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1 Executive Summary

This deliverable presents the progress achieved in Work Package 7 (WP7) — Searching and Browsing 3D
Collections - during the first year of 3D-COFORM. This work package covers the development of an
integrated viewer/browser for cultural heritage (CH) content held in the 3D-COFORM Repository
Infrastructure. To support the varied types of content and database queries, various partners will be
contributing modules and working to integrate them as a coherent set of tools. 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. The goal for the first year has been to develop
functional specifications for each individual component, including usage scenarios, data types,
communication with the repository, and also specifications for the integration of the separate
components with a unified searching and browsing tool.
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2 Introduction, component description and integration

This deliverable presents the progress achieved in WP7 during the first year of 3D-COFORM. This work
package covers the development of an integrated viewer/browser for cultural heritage content held in
the 3D-COFORM Repository Infrastructure. To support the varied types of content and database
queries, various partners will be contributing modules and working to integrate them as a coherent set
of tools. The goal for the first year has been to develop functional specifications for each individual
component, including usage scenarios, data types, and communication with the repository, and also
specifications for the integration of the separate components with a unified searching and browsing
tool.

Note that, to a large extent, the functional specifications for individual components are reported in D3.1
— First Year Report on WP3 — Repository Infrastructure - because they largely concern interactions with
the repository. However, we have included expanded specifications including usage scenarios for some
of the tools in the non-public appendix to this report.

The following section describes in detail the work accomplished, broken down by task and partner.
Where appropriate, full functional specifications appear in the Appendix.
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3 WP 7 - Detailed description of work

This section describes in detail the progress of the activities in the different tasks, focusing on the
activity of each partner.

3.1 General objectives

WP7 covers the 3D-COFORM Integrated browser (IB, also known as the Integrated Viewer Browser, IVB),
which is required for browsing the 3D-COFORM Repository Infrastructure (Rl). While the core
functionality of the IB is browsing, it will also be the central component for viewing basic objects
(images, 3D meshes) and metadata, and for editing metadata and annotations. The different
functionalities will be implemented in WP6 and WP7, and will result in plug-ins to a generic browser
shell.

This report focuses on establishing the functional specifications of the IB in terms of design and
interface. These specifications are primarily derived from the deliverables D2.1 (overall 3D-COFORM
functional specifications) and D3.1 (architecture and design specification of the RI).

3.2 First year work plan

The activity of WP7 is divided into three tasks. However, the first year activity is limited to designing the
specifications and interfaces for integrating browser components:

Task 7.1 — 3D Model Viewer/Browser
¢ Functional specification of the model viewer/browser component

Task 7.2 — Semantic, Shape and Material Retrieval (Geometry/Metadata Search)
¢ Integrated browser design and interface specification

Task 7.3 — Integration of 3D-COFORM Browser

¢ Integrated browser design and interface specification.

3.3 Work performed

The work performed in the first year of activity is described in the following, focusing on each single
task.
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3.3.1Task 7.1 - 3D Model Viewer/Browser

3.3.1.1 T7.1zWork performed at FhG-IGD

The objective of Task 7.1 for the first year of the project is to define the functional specifications of the
3D Model Viewer/Browser and to design the integration strategies for the different components. In
order to advance towards this objective, we undertook a consultation with CH professionals at the V&A
in London, where we aimed to brainstorm the scenarios and workflows of the browsing component. In
order to prepare the consultation, we compiled different example of the state of the art on browsing
interfaces and specially the information visualization field. The consultation helped us to identify the
needs, priorities and challenges. Some of these are:

e Filtering
e Ways of displaying combined information, text, graphs and 3D artefacts
e Handling of large sets of results.

The aim of the browsing component is to visualize the search results in different forms. The visualization
should provide the user with a comfortable interface to explore the results. The optional interfaces are
plain list and 2D/3D graphs. Figure 1 describes more details regarding the functional specifications of the
browsing component and its interfaces. The following figure represents the conceptual architecture of
the component and its relations with the Query Formulation Component, the 3D Model Viewer and the
Repository Infrastructure.
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Figure 1: Conceptual architecture of the browsing component
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3.3.1.2 T7.1zWork performed at ISTI-CNR

The objective of Task 7.1 for the first year of the project is to define the functional specifications of the
Integrated Viewer/Browser. For this task we have started a set of explorative experiments in order to
test the technologies that have to be used to implement the browser. By means of various meetings,
both face to face and phone conferencing, we agreed on a common view of the main functionalities that
have to be implemented in the IVB. Various sketches of possible GUI were designed and discussed in
order to present in the most ‘friendly’ way the access and the possibility of searching, browsing and
inspecting the Rl entities and their semantic relationships.

The full functional specifications for the Integrated Viewer/Browser are included in D3.1, and are not
duplicated here. However additional discussion and specification of the GUI, which is relevant to the
end user and other partners integrating with the IVB, is included in the appendix to this deliverable.

3.3.1.3 T7.1zWork performed at TU Graz

The main contribution of TU Graz in the First Year in T7.1 is a communication infrastructure for direct
exchange of structured data, GML-RPC. It has turned out that in several places there is the need to
exchange structured data between components. We found it important to devise a solution to the
project infrastructure level for three main reasons:

Communication with the RI: Since CIDOC-CRM is an integral component of the project, almost any piece
of software in 3D-COFORM needs to interface with the repository — if not directly (via ingest / retrieve),
then at least on the level of data structures. The metadata repository communicates parts of the
semantic network in the form of small XML files in CRM-XML, an XML dialect. We give infrastructure
support to reading and writing such structured data, and provide an easy-to-use API.

Direct communication between components: Standards exist for client-server communication, for
instance web service protocols like SOAP. Using SOAP, however, is overkill if just an array of key/value
pairs needs to be transmitted between two processes, or an array of 3D points. The solution here is a
small socket-based solution, which works between processes on the same computer, and between
computers in a LAN. For WAN communication we still use SOAP and web services.

Communication between C++/Java: Parts of the 3D-COFORM infrastructure are written in C++, others
are written in Java. We need a simple, robust, easy to use mechanism for transmitting structured data
through JNI, the Java Native Interface.

Besides the communication issue, TU Graz is contributing a viewer/browser for parametric GML
models. However, we have decided to shift this work into Year 2, since a robust, working
communication infrastructure has higher priority in the project at the present stage. However, we are of
course taking part in the IVB development to make sure that all necessary interfaces exist for integrating
the viewer / browser for GML.
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3.3.1.4 T7.1zDeviations from Work Plan (3D Model Viewer/Browser)
ISTI-CNR:  No deviations from work plan.
TU Graz: No deviations from work plan.
Fhg-IGD:  No deviations from work plan.
3.3.1.5 T7.1zPlans for the next Period (3D Model Viewer/Browser)

FhG-IGD:
Task 7.1 will progress and implement the designed functional specifications; in order to develop the 3D
Model Viewer/Browser and its integration within the 3D-COFORM framework. We will start the
implementation of browsing functionalities with the aim of meaningfully visualizing search results. We
plan to work on the following topics during the next period of the project:

¢ Implementing a pre-alpha release for assessment and usability purposes

e Developing a text-based browsing

¢ Integrating the browsing component within the IVB infrastructure

Establishing the communication with the Rl
e Extending the component towards graph-based and 3D browsing
e Optimizing the usability of the interfaces
ISTI-CNR:
The main work will be concerned with the implementation of the plan that is detailed in the
specification in the Appendix:
e Implement the variable browser infrastructure as specified in the specification.
o Realize the different GUI possibilities, including on-line GUI reconfiguration.
e Co-ordinate the integration of partner’s viewers and other components
TU Graz:
The challenges for the next period will be threefold:
e Make sure components from all partners can successfully use the GML-RPC communication
infrastructure
e Integrate the GML-Viewer as internal viewer into the IVB
e Realize first version of browsing functionality for libraries of parametric models



3D-COFORM D.7.1 (PUBLIC)

3.3.2 Task 7.1 - Site Explorer

3.3.21 T7.1zWork performed at UEA

During the first 12 months of work on the 3D-COFORM project, UEA has focussed on the design of the
Site Explorer component, and specifications for it have been derived.

The Site Explorer component will allow the visualization of multiple objects, situated in their correct
geographical location, with the intention of allowing an entire site to be recreated and explored in a
real-time, interactive environment. It is designed to complement the other browsers available in the 3D-
COFORM project by offering a different type of viewing for the objects available. Additionally, the Site
Explorer will allow a user to transition back and forth through time, bringing another dimension to the
visualization of historic sites. Navigating through time as well as space will mean a new level of
understanding of the changing character an area experiences through the years.

Analysing the need for a Site Explorer

UEA undertook a survey of local cultural heritage experts in order to study the need or interest of a Site
Explorer-style application in cultural heritage applications. Although many expressed interest in the use
of 3D visualizations in their work, they lacked the facility to create 3D reconstructions of an area or site.

A common need expressed was the ability to transition through time in order to show the changes that
affect an area and allow deeper understanding of the alterations the site has experienced. Additionally,
viewing multiple objects together was seen as useful, as a grouping of objects gives a more
representative impression of a site than viewing isolated objects. The construction/destruction of
buildings often marks important events for a site, and the visualization of these can be particularly
insightful.

Implementation

The main steps towards implementation that have been carried out so far consist of system design
decisions. Through discussions with other partners, the Site Explorer has been classified as a model
viewer, and due to its complexity it will be launched as a separate application rather than being included
in the Integrated Viewer Browser (IVB).

Significant implementation steps will follow once certain external services (being developed by other
partners) are available; these include the repository interface and OpenSG nodes for rendering
associated with 3D models stored in the repository.

3.3.2.2 T7.1zDeviation from work plan (Site Explorer)

UEA: During the first 12 months of the work plan, there have not yet been any notable deviations from
the work plan.

10



3D-COFORM D.7.1 (PUBLIC)
3.3.2.3 T7.1zPlans for the next period (Site Explorer)

UEA: The work to be undertaken for the next period will involve testing integration with the Repository
Infrastructure, and testing the utilisation of metadata obtainable from objects stored in the repository.

3.3.3 Task 7.2 - Semantic, Shape, and Material Retrieval

The objective of Task 7.2 for the first year of the project is to define the functional specifications of the
semantic, shape and material retrieval component.

3.3.3.1 T7.2-Work performed at FhG-IGD

In order to establish appropriate functional requirements, we undertook a consultation with CH
professionals at the V&A in London, where we aimed to brainstorm the scenarios and workflows of the
searching component. We prepared the consultation by means of collecting examples of the state-of-
the-art on query formulation interfaces of combined results. The presentation of these examples and
the discussions with the staff at the V&A helped us to identify the needs, priorities and challenges. We
identified the following challenges for the searching component:

e Using part of textures and shapes for searching
¢ Interrelationships between searching, browsing, viewing and annotating
e Combination of different concepts and objects for a single query

The aim of the searching component is to provide the user interfaces and the interaction functionalities
to create a question out of different types of concepts, e.g. semantics, shapes, materials and images.
The component needs to enable the user to select and couple different options for each concept, in
order to make the question richer for the CH activities. The resulting combined question will be used to
search the semantic network, producing results with similar relationships. The appendix (restricted to
partners only, non- public) describes more details regarding the functional specifications of the
searching component. Figure 2 represents the conceptual architecture of the Query Formulation
Component (QFI) and its building blocks, as well as the interfaces with the 3D-COFORM Browser, the 3D-
COFORM Viewer and the 3D-COFORM Repository Infrastructure.

11
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Figure 2: Conceptual architecture of QFI

We started experimenting with partial image retrieval using SIFT. Figure 3 shows a set of pictures which
presents our preliminary results. The pictures show the characteristics of the textures, which can be

found on the 3D artefact.

Figure 3: Examples of the experiment with partial image retrieval

12
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3.3.3.2 T7.2-Work performed at KUL

In the context of T7.2, KUL is developing a shape-based 3D search engine in which the user can specify a
region of an object and retrieve other objects with a region of similar shape. To refine the results, users
may provide feedback as a set of "positive" and "negative" shape examples.

In the first year we have developed functional specifications including the basic structure of the search
component and its interface with the repository. We have decided to centralize the shape-based search
engine, and use a crawling service to compute shape descriptors of new objects after they are ingested
into the repository. As a result, we have developed two interfaces, which are described in the full
functional specifications in the appendix (restricted to partners only, non-public):

e Asearch interface to find objects with similar shape to the query examples.

e An indexing interface, which queries the Rl for recently added models, retrieves them, and
indexes them in the internal shape descriptor database.

3.3.3.3 T7.2zWork performed at UBonn

In the first 12 month of 3D-COFORM, the UBonn group has contributed to the task T7.2 by establishing
the functional specifications of a material search component. The specified component will be part of
both the 3D-COFORM Repository Infrastructure and the 3D-COFORM Integrated Viewer Browser,
providing the user with the possibility of including material-based search-parameters in queries to the
repository.

In order to allow fast material search, the component will have an indexer-service inside the Rl that
periodically creates material-descriptors for newly ingested BTF materials and stores them in the CRI. On
the IVB side, the component will provide a user interface to allow the efficient inclusion of material-
samples into queries. The user will be able to create precise material-based search parameters, using a
search-refinement and material-browsing GUI.

Although the material-descriptors will likely be subject to change, due to active research on the
material-based search, the specified architecture will effectively mask these changes from any other
component.

3.3.34 T7.2 7 Deviation from work plan

FhG-IGD: The work plan for the first year project has been fulfilled according to the DoW. Hence, we
see no deviation at this point.

KUL: The work plan for the first year has been fulfilled according to the DoW. There is no
deviation at this point.

UBonn: The work plan for the first year has been fulfilled according to the DoW. There is no
deviation at this point.

13
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3.3.3.5 T7.2 zPlans for the next period

FhG-IGD: T7.2 will progress and implement the designed functional specifications; in order to develop
the combined semantic, shape and material retrieval functionality it will start the research and
implementation of the searching component with the aim of combined concepts for generating
meaningful questions. We will continue our research on image based retrieval and we plan to work on
the following topics:

¢ Implementing a pre-alpha release for assessment and usability purposes

Developing preliminary based-text query formulation interface

Integrating the component within the IVB infrastructure

Establishing the communication with the Rl

Integrating multi-lingual support to the searching component
e Optimizing usability of the query formulation interface

KUL: As specified in the DoW, we will continue the development of the shape search engine with a
view to having an alpha version ready for M24.

UBonn: As specified in the DoW, we will continue the development of the material search engine
with a view to having an alpha version ready for M24.

3.3.4 Task 7.3 - Integration of 3D-COFORM Browser

3.34.1 Task 7.3 z Work performed

Task 7.3 is concerned with delivering the range of pre-existing and newly developed searching, browsing
and viewing tools as an integrated 3D-COFORM ‘browser’. The main work of the first year has been to
specify more precisely what that means, establish project-wide principles for integration, and develop a
clearer conception of an integrated browser based on those principles. This has been achieved through
meetings and workshops, notably the WP7 Kick-off meeting (February 2009), the User Consultation
workshop (September 2009) and the Integration workshop (October 2009), as well as extensive
electronic discussion. The key issues that have been addressed are summarized below.

3.3.4.1.1 What is the scope of the 3BBCOFORM browser?

Initial discussions between partners revealed significant differences in perceptions on what an
integrated browser should include, and how integrated it should be. There were essentially two
dimensions to this discussion — a functional/workflow view of user activity and technical concerns about
software integration and effective re-use of existing tools.

14
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The key functional concern was rooted in the imprecision of the term ‘browser’. User requirements, and
partners’ existing tools, identified a range of tasks, such as searching, exploring, browsing, viewing,
annotating etc. each with its own slightly different connotations, requirements and expectations. This
made early discussions about integration more difficult, due to the lack of a common perspective and
terminology. Significant progress has been made in this area, in particular through the development of a
clear model of user states and actions, discussed in detail in the System Design report (D3.1 — First Year
Report on WP3 — Repository Infrastructure). This identified searching (finding objects previously
unknown), browsing (getting a brief overview of a collection of found objects), viewing (looking at an
object in detail) and annotating (adding information related to an object being viewed), as a
homogenous collection of related functions that belonged together, in a single component which
became known as the Integrated Viewer/Browser (IVB). The IVB is essentially defined by its expected
user — the CH professional client of the 3D-COFORM framework. This definition rules out CH
professionals who are acquiring or modeling (synthesising) new objects, as well as non-professional
users to whom the content is presented in a more supported way. IVB users are thus primarily
interested in accessing objects for professional reasons and need to search, browse, view and
potentially annotate (add metadata to) objects in the repository. The motivation for the IVB is to give
such users a single integrated tool as far as possible.

The technical concerns focused on the extent to which components could or should run as a single
application, or even a single linked executable (with associated issues of implementation language).
Much of the pre-existing software exists in the form of free-standing, mature applications in their own
right (Meshlab, CityEngine, PhotoCloud etc.) for which full integration would require significant re-
engineering at the code and user-interface levels. On the other hand, there are significant benefits to
the user in presenting an integrated user environment, with consistent tool interfaces, well-supported
workflow and seamless interoperability between components. The identification of the IVB as the main
target for integration eased these concerns somewhat, because within the IVB context, the main pre-
existing contributions are specialized viewers, so that it is feasible to consider an architecture which
supports searching and browsing and some viewing (all based on novel implementation) in an integrated
way, and to support external viewer tools for more specialized cases.

3.3.4.1.2 Integration strategy in 3D-COFORM

The previous discussion led to the identification of the IVB as a more precise specification of the ‘target’
for task 7.3. However, integration of the IVB is not taking place in a vacuum, but in the context of the
3D-COFORM framework as a whole. Thus it is important to ensure that any principles of integration for
the IVB are compatible with integration requirements elsewhere in the framework. To achieve this, we
engaged in the development of an integration strategy for the project as a whole, within which we
contextualized the proposals for IVB integration. This strategy is discussed more fully in D3.1 - First Year
Report on WP3 — Repository Infrastructure — the key recommendations arising from it for software
integration are summarized here:

15
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1. Long-distance communication between separate workflow components, will be
implemented using web services.

2. Loosely-coupled ‘managed’ communication between local components, will be
implemented using GML-RPC.

3. Other inter-process communication is also permitted, but considered essentially private.
Such interfaces should use standard libraries (such as JNI, QT) where possible.

4. The project does not specify a choice of programming language and user interface package.
Existing code falls largely into two groups — C++/QT and Java/Swing. In all cases, it is
important to remember that interoperability is an essential feature of the 3D-COFORM
framework.

5. Newly developed code should respect a clear separation between core functionality and
user interface, using a Model/View/Controller approach.

6. New graphical user interfaces will be implemented in QT, using the DeclarativeUl / QML
package.

7. The APIs of core functionality will not refer to any non-essential external packages (for
example, user-interface packages).

3.3.4.1.3 Overview of the IVB

The overall structure of the IVB is shown in Figure 4.
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Figure 4: Integrated viewer/browser architecture

The IVB provides the underlying framework for component ‘plug-in’ tools (shown in pink in Figure 4),
handling the data communication between each tool and the repository infrastructure, and between the

16
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tools themselves, and providing a common graphical user interface into which the tools can insert their
own controls and windows. The shared GUI will be declaratively defined, so that it is easy for a
component to register its own user-interface widgets and communicate with other parts of the GUI (e.g.
to access selected items).

It also supports access to external viewers, which contain their own graphical user interface and
repository infrastructure interface. Communication between browsers and viewers will use GML-RPC,
and will be deliberately very simple in the first instance — a viewer will be invoked from a browser with a
list of the UUID of objects to view, and the viewer can notify the search interface when part of a view is
selected — so that it can be used in subsequent queries, for example. (We expect to explore more
sophisticated interface options later in the project.)

3.3.4.1.4 IVB components

The actual components of the IVB to be implemented in the 3D-COFORM project are:
e Search tools
0 Text queries
0 Material-based queries
0 Shape-based queries
0 Model-based queries
e Browse tools
0 Result lists
0 2D graph browser
0 Material browser
0 Annotation browser
¢ Internal viewers and associated annotation tools
0 3D Model Viewer
A Model annotation
0 Textviewer
A Text annotation (manual and automatic)
0 GML model viewer
e External viewers
0 CityEngine
0 SiteExplorer
0 PhotoCloud

These components are described more fully in D3.1, and their respective WP reports.

17
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3.3.4.1.5 IVB user interface considerations

In Figure 5, we show a possible sketch of the GUI of the IVB. According to the current activity of the user,
different subwindows will be shown arranged in a way that tries to reveal the most useful features to
the user.

1. (Top Left). The window shows the basic search and browse configuration. On the left there
is space for at least subGUI, one for free text searches and one for defining more advanced
queries. On the right subwindow one of the browsers is shown (it could be list or a semantic
network or the material browser). In the browser window the current results of the last
query are shown.

2. (Top right), (bottom left) and (bottom right) show some of the possible browsing/viewing
configurations. When switching from the above configuration to one of these, the change
should be ‘smooth’ to give the user the perception of an integrated enviroment, bearing in
mind that the switching back and forth between search/browse and browsing/viewing is a
frequent one. In all the configurations, results are on the left and the objects under
inspection are on the right. The differences between these three windows are in the
presence of small subwindow that can present shortcuts to other functionalities such as the
free search subwindow or the simple annotation subwindow in the lower part.
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Figure 5: A high level sketch of a possible GUI of the IVB. These four windows show some of the dynamic
configuration that the IVB can assume during its usage.
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3.3.4.2 Deviation from work plan

The work plan for the first year project has been fulfilled according to the DoW. Hence, there is no
deviation at this point.

3.3.4.3 Plans for the next period

Over the next period we will begin the development of the IVB platform and steps towards integration
of components. This work has two key strands: development of the technical support to interface
components together and link them to a common user interface, and ergonomic design of the overall
interface, developing simple mock-ups for user feedback.

19
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4 Conclusion

The main goal of Work Package 7 in the first year has been the development of specifications for the
integrated viewer/browser (T7.3). In order to achieve this, as well as integration with the repository
infrastructure (WP3), partners have also developed functional specifications for their tools. We remain
on schedule and are now well positioned to further develop the various viewing components and the
integrated viewer/browser.

20
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5 Publications

As the first year goals of WP7 involve primarily developing a coherent framework and specifications,
there are not as yet any associated publications.
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