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Abstract— Cultural Heritage applications have often exploited 
3D reconstructions in order to better convey contents, but virtual 
environments need also new solutions to be accessed in a flexible 
as possible way. X3DOM, Blender Game Engine and OSG4WEB 
are three different tools able to perform on-line, mobile and 
desktop visualisations, each one with pros and cons. Do they meet 
the requirements raised by Cultural Heritage curators? This 
paper will be offering an overview of these navigation tools by 
means of  some case studies in order to better highlight problems 
and opportunities. 
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I. INTRODUCTION 
The Cultural Heritage and ICT fields have nowadays 

gathered long years of fruitful collaborations and recently the 
first one is taking advantage from the spreading of open source 
solutions. Cultural Heritage applications have often exploited 
3D reconstructions in order to better convey contents. Virtual 
environments can now rely upon some very competitive and 
effective open source tools, such as the Gimp framework for 
image processing, Blender for 3D modeling, MeshLab for 3D 
scanned data editing. Moreover virtual environments need 
solutions to be accessed in a flexible as possible way, 
especially now that multiplatform output has become a mostly 
desirable option for digital applications. X3DOM, Blender 
Game Engine and OSG4WEB are three different tools capable 
of performing on-line, mobile and desktop visualization, each 
one with pros and cons. Do they meet the requirements raised 
by Cultural Heritage curators? This paper will be offering an 
overview of these frameworks focusing on some case studies in 
order to better highlight problems and opportunities offered. 

II. OPEN SOURCE AS A VIABLE SOLUTION 
Our experience in Cultural Heritage has been developed 

during several years and many different projects. Along this 
path we have been focusing more and more on Open Source 
software, a choice that has greatly influenced our approach to 
3D modelling. Until some years ago, the preference for certain 
modelling software was guided mainly by the kind of output 

file formats delivered by the different software packages; file 
formats that, for the specific application we were developing, 
should have been consistent with real-time navigation within 
virtual environments. Currently, decisions can follow different 
paths, since there is a good range of open source tools both for 
modelling and navigating. The first step was a shift from 
consolidated 3D modelling softwares, such as Creator [1] and 
3dsMax [2], towards rapidly growing open source solutions, 
such as Blender [3]. The second step focused on the navigation 
software. For some years a software internally developed at 
Cineca, Visman [4], was used for real-time desk-top 
applications and immersive environments for the virtual 
theatre, but the need for more flexible tools led to 
experimenting with open source tools, such as X3DOM [5], 
Blender Game Engine [6] and OSG4WEB [7], jointly 
developed by Cineca and CNR-ITABC [8, 9].  

The integration of open source visualisation tools inside the 
production pipeline becomes a relevant step forward if Cultural 
Heritage operators make the decision of following an open 
source structure/pipeline of production. Maybe encouraged by 
projects that already make use of open software, or because 
considering it advisable, for whatever reason, going towards a 
complete open approach that - following the open data 
philosophy - foresees the distribution of models besides that of 
the product, developers of applications dedicated to cultural 
heritage need also open source visualisation tools, going 
beyond Unity3D [10], at present one of the preferred ones in 
CH [some examples in 11, 12]. 

III. 3D VISUALISATION TOOLS: CULTURAL HERITAGE 
REQUIREMENTS 

In order to have an easy access to Cultural Heritage 
contents, there are some commonly required features. Besides 
these, each application might need further custom features. The 
first requirement is free navigation of the virtual environment 
and the possibility of automatic tours, to better highlight the 
most interesting elements. Useful features for 3D models are 
all those that address better upload and fluent navigation or 
allow to manage the complexity better: instruments such as 
LOD (level of detail) or paging are fundamental. These 
instruments smartly recognize the different parts of the 3D 
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environment and allow to upload and download only the 
needed parts of the model. 

Virtual environments may have also interactive features in 
order to add information to the mere 3D model so that models 
are connected to videos, web pages or database with, for 
example, historical information. The navigation software 
should recognize the interaction of users, usually a mouse 
click, and open other windows with further documentation. It is 
also important a switch option among models, for different 
purposes depending on the project. In our experience we used 
switch and story nodes to highlight time phases of building 
construction or alternative hypotheses. 

As said before, every project could have peculiar needs, 
hence, customizable navigation software is very important. 

A. Web3D: from VRML to WebGL and X3DOM 
VRML (Virtual Reality Modelling Language) has traced 

the way for the web based 3D visualization. In 1995 it was 
unique because it supported 3D geometry, animation, and 
scripting. In 1997, VRML was ISO certified and continued to 
attract a large following of artists and developers [13]. The 
related extension is .wrl and it is a simple textual file through 
which every part is specified into a scene graph. VRML is also 
a standard file format (ISO/IEC 14772-1:1997) and it has been 
particularly designed for the Web. Visualisation is enabled by a 
specific plug-in or a VRML browser [14]. Some interesting 
examples of real-time tours in VRML are those developed by 
Bitmanagement using a plug-in of theirs, BS Contact [15]. 

On the web, the direct fruition of 3D environments through 
a browser has been a major challenge: the call of OpenGL 
functions through browsers has been achieved thanks to 
WebGL, a JavaScript framework. WebGL is JavaScript library 
enabling CG programming (real-time rendering): the 3D scene, 
embedded in web pages, is rendered by the GPU and functions 
as an OpenGL wrapper. WebGL can render inside browsers 
both 2D and 3D contents; it is completely integrated inside web 
standards and exploits GPU acceleration for real-time. Its main 
disadvantage is the programming effort and the need of 
implementing a lot of codex for every scene. 

In order to overcome this problem, Fraunhofer Institute 
implemented X3DOM [5], a JavaScript framework combining 
X3D, WebGL, HTML (5), CSS and JavaScript [16]. X3D is a 
document describing a scene graph in a declarative way 
(standard ISO/IEC 19775/19776/19777). The document 
follows a specific XML grammar [17]. The supported scene 
graph can handle multiple scenes (or stages), multi-texturing 
and rendering and supports shaders with normalmap and 
lightmap. X3DOM embeds the content of a scene graph, 
described in X3D, inside a web page (without plug-ins). It 
analyses the content of the X3D file and uses WebGL for the 
rendering. The browser opens a HTML 5 web page and 
JavaScript manages and manipulates its elements and those 
coming from other XML documents, such as X3D documents. 
Using the X3DOM framework we can embed the content of an 
X3D document and, interacting at run-time with the content, 
produce both animations and reactions inside the environment 
according to users’ created events. 

The absence of a plug-in is not the only advantage of 
X3DOM; as a JavaScript framework it can enable three kinds 
of interactions: 

� an event in the scene that causes a behaviour in the 
scene; 

� an event in HTML5 that causes a behaviour in scene. 
The event can be a button clicked or a mouse over 
specific areas of the HTML5 page. These events can 
trigger real-time behaviours inside the scene, such as 
the starting of animations or a camera movement;  

� an event in the scene that causes a behaviour in 
HTML5 page. 

The complete freedom left to developers to catch and 
manage every kind of event has led to innovative projects [18]. 
The only need is an updated browser with WebGL integrated. 
The Web home page of X3DOM has a test browser page to 
verify the compatibility [19]. 

B. Blender - Game Engine 
Since the 2.37 version, Blender modelling software has a 

complete internal game engine (Blender Game Engine - BGE) 
enabling the creation of 3D interactive applications. BGE is a 
high level programming tool for game development but it can 
be profitably employed for the creation of whatever 3D 
interactive application, such as architectonic or archaeological 
interactive tours. 

The core of the BGE structure is in the so called Logic 
Bricks, making available an easy to use visual interface for the 
creation of interactive applications that can function without 
any knowledge of programming languages. There are three 
typologies of Logic Bricks: Sensors, Controllers and Actuators. 
Otherwise, the Game Engine has its specific [Python API], 
separated by Blender itself, for the creation of videogames in 
Python and for scripting customised interactions. This option 
can be activated through the logic brick “controller” called 

Python, which enables the link of scripts in Python. BGE 
enables the possibility of controlling shaders and textures, 
visualised during modelling creation with the 3D view; 
materials/shaders are visualised as singletexture, multitexture 
and GLSL, which uses the OpenGL Shading Language. 
Therefore it is possible to use real-time lighting, bump and 
normal maps and real-time reflections. Blender is, first of all, 
an advanced 3D modelling software but, thanks to its internal 
game engine, interactions scripts and world rules, such as 
gravity, can be defined and activated by the logic bricks or the 
Python scripts. By pressing the key “P”, scenes can be 

launched directly inside the 3D viewer, tested and published 
without further ado. 

In Blender, scenes are, if not specified otherwise, 
independent and define different locations with different 
lighting sets. This kind of organisation is devised mainly for 
film production, mimicking through the usage of scenes and 
shots, with locations and framings, the conventional production 
pipeline of movies and short films. This system can be 
exploited for real-time navigations and explorations: scenes 
enable the division among locations and different world 
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configurations. Each scene can have its own models, locations, 
physical properties, logic bricks and ad-hoc scripts. 

For the production of Cultural Heritage contents, the scene 
subdivision system enables the use of Actuator logic bricks for 
overlaying or replacing models in order to convey further 
information or a different historical period. This option is 
assimilable to the functions Switch and Story, so relevant for 
this kind of projects. 

The strong support delivered by the Blender community, 
that releases tools and scripts following the same open 
philosophy of the software, allows the continuous integration 
of new functionalities thanks to Python language and external 
libraries. Some interesting and recent examples are the support 
given to Leap motion [20], Kinect [21] and 3D mouses, as well 
as the support and integration of software protocols, such as 
OSC-MIDI, used for data transmission and interpretation of 
data also arriving from smartphones and tablet with sensors, 
such as gyroscopes, accelerometers and compasses, that can be 
useful for 3D interaction. Thanks to these technologies, real-
time navigations can be programmed for a more natural 
interaction and immersive feeling.  

Through the complete integration of OpenGL, Blender 
supports inside the game engine different modalities of 
stereoscopic visualisation: 

� OpenGL Quad-Buffered: generation of two images 
with different frame-rates; 

� Above-Below: the two images are shown one above 
the other; 

� Interlaced: the two images are rendered by alternate 
rows; 

� v-interlaced: the two images are rendered by alternate 
columns; 

� Side by Side: rendering alongside image; 
� Anaglyph: both images are rendered and superimposed 

with a red-cyan anaglyph. 
The above mentioned modalities can be applied to an 

automatically generated stereo camera and managed with the 
Eye Separation parameter that, in meters, sets the two virtual 
views. Further setups are possible with Python scripting on the 
dedicate functions setEyeSeparation() and setFocalLength(), 
enabling also the variation of the stereo effect intensity in real-
time.  

Logic Bricks and/or Python scripts implement the 
navigation inside the 3D environments through manual 
navigation and/or scripted pre-defined camera movements, for 
one or more guided tours. Since 2.5-2.6 version, Blender 
includes automated algorithm for path finding and the creation 
of navigation mesh, conceived for game implementation but 
suitable also for the creation of systems with automatic 
navigation /artificial intelligence. 

1) Burster: Burster is an open-source multi-platform plug-
in, available at present for Windows and Linux [22]. The 
gameplay is safely integrated in web sites through sandboxing 
and optional support to cryptography. As a visualisation plug-
in for contents developed with BGE, it owns all the features of 
the engine, such as the support to BGE Python, Logic Bricks, 

scenes/levels and GLSL visualisation modalities. In order to 
visualise games and navigations on the web, there are some 
more passages besides those needed with a classic BGE file, 
such as: 

� devise the blend file with all the libraries needed or 
incorporate them before the deploy; 

� pack textures and all the external associated file into 
the main blend file in order to have only one final 
blend file; 

� create a web page calling both the blend file and 
Burster using embedded tag, as indicated on the 
Burster page. 

Burster’s plus is in the possibility of integrating real-time 
navigation, games and interactivity inside web pages, and there 
is no need to create any new code since it exploits all BGE 
features. Disadvantages are in the necessity to pack everything 
in just one file, losing the option of selective downloads of 
libraries and, consequently, the possibility of paging 3D 
scenes, mismanaging the computing power of the machine and 
the band width. Another disadvantage comes from the 
impossibility of including some external Python libraries, not 
installed for the web plug-in, and of calling HTTP.client, 
unless compressing the file with the cryptographic algorithm 
available for a fee on Burster web page. 

2) Blender Player for Android: Even if as an independent 
feature from the Blender release, a project pertaining to GSoC 
2012 has adapted BGE to Android, enabling the access on 
mobile platforms of real-time contents created for the game 
engine. This player cannot count on a continuous support but 
the present version already performs Blender files with 
features similar to those for desktops, supporting: Python 
scripting, logic bricks, shaders single and multitexture, alpha 
channel for textures or texts, multiple scenes. At the moment 
there are showstoppers such as the lack of: dynamical texts, 
with or without text mesh, multi touch, debugging tools, 
access to internet or to Android file system. 

C. OpenSceneGraph and OSG4WEB plug-in 
Real-time rendering of virtual worlds for Cultural Heritage 

purposes has quite a demand nowadays. The OpenSceneGraph 
framework, being one of the best 3D graphics toolkits, is being 
widely used in the fields of VR, scientific visualization, visual 
simulation, modelling, games, mobile applications and others 
[23]. 

Through past experiences, such as the “Virtual Rome” 

project [24], a custom 3D web plug-in OSG4WEB [7] based on 
the open source framework OpenSceneGraph [25] was 
developed by Cineca and CNR-ITABC and subsequently 
extended with further features, added in response to application 
requirements. The diverse and growing community of over 
5,000 developers for the efficient OpenSceneGraph framework 
is centred around the public osg-users mailing list, where 
members discuss how to use OpenSceneGraph at best, provide 
mutual support, and coordinate development of new features 
and bug fixes. Within “Aquae Patavinae” case study [26], the 

renewed OSG4WEB plug-in [27] has capabilities of advanced 
lighting, such as self-shadowing in real-time, provides a 
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customizable 3D interface, an enhanced navigation system and 
the action scripting within the virtual world. The capability of 
embedding action scripts inside 3D objects allows the 
construction of action graphs to customise user interactions, for 
instance activating different interpretations and reconstructions 
of archaeological sites [28]. The scene can be managed by a 
web-based Back-End that allows a restricted team to manage 
and modify 3D models in a library, while a customizable 
Front-End component (PHP) allows the real-time exploration 
of the published landscape. The OpenSceneGraph integration 
showed consistent performances especially with large scenes, 
where the system excels through the use of a state-of-the-art 
database pager to manage landscape segmentation and 3D 
content streaming to final users, even with the enrichment of 
massive 3D vegetation (Fig. 1, lower row). On the other hand, 
the plug-in showed also good adaption to indoor scenes (Fig. 1, 
upper row: reuse of Villa di Livia datasets from Virtual Rome 
into the new plug-in). 

Special attention was also dedicated to the navigation 
system, which evolved alongside the integration of the plug-in 
with natural interaction systems [29]. The two natural 
interactions deployed into a few public exhibits, acted as 
different layers to reach the virtual world content, with the 
following objectives: 

� Touch-screen: provide a smooth experience for the 
user during the exploration of valuable hotspots; 

� Body Tracking: provide a low-cost solution to track 
visitor, without any equipment or assumptions 
regarding the user. 

Future developments regarding public installations will 
concentrate on the results obtained during user tests, surveys 
and observations, to provide an enhanced visitor involvement 
while using the plug-in and to deliver an experience during the 
exploration of large and rich landscapes within virtual heritage 
applications. 

IV. A VERSATILE TOOL FOR A WIDE AUDIENCE: BLENDER 3D
A short introduction to Blender is due, before starting with 

the overview on how Blender models fit to the different open 
source viewers. 

Blender software, conceived in 1993 and available since 
1994, has become one of the most popular 3D Open Source 
applications and delivers 2D and 3D contents (3D 

visualisations, static images, quality videos for TV and cinema, 
3D interactive contents) offering a wide range of features, such 
as modelling, texturing, lighting, animation and video post 
processing. Its open architecture offers cross-platform 
interoperability, extensibility, small dimensions and an 
integrated working pipeline. 

Originally produced by the company "Not a Number" 
(NaN), Blender is now a "Free Software", its source code 
available under GNU GPL licence, developed by the Dutch 
Blender Foundation. The latest version is 2.67b (May 2013). 

A. Blender for modelling and open source: porting of models 
An advanced, Open Source 3D modelling tool, Blender’s 

management and simplification of scenes with high polygon 
counts can help with rendering animation, speed and 
photorealism. Its manifold opportunities had led to the creation 
several importers and exporters. Among the different 
possibilities there is also the export of laser scanning 
acquisitions from MeshLab, hence, importing point clouds or 
meshes in Blender without losing information. In Blender, 
meshes can be better texturized for rendered videos or can be 
optimized and simplified through decimation and baking of the 
textures, suitable for real-time applications. Among the other 
there are OBJ, X3D, FBX [30]. 

V. CASE STUDIES AND EXPERIMENTATIONS

In the previous paragraphs we have presented an overview 
of open 3D visualisation tools, besides a brief presentation of 
the main 3D modelling software. For each one of them, we are 
now presenting case studies used for testing the tools and 
exploring their potentialities. 

A. From Blender to X3D 
Nowadays the importance of the web in spreading 3D 

models has incredibly grown. X3D, plus X3DOM, has drawn 
our attention because, from a first comparison, performances 
proved to be high. Therefore we began extensive testing on the 
features already available and their potentialities. 

Our first case study for the X3D technology was the porting 
of the reconstruction of the Third Cloister pertaining to the 
monumental cemetery in Bologna. The virtual environment 
was implemented several years ago by using 3dsMax and, at 
present, is visible on a web site using a downloadable plug-in 
[31, 32]. First of all we converted the original model to Blender 
and then tested it on the web using the X3D technology. 

This model is going to be part of Bologna’s Open Data 

repository [33] and the Blender open format can be read 
without any license problem.  

The Blender model was exported in the X3D format in 
order to compose a web page so that the models could be freely 
navigated. Blender already has an exporter that allows the 
creation of X3D files directly from Blender models: the 
exporter enables the creation of X3D files of selected Blender 
objects so it is possible to export single sections in order to 
arrange the 3D models directly on the web page and, in case, to 
add specific X3D nodes. 

As said before, navigation software for Cultural Heritage 
environments needs to have at least the following features: 

Fig. 1. Visualization examples through OSG4WEB plug-in.
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� free navigation and defined automatic tours; 
� connection of models to database or further 

information; 
� switch among different models. 
All these features are available in X3D. The free navigation 

is already defined by rules [34] but it is also possible to add 
pre-defined points of view or automatic tours. Inside the 
HTML page the tag viewpoint defines a point of view in terms 
of position and other characteristics necessary for positioning a 
camera. Other tags, besides viewpoint, are already available, 
but further implementations are possible by using JavaScript. 
For example, the model of the Third Cloister has some buttons 
defined with JavaScript to call different cameras or an 
automatic tour inside the virtual environment (Fig. 2). 

The Third Cloister, with its array of relevant artistic tombs, 
is linked to an on-line database. The relationship between 
models and the database was implemented by using an existing 
tag called anchor. This tag defines an interaction with some 
objects during the virtual tour and with a link to be opened in 
case of its activation. 

Every X3D created object is identified with a tag called 
group, specifying the name of the object that is the same of its 
corresponding Blender object. Note that inside Blender it is 
possible to create real groups, made of different objects, but 
these entities could not be exported into X3D. The exporter 
recognizes Blender instances: inside the X3D file they are 
identified in the group tag, with the parameter use, that calls 
the original instanced object with its name. 

Our second case study using X3D technology is about a 
Roman villa, called “Villa di Russi” [35]. This latter case is 

part of PARSJAD project (Archaeological Park of the High 
Adriatic) [36]. The project aims at highlighting the cultural and 
archaeological heritage of the territory between North-East of 
Italy and Slovenia and consists in the development of a 
prototype capable of reading heterogeneous repositories and 
harvesting the data. Data are interpreted and shown through the 
graphic interface of Google Earth (or Google Maps in a Linux 
or Android environment), with placemarks containing a 
descriptive balloon and an automatically generated explanatory 
file. As an option and when available, there could be photo 

overlay and/or low poly 3D models in Google Earth Interface 
or High Poly X3D Models with the pertaining metadata 
showed in a separate link. “Villa di Russi” is an instance of this 
graphics visualisation. The model is built in Blender, exported 
in X3D and navigated on a web page thanks to X3DOM 
framework. The challenge is to associate some areas of the 
Villa with metadata containing their descriptions: this metadata 
is read through an XML file located on server. 

The web interface is divided in four parts: the main part is 
the 3D scene, interpreted by X3DOM framework, on the lower 
side there are some buttons for changing the point of view of 
the camera and for framing and highlighting areas of interest; it 
is possible to get the same behaviour by means of the mini-map 
located in the panel on the right side; clicking either the area of 
interest in the scene, the button or the mini-map, in the right 
panel on top appears a metadata description: these metadata are 
parsed from XML files located in server side (Fig. 3).

B. From Blender to Blender Game Engine and Burster 
Blender Game Engine (BGE) allows the creation of 

different types of navigation, the camera system allows the use 
of a guided automatic navigation, as in cinematic scenes in 
games, but also to implement a “follow” constraint in order to 

force the camera to follow an avatar, thus creating a third 
person navigation. 

An interactive and configurable simulation of Cineca 
Virtual Theatre was used for testing the BGE. The application 
redesigns and reconfigures the theatre, allowing navigation in 
the structure and switching among different configurations for 
an interactive architectural visualization. AutoCAD DXF and 
DWG files were the base for the modelling process, mixed 
with new possible options for the set-up of the theatre. 

For the implementation of the real-time application, 
procedural textures and materials built for the rendering, not 
supported by the game engine, had to be baked. The high-poly 
models had to be re-modelled in low-poly or underwent 
modifiers such as Decimate and Remesh, automatically 
reducing complexity while protecting dimensions and 
geometries. High-poly objects were baked on the low-poly 
ones, including texture baking, normal maps and scene lighting 
(Fig. 4). For 3D navigation a freely available script was 
adapted [37]. It implements movement through keyboard and 
mouselook (not automatic first person navigation). From the 

Fig. 3. Web interface for the Villa di Russi application.

Fig. 2. Third Cloister: X3D Viewpoint buttons, Uttini’s tomb and related 
database card
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Logic Bricks we used a Near sensor to trigger the switches 
between geometries whenever the viewer approaches them. 
Another Python script activates a video, set on a screen wall. 

At present the demo is visible off-line on desktops and as a 
stereoscopic application for the Virtual Theatre. For the 3D 
stereo view, a specific BlenderPlayer launcher with 
QuadBuffered mode was implemented. 

Another demo was implemented with Burster plug-in, 
showing the photovoltaic car park at Cineca (Fig. 5). Semi-
transparent billboard backdrops integrated the car park inside 
the wider context. A digital signage system for data monitoring 
was integrated inside the application. An XML file, delivered 
from the PV management system with real-time digits, allows 
us to show data inside the 3D environment. Two Python scripts 
(called HttpFetch and HttpDisplay) use an XML DOM to 
interpret the XML document and locally store the values and 
create a dynamic "text" object, instantiated and populated with 
freshly extracted values from the XML files. 

The on-line navigation with Burster required some special 
precautions: texture optimization; application of all Blender 
modifiers; dynamic lighting was disabled inside the scene that 
uses OpenGL Shading Language (GLSL), therefore, 
environmental lighting is baked in the textures. In order to 
function independently, the blend file has to encompass 
textures, data and models; in order to communicate with on-
line resources, such as the data coming from the XML file, the 

BursterEncode tool or an upload on the Internet site of the 
project enabled an encryption phase, during which .blend 
source file was processed and encrypted. 

C. From Blender to OSG4WEB 
The workflow from Blender to OSG4WEB has been 

refined mainly through the experience of some projects and 
case studies like “Aquae Patavinae” [26] and “osgCrowd”, for 

simulating large crowds in large cities. A typical pipeline (Fig. 
6) steps through data acquisition, 3D modelling and asset 
production and, finally, data organization and optimization for 
online fruition through the plug-in or a simple 
OpenSceneGraph-based viewer. 

Regarding terrain generation, the open-source “Virtual 

Planet Builder” project [38] provides tools such as osgDEM for 

creating well-balanced large scale paged databases from 
geospatial imagery and digital elevation maps. On the other 
hand, a set of offline and server-side tools have been developed 
[27] in conjunction with Blender modelers with the following 
purposes: 

� to provide automated process to build balanced 
hierarchies (scene-graphs) for optimal web streaming 
(e.g. large cities); 

� to provide automated spatial segmentation using native 
OpenSceneGraph pager; 

� to provide tools for texture compression, geometry and 
material optimization; 

� to provide remote server-side tools to generate native 
OpenSceneGraph instancing, given a template model 
and Blender-generated instance-list. 

Since digital representations of virtual environments have 
constantly increased their complexity, these tools are able to 
produce complex and detailed 3D contents able to be streamed 
via web and also to maintain an interactive frame rate. This 
workflow, involving Blender and OpenSceneGraph, has been 
successfully applied also to visualise and efficiently manage 
large 3D crowds within a case study of urban mobility in the 
centre of Bologna city [39]. 

Fig. 5. Interactive visualization with real-time data in the Blender Game  
Engine

Fig. 6. Production pipeline from concept through Blender to OSG4WEB.

Fig. 4. Real time and interactive architectural visualisation made with the 
Blender Game Engine.
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Existing open-data assets produced within APA and NuME 

projects [40, 41] have been re-used to generate a portion of the 
city centre (Fig. 7), automatically imported and spatially 
segmented, alongside with direct exportation from Blender to 
OpenSceneGraph format of a few 3D animated avatars, used to 
represent virtual humans. 

VI. CONCLUSIONS 
The following comparative table summarises some of the 

features that can be relevant to Cultural Heritage 3D 
environments.  

TABLE I.  VISUALISATION TOOLS AND RELATED FEATURES - SYNOPTIC 
TABLE 

 

This state-of-the-art overview demonstrates that X3D is a 
flexible solution, both for on-line desktop and mobile 
applications Users are not supposed to download any plug-in, 
but it is important to install updated browsers with WebGL 
integrated, a mandatory requirement for 3D environments. 
X3D is a good platform, but currently for virtual reconstruction 
of terrains OSG4WEB seems the best choice. Nevertheless, 
OSG4WEB is a demanding tool, since advanced OpenGL 
skills are required for programming the scene and a plug-in 
installation is needed for visualisation. Blender Game Engine 
and Burster can be collocated in-between the other two 
visualisation tools. On the one hand BGE is positively 
incorporated into its own 3D content editor, enabling an easy 
set-up of interactions and a faithful reproduction of the overall 
performance and behaviour of real-time rendering of the scene. 
On the other hand, the transition towards the Web is a little bit 
hampered by the need of a plug-in and a series of tiny 
arrangements in the creation of the final blend file. Both X3D 
and BGE/Burster can be used also by users without specific 
programming skills.  

These three open source solutions witness the good quality 
level achieved, improvements are continuously on going so 
that they can be considered as a valuable alternative to 
commercial visualisation tools. 
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