3 Industrial IT & Paper IT

Main goals in 2004

· Integration of relevant results of this and other projects to support other activities in Jyväskylä area in Paper IT,

· To update information of industrial IT research worldwide especially focuses to process industry,

· To evaluate possibilities of standardizations in industrial IT sectors,

· Develop prototypes of future industrial IT concepts with intelligent agents,

· Virtual reality in collaborative modelling and design,

· Mindtech laboratory with possibilities of testing collaborative and design processes,

· Data laboratory with new methodological tool for data handling and presentation.

Moreover, two subprojects will be realized:

1. Virtual reality in collaborative modelling and design,

2. Semantic Web and industrial ontologies.

3.1 Virtual Reality in Collaborative Modelling and Design

3.1.1 Strategic view

The main goal of this subproject is the development of a state-of-the-art Collaborative Virtual Environment that would substantially facilitate the modelling, simulation and analysis of industrial applications, considerably speed up the design of products and improve their quality. This kind of research is very essential to make Finland – and in this case Jyväskylä region – competitive with other technologically developed countries, where the industrial use of Virtual Reality techniques for modelling and design is already a common practice. A multidisciplinary Virtual Reality Laboratory AC-CAVE at Agora Center will start 12/2003. An important prerequisite for the success of the project is an active collaboration with other research groups working in this field. Contacts to a number of leading universities in Europe and in the USA have already been established.

3.1.2 Background and significance of the topic

The modern development of information technology gives us an opportunity to implement sophisticated distributed systems for collaborative design. Persons with different interests and competencies (i.e., engineers and managers) can at least theoretically be brought together in a distributed design space where a virtual model is designed and functionally evaluated. A design space built in virtual reality environment will enable us to realistically simulate the form, functionality, and the use of the desired model. In terms of presenting and interacting with displayed information a virtual environment potentially provides a more intuitive means of communicating with a computer. Virtual reality allows for a better understanding of the three-dimensional structure of the dataset, as well as the spatial scale of features within it. This makes a virtual reality an ideal environment to perform tasks such as modelling and design. 

Collaborative environments are on-line workplaces that have been equipped with multimodal communications and collaborative work interfaces. These environments can enable people to see and hear each other, as well as to share computer applications such as drawing tools and desktop applications. The motivation for building and using collaborative environments comes from the need to support remote collaborations by connecting people to data, images, simulations, and each other via a network. Additionally, the collaborative environment promotes application sharing and the exchange of control between remote users. Often, groups are able to work together at a distance with the effectiveness of collocation. A Collaborative Virtual Environment (CVE) is one that actively supports human-human communication in addition to human-machine communication and which uses a virtual environment as the user interface. This is a field with much potential for inter-disciplinary collaboration particularly in the fields of computer science, psychology, sociology, artificial intelligence, and in computer-aided design and testing of new products. 

The design process itself has already been affected by computer aided design systems greatly, and this attitude has become even more important with the current trend towards concurrent engineering. The latter involves parallel development across product life-cycle activities by applying technologies like computer-aided design and modelling or optimal design of complex industrial plants like paper mills. Using shared information, engineers, designers, customers, and product managers can simultaneously and effectively collaborate during design and modelling processes. Valuable extensions to current practices could probably be provided by virtual reality. Studying the wide range of virtual reality applications it can be concluded that, nowadays, virtual reality is primarily used as a simulation tool for experiencing and evaluating virtual objects and designs. By this, expensive physical models can largely be eliminated resulting in shorter development time and lower costs. By using virtual reality during the design process a user can interpret experimental results and behaviour of a model in a more natural and understandable manner.

Introducing virtual reality into the computer aided design and modelling process could bring a number of advantages. This is, for example, an improved visualization of product, since the user is allowed to co-exist in the same space as the product model, in this way gaining a better appreciation of product geometry and aesthetics. Another advantage is the improved interaction with design in term of more intuitive model manipulation and functional experimentation. The latter means that the designer could effectively interact with the product model directly rather than using the traditional means (e.g., 2-D mouse and cursor). In the future, virtual reality computer aided design systems could be useful at all the stages of the design and modelling process, such as conceptual design, functional experimentation, and making final modifications and refinements. In addition to the above-mentioned advantages of virtual reality, let us emphasize that virtual environments can allow multiple participants to share the same virtual space. Thus, it would be natural to use this advantage to allow the whole design team to occupy a virtual environment containing a product model to collaborate in the design process. In collaborative virtual environment design systems the number of participants needs not to be limited to the designer alone. In a virtual environment, physical location is not a barrier to effective communication. Allowing the whole design team to collaborate in virtual environments would aid the concurrent engineering technology and also reduce the product time-to-market.

Nevertheless, the collaborative environments, illustrating the potential of virtual environments, where designers can construct and evaluate designs have already been proposed, they still remain quite basic and there exists a necessity for further research. By and large, it means that the research topic presented briefly in this section will remain important, perspective and promising for many years to come.

3.1.3 Agora Center Virtual Reality Laboratory (AC-CAVE)

The research will be done at the VR laboratory of Agora Center (AC-CAVE). AC-CAVE has been built up in collaboration with department of Physics where first installation was made in 1998. Since 2003 all VR research activities have been concentrated in Agora Center. The current laboratory has two separate single-screen immersive VR displays driven by SGI Onyx visual supercomputer. User interaction is done with pen like stylus connected to magnetic tracking equipment. Acoustic rendering for 3D virtual acoustics is also done with SGI visual supercomputer. For computationally hard applications our laboratory has IBM RS6000/SP supercomputer, which can be coupled with visualization system allowing real-time modifications of large geometries and data sets. 

For multidisciplinary research needs evolved from within University of Jyväskylä, industry (e.g., Metso and Nokia) and Air Force an extensive redesign process has been started. This contains both hardware and software aspects of the VR laboratory in order to do required upgrade during 2004 and expand VR activities to multidisciplinary research. 

During 2004 one of the single-screen VR displays will be upgraded to cube like 5-screen multi-display VR environment because the level of immersion provided by single-screen VR display is not deep enough for e.g. visualization of very large objects and for psychological research. The unique design of this cube is made in-house so that the ceiling display can be removed easily away from optical tracking and other interaction and research equipment needed. Commercially available CAVE-like systems do not offer this kind of possibility. As the number of VR display screens will increase we will have to also upgrade our visual supercomputer during 2004. During this upgrade the user interaction means will be also re-engineered to fulfil needs of multidisciplinary research in our VR laboratory. All tracking methods and interaction devices will be connected to dedicated computer handling all I/O devices needed in various applications. This will allow the development of general application program interface for different I/O devices and will allow hiding peculiarities of devices behind the communication protocol between VR applications and computer handling all I/O devices. This will also speed up the development of the VR application programs. The magnetic tracking will stay as a part of user tracking system. Parallel to it user will have an option to use optical tracking if the application of this wireless method is more suitable than magnetic tracking. I/O computer will also have analogue and digital inputs and outputs for connecting of different steering devices and simulator cockpits. The same computer will also have steering option for VR applications with speech-recognition software. 

The University has already invested 650 000 euros into VR laboratory, which will have total costs of 1 500 000 including planned upgrade during 2004. Research facilities funding will be applied among others from Academy of Finland in the end of 2003 for upgrade from both academic and industrial sources and partners.
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Figure 1
AC-CAVE facilities.
3.1.4 Strategic goal of the proposal

Finland is much behind from other technologically developed countries in applying VR in modelling and design. High costs and lack of educated researchers as well as too weak signals from industry have reasons to postpone full-scale VR installation and organizing education of experts specializing in VR technology. Technological products, software and living spaces are touching people’s lives ever more intimately, and the demands on designers are increasing sharply. The goal of the proposal is to create a multidisciplinary and multi-technology research unit around AC-CAVE (see Figure 1). An essential emphasis is on human aspects and collaborative elements in the design and take-into-use of virtual reality environments. The foremost aim of the research consortium is to enable / reinforce the use of VR technologies in the multi-disciplinary research projects and also to find novel and challenging application fields in the area of virtual reality design and modelling. 

This project has three goals:

1. To build multidisciplinary and multi-technological VR-technology-based research unit and

2. To create active research collaboration with most active and leading groups working in VR-based modelling and design in Europe and USA

3. To start AC-CAVE multidiscipline research projects with the following concrete pioneering applications:

a. Pre- and post-processing and simulation,

b. Interactive computer-aided optimal shape/structural design,

c. Collaborative working in VR environment.

Industrial Ontologies and Semantic Web

3.1.5 Strategic view

The Semantic Web is an initiative of the World Wide Web Consortium (W3C), with the goal of extending the current Web to facilitate Web automation, universally accessible content and promotion of existing Web to qualitatively new and higher level, utilizing machine-processable metadata associated with Web resources. Semantic Web approaches to development of global environment on top of Web with interoperable heterogeneous applications, web services, data repositories, humans, etc. The Semantic Web it is a new context within which one should rethink and re-interpret his existing businesses, resources, services, technologies, processes, environments, products etc. to raise them to totally new level of performance.
In 2004, the results of our previous research activities (see below) will be applied for creating of a concrete application of Semantic Web technology. Project has title “Semantic Facilitators for Web Information Retrieval” and its overall objective for 2004 is to explore possibilities to enhance information retrieval methods implementing software based on the Semantic Web technology.
The main goal of this subproject is to advance the development of the Semantic Web-enabled tools for end-users, software developers and to facilitate integration of the semantic technology into existing information management systems. Research within the project concerns applications of the Semantic Web technology for improving existing information search systems adding semantic enabled extensions (semantic wrappers) that allow making resources, that are “behind” the front-end of information retrieval system, virtually accessible as resources in the Semantic Web. Presentation of “semantic-enabled” resources introduces benefits of the Semantic Web technology: a possibility to perform a semantic search, integration of heterogeneous data, use of semantically annotated search results by software.  

As experts say, the main challenge of the Semantic Web, which is semantically annotated web content, will be met only in 5-7 years, whereas we assume that the use of “wrappers” or “adapters” for existing resources, which are not annotated yet, allows benefiting from the Semantic Web technology in already 1-2 years. For example, PaperIT project can use semantic wrappers for data sources that are to be integrated into the information sharing environment because a wrapper provides unified interface to various kinds of information retrieval (search) systems.  In the future semantic wrappers will transform into personal portals for using the Semantic Web (virtually all available resources).

3.1.6 Background and significance of the topic

During 2004 we will develop general concept of a semantic wrapper for existing heterogeneous non-Semantic Web resources. Such a wrapper will be represented by Generic Semantic Search Facilitator software for upgrade of existing search services with advanced ontology-based information retrieval capabilities and facilitation of better search results within heterogeneous information repositories. A concrete software prototype will be developed and delivered:

· Prototype of Semantic Search Facilitator for Internet-search engine (e.g. Google) that enhances performance of user interface for semantic search as well as enables software applications to automatically use semantic search facilities.

Existing search systems usually provide keyword-based search services and do not store metadata that allows complex querying using concepts. Taking into account that nowadays data is not yet stored along with its semantic annotation (metadata) according to the Semantic Web’s vision, there is still a need for advanced data search in the Web and in variety of information systems. A semantic-based approach for data management will be used in development of the future information retrieval systems that use ontologies for descriptions of concepts and relations between data objects that exist in a certain domain. 

In 2004 we will develop generic add-on for search services. Semantic Search Facilitator transforms concept-based queries on the intermediate stage of query execution into a set of simple (keyword-based) queries to the used search services of various types (Internet search-engine, database, intranet, etc.). Such “semantic facilitator” uses knowledge of how to translate semantic queries into the query formats of several different search services and can perform routine actions that most of users do in order to achieve better performance and get more relevant results. 

The results of the project can be applied in the development of next-generation Semantic Web-enabled ICT products that require advanced search capabilities. The issues that are under consideration in the project conform much to the growing market of inter-enterprise resource sharing, information retrieval and search. Potential users of “semantic facilitators” are users of the Web (to use them for a search), providers of the web services and developers of web applications (to improve them with search capabilities). Project results can be also applied in the software applications that automatically invoke search services.
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Figure 2  Semantic search of non-semantic enabled resources via existing search facilities

3.1.7 Industrial Ontologies Group

Project team (“Industrial Ontologies Group”):
 
Vagan Terziyan (senior researcher, Ph.D.), Helen Kaykova (researcher, Ph.D.); Oleksandr Kononenko, Oleksiy Khriyenko, Andriy Zharko (researchers, M.Sc.), Dmytro Kovtun (trainee-researcher, B.Sc.).

Industrial Ontologies Group hase no doubts about the possibilities, which Semantic Web opens for industry. That is why one important objective of our activities is to study appropriate industrial cases, collect arguments, launch industrial projects and develop prototypes for the industrial companies to not only believe together with us but also benefit from the Semantic Web. 

Developments during 2004 will be based on scientific results obtained during 2003, and published in about 20 research papers, reports, and theses. Main results were:

· New approach to development of industrial asset management systems based on Semantic Web, Intelligent Web Services, Peer-to-Peer and Agent technologies;

· New approach for development of personal information management system based on Resource Description Framework, ontology personalization and dynamic user interface;

· Concepts of:

· OntoServ.Net, an Semantic Web based environment for integration of industrial maintenance web-services;

· GUN – Global Understanding eNvironment, a heterogeneous Semantic Web-based environment for agent-based resource management;

· OntoAdapter (semantic adapter), a generic software component for connection of resources to semantic-enabled environments;

· OntoShell, a service platform for hierarchical service integration;

· Mobile Resource, a technical approach for delivering agent-based services in distributed environments.
· Semantic wrapper, an add-on to search services, internet search engines and information retrieval systems that facilitates better search on the internet/intranet.
Research group has created collaboration with Finnish companies interested in the development of Semantic Web-based software and information management systems and had a series of meetings, presentations and discussions concerning implementation of our plans:  Metso Corporation (contact person is Jouni Pyötsiä), Nokia, TietoEnator, TeliaSonera, etc. 

The concept of semantic wrappers (adapters) is being developed by the research group and recently we have started several initiatives of implementation of this concept in various domains. We intend to use semantic wrappers for creation semantic-enabled environments for software applications (P2P & Semantic Web research, applied to the Academy of Finland, April 2003) and industrial devices (“SmartResource” project, applied to TEKES, November 2003).

3.1.8 Strategic goal of the proposal

The 25 years of research experiences of the project team leaders in the field; thoroughly collected international team of young and talented researchers; relevant pre-project international and local activities of the team; cooperation with local companies; - all these factors are considered as a good motivation basis to submit ambitious enough applications for research and development projects. 

This project has three goals:

1. To provide arguments for Finnish industry in favour of the Semantic Web-based products and 

2. To promote multidisciplinary and multi-technological research in the field of the semantic-based technologies
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3. To create a prototype of semantic-enabled search system based on existing non-semantic search engines
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