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1 Executive Summary 

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

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

The activities follow smoothly the original plan drafted in the project Description of Work 

(DoW). The end of Year 3 was one major milestone for WP5 and the 3D-COFORM project, with 

the delivery of final releases of most of the tools. Major activities performed and results 

obtained in the third year are: several new versions of MeshLab and a progressive evolution 

and consolidation of the tool; delivery of the shape analysis component; consolidation of the 

algorithms for the generation of LOD representations / rendering from CityEngine models; a 

processing pipeline for the procedural modelling of landmark buildings, that has been designed 

and implemented; finally, the revised research plan on fitting and measuring digital 3D models 

progressed,  and will be completed in the first semester of Year 4 .  

No major problems or major deviations arose during the third project year, with the only 

exception of the activity in Task 5.3 - Fitting procedural models to classify acquired 3D artefacts 

(as justified in the text of Section 5). The activities are going to continue in Year 4 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 relationships of WP5 components with respect to the other components 

developed in 3D-COFORM. Sections 3, 4 and 5 present in detail the work done and the results 

obtained in the three tasks of WP5 in Year 3. Section 6 reports on the milestones; some 

concluding remarks are presented in Section 7. Finally, the publications produced in Year 3 are 

listed in Section 8. 
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2 WP 5 – 3D Artefact Processing - General 

description of work  

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 central topic of WP5 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.  

All tools will interoperate with the repository (WP3): input data will be read from the 

repository (retrieved) and modified models will be uploaded back (ingested, which will include 

storing back both geometry and provenance data). 

In most cases, input data for the tools designed 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 were 

also presented in this report.  
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2.1 Task organization and planned work 

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

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

Task 5.1 – Processing tools for mesh-based models 

 MeshLab: delivery of the final release of MeshLab v. 1.3 (supporting capabilities for 
colour projection from images, bug fixing and testing).  

Task 5.2 – Methods for shape analysis  

 Shape Analysis Component: final release (mesh completion tool, with segmentation 
algorithms) and testing 

Task 5.3 - Fitting procedural models to classify acquired 3D models 

 Release the final version and test the tool 

2.2 Work performed 

The work performed in the third year of activity is described in the following chapters, focusing 

on each single task. 

Since the focus of this WP is both concerned with 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 to 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 into the components to be delivered, but not all of them. 

Therefore, the activity at the algorithm level (design, implement, assess) is preli minary to a 

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

only for the more successful algorithmic solutions.  
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3 Task 5.1 – Processing tools for mesh-based 

models 

3.1 Activities and results in Year 3 

MeshLab 

The main effort in MeshLab development during Year 3 was devoted to the implementation of 

the colour projection functionalities (porting of the more successful solutions designed and 

tested in WP4 – 3D Artefact Acquisition). 

This is due to the necessity to integrate “geo-referenced” images in the context of a MeshLab 

project. Hence, together with the usual geometry layers, the so-called “raster” layers are now 

available as well. A “raster” layer is essentially a “frame” in the space, defined by a set of 

camera parameters which define the extrinsic and intrinsic parameter values. To each single 

raster level, more than one image can be attached, possibly showing different values (like 

colour, depth, quality) for the pixel of the corresponding image. 

Figure 1 shows the position of the raster layers with respect to a given 3D mesh. The raster 

positions can be visualised using an ad-hoc decorator. 

 

 

Figure 1: Example of 3D model and the position of several raster layers 
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Given the definition of the raster layer, and the possibility to load an arbitrary number of them 

and set the point of view of each raster, with a transparency visualization between the model 

and the associated image, it was possible to implement the first step of the colour projection 

pipeline: the image alignment, which corresponds to the estimation of camera parameters 

associated to an image. 

The new MeshLab Image Alignment filter was designed following the method proposed by 

Corsini et al, "Image-to-Geometry Registration: a Mutual Information Method exploiting 

Illumination-related Geometric Properties" (see WP4 Year 1 publications). This method uses the 

maximization of Mutual Information to estimate camera parameters. From a practical point of 

view, the user is asked to put the model in a similar position with respect to its appearance in 

the image. The algorithm takes the user input as a starting point to maximize Mutual 

Information by perturbing camera parameters. 

Figure 2 shows the interface and the filter dialog window. The user can change some 

parameters, like the type of rendering used for Mutual Information calculation, and the 

inclusion of focal length among the estimated parameters.  

 

 

Figure 2: The image alignment filter 

The filter gives as result a new camera position associated to the image. The user can choose to 

refine the alignment by further application of the filter, until a satisfying result is obtained. 
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Figure 3: Image alignment before and after Image Alignment filter application. 

 

  

Figure 3 shows the initial position given by the user, and the final result after image alignment 

filter application. Using this approach, a single image can be aligned to the model in a few 

seconds. 

Once a set of images has been aligned to the model, the colour must be transferred from 2D to 

3D. To obtain this, an implementation of the method proposed by Callieri et al, "Masked photo 

blending", was implemented. Using this method, a quality mask is calculated for each of the 
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images which have to be projected. The colour value assigned to each portion of the surface is 

a weighted sum of the contribution of all the images framing it. 

 

Figure 4:  A snapshot of a 3D model with aligned images, together with the Colour Projection 

filter dialog.  

Figure 4 shows the MeshLab Colour Projection filter dialog for a MeshLab project with 20 

images to be mapped onto a 3D model. The user can choose which quality metrics (based on 

several different criteria) will concur in calculating the final quality maps. The rest of the 

procedure is completely automatic. It is also possible to project a single image, or to project 

directly onto a texture, if a parameterized model is provided. 

Figure 5 shows a snapshot of a model before and after the projection of 19 images aligned with 

the Image Alignment filter and fused with the Colour Projection filter. 
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Figure 5: A 3D model before and after colour projection  

A subset of the previously described colour projection functionalities is already included in the 

current MeshLab 1.3.1 release (October 2011). Remaining features will be soon introduced in 

MeshLab 1.3.2 (planned for end of November 2011). 

 

MeshLab RI integration plug-in 

RI integration plug-in has been rewritten from scratch using the new RI C++ API provided by TU 

Graz. 

The plug-in allows the user to query the RI in order to retrieve the list of meshes in PLY format 

contained inside it. 

The selected mesh can be downloaded, edited using MeshLab features and then re-injected 

inside the RI maintaining provenance information inside the associated metadata file. A history 

of the filter operations applied on the mesh during the MeshLab editing session is also merged 

inside the RDF file. 

RI integration plug-in will be released with the next MeshLab version. 
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MeshLab validation  

A first implementation of the unit test protocol for the automatic testing of filter functionalities 

has been produced. The test process system relies on MeshLabServer, the command-line 

version of MeshLab. We are mainly using it in order to check the stability of the filters planned 

to be included in a MeshLab release. An input set of ad-hoc meshes presenting significant 

geometrical and topological peculiarities has been defined.   

It is our aim to improve the unit test protocol including also functional testing features, 

devoted to discovering possible algorithmic errors on the MeshLab filters.   

 

New algorithmic results 

OCME, a novel data-structure for the managing of out-of-core meshes has been defined 

[T.5.1.3]. An implementation of OCME and a collection of algorithms working on it will be 

available in Year 4 MeshLab release (spring 2012).  

 

Training and dissemination 

The training activity on MeshLab was brought forward in several different contexts. In 

particular, a Youtube channel was established in March 2011 

(http://www.youtube.com/user/MrPMeshLabTutorials?feature=mhee) offering video tutorials 

on the basic and advanced features of MeshLab,. In the first six months, it gained 150 

subscribers and more than 15,000 downloads. 

A massive use of MeshLab was directly described in two publications [T5.1.1] [T5.1.2] that 

show its usefulness in different contexts of Cultural Heritage (CH), from the reassembling of 

fractured objects to the processing of complex architectural point-clouds. 

MeshLab for tablet platforms 

Due to the emergence and high user interest in the tablet platform (based on Apple's IOS, 

encompassing both iPhones and iPads, or Android), we decided as a side activity to work to a 

reduced MeshLab version designed for that domain. This will include only the visualization 

features (i.e. a mesh/pointset browser, rather than a modelling tool). The first MeshLab 

version for IOS devices has been released in October 2011 (http://www.meshpad.org/), is 

available on the AppStore and was already demonstrated at VAST 2011.  

Please note that CNR has not charged to the 3D-COFORM budget the development costs of this 

activity (it is funded from internal resources).  

http://www.youtube.com/user/MrPMeshLabTutorials?feature=mhee
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Figure 6:  MeshLab for IOS demonstrated on the Apple iPad 

Watermarking of 3D meshes 

 
During the first half of Year 3, MICC has studied and re-designed the 3D watermarking 
algorithm to solve some problems raised in the watermark detection phase. In particul ar, the 
embedding domain has been changed and, consequently, this has determined an improvement 
in the successive watermark extraction. 
 
The new code released (V 2.0) has been properly integrated within MeshLab again at the end 
of Month 30 as planned. Some screenshots of the application, working within MeshLab 
framework, have been inserted (see the following images). 
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Figure 7: Screenshots of the Watermarking tool working within MeshLab 

 
A debugging phase and a test campaign have been carried out during the second half of Year 3, 
to check, in particular, the following issues to be improved:  

 robustness 
 perceptibility 
 error probability 

 
An updated version (V2.1) of the algorithm has been released on Month 36. 

 

Optimization of data processing routines 

The work on advanced texture mapping, to be contributed to the Breuckmann software 
processing system, has progressed.  
 
Two main function groups have been realized: 
 

 Registration of texture images, recorded with a separate camera 
- Interactive pre-registration with only 3-5 tie points, similar to the pre-

registration of 3D scans : available 
- Automatic detecting of additional feature points : under test  
- Best-fit registration based on a set of  feature points :   available for calibrated 

cameras 
- Automatic camera calibration : under test 
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 Advanced colour mapping 
- Automatic correction of lens distortions : available 
- ( Semi ) - automatic correction of different reflection conditions :  available 
- ( Semi ) - automatic correction of different illumination conditions : in progress 
- ( Semi )  -automatic correction of local colour distortions ( e.g. spot lights ) : in 

progress 
 

We expect that the necessary final development, mainly optimization of already existing 
features, and test of all functions will be finished within 3-4 months. 
 

ARC 3D 

As planned in Year 2 the possible integration of the automatic reconstruction feature in the 

ARC 3D server has been evaluated; but this will not replace the standard MeshLab plug-in, 

since in most acquisition projects manual cleaning of the raw data and sophisticated processing 

may be required to produce good quality results. 

At this stage, the ARC 3D server has released its new pipeline as version 2.2. For a while two 

separate pipelines have been running, an older one to guarantee backward compatible results, 

and a new one in development (beta).  The latter run has a completely new scheduling scheme 

based on Condor, increasing the response time by a factor of 5 to 10. In addition, several 

features have been added that allow processing of image sequences that would not have been 

possible with the old pipeline, in particular turntable sequences, scenes with a lot of planarity, 

or other less conditioned image sequences. 

In addition, the pipeline outputs not only the depth maps or original point clouds, but also an 

integrated 3D model is created. Using an automated viewpoint selection, the selected depth 

maps are stitched together using a Poisson reconstruction algorithm to create a watertight 

mesh. The mesh can be imported, processed, or edited in MeshLab.  

The 3D model output is an integral part of the ARC 3D service. In addition, a reduced version is 

delivered that can be viewed immediately in a web viewer (webgl, unity3d,..).  If the model is 

not satisfactory (due to the complexity of the scene for instance), the user still has the 

MeshLab (v3d) plug-in, to manually select and edit the original depth maps and create good 

quality results. The original ModelViewer, a predecessor of the MeshLab plug-in, which was an 

integral part of the original ARC 3D pipeline, has been shutdown. Due to the latest 

developments, it has been decided not to support ModelViewer anymore and rely on the built-

in MeshLab plug-in. 
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Figure 8: Some older and new sequences (re)processed with the new pipeline 

 

3.2 Synthetic description of partners contributions 

Contribution of partners to T5.1 activities and results has been as follows: 

 CNR-ISTI: contributed with the implementation of several new filters that have been 

added to MeshLab, with particular care to the introduction of the new colour projection 

pipeline; a MeshLab version for the Apple IOS platform was produced. 

 MICC: contributed by developing a new version (V2.1) of the 3D watermarking algorithm 

and by re-integrating it as a plug-in in MeshLab. 
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 KUL: maintained the integration with MeshLab of the tools developed (e.g. ARC 3D). 

 Spheron: progressed with the integration with MeshLab of the acquisition tool 

(integration of data formats under the MeshLab platform, using an internal version) 

 Breuckmann: contributed with the work concerning the improved colour mapping 

features. 

 

3.3 Deviation from work plan 

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

 

3.4 Plans for the next period (adaptations to the work plan of 

the next period) 

The activity will proceed according to the original plan. Major results expected are: 

 New versions of MeshLab will be delivered during the next year. The colour projection 

pipeline will be further improved, by adding the correspondences based image 

alignment and new mechanisms to improve colour projection (stencil quality masks, 

preservation of fine colour details). 

 Watermarking filter: debugging and testing will continue during the last year of the 

project. 

 Colour mapping feature (Breuckmann software): the implementation of the new colour 

mapping features will be finalized in Year 4. 
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4 Task 5.2 – Methods for shape analysis 

4.1 Activities and results in Year 3 

Objectives of Task 5.2 in Year 3 have been: to further contribute to the implementation of the 

Shape Analysis component (user-driven analysis and geometry based segmentation of meshed 

models); to further improve the methods for LOD encoding / rendering of CityEngine models.  

 

Shape Analysis component  

Work planned  

According to the plans at the end of Year 2, the activity forecast for Year 3 included the 

improvement of the manual segmentation feature: the shortest path among mesh edges for 

the hierarchical manual segmentation was used to connect two picked points; conversely, we 

have foreseen to design a new approach based on the automatic completion of borders usi ng a 

curvature-following method. Additionally, we defined a research agenda, covering the 

following topics: hierarchical segmentation, combined segmentation and semantic-based 

segmentation. Simple hierarchical segmentation was the focus of the second period and we 

recently started with combined segmentation, where we are exploring the combination of 

physically-based and curvature-based segmentation.  The aim is to find a plausible combination 

of the techniques, which could represent some specific context, leading to context-aware 

segmentation. This will not be an automatic process; the user will need to interactively set 

some parameters, in order to generate results. Changes in the parameters will generate a 

different result. 

Work performed 

The main objective of the shape analysis tool is to serve the annotation process. A requirement 

prior to annotating a digital 3D shape is to understand its intrinsic structure. This is because an 

annotation can refer to the whole shape, a portion, multiple portions, a single point or several 

points. Thus, a geometric definition needs to accompany the annotation itself, in order to 

associate semantics with the relevant part(s) of the digital 3D shape. In this way, the 

association is not just a plain link, but a bidirectional  correlation which complements each 

other and makes sense on both sides. There are different techniques to understand the digital 

3D shape ([ABM06], [DFMPP11]) and to formulate such a geometric definition ([SF09]), 

including sketching, painting, outlining, fitting, segmenting and structuring. These techniques 

can operate manually, semi-automatically or automatically, depending on the degree of 

automation and therefore of the required user involvement. 
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Comparisons of segmentation techniques and of the different principles which drive 

segmentation are discussed by Attene at al. [AKM06], Shamir [Sha08] and Chen et al. [CGF09]. 

Some of these techniques are: a) RANSAC ([SWK07]), b) curvature analysis ([MSSPS07]), c) 

contour analysis ([LZ07]), d) descriptive operators e.g. Laplace Beltrami ([RBG09]), e) simulation 

e.g. heat ([FSK11]), and f) concavity ([AZC11]). The complexity of segmenting a digital 3D shape 

has been tackled with different strategies. One strategy is to coarsely identify bigger portions 

of the 3D shape and then proceed to separately analyse each portion. This is known as 

hierarchical segmentation ([AFS06], [SSS10], [WXL11], [HC11]). Another strategy is to combine 

geometric principles with other concepts about the represented shape, such as ontologi es, 

graphs or labelled meshes ([MPS06], [ARSF09], [ARSF07a], [ARP07], [ARSF07b], [SWWK08], 

[GF09], [KHS10]). A different strategy pursues the identification of structures within the 3D 

shape by means of skeletons ([TVD07], [SSC08]) and/or by means of fitting primitives ([UF07]). 

When the complexity cannot be resolved with some of the above mentioned strategies or 

there are additional requirements, such as the identification of functions or styles; a 

combination of algorithms and user input is the most promising alternative ([FPC08], [MFWJ09] 

[BAT11]). In this context, sketching ([JLCW06]), painting ([PDF09], [PDF10]) or outlining regions 

([PSSD11]) might produce the desirable results. If the results still need to be improved, a 

refinement process can also be applied ([KT09]). 

Despite the current advances in this area, it is not always possible to generate a plausible and 

context-aware geometric definition for different classes of objects (e.g. articulated objects or 

mechanical objects) with an individual algorithm. The developed strategies cannot easily be 

mapped to the different applications’ requirements within a given domain. For instance, some 

strategies are developed to address specific requirements, such as the need to find 

developable segments (unfolded pieces of surfaces) ([JKS05]) or the best view of a 3D shape 

([MS09]). In addition, there are few approaches trying to map principles to specific 

applications’ requirements. For example, Simari et al. *SNKS09+ proposed a multi-objective 

technique, which allows identification of shape adjectives such as compact, narrow or 

perpendicular. Finally, an additional challenge is specifying a stable and consistent geometric 

definition, which is independent from the particular resolution or representation scheme of 

the digital 3D shape representing an object. For instance, Pena Serna et al. [PSSD11] has 

proposed a technique to decouple the geometric definition from the representation scheme of 

the 3D shape or even from different multimedia objects. This is done by using the concept of 

area, which allows creation of consistent annotations without knowing the representation of 

the annotated object. 

The results of this analysis were presented at the public 3D-COFORM STAR Workshop at 

VAST2011 and were submitted to Eurographics STAR 2012 in the context of “3D Shape 

Annotations for Semantic Enrichment” (*T5.2.1+).  

Then, we selected two segmentation algorithms and started some experiments for different 

classes of objects and different resolutions. The first algorithm is base d on fitting primitives 
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([AFS06]) and the second algorithm is based on heat mapping ([FSK11]).Figure 9  show the 

dependency of the heat mapping algorithm from the resolution of the mesh. Additionally, it is 

very time consuming: the computation of the segmentation for about 10,000 triangles requires 

a few hours. 

   

Figure 9: Results of the heat mapping segmentation algorithm for 1330 (left), 6992 (middle) 

and 13332 (right) triangles. 

   

   

Figure 10: Results from the heat mapping algorithm (top) and the fitting primitives algorithm 

(bottom). 
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Figure 10 illustrates the results of the heat mapping algorithm (top level) and the fitting 

primitives algorithm (bottom level) for three classes of CH objects. These results showed that 

there is not a single automatic algorithm able to segment the CH objects in a consistent 

manner. 

In this context, we still believe that the involvement of the user is unavoidable to generate 

plausible results. We developed the infrastructure to manually segment 3D artefacts and to 

generate a representation independent geometric definition ([T5.2.2]). Additionally, we 

worked on improving the performance of the algorithms, by means of developing an adequate 

mesh data structure, also for supporting dynamic changes of the mesh as a result of the 

segmentation process ([T5.2.3], [T5.2.4]).  

The shape analysis tool was tested in the context of 3D annotation by several CH professionals, 

for which installation instructions, a testing protocol and a questionnaire were created. The 

results of the testing exercises revealed that the aids of the tool during the geometric 

definition for the 3D annotation by means of manual segmentation are appropriate for 

activities, where the professionals analyze the model in detail. An automatic enrichment by 

means of annotations is still a difficult task, since the professionals have also different 

expectations toward the results. Thus, we aim to support the annotation process, rather than 

to achieve inconsistent automatic enrichment. This decision was motivated by the main 

technical objective for the fourth period, consolidation of the development. 

Tools for completing sampled representations 

This activity was terminated in Year 2. 

CityEngine - Semantic LoD Rendering  

The goal of this task was to exploit the structural descriptions of CityEngine models to arrive at 

a more effective and satisfactory production of different levels of detail for the models. The 

different levels should be more compact yet still look more detailed and realistic compared to 

the current, mainly bottom-up LOD methods. 

The tool has been tested and the integration is underway.  

4.2 Synthetic description of partners contributions 

Contribution of partners to T5.2 activities and results has been as follows: 

 FhG-IGD: ran an extensive study of the state of the art on mesh segmentation; 

implemented different solutions in the current Shape analysis component. 

 CNR-ISTI: activity completed in Year 2 
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 ETHZ: design and implementation of LOD construction and rendering solutions for 

CityEngine models 

4.3 Deviation from work plan 

No deviations from the work plan have been registered for T5.2. 

Concerning the Shape Analysis Component, the current implementation has been tested by 

several CH professionals and the feedback has been positive, nevertheless the development is 

not finalized. The combination of different algorithms will be completed in the next period. 

Concerning the Semantic LOD, the integration is a bit slower than expected. The reasons are 

the following: 

 The final versions of the RI has only been recently finalized.  

 The person working on this tool was away for a considerable amount of time, therefore 

the integration is underway now. We will show a fully integrated tool by the February 

2012 Review meeting.  

 Moreover, CityEngine has been acquired by a different company (ESRI). Therefore, 

some components of the tool will reside in Virtual machines within the company and 

provide remote service. This should cause no issues with respect to the results of 

integration. 

4.4 Plans for the next period (adaptations to the work plan of 

the next period) 

The activity will proceed according to the original plan. Major results expected are: 

 Shape Analysis Component: The combination of segmentation algorithms will be 

completed in the following period of the project. Additional testing exercises will be 

carried out and the enterprise activities will actively be supported. 

 Sampled models completion: activity completed in Year 2 

 CityEngine - Semantic LoD Rendering: Completion of integration and final testing of the 

integrated tool. 
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5 Task 5.3 – Fitting procedural models to classify 

acquired 3D artefacts 

The goal of this task is to devise new geometric processing solutions that wil l allow the creation 

of synthetic digital models based on procedural or functional approaches, starting from 

available digital data sources (plans, images, sampled 3D models). 

An asset designates an architectural element such as a window or the capital of a column. A 

CGA shape grammar is a set of text rules that describe a building and allow it to be rendered in 

3D. 

 

5.1 Activities and results in Year 3 

Procedural Modelling of Landmark Buildings 

In Year 3, we worked on three tasks: (A) the procedural modeling of landmark buildings 

(demonstrated on Doric temples as they are of value for Cultural Heritage), (B) the procedural 

modeling of facades (demonstrated on Haussmannian style which constitutes a large part of 

some historical city centres in northern Europe) and (C) automatic architectural style 

recognition. Automatic architectural style recognition allows the choice of an appropriate 

approach, set of asset detectors and style grammar. Style recognition is hence useful for both 

(A) and (B). We now elaborate on these. 

A) Procedural modeling of landmark buildings 

We demonstrate an inverse procedural modeling method for landmark buildings on Doric 

temples, adding a lot of features over the work performed last year. The results were 

published at 3DIMPVT 2011 [T5.3.1].  

In Year 3: 

 We improved the asset dimension detection by using multiple images. Estimating the 

correct dimensions of an asset is of capital importance as those dimensions will be 

used to instantiate the procedural model. 

Multiple images allow determination of the dimensions of an asset more precisely by 

projecting the detections on the 3D facade plane and take the intersection of the 

detections. (See Figure 11) 
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Figure 11: Left: detections, right: intersection and size estimation 

 We wrote a grammar interpreter to automatically extract asset relations (e.g. a capital is 

on top of a shaft, see Figure 11) from a full grammar. The grammar interpreter not only 

extracts left/right/top/bottom relations, it also looks at inclusions and repetitions. This 

information is used to improve the detections. 

 We successfully reconstructed different Doric temples: the temple of Hera Paestum, 

Italy; the temple of Athena, Paestum, Italy; the Nashville Parthenon, USA, a full-size 

replica of the Parthenon. For the last-named, we solely used images downloaded from 

the internet. 

 

 

 

 

 

 

 

 

 

Figure 12: Blended image of an original picture and the reconstruction of the temple of Hera, 

Paestum, Italy, published in ETH Globe March 2011 
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B) Automatic procedural modelling of facades 

We have been investigating the reconstruction of Haussmannian style buildings. 

The motivations are as follow: 

 First, Haussmannian  buildings exhibit more diversity than classical architecture. 

 Then, assets such as windows, balconies, doors are widespread amongst other styles. As 

a result we will be able to re-use the detectors. 

 Moreover, work has already been carried out [T5.3.1] in the field of inverse procedural 

modelling of Haussmannian  buildings so we will be able to evaluate our method. 

 Eventually, Haussmannian buildings account for a considerable part of Paris and 

influenced the architecture in other cities such as Buenos Aires and Brussels. 

We devised an inverse procedural modelling algorithm which takes a ground truth annotated 

layout of a facade and turns it into a procedural model. In itself, this tool is valuable as it allows 

a non-specialist to create a procedural model from an annotated rectif ied picture. 

 

 

 

 

 

 

 

 

 

 

Figure 13: Primarily results on automatic procedural modelling of facades: Left: Labelled facade 

(Red: window, purple: balcony, yellow: wall, green: shop, dark blue: roof, light blue: sky) Right: 

Automatically inferred rules rendered with CityEngine 
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Figure 14: Successive steps of the decomposition of a facade by our algorithm (from left to 

right: step 25, 129, 241 and 321 in the overall iterative facade decomposition process). Colours 

are based on the extrema of the subdivision. 

 

We are also working on using and developing state-of-the-art detectors and segmentation 

algorithms in order to produce an annotated facade layout that could be fed to the previous 

tool. 

 

C) Automatic architectural style recognition 

We have presented a paper [T5.3.2] at 3D-ARCH 2011 about a method to automatically classify 

pictures containing facades, extract them and associate a style with each of them. As a side 

product, we developed a tool to automatically rectify and separate the facades in a building. 

This collection of tools integrates very well in our pipeline as it allows us to automatically filter 

and prepare pictures we can gather from the Internet as well as to select a relevant grammar 

to kick-start the reconstruction. 

We now describe the pipeline shown in Figure 15: 

 In step (a), the input image is classified to determine whether it shows a facade, a street 

, a building part or no building at all. 

 If it contains a facade, the picture is automatically rectified, i.e. the distortions due to 

perspective are corrected (b). 

 In (c), the facades are separated 
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 Each facade is eventually classified as a Haussmannian, Flemish renaissance, Neoclassical 

or other style facade. (d) 

 

 

Figure 15: Automatic style recognition pipeline 
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The Shape Dimensioning Toolkit (SDT) – Towards an Adaptable 3D Measurement Tool 

with User-Defined Procedural Shape Detectors 

We implemented a prototype for interactive fitting of hierarchical shape templates based on 

recent achievements at our institute. As explained below, T5.3 was suspended mostly during 

Year 3 (except for two months, Dec 2010 and Oct 2011). We have nevertheless managed to 

progress due to the fact that another researcher in our lab is active in the field of fitting, but i n 

a slightly different fashion, namely automatic fitting. 

The reported work is therefore largely based on Torsten Ullrich’s PhD thesis *UL11+ (finished in 

October 2011) about fully automatic fitting of parametric shape templates. Figure 16 shows 

results from our hierarchical shape template prototype for coffee cups. Initially, a cylinder is 

roughly aligned to the coffee cup (see Figure 16, left) interactively by the user. Subsequently, a 

fitting process is started which results in a partitioning of the input point set in body (yellow), 

handle (cyan) and bottom (magenta). Since the PhD thesis targets a fully automatic scenario, 

we are currently discussing in which ways these algorithms should be offered in an interactive 

setting. Finally, this fitting prototype together with the existing primitive operations from the 

Year 2 has to be integrated in a proper GUI application for user-assisted measurement and 

fitting. We are confident that we can substantially progress in Year 4 because we can build up 

this work. 

 

Figure 16: The original input point set (left) is partitioned into body (yellow), handle (cyan) and 

bottom (magenta) parts by our interactive shape fitting prototype. 
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5.2 Synthetic description of partners contributions 

Contributions of partners to T5.3 activities and results have been as follows: 

 ETHZ: design and implementation of the Image-based inverse procedural modelling tool 

progressed with:  

o pipeline setup 

o automatic style recognition 

o facade extraction 

o 3D detections 

o demonstrated on Doric templates 

 

 TUGraz: made some small progresses over the design and implementation of the Shape 

Dimensioning Toolkit. 

 

 

5.3 Deviation from work plan 

Regarding the Image-based inverse procedural modelling tool, we are catching up with the 

integration of the inverse procedural modeling tool. Apart from that, deviations from work 

plan concern the user interaction with the software. Some of the functionalities will be 

available in CityEngine instead of the tool as initially planned. The tool we are currently 

developing, i.e. the automatic facade modeling tool, directly generates a CGA shape grammar 

which can be easily modified. As a result, it is preferable to allow the user to modify the output 

of the program directly in the CityEngine where they can get some immediate visual feedback. 

If the segmentation and detection results are good enough to be used as an input, then we will 

integrate this step in the software and allow the user to correct mislabeled areas. 

Concerning the Shape Dimensioning Toolkit, due to the high priority activities in WP3 

(implementation of the RI), very little work time has been available. Despite the delay for this 

task, we are convinced that the development of this task must be continued in the next year 

due to the following reasons: 

 Torsten Ullrich’s PhD thesis was concerned with the more complex problem of 

automatically fitting shape templates to meshes. So we already have valuable 

knowledge on automatic shape matching at our institute. 

 Measuring the 3D model on the computer can be a very attractive alternative to the 

classical measurements on the real 3D object, which is tedious, costly and 
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dangerous.  

 Furthermore, a measurement process of a certain model belonging to a class  of 

objects (e.g. amphorae) can be reapplied to different models of the same class in 

much shorter time, thus resulting in a scalable approach. 

 The measurements are not mere values, but can be enriched with information 

where they were taken exactly (e.g. for documentation purposes). Also, different 

measurement standards can be easily used and compared. 

 

5.4 Plans for the next period (adaptations to the work plan of 

the next period) 

The activity will proceed according to the original plan. Major results expected are: 

Image-based inverse procedural modelling tool:  

1. Integration: the tool in development should be integrated with the RI by February 

2012 

2. The automatic procedural modelling of facades tool as well as an automatic 

segmentation tool are being implemented. Combining those two tools will give an 

inverse procedural modelling tool from pictures that does not require a grammar as 

input. 

3. In addition, we plan to combine all the building-specific grammars generated to 

find out similarities and extract the rules which are characteristic of a style. The 

software would then learn from examples about a style. 

4. We plan to tackle the reconstruction of Regency style buildings together with the 

University of Brighton. 
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User assisted procedural shape fitting as 3D measuring tool:  

Based on the existing prototypes for measurement primitives (from Year 2) and the user-

assisted fitting, we plan to pursue the following goals: 

 Implement the existing list of basic shape detectors and measurement operations and 

extend them as required by the users 

 Extend the user-assisted fitting prototype with algorithms from Torsten Ullrich’s PhD thesis 

and make them available in the interactive context. 

 Full RI integration including retrieval of stored 3D models for input data and storing results 

as metadata. 

 Provide an appropriate, Qt-based GUI for the user-guided measuring and fitting algorithms 

that can be further integrated into the IVB 

Due to the delays mentioned before, it is probable that the tool will merely reach a “lab 

prototype” state and be less mature compared to other tools produced in this project (most 

notably MeshLab). Nevertheless, we want to pursue the task and further develop the tool in 

the remaining duration of the project, because it is designed according to practical use cases, 

which are highly relevant for museums and show the usefulness of 3D models in very practical 

terms. In this context working together with real users, i.e. CH professionals, is a unique 

opportunity for us and helps to improve our tool continually. 
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6 Milestones 

The major milestones in the period considered are as follows:  

 MS5.5 – Month 36: All final versions of the tools are available for usage in WP10 

Some of the tools are still in development and only some have been tested by WP10 to date. 

Tools will be finalised and testing completed in Year 4. 

7 Conclusion 

Most of the activities of WP5 are in line with the planned schedule proposed in the DoW 

document.  

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

publications listed in Section 8 below). The planned milestones have been reached, with the 

exception of some activity in T5.3; we are proud to mention that the MeshLab has been further 

extended (most notably, covering sophisticated colour management, a feature that is very 

basic in competing commercial products) and new versions have been released regularly 

during the third year. We also contributed with some unplanned work (MeshLab porting to the 

iPad platform). MeshLab is heavily used by a huge community of external users and 

consolidated. 

Other interesting results have been produced in the Shape Analysis task (tools for curvature-

driven segmentation and for sampled mesh completion). 

Finally, procedural modelling has advanced, by delivering the first implementation of the 

procedural modelling of landmark building approach; unfortunately, the second component of 

this sub-task, after refocusing the activities towards a user-driven GML fitting approach 

occurred in Year 2, has not advanced substantially (due to more pressing commitments of the 

responsible partner on development and deployment of components for the Repository 

Infrastructure). The TUGraz partner plans to work on this in the final year of the project. 
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8 Publications  

T5.1 

[T5.1.1]  Roberto Scopigno, Marco Callieri, Paolo Cignoni, Massimiliano Corsini, Matteo 

Dellepiane, Federico Ponchio, Guido Ranzuglia, 3D models for Cultural Heritage: 

beyond plain visualization, IEEE Computer, Volume 44, Number 7, page 48-55 - July 

2011. 

[T5.1.2]   Marco Callieri, Paolo Cignoni, Matteo Dellepiane, Guido Ranzuglia, Roberto Scopigno, 

Processing a Complex Architectural Sampling with MeshLab: the case of Piazza Della 

Signoria, Proceedings of 3D-ARCH 2011 - 2011. 

[T5.1.3] Fabio Ganovelli, Roberto Scopigno, "OCME: out-of-core Mesh Editing Made 

Practical", IEEE Computer Graphics and Application, Volume 31, Number 2 - April 

2011 

T5.2 

 [T5.2.1]  Pena Serna S., Rodriguez-Echavarria K.: 3D Shape Annotations for Semantic 

Enrichment. Submitted to Eurographics STAR 2012. 

[T5.2.2]  Pena Serna S., Scopigno R., Doerr M., Theodoridou M., Georgis C., Ponchio F., Stork 

A.: 3D-centred media linking and semantic enrichment through integrated searching, 

browsing, viewing and annotating. In VAST11: The 12th International Symposium on 

Virtual Reality, Archaeology and Intelligent Cultural Heritage (Prato, Italy, 2011). 

 Note: this paper has been selected as Best Paper at the conference and will be invited 

for publication of an extended version on ACM J. on Computing and Cultural 

heritage. 

[T5.2.3]  Pena Serna S., Stork A., Fellner D.W.: Static and Dynamic Mesh Data Structures. 

Submitted to Eurographics STAR 2012. 

[T5.2.4]  Pena Serna S., Stork A., Fellner D.W.: Considerations toward a Dynamic Mesh Data 

Structure. SIGRAD 2011: Eurographics Swedish Chapter Conference. November 17–

18, 2011, Stockholm, Sweden. 

T5.3 

 [T5.3.1]  M. Mathias,  A. Martinovic, J. Weissenberg and L. Van Gool; Procedural 3D Building 
Reconstruction using Shape Grammars and Detectors; 3DIMPVT 2011 

[T5.3.2] M. Mathias, A. Martinovic, J. Weissenberg, S. Haegler and L. Van Gool; Automatic 
architectural style recognition; 3D-ARCH 2011 
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