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1 Executive Summary 

This deliverable, D7.2, presents the work conducted within Work Package 7 (WP7) by the different 

partners during the second year of the 3D-COFORM project.  In Year 2, work has continued on the 

individual browsing tools and on the shape and material search engines.  In parallel, partners have 

developed a first version of the integrated viewer/browser, including a plugin framework that will allow 

additional functionality to be progressively integrated in a cross-platform manner. 
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2 Introduction and Objectives 

Work Package 7 has three objectives: development of user-facing tools for searching and browsing 3D 

cultural heritage content based on text, metadata, shape, and materials (Task 7.1), technologies to 

enable advanced shape- and material-based search (Task 7.2), and finally, the integration of all partners' 

viewing, browsing, and search functionality into the IVB (Task 7.3).  As integration of the tools with each 

other and with the repository infrastructure is a central focus of WP7, work in the first year focused 

heavily on developing requirements and specifications for interaction with the RI so that partners would 

be able to develop their respective technologies while ensuring that integration could occur smoothly 

and successfully. 

In Year 2, partners have worked to develop initial versions of the IVB including basic query and browsing 

functionality, as well as stand-alone versions of the shape and material search services.  Although the 

rough breakdown of work into tasks -- browsing in Task 7.1, advanced searching in Task 7.2, and 

integration in Task 7.3 -- make good logical sense, it has not turned out to be the most practical way to 

organize design and implementation work.  Instead, given the number of partners involved, we have 

organized the work in Year 2 into the front-end (comprising the IVB, viewer components, query 

formulation interface, and plugin APIs) and back-end (comprising the shape and material search 

servers).  Although the front-end components are spread across all three tasks, they must integrate into 

a single application, and it does not make sense to develop them separately.  On the other hand, the IVB 

communicates with the shape and material search services via the RI, so development of these 

components, both part of Task 7.2, has proceeded on an independent track. 

The presentation of results in this deliverable follows the actual organization of work during the year 

rather than the breakdown of tasks.  We believe this is a more coherent way of documenting our 

achievements.  However, we stress that the overall goals of WP7 for Year 2 and over the course of the 

entire project remain unchanged, and we remain fully on schedule. 
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3 IVB Architecture 

To reduce the coordination and design overhead of producing a first version of the IVB, a framework has 

been designed that could support the viewing, querying, and annotation components that will be 

contributed by various partners.  This is a challenging problem, because the existing body of 3D-

COFORM software is implemented on a multitude of platforms, and in a multitude of programming 

languages.  While new software could be written directly to the IVB's "native" API, it is simply not 

feasible to port all existing software to one single, homogeneous environment.  We have therefore 

designed a plugin system to support seamless integration of heterogeneous components in a 

transparent way.  Although this is a key integrating functionality, it is also a key underpinning of the 

viewer/browser and QFI components in Task 7.1 and Task 7.2, and it is in this context that it has been 

developed.  We have therefore chosen to develop the architecture within these tasks, and reserve Task 

7.3 for the integration of partners' stand-alone components with the IVB. 

The plugin system is designed so as not to require any code modifications inside the containing 

application nor recompilation of the main application. Therefore, it consists of a package named Plugin 

SDK (Error! Reference source not found.), which contains all necessary components for: 

 Load a specific Plugin (UUID or Filename) 

 Search for loaded Plugins (UUID or Filename) 

 Automatically load all Plugins and create one instance from each of them 

 Integrate a Window or Widget of a Plugin into the containing application (rapid prototyping) 

 Starting and communicating with Java based tools over Java Native Interfaces 

 Integrating Windows / Widgets of other Applications (reparenting) 

 Integrating Web-based applications over QWebview 
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Figure 1: Plugin System component overview.  The key classes are PluginLoader, IKernel, and IPlugin. 

Error! Reference source not found. shows the interfaces of the plugin system and the application. The 

fundamental classes are the PluginLoader, IKernel and IPlugin. 

3.1.1 PluginLoader 

PluginLoader is responsible for finding, loading and optionally creating objects from plugins. It also 

knows the specific file extensions or naming of shared libraries, in the same way as they are used on the 

operating system. For example, calling PluginLoader with the plugin name “Test” under Windows will 

load the plugin from test.dll; under Linux it will look for libTest.so. 
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Figure 2: The core classes of the plugin system 

3.1.2 IKernel 

The IKernel interface is the minimal interface that each application must implement.  It provides the 

only application methods that are callable by external plugins.  

3.1.3 IPlugin  

The IPlugin interface is the minimal interface that must be implemented for each plugin. This interface 

allows PluginLoader to load and optionally create an object of this plugin. It does not have any additional 

external library dependencies, and is meant for simple plugins that do not need OpenSG or QT.    
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Figure 3 shows the main classes of plugins. They have different functionality and dependency 

requirements; for example, plugins that need to be linked against QT can use the 

QTInteractionPluginAPI. 

 

Figure 3: The plugin class hierarchy 

The QTInteractionPlugin can be designed to contain none or many widgets that will automatically be 

integrated as Subwidgets into the IVB application; additionally these plugins can also add menu and tool 

bar entries (e.g. QtAction). The OSGInteractionPlugin is the basis for supporting OpenSG scene graphs. 

OSGScenePlugins are derived plugins that have their own OpenSG Window inside a QGLWidget (see 

Figure 4Error! Reference source not found.). The OSGInteractionPlugins can be used for accessing and 

manipulating an OpenSG scene graph. ParserPlugins are the simplest plugin of the system; these can, for 

example, be used for file reader plugins, which can easily be integrated in the OSGInteractionPlugins, in 

order to support new file formats. 
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Figure 4: OpenSGScenePlugins 

 

3.2 Deviation from Work Plan 

There has been no deviation from the work plan. 

3.3 Future Work 

The development and integration of new plugins from different partners will be supported; additionally 

new requirements or needs will be considered and implemented within the plugin system. Moreover, a 

set of basic plugins will be provided, in order to avoid the duplication of the implementation work, for 

example the plugins for communicating with the RI. The adoption of WebServices as a unique 

communication channel with the RI will probably generate new challenges and dependencies, which will 

need to be addressed.  Additionally, the MLSL multilingual framework will be integrated into the IVB to 

support localization of both the application and annotations, and facilitate language-independent text 

queries.  The preparatory work on the MLSL carried out in Year 2 to support the IVB's needs are part of 

WP6 and are reported in D6.2 – Second Year Report on WP6. 
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4 Viewer/Browser Components 

In conjunction with the work on the IVB architecture, an initial version of the core viewing and browsing 

component has been developed, a key element of Task 7.1.  This is built on the IVB plugin architecture, 

but must itself be highly extensible to both view and browse the large variety of possible 3D data types 

along with their associated metadata.  As the core viewing and browsing component, it is also essential 

that it be fully cross-platform.  To some extent these challenges are addressed by the VSL framework 

(WP9) that provides a unified library for viewing 3D data types within the 3D-COFORM project.  

However, this does not solve the problem of presenting individual or lists of objects with metadata in a 

coherent fashion. 

The solution adopted is to specify layouts for each class of object in a JavaScript-based template 

language.  These are simple to design, and specify the metadata that will be displayed alongside the 

object and layout information.  These templates are filled in with data from query results and rendered 

using Qt's implementation of the WebKit rendering engine, which provides rich, HTML5 layout 

capabilities with the ability to incorporate Qt widgets (to support object rendering via the VSL library, for 

example).  Additional object classes are easily supported by creating a new template.  Furthermore, the 

mechanism provides a simple way to rapidly update and iterate the interface and exposed metadata in 

response to user feedback and as the IVB evolves. 

 

Figure 5: Query results are presented based on templates for each class type, allowing rich layout 

possibilities and rapid addition of new data types. 
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Figure 6: View templates provide formatted presentation of objects along with annotations.  The layout 

of the object and annotations are controlled by the object class's template.  Multiple independent objects 

are supported through a tab based interface. 

It was decided during the development of the functional specifications in Year 1 that certain tools would 

not be incorporated into the 3D Browser component of the IVB, but rather remain as stand-alone tools 

due to their complexity.  One of these is the Site Explorer tool for navigating entire sites and viewing 

objects in situ.  These tools will nevertheless interact with the IVB and RI to provide a coherent 

experience to the user.  To this end, the alpha version of Site Explorer developed during Year 2 has 

adopted the VSL framework to automatically support all rendering nodes developed in the 3D-COFORM 

project.  The preliminary version therefore already supports loading and positioning of the full range of 

object types supported in the project, including 3D models, BTF-textured models, parametric GML 

models, and entire cities created with CityEngine.  Initial navigational possibilities include a third-person 

"world" camera, and a first person "site navigator" camera. 

Another stand-alone tool is PhotoCloud, which supports easily browsing dense photo sets of artefacts or 

sites by means of an intermediate 3D reconstruction (similar to the browsing paradigm of the University 

of Washington's PhotoSynth). The user will be able to browse sets of photos stored in the repository by 

directly manipulating the corresponding 3D model or via a visual presentation of the viewpoints from 

which the photos were taken. A second goal is to support the management of sequences of image 

collections of the same artefact or site, but taken at different times.  This will allow the user to easily 

visualize multiple images from similar viewpoints but at different times (to see, for example, what a 

building façade looked like before and after a restoration) by keying the images to their viewpoint 

relative to the same approximate 3D model. 
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As called for in the DoW, we have delivered a first beta version of PhotoCloud.  The current 

implementation can directly read the output of ARC 3D to visualize images in relation to the model that 

ARC 3D generates (Figure 7).  The interface presents an interactive 3D view of the point cloud, with a 

selection of images from nearby viewpoints along the bottom.  Various rendering options are available 

to render these images in context in the 3D view. 

 

Figure 7: PhotoCloud browses of image collections via interactive navigation in a 3D scene. 

 

4.1 Deviation from work plan 

Work on viewing and browsing components (Task 7.1) is on schedule, with delivery of an initial, working 

3D viewer/browser component, ongoing improvements to Site Explorer, and a beta version of 

PhotoCloud.  Although it is not yet released, the development of PhotoCloud 2, scheduled for Year 3, is 

also already underway. 

4.2 Plans for the next period 

In the next period, the 3D viewer will incorporate templates for the range of object classes supported by 

the 3D-COFORM project.  Progress will also be made on data caching to improve interactivity and on 

authentication.  As the viewer/browser component already relies on WebKit for rendering, it will also 

leverage WebKit's caching and HTTP authentication support in conjunction with the HTTP RI interface to 



3D-COFORM D.7.2 (PUBLIC) 

14 

 

simplify this task.  Additionally, support for procedural GML models will be incorporated into the 3D 

view. 

Plans for Site Explorer in Year 3 include the ability to directly retrieve objects from the RI, expanded 

navigation possibilities, included pre-recorded routes, and new interactive elements including ways to 

present meta-information to the user in context. 

PhotoCloud version 2, which we plan to deliver in Year 3 will include a number of major new features; 

work has already begun on some of these features, and is shown in Figure 8: 

 Increased flexibility through support for generalized 3D scenes (e.g. produced by a standard active 

scanning process) and set of images aligned with the 3D scene. Internally, this requires a major 

update and restructuring of the internal data structures; 

 New ways to visualize images in the 3D scene, in particular the ability to project an image onto 

the rendered 3D model on the fly.  By using projective textures, it will no longer be necessary to 

first produce a texture-mapped model; 

 Provide integration with the IVB and RI. Although it will remain a stand-alone tool, the plan is to 

support searching for and retrieving models and associated image collections from the RI within 

the IVB, which will then invoke PhotoCloud to visualize them; 

 Improve and extend the GUI. 

 

  

 

Figure 8: The current beta release of PhotoCloud is capable of projecting an image in front of the 3D 

model (Left .  PhotoCloud 2, to be delivered in Year 3, will be able to paste images directly onto the model 

using projective textures (Right). 
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5 Query Formulation Interface 

Aside from viewing, browsing, and simple keyword-based searching, a key functionality of the IVB is 
support for intelligent search and retrieval that matches complex queries. By intelligent search we mean 
the development of mechanisms to improve search accuracy by understanding the searcher’s intent and 
the contextual meaning of search terms as they appear in the semantic network within the RI.  This 
requires both advanced search algorithms, and an interface to simplify the construction of complex 
queries.  Furthermore, since shape and material search algorithms are too complex to incorporate 
directly into the MR or OR, this interface must be capable of breaking complex queries into parts that 
the RI can dispatch to appropriate search services (CRIs) and recombine.  The Query Formulation 
Interface (QFI), an integral part of the IVB, addresses the problems of creating complex, semantic 
queries, and splitting them into different parts to be serviced directly by the RI rand by the CRIs.  It is 
implemented as a plugin to the IVB and falls within Task 7.2 in the DoW. 

5.1 QFI Approach 

We have implemented and integrated the QFI as a plugin in the IVB. The system design of the QFI is 
divided into four components. In the following we describe the meaning of each individual component 
in more detail (see Figure 9):  

 

 

Figure 9: QFI Approach. 
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 QFI Graphical User interface (QFI GUI): it is essential to have a query formulation interface, which 
supports users in building semantically coherent queries. The intention of the QFI GUI is to provide 
an abstract query formulation interface, aiming to hide the underlying complexity of the CIDOC-CRM 
model from the end-user. It provides a graphic front end to the user and supports the incremental 
development of contextual queries in an interactive way.   

 

 SPARQL Builder: SPARQL is the communication protocol used between IVB clients and the RI to 
encode queries and their results. Hence, once the user has finalized the query on the QFI GUI, the 
query has to be semantically translated into the corresponding SPARQL syntax.  

 

 Retrieval Manager: The Retrieval Manager invokes the various querying methods provided by the RI 
API. The Retrieval Manager submits SPARQL queries coming from the SPARQL Builder to the RI and 
retrieves corresponding result instances. The result instances are returned either as a set of triples 
or in the SPARQL XML result format. However, this module directly forwards the returned results to 
the Result Processor.  

 

 Result Processor: This module converts the result instances into a result format suitable for the 
Browsing interface. The result format represents the result instances and their relationships 
(semantics) as a list- and graph-based structure. Finally, the Result Processor module sends the 
results to the Browsing interface where the result structure can be navigated by the user in order to 
explore the returned results and their metadata.  

5.2 QFI Achievements 

In the reporting period the following activities have been carried out within the individual QFI 
components: 

 QFI GUI: In the reporting period we have implemented a QFI GUI and a simple abstract query model 

for querying complex CIDOC-CRM structures. The abstract query model is composed of a set of 

triples. Each triple represents a fundamental category, fundamental relation, and a special category 

that can be mapped to a CIDOC-CRM structure. The QFI GUI allows selection of fundamental 

concepts and relations relevant for the query. Queries can be complemented with text-based inputs 

by the user. Moreover, the QFI GUI enables users to validate the current state of the query. For this 

reason, the QFI GUI provides a validation service to the user. The query validation service has been 

implemented based upon the Apache Lucene API [4]. This validation service directly communicates 

with the RI and checks whether the current query can be understood by the semantic network or 

not. If the query is not understandable for the semantic network, the validation service makes 

suggestions for alternative queries so the user can rethink and revise the current query. By means of 

this validation service, users can build correct and understandable semantic queries. Figure 10 

shows the current version of the QFI GUI. 
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Figure 10: Screenshot of the current version of the QFI GUI. 

 
 

 SPARQL Builder: The translation of user queries into semantically equivalent SPARQL queries is 
supported by query templates. These query templates are a mechanism by which the SPARQL 
Builder module can easily map a user query on the logical CIDOC-CRM model to one or more 
SPARQL statements. The query templates contain implicit SPARQL statements that have to be 
considered in order to retrieve meaningful results. 

 

 Retrieval Manager: The submission of SPARQL queries to the RI is supported by the RI API. The RI 
API provides various querying methods to the Metadata Repository (MR) and Object Repository 
(OR). For this purpose, a dedicated querying module has been implemented and integrated to the 
QFI. 

 

 Result Processor: Results are currently encoded in a list-based structure. The list contains entities 
that match the query. 

5.3 QFI future work 

In the next period the following activities will be carried out within the individual QFI components: 

 QFI GUI: The QFI GUI will be extended to allow users to search for materials and shapes, including 
splitting the query into text, shape, and material components. Related finding aids will be 
integrated. Moreover, we will further develop the abstract query model in order to query more 
complex CIDOC-CRM structures. 
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 SPARQL Builder: Concerning the mapping of user queries to semantically equivalent SPARQL 
queries, we are currently evaluating the possibility to use an inference rule engine. In the context of 
query mapping, inference rule engines are one of the tools to improve the quality of data 
integration, by discovering relationships relevant for the query and automatically analyzing the 
content of the query. Compared to query templates, the use of an inference rule engine would 
significantly increase the flexibility of the QFI. 

 

 Result Processor: In order for the Browsing interface to show the results in a graph view, it is 
mandatory that the Result Processor encodes the results in a graph-based structure which 
represents also the connection of the entities via relationships. This will be implemented in the next 
period. 
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6 Shape and Material Retrieval Services 

The shape and material retrieval services constitute the "back-end" services in WP7, and are housed in 

Task 7.2.  These services are responsible for servicing queries based on object shape and material 

properties, which are complex problems that cannot be easily handled within the MR or OR.  As such 

they are responsible for pre-computing and indexing the necessary object features to perform these 

searches, and for responding to queries from the RI based on their internal databases.  The logical 

structure of these services and their communication with the RI has been determined and specified in 

WP3 – Repository Infrastructure, and is documented in D3.2 – Second Year Report on WP3. 

The goal for Year 2 has been to deliver stand-alone versions of the 3D shape and material search 

services.  Integration with the RI and IVB (via the QFI) is planned for Year 3.  The stand-alone versions 

are themselves significant milestones, as they comprise research into appropriate descriptors and 

matching algorithms, and construction of the back-end databases and servers to service shape- and 

material-based queries. 

6.1 Work performed 

Work on the shape search component has focused on three areas in Year 2: 

 Shape Description: How can a shape be efficiently and robustly described in a way that supports 

classification and retrieval? 

 Shape Search: How can shape-based queries be effectively performed by the user? 

 Shape Classification: How can shapes be automatically categorized (e.g. as a cat, person, or pillar) 

based on similarity to other shapes? 

The descriptors and algorithms developed are summarized below; more detail can be found in the 

resulting publications [1,2].  The methods have been tested on established benchmark data sets 

(Princeton Shape Benchmark, TOSCA, SHREC '09) and a collection of high resolution models of statues 

provided by the Louvre. 

Efficient, robust shape descriptors are the key to successful shape-based search and classification.  In 

Year 2, retrieval and experiments were conducted with a variety of published shape descriptors, 

including Heat Kernel Signatures, Spherical Harmonic Descriptors, and Spin Images.  They have also 

developed a novel descriptor, 3D SURF, based on the spatio-temporal SURF descriptor.  Examples of the 

search results obtainable with 3D SURF are shown below in Figure 12.  3D SURF is described and 

compared to existing descriptors in [1].  Additional experiments comparing these descriptors for the task 

of classification are presented in [2]. 
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Figure 11: (a) Example retrieval results obtained using 3D SURF features for standard test objects and for 

statues scanned in high resolution by the Louvre. 
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Figure 12: (b) Example retrieval results obtained using 3D SURF features for standard test objects and for 

statues scanned in high resolution by the Louvre. 

The other main area of activity in shape search during Year 2 was automatic shape classification.  Ideally, 

given a database of labelled objects, newly added objects should be automatically inserted into the 

correct class based on matching their descriptors to previously classified data.  Relying on the same 

descriptors as for shape search, experiments have been conducted with a number of different 

classification algorithms, including support vector machines, nearest neighbour search, and implicit 

shape models.  Preliminary results are presented in [1, 2], and are promising but not yet entirely 

satisfactory (Figure 13). 
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Figure 13: Examples of challenging objects for 3D classification.  Although the first three objects can be 

correctly classified, the sculpture at the right is not correctly recognized. 

As specified in the DoW, a stand-alone version of the shape database has been prepared that permits 

searching for similar whole objects over the web.  Preparations are also underway to connect the shape 

repository to the RI via the CRI API early in Year 3. 

Work on material search in Year 2 has focused on algorithms and metrics for Bidirectional Texture 

Function (BTF) retrieval and classification.  As BTF acquisition is not yet a mainstream process like 3D 

shape acquisition, large databases of BTFs do not yet exist, and there is relatively little existing work on 

retrieving and classifying them compared to 3D models.   

The Bidirectional Feature Histogram (BFH) [1] descriptor has been selected and implemented to support 

recognition and retrieval problems, as well as a basic, alpha-quality, stand-alone retrieval tool based on 

this descriptor.  Using the BFH descriptor, it is possible to define a distance metric between BTFs to 

support both nearest match queries, and ordered lists of results. 

6.2 Deviation from work plan 

Shape and material search are on schedule with no deviations from the work plan 

6.3 Plans for the next period 

In Year 3, we will complete integration of the material and search databases with the RI, enabling the 

extension of the QFI to query them.  Although the back-ends will continue to be distinct components, 

alongside the MR and OR, they will support explicit synchronization to guarantee a consistent view of 

the database, in which all components index the same objects, is achievable.  Furthermore, queries will 

be mediated through the RI.  Coupled with integration of the search components into the IVB, this will 

allow combined searches based on all properties, with unified presentation of results.  In parallel, work 

will continue on improving the retrieval and classification results of both the shape and material search 

components. 
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