the arcade can be described parametrically. However, the complexity 

of operation sequences can also be difficult to manage. The rightmost model is based on the same 

construction as the model in the middle, using only a few different parameters for the input points. 

 

 

Shape sketching component 

The development of the Sketching tool is almost complete, thus little effort will be devoted to analyze 

the usability of a reference image. The metadata of the Sketching tool will be defined, in order to 

communicate with the RI by means of the Ingestion Tool. 
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3.3 T8.3 – 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. The Madonna di Pietranico test case is illustrated in 

Figure 15. 

   

Figure 15: The Madonna di Pietranico, selected as a test case for the development of the Fragment Re-

assembly tool (on the left, pre-earthquake status; on the right, some fragments). 

3.3.1 Work planned 

After the preliminary specifications of the tool features designed in Year 1 and an important experience 

on a concrete case study performed in Year 2 (the restoration of the Madonna of Pietranico) that 

allowed us also to finalise the specification and the design of the system, the plan for Year 3 was the 

design of a graph-based data structure and an interactive system that would allow to encode all 

intermediate joins and to check their compatibility. One decision to be taken in Year 3 was if this system 

should be implemented as a plug-in of MeshLab or as a separate tool.  

3.3.2 Work performed 

CNR has started the implementation of the Fragment Re-assembler tool in strict cooperation with 

potential users (restorers, art historians). Concerning the sample dataset onto which we should test and 

debug the system, again the Madonna di Pietranico (painted terracotta, XV cent., from the L'Aquila 

Museum), a statue severely damaged during the recent earthquake in L'Aquila (Italy) offers a proper test 

bed.   



3D-COFORM D.8.3 (PUBLIC) 

24 

 

 

Fragment Re-assembler and MeshLab: in contrast with the Year 2 plan, while starting the 

implementation it was understood that implementing the Fragment Re-assembler as a plug-in to the 

MeshLab platform was not the right decision. It was thus decided to implement the first version as an 

independent tool, with a customized interface layout and proper data structures.  

Status of the activity: the implementation activity started in Year 3. The activities performed so far are 

as follows. 

The aim of this tool is to create a semi-assisted platform for reassembling of a fractured artefact. Here is 

an overview of the complete reconstruction pipeline: 

 The process starts with the digital acquisition of different pieces composing the object. This 
process should, possibly, be performed by using a high quality laser scanning system. By using 
MeshLab, it is then possible to process the raw data and reconstruct a triangular mesh for each 
piece. 

 When all the pieces are acquired, the user, through the Piece Re-Assembler software, may 
virtually reconstruct the complete object. 

 

The user first imports in the application all pieces composing the object, then, through the creation of 

location “constraints” (spatial relationship between different pieces) it is possible to reconstruct the 

original shape of the artefact. 

Each constraint defines a specific spatial relationship involving two different fragments. The set of the 

created constraints, together with a link to the 3D meshes of the pieces involved, constitutes the basic 

structure of the project that can be saved and loaded to works in different sessions. 

 
The tool uses different kinds of constraints: 

 Point-to-point: the user picks a point in each piece on the fracture surface; the system will try to 
keep the two points as close as possible. 

 Area-to-area: similar to the point-to-point, this is a single location constraint, but the user selects 
an area on each piece (again, on the fracture surface), and the system finds in those areas the 
best matching feature. Then this matched feature will be used as in the point-to-point 
constraint. 

 Glue: the user selects an area on each piece (again, on the fracture surface); the system will find 
multiple matching features, and will try positioning the pieces in order to satisfy all the matches 
at once. 

 Surface continuity: the user selects an area on each piece, this time on the external surface, next 
to a fracture edge. The system will try to ensure that the continuity of the surface is maintained 
when the two pieces are touching. 

 
At the moment, the point-to-point constraint is already working; the area-to-area is almost ready (debug 
phase). Finally, the glue and surface continuity are still under development. More constraints may be 
added during the development, if the needs arise. 
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Each constraint contributes to an energy function, which is globally minimized all at once. Constraints 
may vary in their individual importance; the user may specify this weight factor. 
 
Once the constraints are defined by the user, the system will process them all and, by minimizing the 
global energy function, the system derives the rigid transformation that places each piece in its final 
position. It is possible to visualize the final result in the interface as illustrated in Figure 16. 
 

 

Figure 16: GUI of the first version of the Fragment Re-assembler Tool. The user specifies a set of 

constraints, in the two rendering contexts in the centre of the window.  The final result is visible in the 

right-most rendering context. 

 
 
It is also possible to add further constraints to improve the alignment obtained, as illustrated in Figure 
17. 
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Figure 17: Adding a further constraint may improve the final alignment 

 

To further improve the main structure two other features will be added to the program: 
 

 The possibility to create a group of fragments: This feature allows management of a group of 
aligned fragments as a single fragment, i.e. it can be aligned with other fragments or with other 
groups or fragments. That should make it possible to handle more easily complex objects, 
composed of multiple fragments. 
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 When features are not clearly visible on the surface of a fractured object, it is possible to specify 
an area and let the system identify within that area the possible features with their 
correspondences; this is illustrated in Figure 18. 

 
 
 

 

Figure 18: The red area within the system has to search for similar features automatically 

 

Lesson learned  

The work done so far on the Madonna has shown that focusing only on automatic reassembly features is 

the wrong approach. The users (who are highly qualified experts, in this case) want and need to be in 

the loop; the approach followed for the Madonna can be easily reproduced for other experiments and 

will be documented with both "how to do" instructions for MeshLab users and a scientific paper. 

 

3.3.3 Deviation from work plan 

No major critical issues. The implementation was performed smoothly in Year 3, with the first version of 
the tool delivered at the end of Year 3. 
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3.3.4 Plans for the next period 

New features of the Fragment Reassembly tool will be developed and added to an internal version of 

the tool; the final decision will be taken at the end of the next year regarding what will be contributed 

and integrated to the official MeshLab distribution, or if the tool will remain a stand-alone resource. A 

scientific paper on the Fragment Re-assembler tool will be produced in the first half of Year 4. 
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4 Milestones 

The major milestones considered during this period were as follows: 

MS.8.3 – Month 36: All tools went through user testing and have been upgraded accordingly (beta 

versions) 



3D-COFORM D.8.3 (PUBLIC) 

30 

 

5 Conclusion 

Year 3 has demanded definite outcomes from the contributing partners in Work Package 8. This report 

shows that several of these tasks have been successfully achieved.  

The CityEngine 3D-COFORM version (T8.1), Footprint Extractor (T8.1), Shape sketching tool (T8.2), and 

Fragment re-assembler (T8.3) are nearing the final versions for their development, respectively. 

Progress has also been reported in the Regency style procedural modelling goal and the GML 

Compositor.  

GML Compositor underwent a change of trajectory in terms of concept and functionality at the end of 

Year 2. The development of the tool for parametric and procedural modelling is now back on track. In 

Year 4, functional enhancements with respect to tool complexity and usability will be addressed. 

“Function extraction” - a black-box of tool steps - will be created and the parametric asset library will be 

extended in GML. Uncertainty modelling in CityEngine has been delayed due to handover between 

personnel. The contributors are committed to progress in this by the middle of Year 4. 

Most of the issues causing delay in tasks do not raise significant impact in the project development.  

Algorithmic improvements have been reported on all of the above and have resulted in research 

publications in all tasks.  

The challenge for the upcoming period of Year 4 will be integration with respect to the 3D-COFORM 

framework. Observing data integrity and software robustness is of importance. Overall, Year 4 will be a 

critical year with respect to user-friendly UI improvements, testing (challenging cases) and deployment 

of tools, fulfilment of delayed tasks and incorporation of user feedback.  
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riassemblaggio digitale e ricostruzione virtuale". In: La madonna di Pietranico - Storia, restauro e 
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