
 

 

 

D.5.1 – First Year Report 

WP5 – 3D Artefact Processing 
 

Version 7- FINAL 

 

28 November 2009 

 

Grant Agreement number:  231809 

Project acronym:  3D-COFORM 

Project title:  Tools and Expertise for 3D Collection Formation 

Funding Scheme:  FP7 

Project co-ordinator name, 

Title and Organisation:  

Prof David Arnold, University of Brighton 

Tel:  +44 1273 642400 

Fax:  +44 1273 642160 

E-mail:  D.Arnold@brighton.ac.uk 

Project website address:  www.3d-coform.eu 



3D-COFORM D.5.1 (PUBLIC) 

2 

 

The research leading to these results has received funding from the European Community's Seventh 

Framework Programme (FP7/2007-2013) under grant agreement n° 231809. 

 

Authors: Roberto Scopigno 

Consiglio Nazionale Delle Ricerche – ISTI (CNR-ISTI) 

Contributing partner organizations: Katholieke Universiteit Leuven (KUL) 

 Eidgenossiche Technische Hochschule Zurich (ETHZ) 

 Fraunhofer Gesellschaft Zur Forderung Der Angewandten 

Forschung E.V. (FhG-IGD) 

 Technische Universitaet Graz (TU Graz) 

 Media Integration and Communication Centre, University of 

Florence (MICC) 

 Breuckmann 

 Spheron 

 

  



3D-COFORM D.5.1 (PUBLIC) 

3 

 

Table of Contents 

1 Executive Summary ........................................................................................................ 4 

2 Introduction, component description and integration ..................................................... 5 

3 WP 5 – 3D Artefact Processing - Detailed description of work .......................................... 7 

3.1 General objectives ........................................................................................................................ 7 

3.2 First year work plan ...................................................................................................................... 7 

3.3 Work performed ........................................................................................................................... 8 

4 Milestones ................................................................................................................... 25 

5 Conclusion .................................................................................................................... 26 

6 Publications .................................................................................................................. 27 



3D-COFORM D.5.1 (PUBLIC) 

4 

 

1 Executive Summary 

 This document presents the status of the work under Work Package 5 (WP5) – 3D Artefact Processing - 

at the end of the first year of activity of the 3D-COFORM project. 

The activities follow smoothly the original plan drafted in the project Description of Work (DoW). As it is 

common for a project with duration of four years, the most visible activity in the first year has been 

devoted to the design of the specification and interactions between the different applications and 

components that will constitute the final results of the 3D-COFORM initiative.  Moreover, since several 

partners are involved in a number of different tasks, the resulting planning has prioritised the 

involvement of some, which have been already contributing intensively in Year 1, while for some other 

tasks the same partners have planned to start at full speed in Year 2. It is natural in the framework of a 

project of this size to give priority to some components or applications which are considered more 

critical (to give some practical examples, this is true in the case of the ARC 3D and MeshLab systems 

since early assessment and dissemination experiments supported by those systems should be started as 

soon as possible).    

No major problems or deviations arose during the first project year. The activities are going to continue 

in Year 2 according to the plan described in the project contract.  

The overall organization of the document is as follows. Section 2 gives a brief presentation of the project 

structure, how WP5 activities and tools are located in the overall framework of the project, and relations 

of WP5 components with respect to the other components developed in 3D-COFORM. Section 3 

presents in detail the work done in Year 1 and the results obtained. Section 4 reports on the milestones 

and some concluding remarks are presented in Section 5. Finally, the publications produced so far are 

listed in Section 6. 

This report has also a companion NON PUBLIC Appendix, which includes more detailed functional 

specifications of the tools presented here.  
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2 Introduction, component description and integration 

This section presents: 

 very briefly, the general objectives and achievements of WP5 – 3D Artefact Processing (those 

which are presented in detail in the next section); 

 the integration of the WP5 results with the overall 3D-COFORM architecture; 

 the specifications of the components to be designed and implemented in WP5. 

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

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

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

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

4. Repository Infrastructure (RI), encompassing the developments in WP3  

The relations between the components are shown in Figure 1. 

 

Figure 1: 3D-COFORM system architecture 
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The objective of WP5 is therefore to design and implement new algorithms for processing sampled data 

and to make those new solutions available to both the project partners and the external world via some 

components.  

In most cases, input data for the solutions devised in WP5 are:  

 raw data coming from 3D scanning devices or from ARC 3D (production of raw 3D data from 

images), stored in the Repository Infrastructure; 

 3D meshes of whichever origin, also stored in the Repository Infrastructure. 

The Repository Infrastructure is therefore the common data source for all the components and 

algorithms designed and implemented in WP5. It is also the sink used by all of the WP5 components for 

uploading the results produced after processing the input data, enriched by the related provenance 

metadata that will encode the specific processing action executed over the 3D data. 

The components to be designed and implemented in WP5 have been described in deliverable D3.1 – 

First Year Report on WP3 – Repository Infrastructure, where the reader can find a detailed description of 

all the inter-components interactions; functional specifications are also presented in this report (either 

synthetically in the main body of the report or, in a more formal and extended manner, in the 

Appendix).  
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3 WP 5 – 3D Artefact Processing - Detailed description 

of work 

This section describes in detail the progress of the activities in the different WP5 tasks, focusing on the 

activity of each partner.  

3.1 General objectives  

The central topic of this work package is shape processing and analysis. On one side, transforming 

sampled raw data in high quality digital representations (i.e. all the geometric algorithms needed to 

process raw data and geometry-based representations); on the other side, developing a number of 

functionalities (segmentation, feature detection, component matching) which allow to structure the 

geometric data making it possible to implement more sophisticated shape analysis or detect semantic 

correspondences between different shapes or sections of a given model. In the latter case, an important 

contribution will be a methodology for turning 3D reconstructions into procedural models. Finally, the 

mesh analysis functionalities will be used for the design of a tool for intelligent, semantic-aware 

completion of scanned models. 

All tools will inter-operate with the repository (WP3): input data will be read from the repository (check-

in) and modified models will be uploaded back (check-out, which will include storing back both 

geometry and provenance data). 

3.2 First year work plan 

The activity of WP5 is subdivided into three tasks. The activity planned in the first year for the three 

tasks have been defined in the Description of Work (DoW) document as follows: 

Task 5.1 – Processing tools for mesh-based models 

 Design of functional specifications 

 Release of a new version of the MeshLab tool (with an improved set of functionalities for the 

management of meshes and specifically concerning the algorithms to process 3D scanned data, 

such as new and better surface reconstruction algorithms, colour and texture management). 

T5.2 – Methods for shape analysis  

 Design of functional specifications 

T5.3 - Fitting procedural models to classify acquired 3D models 

 Design of functional specifications 
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3.3 Work performed 

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

task. 

Since the focus of this WP is both concerning the design of new algorithms and new tools, it is important 

to say here that the activity at the algorithmic level by its nature should follow different strategies and 

approaches than the system design. Not all the algorithms designed and implemented will perform at 

the same level of quality; some new ideas could result in being more successful than others. The 

decision of what solutions should then be integrated in the final system (e.g. MeshLab) will therefore 

follow the results of the preliminary assessment phase. It is common in the evolutionary approach 

endorsed that most of the algorithms proposed will find their way in the components to be delivered, 

but not all of them. Therefore, the activity at the algorithm level (design, implement, assess) is 

preliminary to a second phase (engineering, bug fix, porting in the final system component) and will be 

done for the more successful algorithmic solutions.  

3.3.1 Task 5.1 – Processing tools for mesh-based models 

3.3.1.1 MeshLab (CNR-ISTI) 

The major contribution of CNR-ISTI to WP5 is in T5.1, devoted to the design and implementation of the 

MeshLab tool. 

MeshLab is a system that was initially designed and developed in the framework of a previous EU 

research initiative, the EPOCH Network of Excellence. The 3D-COFORM consortium has endorsed 

MeshLab as one of the main integration instruments to be produced by the project; therefore, MeshLab 

will be extensively redesigned and extended in 3D-COFORM, with an activity coordinated by CNR-ISTI 

but open to the contribution of many other 3D-COFORM partners. 

The evolution of the MeshLab system has progressed in YEAR 1 as presented in the following.  

Three new official versions of MeshLab, and the start of a new beta pre-release have been delivered in 

the last few months: 

 April 29, 2009  - v. 1.2.0  

 May 25, 2009 - v. 1.2.1 

 Sept. 14, 2009 - v. 1.2.2 

 Nov. 1, 2009 – v.1.2.3 beta  

All these releases bring in a lot of new features and functionalities that have vastly improved the 

MeshLab capabilities as a 'glue' tool in the 3D-COFORM processing pipeline, and particularly for the 

processing of acquired 3D data. A detailed list of all the features that have been added is listed on the 
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release notes page at the MeshLab wiki (http://meshlab.sourceforge.net/wiki). A brief outline of the 

most important features that have been added in the last year follows: 

1. Vastly enhanced 3D formats support. Support of many new formats has been added: x3d, vrml, 

asc, tri, .m and other formats were added and the support of existing formats was improved and 

made more robust. Tools for transferring information (like colour) from different 

representations and storing mechanisms have been introduced (like for example converting 

texture into per vertex colour). These kind of functionalities are fundamental to assist the user 

in the process of converting data between different representations.  

2. Analysis and inspection functionalities. Many tools for the objective and subjective analysis and 

inspection of 3D mesh have been added, like for example filters for measuring Hausdorff 

distance (e.g. to measure the geometric difference) between meshes, tools for computing the 

volume and the surface of meshes, or of a portion of the latter. 

3. Cleaning Filters. Various small filters for typical everyday 3D scanning cleaning actions were 

added in the last release. The major goal is to simplify as much as possible some activities in 

range map processing (removal of borders, selection according to confidence, a variety of 

smoothing algorithms, etc). 

4. Reconstruction Filters: various new surface reconstruction algorithms have been added to the 

arsenal of MeshLab; among the others, a couple of MLS based techniques, a few computational 

geometry interpolating approaches that fit well for the case of small, very clean sets of points 

that have to be connected together. Notably, in the last beta we have also included our rugged 

surface reconstruction algorithm that we have used in a number of high visibility projects and 

that was, until now, kept under a more restrictive licensing.  

5. Sampling and Resampling Filters. These tools are useful for creating different geometric 

representations, either through a remeshing approach or through a point cloud conversion. 

Essential tools for cleaning extremely messy triangle soups.  

6. Texturing Filters. A very innovative tool for creating a new texture parameterization, using a 

newly developed algorithm was added to MeshLab (see some details below on the new 

algorithm proposed). Tools for converting, visualizing, editing and checking existing texture 

parameterizations have been also added.  

Beside these functionality enhancements, we have started a significant rewriting of many internal 

MeshLab parts/components, for example to support more flexibility for future changes and 

improvements.   

As a final note we would like to report the scientific publications related to the innovative algorithms 

inserted in MeshLab and the publications describing the processing workflows that can be performed in 

MeshLab, see papers [T5.1.1, T5.1.2, T5.1.3, T5.1.4, T5.1.5] in the Publications section at the end of this 

deliverable. 

http://meshlab.sourceforge.net/wiki/index.php/Release_Notes_1.2.0
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Early assessment  

As an objective assessment measurement we can report that the web site of MeshLab was visited more 

than 2,000,000 times and, on average, MeshLab is downloaded 4000~6000 times each month. MeshLab 

has an internal automatic statistic collection and communication mechanism that allows to have a lower 

estimate of the actual usage of the tool (unfortunately, we are not able to track those users that are 

protected by a firewall and those users are not included in the figures); nevertheless, according to the 

data produced by that system, MeshLab has been used more than 1,000,000 times in the last 6 months. 

Algorithmic results 

We include here a brief description of one of the new algorithms developed in the framework of T5.1 

and that has been published recently on a first-rank journal [T5.1.1].  

The focus of this paper is mesh parameterization, which is a consolidated research topic but it is raising 

new interest due to the specific requirements and constraints introduced by the availability of 3D 

scanned data. Current solutions for mesh parameterization usually take into account small or medium 

size meshes (from a few thousand to a few hundred thousand triangles). Conversely, colour encoding 

over 3D scanned models frequently requires technology able to manage huge meshes (current sizes are 

between 5Mt up to several hundred million triangles) and huge photographic sampling (tens of images, 

from 100M to Giga pixels).  

In this paper we propose a robust, automatic technique to build a global hi-quality parameterization of a 

two-manifold triangular mesh. An adaptively chosen 2D domain of the parameterization is built as part 

of the process. The produced parameterization exhibits very low isometric distortion, because it is 

globally optimized to preserve both areas and angles. The domain is a collection of equilateral triangular 

2D regions enriched with explicit adjacency relationships (it is abstract in the sense that no 3D 

embedding is necessary). It is tailored to minimize isometric distortion, resulting in excellent 

parameterization qualities, even when meshes with complex shape and topology are mapped into 

domains composed of a small number of large continuous regions. Moreover, this domain is in turn 

remapped into a collection of 2D square regions, unlocking many advantages found in quad-based 

domains (e.g. ease of packing). The technique is tested on a variety of cases, including challenging ones, 

and compares very favourably with known approaches. An open source implementation is made 

available. 

Training 

ISTI-CNR personnel participated in the first 3D-COFORM Workshop on ‘3D acquisition and post-

processing’, held in Cyprus on November 2nd-6th, 2009 as pre-cursor to the deployment experiments 

anticipated in Year 2. Since we do not have effort allocated in WP10, the effort allocated to this activity 

is reported here in WP5; this is justified by the topic of the lessons given: an introduction to 3D scanning 

and to sampled data processing with MeshLab.  Two CNR staff were involved in the training activity for 

the entire week (0.5 PM in total) and we also dedicated another 0.5 PM to the preparation of the course 
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material (power point slides and data for practical examples) that will be contributed to WPs 10 and 12. 

3.3.1.2  Integration between the ARC3D Webservice and MeshLab (KUL) 

Katholieke Universiteit Leuven (KUL) activity in T5.1 concerns porting the new algorithms designed in 

WP4 - 3D Artefact Acquisition - T4.1 – Immoveable Heritage - under the MeshLab platform. The KUL 

activity so far has been mostly devoted to the design of specifications and development of a preliminary 

version of the 3D mesh reconstruction algorithm from images, described in detail in T4.1.  

In the framework of T5.1 we have just started to design the MeshLab plug-in that uses this algorithm 

(this is a phase that naturally follows the specification and implementation activity in T5.1; it will mostly 

span the activities in Year 2). 

3.3.1.3 Watermarking (MICC) 

Media Integration and Communication Centre, University of Florence (MICC) studied an ad-hoc 

algorithm for 3D watermarking that does not need to re-mesh the to-be-marked 3D model.  

Watermark embedding involves only vertex spatial coordinates thus allowing a better and 

straightforward integration in MeshLab, still maintaining effectiveness and preserving perceptual 

quality. 

The most straightforward way to hide a signal within a host asset is to directly embed it in the original 

signal space, i.e. by letting the feature set correspond to signal samples. The choice to embed the 

watermark in the asset domain has been a necessity being dictated by the low complexity and low delay 

needed in the 3D-COFORM watermarking framework. 

Another advantage of operating in the asset domain is that in this way spatial localization of the 

watermark is automatically achieved, thus permitting a better characterization of the distortion 

introduced by the watermark and of the possible annoying effects.  

For 3D models, the asset domain corresponds to the spatial domain, and the host feature set coincides 

with vertex positions.  

 An evaluation phase of the system performances in terms of both missing and false alarm 

probabilities and perceptual quality has been started. The error probabilities have been 

estimated by collecting the detection results in cases of watermarked and non-watermarked 3D 

models.  

 Another evaluation phase in order to analyze the perceived quality by arranging a set of psycho-

perceptual tests has been designed. 

3.3.1.4 Integration with 3D sampling device (Spheron)  

Spheron has a minor involvement in T5.1 in the first project year. The major contribution concerned: 

1. the analysis on the (Spheron) intermediate file format  
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2. the implementation of Z-values using this file format  

Intermediate file format 

The intermediate file has to be suited to transport the RGB-XYZ points, the device-, operator- and 

location-metadata, the digital signature and the processing provenance data. We want all this 

information to exist in one single file; we want it to open it fast; and we want it to compress lossless. We 

are strongly in favour of selecting open standards. 

Therefore, we have decided to use OpenEXR. It fulfils all the requirements mentioned above. In 

addition, it is an open, well-documented and well-supported standard. For more information on 

OpenEXR, visit www.openEXR.org. Major advantages of OpenEXR are: support for high dynamic range, 

good colour resolution, support for lossless and lossy data compression, availability of arbitrary image 

channels, support for scan-line and tiled images and of multi-resolution images, and finally ability to 

store additional data. 

Planned integration with MeshLab is as follows: we suggest a File-Open Plug-In for MeshLab that allows 

MeshLab to import spheron.EXR intermediate files (and from there via MeshLab-export functionality to 

the repository). 

Since the component developed by Spheron is an input device and the post processing of the data 

produced is totally general and common to the one of other 3D sampling devices, it is expected that the 

Spheron component will not provide a substantial service to other components, but we anticipate to 

implement an Import-PlugIn (for the device intermediate-file) for MeshLab. 

In addition, Spheron investigated also: 

- methods for the resampling of the "off-axis" captured geometry onto the regular texture  

- its impact on output / quality feature requests, etc.  

3.3.1.5 Integration with 3D sampling device (Breuckman)  

In the framework of WP4 – 3D Artefact Acquisition - Breuckmann will design a Hand-held Scanner, to 

offer a device that allows the “free” scanning of larger 3D artefacts. Whereas smaller 3D objects can be 

scanned with an “in-hand” scanner, this method is not suitable for large or heavy objects or those ones 

which must not be moved or touched. Existing HighDefinition 3D-scanners, suitable for large objects, 

require the use of tripod or camera stands. In most applications the time for the handling of those 

devices exceeds the acquisition by far. 

Breuckmann activity in T5.1 is devoted to the integration of the new scanning device (as well of other 

scanning systems produced by Breuckmann) with the MeshLab system.  

http://www.openexr.org/
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The major result of the integration will be to design data import routines to be contributed to MeshLab, 

to allow MeshLab to read Breuckmann raw data and to make MeshLab a second platform (after 

proprietary Breuckmann’s software) to process the raw scanned data. 

The main output of the hand-held scanner will be polygon meshes. Optionally, it will contain the texture 

/ colour of the object. Thus, the standard data format will be STL or PLY (an explicit conversion filter will 

be provided by the new scanner). Moreover, we can offer to output the 3D-data as point clouds in ASCII 

format and/or in an internal binary format. The data format for metadata has not yet been defined.  

3.3.1.6 Deviation from work plan 

No deviations from the work plan have been registered for Task 5.1. 

3.3.1.7 Plans for the next period (adaptations to the work plan of the next period) 

The activity will proceed according to the original plan. 

New versions of MeshLab will be delivered during the next year, with a new version delivered as soon as 

a sufficient number of new features and improvements (bug fixes, redesign of interface) will be 

finalized. We will try to keep the same frequency of new versions produced in 2009 (approximately, an 

improved version every three-four months). Integration with the new 3D sampling devices by Spheron 

and Breuckman will be delivered in Year 2. 

3.3.2 Task 5.2 – Methods for shape analysis 

3.3.2.1 Shape Analysis component (FhG-IGD) 

The objective of Task 5.2 for the first year of the project is to define the functional specifications of the 

Shape Analysis component. In order to advance towards this objective, we have had a consultation with 

CH professionals of the Victoria and Albert Museum (VAM) in London, where we have aimed at 

brainstorming together about the scenarios and workflows of Shape Analysis and at identifying needs, 

priorities and challenges, e.g. object complexity and task-driven segmentations. The consultation was 

prepared by means of reviewing and compiling examples of the state of the art in segmentation, (state 

of the art reports of AIM@SHAPE, surveys on 3D object segmentation, and publications from SIGGRAPH 

2009).  The goal of the shape analysis functionality is to reason on triangular meshes, enabling the 

embedment of shape semantics on the 3D artefact. The shape analysis functionality transforms a 

processed, unstructured and semantic-less 3D artefact as generated by the shape acquisition stage into 

a structured and semantically enriched 3D artefact. The shape analysis stage requires processed 3D 

artefacts as input. These 3D artefacts are the result of the shape acquisition stage and some processing 

which created 3D meshes out of the acquired 3D point data or set of images. The result of the shape 

analysis stage is a 3D artefact which is structured into parts (segments) possibly containing semantic 

information regarding the meaning of the whole and its segments. The Appendix to this report 

(restricted to partners only, not public) describes more details regarding the functional specifications of 
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the shape analysis component. The following Figure 2 presents the building blocks of the shape analysis 

components. 

 

Figure 2: Conceptual architecture and building blocks of the shape analysis component and 

its interaction with the RI 

We have also started the development of algorithms, which are going to be used within the Shape 

Analysis component. A curvature analysis algorithm was developed. This algorithm is based on fitting 

bivariate polynomials of total grade 2 or 3 in a local coordinate system. The neighbourhood is searched 

in order to define the points to be fitted, by means of a last squares approximation. This produces an 

analytic derivation of main curvature directions and values. The algorithm takes about 10 seconds for 

100,000 vertices (on a PC Dual Core 2GHz, 2GB ram). The following Figure 3 presents initial results of the 

curvature analysis algorithm. 

In addition to the main algorithms for segmentation, we have also developed support functionalities, 

which will contribute to the performance of the algorithms. In this regard, we have developed a 

neighbouring-based linear system, which enables the solution of a linear system for up to 100,000 

elements at interactive rates. We published this work in a paper presented at the VRIPHYS 2009 in 

Karlsruhe, Germany [T5.2.1].  
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Figure 3:  Results of the curvature analysis algorithm, From left to right: a) original mesh, b) 

main curvature values, c) main curvature directions. 

3.3.2.2 Tools for completing sampled representations (CNR-ISTI) 

Objectives of CNR-ISTI in T5.2 are: to design user-driven analysis and geometry based segmentation; to 

design a user-driven tool for completing sampled representations. The activity of the first year of the 

project focused mostly on the second objective. 

We have designed an approach for completion of scanned models, presented in paper [T5.2.2]. 

In this paper, we present a method to reconstruct un-sampled portions of the 3D models by inferring 

information about the real shape of the missing part from an image. The needed data for surface 

creation are extracted from a pre-defined pattern which is projected on the real object, in the zone 

where the geometry of the 3D model is missing.  

The procedure, which is almost completely automatic, analyzes the image in order to extract the pattern 

and estimate the projector position. Then, the extracted information is used to obtain a hole filling 

which is coherent with the real shape of the object. A series of tests on real objects proves that our 

method is able to recover geometrical features that cannot be reconstructed using state-of-the-art 

methods. Consequently, it can be used to obtain complete 3D models without creating false data.  
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Figure 4:  The hole filling procedure. From top to bottom: (a) the  hole with the new triangle 

strips, (b) rough triangulation, (c) re-  meshing, (d) smoothing 

3.3.2.3 CityEngine - Semantic LoD Rendering (ETHZ) 

This task focuses on the analysis of procedurally described and generated “shapes” (models) of 

buildings, sites and cities relevant for CH. 

Purpose and Motivation 

In order to enable, efficiently manage and visualize complex models and scenes of buildings and cities 

we need to provide a way to simplify or adapt these models to a level of detail which is useful for 

specific viewing situations. The basic idea is to cull away details that are too small to be visible and will 

slow down transmission and rendering without contributing to the perceived images. 
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The two main reasons why traditional model decimation algorithms are not suitable here are: (1) 

procedural models, which usually consist of many disconnected components, do not have the necessary 

clean topology for current mesh decimation methods; and (2) current decimation methods tend to 

destroy architecturally relevant parts of buildings.  

The main goal of our task is that a model used to display on low-end mobile devices can be derived from 

the same representation as a high-resolution model that is can only be rendered on high-end 

equipment. This will ensure model consistency over the different levels of detail. 

Basic Approach and Work performed 

Procedural (building) models generated from “CGA Shape” grammars (also called “grammar rules”) as 

implemented in the 3D-COFORM component CityEngine contain semantic information about the 

architectural style and the relationship between architectural components. Our work tries to use these 

implicit and explicit semantic and geometric information stored inside the procedural description of a 

site or building to arrive at simpler and more efficient representations suitable for transmission and 

interactive viewing. 

 

   

Figure 5: On the left, we show a typical building model generated with the CityEngine.  

On the right, the corresponding rules and their call-graph is shown. 

An important aspect of grammar-based model descriptions is that the model does not monotonously 

increase in detail during the execution of the set of rules. This is because there is no spatial restriction 

on the rules at any generation stage. The main consequence of this is that one cannot simply stop the 

generation early in order to get simpler models. 
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During the first year of 3D-COFORM, we have worked on exploiting the grammar rules and the shape 

trees that result when applying the rules onto a set of input parameters to arrive at simpler models. The 

following problems have been worked on: 

 evaluating clustering algorithms to find building parts or groups of building parts based on visual 

and architectural importance 

 replacing groups of similar building parts with simple primitives using shape matching 

algorithms 

 looking for shape grammar representations which are suitable for efficient rendering 

 

Figure 6: This figure shows a small section of the resulting shape tree of the building and 

rules from previous figure (see above). 

We have implemented prototypes to investigate these problems which will finally result in a rendering 

component for the 3D-COFORM Integrated Viewer/Browser (see WP7 – Searching and Browsing 3D 

Collections). This component will accept a zipped CityEngine project from the 3D-COFORM Object 

Repository (OR) and output rendered frames when called by the 3D-COFORM scene compositor (also 

WP9 – Presenting History). 
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3.3.2.4 Deviation from work plan 

The work plan for the first year project has been fulfilled according to the DoW. Hence, we see no 

deviation at this moment. 

3.3.2.5 Plans for the next period (adaptations to the work plan of the next period) 

Task 5.2 will progress and implement the designed functional specifications, in order to develop the 

shape analysis component, and it will continue the research and implementation of segmentation and 

matching algorithms towards the aim of structuring cultural and industrial heritage 3D artefacts. We 

plan for the following period to progress on the following areas: 

 Developing algorithms from a more interactive to a more automated process, considering the 

complexity of the 3D artefacts. 

 Implementing human perception principles within the algorithms. 

 Progressing on full interactive segmentation for very 3D complex artefacts. 

 Introducing user’s hints for reliable segmentations.   

3.3.3 Task 5.3 – Fitting procedural models to classify acquired 3D artefacts 

3.3.3.1 Procedural Modelling of Landmark Buildings (ETHZ) 

Note: this task focuses on the generation of 3D procedural models from registered images along with 

their camera matrices, and 3D meshes. The generation of these is not done within the component, but 

within the ARC 3D and MeshLab components. 

Purpose and Motivation 

Building mesh models from images taken by a standard digital camera is relatively easy using available 

techniques such as feature matching and bundle adjustment. However, this method has two major 

drawbacks. The first is that the resulting mesh does not contain any semantic information about the 

building; it just stores (textured) polygons. Reasoning about the building in question is not possible. The 
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second drawback is that, although a lot of prior knowledge about landmarks and man-made architecture 

is usually available, this is not used at all by the reconstruction process. 

These drawbacks can be overcome by completing the reconstruction process by retrieving and matching 

a shape grammar describing the building architecture style. Shape grammars can encode semantic 

information, e.g. by specifically marking some elements such as columns, windows or doors. As a result 

of this retrieval/matching process, a procedural model of the building is created that includes semantic 

information from its underlying shape grammar. 

Furthermore, mesh models require a lot of disk space for storing repetitions within one building (column 

heads, windows etc.). This overhead can be reduced by storing such repeating design elements, as is 

done in CityEngine, in assets that are then re-used every time the element appears. Also, storing flat 

walls by their parameters instead of using polygons is more space-efficient. 

 

Figure 7 : A procedural model of the Maison Carree temple in Nimes 

 

Basic Approach and Work performed 

To fully reconstruct a landmark building, images from all sides of the building are required. This usually 

means, depending on the complexity of the building, in the order of 100 images need to be obtained. 

These can then be transformed into a 3D mesh model using ARC 3D and MeshLab.  

Usually, 3D mesh or point cloud models generated from images from around the building contain a 

certain amount of noise and often also contain points which do not belong to the building in question 

(poles, ground, fences, parts of other buildings etc.). After filtering these out, the 3D points can be 

separated into building planes, on which specific assets can be found and placed accordingly within the 

procedural model. Extracting the walls also leads to the footprint of the building. 
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By analyzing the extracted footprint, walls and roofs planes and their corresponding image textures, the 

shape grammar for the style of this particular building can be retrieved/matched, and a procedural 

model of the building at hand obtained. 

First steps towards the realization of the above pipeline have been performed. Possible test case 

landmarks have been evaluated, and image data on several landmarks has been collected either from 

Internet photo collections or by simply taking the images ourselves. Data has been processed in order to 

generate 3D meshes and point clouds. 

Starting from these, we are in the process of extracting facades and footprints of the buildings in 

question. 

Furthermore, the functional specifications of the component have been laid out, which was the 

expected deliverable for the year. These are detailed in Deliverable D3.1 – First Year Report on WP3 – 

Repository Infrastructure. 

3.3.3.2 Extensions to the GML framework (TU Graz) 

3.3.3.2.1 Terminology 

GML – Generative Modelling Language developed at CGV / TU Graz. GML is a general-purpose shape 

description language that is based on the generative paradigm: shape is not described through a 

list of low-level geometric entities (points, triangles, NURBS - Non-Uniform Rational B-Splines - 

patches), but through a sequence of shape-generating functions, the shape operators. The 

operator sequence can be grouped into sub-sequences, which facilitates parameterization, re-

use, and changeability (operator libraries). GML models are parametric models, i.e. instances of 

a more general shape family. The generative approach is independent from the low-level shape 

representation that is used. GML was used with subdivision surfaces and polyhedra, but it can 

also be applied to convex polyhedra, which is one of the goals of T5.3 – Fitting procedural 

models to classify acquired 3D artefacts. 

GML Fitting Extension – the fitting component developed in T5.3 is implemented as a GML extension.  It 

allows retrieval of a scanned object and a GML shape template, manually aligning it and 

choosing model parameters, and then starting a numerical fitting procedure for fine-tuning the 

shape parameters. 

Shape template – a GML model with free parameters. The shape template can be hierarchical i.e. it has 

parametric sub-components. The shape template can be instantiated by specifying parameters 

and sub-components, resulting in one specific shape instance that is part of a shape family. The 

GML shape templates consist of two things, the parameter description (metadata), and the GML 

code, which, although it is ASCII, will be treated as binary data. That is, a GML file (.xgml or .gml) 

will be ingested like any other data set, and it can also be retrieved. 

Mesh – a dense triangle mesh of a scanned artefact, obtained by acquisition, stored in the repository. 
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Shape instance – a GML shape template without free parameters i.e. with specified parameters and 

sub-components, results in a shape (with tessellation that can be stored as triangle mesh).  

Fitted 3D model – The fitting process produces a shape instance from a shape template. The fitted 

model is a GML file that is also stored in the object repository. The parameter settings are also 

stored as XML metadata in the metadata repository. Fitting is in fact a process of interpretation, 

so several parameter sets of fitted models can exist in parallel.  

Derived metadata – Metadata that are not human-generated but are obtained through some kind of 

automatic processing. Examples are the number of vertices of a mesh, or the information that a 

3D object has the shape of a box or a cylinder. The latter information can be obtained by fitting. 

3.3.3.2.2 Purpose 

The fitting component developed at TU Graz is based on the Generative Modelling Language (GML). It 

will be implemented as a GML extension module, the GML Fitting Extension.   

The overall vision of T5.3 is to use GML for generative shape reconstruction in Cultural Heritage. Many 

acquired artefacts, which are typically given as conventional static triangle mesh, are in fact instances of 

a more general shape class. Once the shape class of a given scanned artefact is determined, the 

parameters of the specific shape instance shall then be determined by means of a numeric fitting 

procedure. In that sense, a parametric GML model can be understood as a general “shape template” 

with unspecified parameters. T5.3 depends on T8.3 – Re-assembly of fragmented artefacts, which will 

produce the authoring application for shape templates. By specifying the parameters the shape 

template becomes a shape, as shown in Figure 8. 

 

Figure 8: Fitting a shape template to a real model. 

3.3.3.2.3 Use scenario 

We will first describe the long-term goal of T5.3 over the project duration, and after that we give two 

specific examples of use that are in closer range. So the vision can be stated as a use case as follows: 

 An antique amphora is excavated, scanned, and ingested into the object repository 

 A CH professional creates metadata classifying the model roughly as “amphora” 
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 The 3D-COFORM RI contains a general GML shape template of an amphora 

 Another CH researcher retrieves the GML shape template and the amphora scan  

 The researcher roughly aligns geometrically the GML model to the scan 

 A numeric fitting procedure determines the parameters of the GML model to optimally match 

this specific amphora 

 The GML model has parameters e.g. “height” and “width”, which are now known for the specific 

amphora instance. They are inserted as metadata into the metadata repository. 

 From now on, whenever somebody searches for an object of type amphora the specific 

amphora will be found, for instance, via SPARQL metadata queries with this specific width 

 The GML model (i.e. the instantiated shape template) is very lightweight in terms of storage, 

transmission, rendering, and can therefore be used as proxy for the actual dataset. 

This ambitious goal can only be reached through a number of intermediate steps and example domains. 

We have identified as important prototypical cases two examples: 

 Continuous case:  Reconstruction of smooth surfaces 

 Discrete case:   Highly structured facades in urban reconstruction 

Both cases will be further explained in the following. 

First Reconstruction Example: Smooth surfaces 

The basic problem is that smooth surfaces do not possess any obvious structure. However, some sort of 

structure is important to compare one shape with another. In order to make smooth surfaces 

comparable we plan to use intrinsic properties of the shape e.g. curvature (see Figure 9). The curvature 

analysis algorithms were integrated in GML, so that the interactive user interface could be scripted. 

 

Figure 9: The curvature signature is a very distinct, intrinsic property of smooth surfaces. TU Graz aims at 

lifting methods originally developed for class-A surfaces over to Cultural Heritage. 
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3.3.3.2.3.1 Second Reconstruction Example: Urban Reconstruction 

Discrete models are, in some sense, complementary to “continuous” models with a smooth surface. 

Discrete models have a hierarchical structure, and the reconstruction must try and evaluate many 

different possibilities. The great danger is a combinatorial explosion when every possibility for one part 

must be combined with every possibility for another. In order to keep things simple, a hierarchical 

decomposition is needed, where on each level of the hierarchy only a small number of possibilities are 

tried out, and then further refined on the next levels.  

One area where this works particularly well is Urban Reconstruction. We have realized a shape grammar 

for detailed facades. Other than the CityEngine, it uses convex polyhedra instead of boxes, and it uses 

GML as a grammar description language, not CGA-Shape. Figure 10 shows some examples of facades. So 

far the fitting was achieved manually; we are currently working towards methods to automate it. 

          

      

Figure 10: Facades in Graz reconstructed using the GML shape grammar. By exchanging just a few lines 

of code, the façade structure can be varied. There are many non-boxes, which shows the necessity for 

more general convex polyhedra. 

3.3.3.3 Deviation from work plan 

No deviation from the work plan was detected. All deliverables for the first year could be achieved. For 

D5.1, the First Year Report of WP5, for T5.3 a functional specification was promised, which we have 

delivered. In fact we have already looked into case examples for fitting, and therefore we can proudly 

say that we are ahead of schedule. 
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3.3.3.4 Plans for the next period (adaptations to the work plan of the next period) 

Research efforts will continue to finalize the development of our proposed approach and the delivery of 

the first beta-version of the software tools. 

Concerning the activity we are now working towards the next milestone, MS.5.2 – First alpha version of 

Shape Analysis Tools released – due in month 24. The plan for the next period is very ambitious, namely 

in month 24 we would already like to have a first beta release that can perform parametric fitting on a 

selected class of scanned example objects. 

We are considering using the models from the Gipsmuseum scan campaign (2008) for that purpose, as 

well as the models from the Herz-Jesu scan campaign (2009). Images from both campaigns are shown 

below. The two campaigns contain, of course, two very different classes of objects, as the examples 

below show. However, since we have to be able to deal with both types of artefacts in 3D-COFORM, we 

have to find a method that works in principle for both. 

 

Figure 11: The selected artefacts for the testbed to be used in Year 2. 

4 Milestones 

The major milestones in the period considered are as follows: 

MS.4.1 Common milestone with WPs 5-10, specification of common interfaces and data structures 

(WP4, UBonn, Month 9) 

The specification of common interfaces and data structure has been the focus of specific reports and of 

the Integration Week meeting, whose results (overall specification of the 3D-COFORM components) is 

documented in deliverable D3.1 – First Year Report on WP3 – Repository Infrastructure - and, very 

briefly, in Section 2 of this report. 

MS.5.1 First alpha version of MeshLab released. (WP5, CNR-ISTI, Month 12) 

As presented in Section 3.3.1, several new versions of MeshLab have been released in the period 

considered (Year 1). The number of downloads are an indicator of the success of those new releases. 



3D-COFORM D.5.1 (PUBLIC) 

26 

 

5 Conclusion 

The activities of WP5 are in line with the planned schedule proposed in the DoW document.  

We have already obtained a number of interesting results at the algorithmic level (see the first scientific 

publications listed in the Publications section). The planned milestones have been reached; we are 

proud to mention that the planned alpha release of MeshLab has been implemented as four progressive 

updates to the system, released regularly during the second and third quarters of Year 1 and already in 

heavy use by a huge community of external users. 

Another interesting result has been the very early start of the training activity, which was made possible 

by the early availability of some 3D-COFORM components (namely, MeshLab and ARC 3D).      
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