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Executive Summary 
This deliverable represents the first iteration of an on­going set of activities aimed at identifying the best                                 
practices of virtual museums regarding portability, usability and integration.This defines a scaffold of criteria                           
useful for the evaluation of portability (intended as multi­fruition modes), tangible visualisation and                         
interaction techniques of the best examples carried out under the V­MusT.NET consortium. 
The final goal is to produce guidelines and indications on how to create a good portable application or an                                     
effective tangible interactive application, disconnected from the physical location. Therefore, a                     
cross­analysis on parameters such as “usability”, “portability” and “integration” had been set up, taking                           
advantages of recent experiences in the field of tangible and gesture­based interaction projects in immersive                             
installations. 

1. Usability and Portability under the 
V­Must.net framework 

The aims of WP5, and in particular, the D5.4 tasks associated with the V­MusT.NET consist in investigating                                 
which are the criteria useful to design and implement an effective portable application taking care of its                                 
usability and integration inside the exposition context. Terms like “usability” and “integration” have been                           
largely discussed in V­MusT.NET projects arriving sometime to a concrete definition and a reliable field of                               
appliance. 
 
This deliverable represents a preliminary attempt towards achieving these goals, and we envision to further                             
develop a methodological guideline for a real evaluation of such criteria, making the Next Generation of                               
Virtual Museums (NGVMs), core content of this European network, portable under certain conditions. In                           
V­MusT.NET, we are considering different levels of portability:  

● the first one sees an exhibition moved from one museum to an other with a minimal amount of                                   
issues and difficulties in terms of transportation and adaption; 

● the second one implies the technical concepts and services used from one exhibition re­used in an                               
other context.  

The core focus of the work conducted in WP5 is directed towards understanding and influencing the                               
integration of VM applications into the museum context, considering the roles of information architecture                           
(content)  and system development, in conceptual and practical ways. 
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4. Integration of VMs: 3D Assets  
In this section, we present the major outcomes for an integration of enabling techniques and services for                                 
VMs. It provides efficient support for the mediation and presentation of 3D assets and is based on the                                   
developments done within V­Must. This section shall provide hints for the possibility of an easy migration                               
and portability of assets. Nevertheless, the design of the overall frameworks deployed in V­Must took into                               
consideration a flexible exchange​ ​mechanism. 

4.1 Exchangeable Render Back­ends 
This section offers an overview of the realization of flexible render back­end exchange in order to integrate                                 
multiple rendering back­ends under a common application layer for distributed systems. The primary goal                           
was to find a practical and non­intrusive way to use potentially very different renderers in heterogeneous                               
computing environments without impairing their strengths and without burdening the back­ends or the                         
applications with details of the cluster environment. Our approach is based on a mediator layer that handles                                 
multi­threading, clustering, and the synchronization between the application’s and the back­end’s scene. 

4.1.1 Requirements 
In this section, we first lay down the most important requirements that guided the final design and an                                   
overview of the architecture itself. Furthermore, our approach is based on OpenSG as rendering back­end,                             
but an easy transfer to any kind of scenegraph system providing concepts such as Fields, FieldContainers,                               
Aspects, ChangeLists and Clustering can be done. From our experiences with past projects and the                             
objectives of current projects, we have derived the following requirements for the extended system: 
 

● Extensibility and generality​. The system should be able to integrate new rendering back­ends                         
relatively painlessly. It should also be general enough to handle back­ends coming from very                           
different application areas and following different design paradigms. 

● Non­intrusiveness. Neither the application layer nor the rendering back­end should need any                       
changes or extensions in order to work together (back­ends may extend the application layer to                             
expose specialized functionality, as described below, but basic functionality should be possible                       
without touching both). This is important because we want to support commercial libraries as                           
back­ends that usually come with an unalterable interface. 

● Clustering and stereo​. The system should provide (at least basic) support for rendering in a                             
computer­cluster (tile­based and cooperative) and stereoscopic rendering, even if a back­end itself                       
does not support it.  
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The major advantage is that there is no direct dependency from the application layer into the mediator layer                                   
(only via the default OpenSG­Viewport interface) and no dependency of the mediator into the application                             
layer (only into the OpenSG layer, a mediator potentially works with all OpenSG applications). Also, the                               
mediator depends on the back­end, but not the other way around. This takes care of our requirements of                                   
extensibility and generality and non­intrusiveness. Since the back­end is fed with its own scene                           
representation and simply asked to fill a Viewport, it usually can maintain a near­optimal rendering                             
performance. Relying on Viewports also enables a simple (but usually sufficient) way to do mixed (hybrid)                               
rendering. Viewports can be layered on top of each other in order to combine the images of different                                   
back­ends using z­buffering and alpha­blending. 
The application layer only needs to pack data for extensions into attachments, which are then interpreted by                                 
mediators that understand the extension and are ignored by others. 
Each mediator exposes a specialized OpenSG­Viewport which internally maps to the underlying renderer.                         
So, every time OpenSG (on behalf of the application) wants a Viewport to be rendered, the back­end is                                   
invoked. The target is usually an OpenGL back buffer, but it can also be another render target. For example,                                     
one can implement a Viewport that renders an image to disk or streams a video to a website. The back­ends                                       
are invoked exclusively through this specialized Viewport class. If the application wants to use a certain                               
back­end, it just creates the corresponding Viewport and attaches it to a window. The Viewport then creates                                 
the infrastructure necessary to convert the scene and instantiates the underlying renderer.  
The scene adapter is responsible for mapping the OpenSG scene to a representation the back­end can use.                                 
This is usually where the bulk of work has to be done when implementing a new mediator layer. In some                                       
cases, the renderer may be able to use the OpenSG scene directly, or at least parts of it (e.g., an                                       
OpenGL­based deferred renderer), but usually a conversion of the scene will be necessary. In this case, the                                 
adapter will usually traverse the whole OpenSG scene graph once during initialization and build a shadow                               
scene by converting objects such as geometries, materials, and lights into suitable representations. 

4.1.3 Deployment within X3DOM 
This section describes a concrete application built on the architecture above and the mediators explained                             
above. It is a distributed visualization application for large models. 
The front­end is simply a WebGL­enabled web browser, rendering a HTML5­page with X3DOM. However,                           
current web­technology is not capable of handling large models efficiently. By “large models” we mean large                               
for web applications, i.e. in the order of tens or hundred of millions of polygons. Therefore, we use a novel                                       
out­of­core approach to minimize the workload in the browser. The key idea is to use an asynchronous,                                 
remote culling service. Figure 6 shows the basic data flow. The browser (actually the X3DOM runtime)                               
sends its current view frustum to the culling service, which determines the objects with the largest screen                                 
coverage and sends back a list of IDs for these objects. The browser then only fetches these “most                                   
important” objects from the asset server. This keeps memory consumption and rendering time manageable                           
on weak devices, which would otherwise not be able to render such complex models. On the other hand, the                                     
approach consumes less bandwidth between culling­service and browser than full server­side rendering with                         
video streams.  
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to integrate the transcoding, optimization and templating into other applications, like batch processing                         
scripts, native mobile applications or even yet unknown scenarios like for example an online furniture shop,                               
where the user can customize a living room suite or cupboard and interactively try out the drawers etc. In                                     
essence, the basic steps and operations performed to transform a model into a Web usable form are                                 
generic by design. Domain­specific behaviour can be implemented through the use of highly customized                           
output templates. In order to access the fundamental technologies underpinning the CIF, we have proposed                             
a generic way to access the CIF subsystems by means of a standards­based API to facilitate the use of the                                       
CIF a service. (see Deliverable D5.2(b)) 
Here, we decided to extend the CIF using a resource­based interface. By exposing a middleware layer                               
through a network­based service, the entire CIF pipeline, or only parts of it, can be accessed by any 3rd                                     
party application using a fixed set of API instructions. This service endpoint can be accessed utilizing the                                 
standardized HTTP protocol combined with the JSON data exchange format. A resource based architecture                           
is employed to make full use of the HTTP protocol as well as provide a sensible future aware and easy to                                         
understand implementation. Through this API complete control of the individual steps in the processing                           
pipeline can be offered. In contrast to other HTTP based protocols like SOAP, using elements characteristic                               
to REST style architectures allows us to fully exploit the potential of HTTP. In SOAP for example, mainly the                                     
HTTP POST verb is used and return status codes are largely ignored. Additionally by implementing a                               
concise JSON­based request/response content, in contrast to the verbose XML messages used in SOAP,                           
we minimize the amount of data to be transferred over the network. This part is especially important for                                   
mobile devices which often have a limited network bandwidth capacity and/or throughput. 
 
Calls 
To recall from D5.2b, we adopted for the CIF resources through the well understood HTTP. Each resource                                 
is addressed by a unique URI (Uniform Resource Identier) combined with a HTTP verb detailing the                               
required operation to be performed on the resource. Optionally a HTTP body containing JSON data is                               
provided with requests that need to modify a resource. The following operations, using HTTP verbs can be                                 
performed: 
 

● �*�(�7​ Retrieve a resource (e.g. ​�*�(�7�� �� �W�D�V�N�V�� �R�U�� �*�(�7�� �� �W�D�V�N�V�� �� �� �� �� ��  
● �3�2�6�7​ Create a new resource within a collection (​�3�2�6�7�� �� �E�X�F�N�H�W�V��  
● �3�8�7​ Update a existing resource (​�3�8�7�� �� �E�X�F�N�H�W�V�� �� �� �� �� �K�H�U�N�X�O�H�V�� �S�O�\​) 
● �' �(�/�(�7�(​ Remove a resource (​�' �(�/�(�7�(�� �� �E�X�F�N�H�W�V�� �� �� �� �� �K�H�U�N�X�O�H�V�� �S�O�\​) 

 
The following examples illustrate the use of our proposed API through HTTP requests. We demonstrate a                               
typical workflow to obtain a fully optimized model, embedded in a HTML application, by providing a locally                                 
stored large model. To illustrate the working of the API on the lowest level, we make use of the cURL utitlity,                                         
a command­line HTTP client, which can be also be used in batch processing scripts.  

4.3.2 Application Build 
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The process actually is not fully automated, but the elaborated methodology provides a faster way to                               
implement migrations from macro to micro VR worlds. It is especially meant for modellers and entry­level                               
web developers. Eventually, there are no evident constraints from the original data­assets point of view, and                               
our case study already depicted a quite complex situation. The objects generated could be quickly inserted                               
in a web page. Using our final application scaffold as template allows even advanced functionalities, such                               
time­shift capabilities, and viewpoints navigation to be used by web developers, as they are easily                             
accessible through provided JS modules. We have been porting the The “Behind Livia's Villa” application                             
to different platforms (see Deliverable D5.3) that allows the user to explore a low cost VR environment in                                   
which both the actual and the reconstructed models could be visited and switched between present and past                                 
eras. The user is guided by a collapsible map which contains a list/map of points of interest. An expert mode                                       
might allow the retrieval of meta­data information for certain objects. As a result, this demo can be                                 
interactively played in different devices which adopt different appropriate templates: desktop PC/laptop,                       
tablets, smart­phones and as an immersive experience within Oculus Rift display  (see Figure 11). 
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