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Abstract:  The VirCA system (Virtual Collaboration Arena) is a component based, 3D
interactive virtual environment for ambient supervision of robots and other
hardware or software devices. This software framework provides a basis for
modular robotic system development with a kind of augmented collaboration
in 3D virtual world. The paper presents the conceptual background of VirCA,
the build-up and operation of the system as well as the possible fields of
application. The experiences raised in the course of a VirCA training and the
possible improvement trends are also going to be reviewed.
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1. Introduction

The main concept of VirCA can be expressed with the underlying technologies: it is
considered as the combination of 3D computer graphics, distributed intelligent systems [1]
and modular framework. This makes VirCA a component based, 3D interactive virtual
environment for collaborative operation of robots and other hardware or software devices.
In VirCA, three key technologies are integrated using popular open source implementations
and standards:

e 3D Computer graphics - Ogre3D [2]
e Distributed systems - CORBA and ICE [3]
e Modular framework - RT-Middleware [4]
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Figure 1: Ilustration of the VirCA concept

Component-based robotics and distributed software environments are popular research
topics in recent years. Sziebig et al. reviewed the existing middleware technologies
focusing on distributed video image processing for robotic applications [5]. A detailed
discussion on state of the art architectural solutions for distributed robotics was published
by Amoretti and Reggiani in [6]. VirCA is free to use for academic purposes and available
online at the www.virca.hu website. VirCA is developed by the Cognitive Informatics
Research Group of MTA SZTAKI'. This paper introduces the concept behind the VirCA
framework as a part of an ongoing academic research project. Here, we do not deal with
the deep technical details of VirCA. More details about the architecture of VirCA can be
found in [7]. Fig. 1. illustrates the VirCA concept.

2. Motivation

There are two main reasons why we have started to develop the VirCA system. The first
goal is to speed up the academic research — R&D — Industry pathway. If the researchers
could wrap their softwares into a standard form using custom or generic interfaces, system
integrators would try and evaluate the novel algorithms without deep understanding of
the solution just by placing a given component into their test application. In this way, a
fast transfer gateway could be established between the scientific research, education and
everyday engineering. As a second aim, we would like to introduce a surface extending the
potential of conventional paper and text based scientific publication with focus on advanced

'MTA SZTAKI is the official abbreviation of Computer and Automation Research Institute, Hungarian
Academy of Sciences (www.sztaki.hu)
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robotics and related disciplines. Our goal is to make VirCA to be a common publication
platform where the novel results can be published, compared and applied in partly virtual
environments. With such a common platform, the otherwise hardly comparable results of
e.g. machine vision, SLAM, collision avoidance etc. become much easier to evaluate by
inserting the functional component (e.g. an object recognizer) into a benchmark scenario.
In both featured application area, generic quasi-standard interfaces of components have
to be defined to make a widespread applied platform. We think, that the RT-Middleware
community has reached the critical mass of users, hence could be the basis of the common
platform.

3. Pillars of the VirCA Paradigm

In this section, the principal properties of the VirCA framework is discussed.
3.1. 3D Internet

In recent time, the fast development of the visualization systems allowed the virtual reality
applications to be appeared in a wide range of use. The first step was the introduction of 3D
rendering in computer graphics that the laymen could meet primarily in computer games.
The second step was the appearance of 3D graphics accelerator cards. Here we could
see a beneficent interaction between the development of the technology and its utilization
in applications: High performance 3D accelerator cards became affordable for everyday
usage in very short time. Today development in computer visualization is the spread of
“real” 3D displays. These displays generate real stereoscopic sensation that enhances the
3D experience. Real 3D technologies can be differentiated into passive and active stereo
and autostereoscopic systems.

In the case of passive stereo systems the left and right images - which create the
stereoscopic sense - arrive to the user at the same time, where some passive tool sorts out
the appropriate image for the proper eye. In the color filtering method, which has been
applied in the cinemas for a long while, the left and the right images are in separate color
range, while the glasses worn by the user contain color filters: they pass through only the
color range which belongs to the appropriate eye. The polarization method also needs to
be mentioned which operates on a discipline similar to the color filtering method, but in
that case the complete original color range is available.

In active stereo systems the left and right images arrive in separate channels to the user
(temporal separation), where some active tool let trough the image to the appropriate eye.
In case of the so-called shutter glass” method the user’s glasses contain liquid crystals.
These are controlled electrically in such a way that by turns the left and the right one passes
through the light. In this case the two images arrive interlaced in time from the display and
the glasses are synchronized to it. It means, if the left image is visible on the display the
left side of the glasses passes through and the right side conversely.
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Such systems already appear today in households. The 3D Vision system of nVidia
- graphics card, display, glasses - can be bought for a reasonable price. In case of this
system the display is an LCD monitor of 120 Hz which displays the left and right image
with 60-60 Hz. The so-called autostereoscopic systems without any glasses should be
mentioned as well, where on a special display many images are showed at once: due to the
placement of the pixels and the optical grid in front of the display, from different places
different images are visible. In this way different images arrive to the left and right eyes of
the user.

Based on the before mentioned 3D visualization technologies, VirCA provides a platform
where users can build, share and manipulate 3D content, and collaboratively interact with
real-time processes in a 3D context, while the participating hardware and software devices
can be spatially and/or logically distributed and connected together via IP network. For
example, engineers and researchers from different countries can put a mobile robot and an
obstacle avoidance software module together to test and tune it in a semi-virtual manner.
They do not have to move their devices to the same place and take effort in the system
integration. Or even, an architect can discuss the design of the future house with a customer,
or a robot expert can train a technician how to program an industrial robot. The VirCA 3D
virtual reality component can work together with the cutting edge stereoscopic 3D display
technologies including the immersive 3D CAVE systems [8].

3.2. Augmented Collaboration

The 3D content and processes in VirCA can be synchronized with the real world, which
allows the combination of reality and virtuality in the collaboration arena. This allows
VirCA users to virtually interact not only with other users, but also with existing, remotely
operated hardware and software such as robots, sensors or software pieces of control
algorithms. This type of semi-virtual interaction allows the users to build distributed
systems consisting real and virtual parts at the same time.

3.3. Knowledge Plug and Play

In modern information systems modularity and compatibility are important aspects. It
means, that the system does not consist of a monolithic unit, but of many modules which
can be treated as separate units. This structure has economic advantages: On a new demand
- if the modules are functionally well delimited -, the complete system has not to be changed,
but only the module which is responsible for the appropriate functionality. So in case
of a modular system, the single modules can be replaced separately without changing
other modules. Of course, this can be only realized if the modules are ”compatible” with
each other which means that they operate according to given standards providing standard
interfaces to be connected to each other. In other words, they realize the standards which
serve as the base of the cooperation.

RT-Middleware (Robot Technology Middleware) is a standard system in robotics which
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is supported by the Japanese government. It aims the modular build-up of industrial
systems. With the spread of this standard it can come true that different parts of an
industrial system can be ordered from different manufacturers by the end-user thus the
decrease of the prices can be expected.

RT-Middleware uses standard channels so-called ports for connecting different compo-
nents. Ports realize one-way channels: they can be either providers (outputs) or consumers
(inputs). Ports can be data ports through which simple date flows flow or so-called service
ports through which complex functions can be accessed (remote procedure call). Ports of
the components can be connected if their descriptions are identical and their directions are
opposite.

RT-Middleware uses the CORBA standard for data transfer and with the extension
developed in MTA SZTAKI - “Turbo RT-Middleware” - it can use the ICE standard as well.
RT-Middleware based systems must contain a CORBA naming service. The components
register to the name server telling their own address. With a system editor the registered
components can be queried and connected graphically to each other (Fig. 2). The connected
components contact each other using the access information stored by the name server.
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Figure 2: An application in the system editor

As VirCA provides a uniform, RT-Middleware based framework the components from
different sources can be easily organized into a working systems using a browser-based
graphical programming environment. There are already existing VirCA components in-
cluding the 3D interactive virtual environment, communication and interaction techniques,
support for widely used hardware and software tools from robots to algorithms and many
other useful services. This allows the plug and play exploitation of the knowledge that is
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embedded into the community developed components and simplifies the creation of new
state of the art solutions. In our vision, RT-Middleware components and VirCA-enabled
software pieces (Cyber Devices) implementing standard generic or even fully customized
interfaces could be collected in a community website. System integrators could use these
functional building blocks for free or even on commercial basis similarly to the popular on-
line application stores. In this way the knowledge that is integrated into the downloadable
components can be easily added to any VirCA based system in a plug and play manner.

3.4. Beyond cutting edge technology

Since the virtual environment in VirCA is generated by computers, all information has
a corresponding internal representation in the system. Therefore, in this environment
everything can be measured or detected, and various kinds of information can be extracted
via virtual sensors, which need not even exist in the real world today. Such combination
of real and virtual sensors can be very powerful. Using this design philosophy, VirCA is
capable of accommodating virtual experiments using both existent and non-existent future
technologies for the development of new algorithms for various sensor and actuator setups.
As a practical example, a mobile platform can be equipped with virtual sensors what real
counterpart would be too costly for experimental purposes (e.g. laser range finder, depth
camera etc.). In this manner, the controller software can be built and tested in the same way
either using real or virtual devices. In case of a robot navigation algorithm the real mobile
robot is moving in a room while its virtual manifestation doing the same in the virtual
environment and collecting sensor data from the virtual world using virtual sensors. The
navigation software uses the virtual sensor data similarly as real world sensor input would
have been processed and command the mobile platform according to the implemented
algorithm.

4. Application

4.1. Architeture

The VirCA system developed in MTA SZTAKI has a modular build-up. Its central part is
the virtual reality handler component together with the 3D visualization. This component
operates as a database which registers the objects and the related events in the virtual
reality on the one hand, and provides connection to the user in the form of 3D visualization
and user interaction on the other hand. VirCA uses the Ogre3D graphical engine for 3D
visualization, and the Bullet physics engine for the physical simulation of the motion of the
objects. The different components of VirCA are connected together with RT-Middleware
and the ICE communication engine is used for the data transfer through internet.

To the virtual reality handler component arbitrary further components can be connected,
which realize some kind of functionality. Among them one type is the “cyber device”
which represents either a real or a pure virtual device in the virtual reality. In the case
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of a real device the cyber device realizes the connection between the “true” reality and
the virtual. In the case of a pure virtual device there is no real hardware behind the cyber
device, but only a program. The connection between the cyber device and the virtual reality
is two-way: on the one hand the cyber device can manipulate the virtual room through its
representation and on the other hand it can receive user commands from the virtual room.

4.2. Fields of use

One important attribute of the VirCA system is the integration of information. It means
that using “’real” 3D visualization, all three dimensions are available for the representation
of the information. In case of a complex process, different information do not arrive in
separate channels to the user - e.g. in separate displays -, but according to the reality, they
can be displayed on a spatial representation. This can largely increase the efficiency of
human-machine communication. In the interactive virtual environment the user can control
different devices through a standard interface. For this control, arbitrary input devices are
available which can pass a given information to the system in the appropriate way, e.g. a
cyber device can be selected by moving the 3D pointer with the mouse, or the cyber device
can be addressed with the help of the voice recognizer by saying its name (Fig. 3).
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Figure 3: Commanding a cyber device in the virtual reality

One other important attribute of the VirCA system is the distributed system approach.
It means that the devices represented in the virtual reality can be controlled in the same
way without reference to their location in the reality. VirCA conceals the complex network
connections, so the user can simply select the required device as if it would be available on
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the local machine.

With the help of the VirCA system virtual test cases consisting of many different systems
can be created. It means that the cooperation of devices far from each other in the room can
be tested without the need of delivering them to the same place. In case of large industrial
robots it would be very expensive. It differs from the simulation of the devices in that
way as in this case the representations of the real devices are in the virtual reality, whose
motions follow the motions of the real devices. So on the one hand, with the development
of simple tracker systems the development of expensive simulators can be avoided while
on the other hand, the virtual representation tracked in this way corresponds better with
the real device than the simulated. Before the purchase of an expensive device it can be
tested whether it suits the cooperation demands of the application.

The VirCA system can be applied as a virtual information room between different
devices. The status of the virtual reality can be refreshed with different kinds of sensor and
tracker devices corresponding to the true reality, so that other devices can manipulate in it.
So the single devices do not need to have all the abilities they use. Instead, they can use
the abilities of other devices through the virtual reality, e.g. a mobile robot could have the
ability of self-localization based on virtual reality refreshed by an other sensor. Moreover,
in the virtual reality such sensors can be simulated as well. So complex systems can be
tested without the existence of real constituent devices that are required for their usage. It
facilitates the separate, independent development and testing of the devices and in case
of purchase the trial of different devices. In the case of a mobile robot it can be decided
easily, what kind of sensor should be selected for the realization of self-localization. In the
room not only sensor and tracker devices, but only-in-program realized intelligence can
be ”placed” as well. So this way, the knowledge “’plug’n’play” can be realized, i.e. the
intelligence in the virtual reality can be used by other devices.

4.3. Component development

The usage of the VirCA system starts with the execution of the installer which can be
downloaded from the VirCA website. It installs the virtual reality core component and
other required programs. The VirCA system can be used with other components in such a
way, that first the CORBA name service should be started to which the component registers
in. Then the editor can be used to build or load arbitrary system of components (Fig. 2).

To the VirCA system a new cyber device can be developed basically in three ways.
Either an own RT-Middleware component can be written completely, or it can be inherited
from the so-called ”cyber device base” component, or the cyber device API library can be
used. The first choice is the hardest but has the most facilities, while the last is the easiest
but only with limited capabilities.
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5. Experiences in education

The usage of the VirCA system and the development of applications for it were taught
between 8-10. September 2010 at the Faculty of Informatics at the University of Debrecen
related to a laboratory course. Participant students could listen presentations about the
build-up, usage and programming of the VirCA system. After the presentations they
could use the system on the computers of the laboratory. VirCA system, the software
development toolkit and other programs required for the development had been installed
in the laboratory in advance. The theoretical and pragmatical lessons were divided into
five parts. In the first lesson the students studied the concept, sense and build-up of the
VirCA system and its setup and handling. In the second lesson they could get familiar with
the 3D content generation using free softwares and they could equip an own virtual world
in the system with the generated content. In the third lesson they could come to know the
structure and application of the RT-Middleware system together with the efficient usage of
the RT-Middleware components of the VirCA system. In the fourth lesson the students
were introduced to the possible ways of application development. At the final part of the
course the gained knowledge was tested through the development of own applications:
here we developed a fully functioning application step-by-step starting from an “empty”’
cyber device going trough various VirCA features. In the fifth lesson the development of
the application was carried on with the opportunity of discussing questions and personal
ideas. As conclusion, it can be stated that the course was successful, the students could
fulfil the planned tasks and succeed to learn the way of developing applications to the
VirCA system. On the basis of the experience of the course we prepared some compact
tutorials that are published on the webpage of VirCA.

6. Direction of development

One possible way of developing VirCA is extending the possibilities of collaboration
between intelligent systems by the usage of the so-called ”semantic” information. It
means, that not only data is stored in the system but in an appropriate, standard format,
its meaning is represented as well. In this way, it would be semantically self-describing.
Such a standard format is the ontology which is used to represent the concepts and their
relations of a domain. If intelligent systems collaborate, the certain systems share their
functionality in the VirCA that can be applied by other systems. Applying such shared
functionality, a functional collaboration can be realized. But to apply the functionality of a
certain system, in the traditional case, it needs to be known, which functionality the system
exactly realizes, and how this functionality can be accessed through the interface of the
system. This information can be published e.g. in a natural language description by the
system developers and the developers of other systems need to interpret this description.
Contrarily, in case of semantic information the system describes its functionality according
to the given standard representation e.g. ontology, which representation can be interpreted
by other systems using the standard representation. In this manner, the efficiency of the
collaboration can be extended because the configuration of the independent systems for the
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given task can be generated automatically by intelligent inference based on the semantic
description. The VirCA system cannot handle semantic information originally. For this
task, the system needs to be extended with components capable of semantic communication.
Every conventional agent can be wrapped into a semantic device in such a way that the
wrapper knows the functionality of the given device. The wrapper shares its semantic
representation and then mediates between the interface of the semantic communication
and the original component. Beyond that, a component receives some determined user
requests, represents them semantically and then performs the inference on the basis of the
semantic information shared by the devices whether an appropriate configuration exists. If
does, it sets it up through semantic communication.

7. Summary

VirCA (Virtual Collaboration Arena) is an ongoing development of a software framework
mainly for distributed intelligent systems, integrating three key technologies: augmented
3D virtual reality, distributed systems and modular framework. In this paper the motivation
and the conceptual pillars of VirCA are discussed.

Acknowledgment

The research was supported by HUNOROB project (HU0045, 0045/NA/2006-2/0OP-9), a
grant from Iceland, Liechtenstein and Norway through the EEA Financial Mechanism and
the Hungarian National Development Agency.

References

[1] H. Hashimoto, “Intelligent space: Interaction and intelligence,” Artificial Life and
Robotics, vol. 7, pp. 79-85, 2003.

[2] G. Junker, Pro OGRE 3D Programming, 1sted. Apress, Sep. 2006.

[3] S. Khan, K. Qureshi, and H. Rashid, “Performance comparison of ICE, HORB,
CORBA and dot NET remoting middleware technologies,” International Journal of
Computer Applications, vol. 3, no. 11, pp. 15-18, 2010.

[4] N. Ando, T. Suehiro, K. Kitagaki, and T. Kotoku, “RT(Robot Technology)-Component
and its standardization - towards component based networked robot systems devel-
opment,” in 2006 SICE-ICASE International Joint Conference, Convention Center-
BEXCO, Busan, Korea, 2006, pp. 2633-2638.

[5] G. Sziebig, A. Gaudia, P. Korondi, and N. Ando, “Video image processing system

for rt-middleware,” in 7th International Symposium of Hungarian Researchers on
Computational Intelligence (HUCI 06), Budapest, Hungary, 2006, pp. 461-472.

154



Acta Technica Jaurinensis Vol. 4. No. 1. 2011

>

[6] M. Amoretti and M. Reggiani, “Architectural paradigms for robotics applications,
Advanced Engineering Informatics, vol. 24, no. 1, pp. 4-13, 2010.

[7]1 A. Vamos, I. Fiilop, B. Resko, and P. Baranyi, “Collaboration in virtual reality of
intelligent agents,” Acta Electrotechnica et Informatica, vol. 10, no. 2, pp. 21-27,
2010.

[8] C. Cruz-Neira, D. J. Sandin, and T. A. DeFanti, “Surround-screen projection-based
virtual reality: the design and implementation of the CAVE,” in Proceedings of the
20th annual conference on Computer graphics and interactive techniques. Anaheim,
CA: ACM, 1993, pp. 135-142.

155



