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Abstract A virtual laboratory for Automatics and Control Engineering can provide university students with easy access to engineering applications at anytime and from any computing environment. This interactive learning environment, consisting of simulations, demonstrations and exercises, can fulfill the role of a bridge from passive learning to active engagement and thus stimulate deeper thinking; grounding a problem based-learning environment. The applications are also very important for relating theory to practice, so that the students can develop engineering judgment and understand how process behavior can be captured using mathematical models. This chapter tackles the available methodologies that enable to create a virtual learning environment for electrical engineering; it discusses their advantages and drawbacks, and presents the solution chosen for the project - "Development of a Simulation and Control Environment in Internet" at the University of Gent, Belgium.



1. Introduction The development of the Interned implied an explosion of Web technologies and software paradigms related to the net. The discipline concerned with computer simulations is extended with web-based simulations and it is facing additional challenges. WWW has also developed a big potential for new educational methods, which can complement a traditional education [Razmerita99]. This chapter presents a virtual learning environment, based on web simulations, for electrical engineering from a design perspective. It approaches the different possible technical solutions available and presents a methodology to deploy and develop Web simulations for education and training processes in the field of Automatics & Control Engineering. The purpose of a virtual laboratory for Automatics and Control Engineering is to offer students an easy access to engineering applications anytime, from any computing environment. These engineering applications: simulations, demonstrations, and exercises are very important for relating theory with practice so that the students can understand how process behavior can be captured from mathematical models and to develop engineer judgment. There are already some control engineering toolboxes, Windows based applications such as Matlab, which offer valuable interactive demonstration, or the possibility to easily create different simulations related to the theory. Matlab is a Windows based engineering and science toolbox, which offers valuable interactive demonstrations or the possibility to easily create different simulations related to the theory. It is an integrated technical computing environment that



combines numeric computation, advanced graphics and visualization, and a highlevel programming language. In section 2, there are presented several characteristics for virtual learning environments, which can be considered arguments to proof that Web-based simulations with visual, interactive features can create a Virtual Learning Environment. Section 3 gives a brief overview of the evolution of simulations towards web-simulations or agent-based simulations according to the different technologies available. In the context of web simulations, this section also tackles the available methodologies that enable to access via Internet/Intranet WindowsMatlab based applications related to the field of Control engineering. Section 4 presents briefly the architecture of our working environment and some examples that illustrates the use of the virtual learning environment.



2. Virtual Learning Environment as Web-based simulations The web represents the future of information sharing and exchange and, and yet it is used primarily for the publication of documents since the web adopts a “document/desktop metaphor” for knowledge. [Page99] However, the availability of digital media, their integration and processing, the technical progress in communication and information systems, provides an innovative potential to establish virtual educational aids. Virtual education shows a new way of teaching and learning, very promising accessible world wide, which is not restricted to students only, but is available for external users and, because of this, qualified for advanced training as well. The merging of hypertext and wide area network functionality in the WWW is the main reason for exploiting Web technology for educational purposes to implement open and distributed hypermedia. The ability to integrate multimedia elements has significantly enhanced the ability to train and educate electronically. There is no simple definition of what constitutes a Virtual Learning Environment. Strictly the term VLE should be used to describe software, which resides on a server and is designed to manage or administer various aspects of learning: delivery of materials, student tracking, assessment etc. Zeltzer's unit cube model for characterizing virtual environments identifies three essential components that all such systems must have, and three dimensions or properties that can be used to compare virtual environments [Zeltzer 91]. The three components are: • a set of models, objects or processes; • a means of modifying the state of these models; • a range of sensory modalities to allow the participants to experience the virtual environment; Some characteristics of Virtual Learning Environments are emphasized in [Dillenbourg 00]: • the information space has been designed, • educational interactions occur in the environment, turning spaces into places,



•



the information/social space is explicitly represented. The representation varies from text to 3D immersive worlds. • students are not only active, but also actors. They co-construct the virtual space. • Virtual learning environments are not restricted to distance education. They also enrich classroom activities. • Virtual learning environments integrate heterogonous technologies and multiple pedagogical approaches • Most virtual environments overlap with physical environments. Based on the characteristics mentioned above, we can assert that Web-based simulations with visual, interactive features can create a Virtual Learning Environment. In the next section, we present a brief overview on simulations, a taxonomy of simulations and some possible solutions for developing virtual learning environment in control engineering. 2.1 From traditional simulations to Web-based simulation design Traditional simulation models have been mostly designed for running on a single machine. Simulations let you learn by doing in a low-stakes environment.[Gross 91] There are wide ranges of simulations for education or entertainment: e.g. simulation to fly a plane, to sail a boat, to practice investment strategies, to practice negotiations skills, to simulate a surgical operation, etc. The explosion of web connected computer networks and of the new associated technologies has enabled to introduce the concept of “web-based simulation” in 1996 see [Page 99]. Some software paradigms, which enable the creation of web-based simulations, are presented in the following sub-sections. More recently a lot of research in the domain of simulations has been associated with the agent technology and has emerged into the field of agent-based simulation. Agent-Based Simulation differs from traditional simulation approaches as the simulated entities/elements are modeled in terms of autonomous agents or multi-agent systems. Another area of simulations is: social simulation. This research regroups a large number of disciplines: sociology, economy, computer science, cognitive science, etc. Results and representations from these disciplines are being used in computational organization theory, giving a new approach to deal with social/economic issues. From the architectural point of view Web-based simulations fall into three categories: simulations programs that can be accessed remotely through a Web browser on the server, those which are downloaded from servers and run on the client machine, and those which show web-based execution on the client side (like java applets). An interesting project, which falls in the first category according the description made before, [VCLab] has been developed at the University of Bochum, Germany that consists of embedded Matlab scripts combined with Java applets and Java scripts. An example of the second category is the solution adopted at Lund Institute



of technology. The problem of interfacing existing engineering applications to Internet was solved at the Lund Institute of Technology [Bjorn 98] by means of downloadable Matlab *.m files. Their web pages consists of downloadable PS or PDF files in which there are presented theoretical aspects and exercises and downloadable matlab files, which have to be modified according to the demands. In the third category fall most of the solutions that combine static HTML pages in which there are presented theoretical aspects with Java applets representing different interactive modules and simulations. (e.g. Arizona State University, John Hopkins University [Steven 98] etc.). An applet is a self-launching application, which runs into a web publication and browser. Using Java, developers can write custom mini-applications called Java Applets. When integrated into Web pages, Java applets can enable expert graphics rendering, real-time interaction with users, live information updating, and instant interaction with servers over the network. Java applets are downloadable from any server and run safely on any platform. They provide Internet sites with a huge range of new functionality: animation, live updating, two-way interaction, and more. Java applets can be embedded right into HTML pages. There are some undeniable advantageous like: platform independence, client side execution, powerful programming language, etc; but, Java is an emerging technology, a general-purpose programming language, not a scientific or engineering tool. This is why there are no facilities related to the scientific calculations, algorithm implementations or other simulations. The development of interactive demos and simulations based on Java language is complex and it requires Information Technology (IT) specialists. The development of such interactive modules: simulations, demonstrations, and exercises as web applications such as Java applets, requires experience as a Java programmer and is time consuming without facilities related to scientific calculations or mathematical models very useful in solving or simulating engineering problems. In conclusion, for developing a Virtual laboratory with control engineering applications there are two possibilities: to write such interactive simulations as web applications and to make them available on the WWW; to interface to Internet the existing applications, simulations or, the simplest solution to make available simulations in downloadable files which could run on the client machine.



3. Solutions to the problem of interfacing to Internet the Matlab based applications There are 2 general options/alternatives for interfacing Matlab based applications to Internet: to provide our own solution for deploying Matlab based applications in Internet; solution that will be detailed in the section 4 or, to take advantage of the existing new technologies presented in the next sections.



These possible solutions for deploying dynamic content for simulations and control related to Matlab applications are analyzed bellow: scripting languages, extensions and enhancements of the recent versions of Matlab and Virtual Reality Modeling Language (VRML). 3.1 Scripting Languages Most of the actual browsers provide flexible, lightweight programmability via scripting language. Scripting language allows the page designer to access events such as startups, exits, and user mouse clicks. Using scripting languages, it is possible to glue HTML, inline plug-ins, and Java Applets. Scripting Languages can provide a solution for deploying Matlab based applications in Internet. It provides the functions to change images, play different sounds, to run Matlab programs and more in response to specified events such as user mouse clicks or screen exit and entry. A web page could launch a Matlab script situated on the server-side, as presented in the figure bellow, in order to allow the creation of the dynamic content, the results requested by the client-side: a simulation or other Matlab application.



Models for deploying dynamic content abound for the Internet. Some of the dynamic content models briefly presented bellow are: Common Gateway Interface (CGI), Active Server Pages (ASP), Java Scripts. 3.1.1 Common Gateway Interface (CGI) CGI programs/scripts are classical solutions for creating dynamic web pages. The CGI programs/scripts are executed on the server side, they are launched by the web daemon and they enable to output dynamic information on the client side. A daemon is a Unix term for a program that processes requests. The CGI program can be written in any language that allows it to be executed on the system:



scripting languages (Perl, TCL, any Unix shell) or in programming languages (C/C++, Fortran, Visual Basic). CGI scripts are easier to debug, modify or maintain than a typical compiled program. Too many computations in CGI programs can reduce dramatically the server rate transfer. This is why, I am not sure whether this is a good solution for displaying "dynamic pictures" 3.1.2. Active Server Page (ASP) An ASP is an HTML page that includes one or more scripts, small-embedded programs that are processed on a Microsoft Web server before the page is sent to the user. ASPs were first introduced in Internet Information Server (IIS) version 3.0. An ASP is somewhat similar to a server-side include or a Common Gateway Interface (CGI) application in that all involve programs that run on the server, usually tailoring a page for the user. Typically, the script in the Web page at the server uses input received as the result of the user's request for the page to access data from a database and then builds or customizes the page on the fly before sending it to the requestor. One can create an ASP file by including a script written in Visual Basic Script or JavaScript in an HTML file and then renaming it with the ".asp" file suffix. Microsoft recommends the use of the server-side ASP rather than a client-side script, where there is actually a choice, because the server-side script will result in an easily displayable HTML page. Client-side scripts may not work as intended on older browsers. 3.1.3. Java Script JavaScript is a programming language that can respond directly to user input, perform complex operations, and make changes to some of the environment variables controlled by the browser. JavaScript is a compact, object-based scripting language for developing client and server Internet applications. The browser interprets JavaScript statements embedded directly in an HTML page. In a client application for Netscape Navigator, JavaScript statements embedded in an HTML page can recognize and respond to user events such as mouse clicks, form input, and page navigation. For example, one can write a JavaScript function to verify that users enter valid information into a form request etc. Without any network transmission, an HTML page with embedded JavaScript can interpret the entered text and alert the user with a message dialog if the input is invalid. Or one can use JavaScript to perform an action, such as play an audio file, execute an applet, or communicate with a plug-in, in response to the user opening or exiting a page. 3.2. New features, enhancements and extensions of Matlab toolbox There have been studied also the new features, extensions and enhancements of Matlab starting with version 5 in order to provide the most advantageous solution of interfacing to Internet.



3.2.1 Active X controls Matlab 5.3 integrates Active X technology [Matlab]. Active X control is Microsoft's answer to the Java technology from Sun. An Active X is roughly equivalent to a Java applet. Active X lets you link and embed objects into Web pages [Steflick 00]. Active X communicates with Object Linking and Embedding (OLE) enabling fancy document editing. You could have several ActiveX controls embedded within the same Web page. One could be a Java applet, one could be a spreadsheet, and another could be an ActiveX button. The spreadsheet and button could be made to talk the OLE protocol, enabling each of them to compute and exchange data as they wish. The Active X controls are tightly integrated in the ASP of Internet Information Server (IIS). So, the technology is dependent on Microsoft Windows machines. With Microsoft’s plug-in, Netscape Navigator also acts as an ActiveX container. 3.2.2 Matlab Web Server The second alternative is to take advantage of the existing new technologies. Mathworks corporation has launched a new product: the Matlab Web server. It facilitates to develop and distribute Matlab based applications in Internet. Briefly a few key features of Matlab Web Server [MatlabW] are: The applications are server-side executed; The MATLAB application runs on the server machine only. End users interact with the application via client machines that require only a Web browser, such as Netscape Navigator or Internet Explorer A facility for providing data from HTML forms into Matlab programs and to output data and graphics; Applications can include graphics generated using the advanced data visualization capabilities of MATLAB. Transparent communication client-server; The MATLAB application resides only on the server machine controlled by the developer. This means that teachers/tutors can easily update applications running on the Web Server without concern for revision control. The Matlab Web server seems to be a suitable tool for deploying any interactive MATLAB or Simulink based applications via the Web. 3.3 New visualization techniques: Virtual Reality Modeling Language (VRML) For providing efficient and up-to-date technologies for the Automatics Control virtual laboratory, which is based on the Matlab environment we have been, studied the new visualization techniques, which enable to create new interactive media. These visualization techniques are aimed at enhancing understanding of data and improving interaction with data systems through the user interaction with graphical representations. These tools respond to industry trends towards more distributed, interactive and cross-platform graphics solutions. On the other hand, emerging information technologies enable a shift from the transfer and assimilation of information to the creation, sharing and mastery of knowledge. [Dede 96]



Virtual Reality Modeling Language (VRML) has emerged as the de facto standard for describing 3-D shapes and scenery on the World Wide Web. VRML's technology has very broad applicability, including web-based entertainment, distributed visualization, 3-D user interfaces to remote web resources, 3-D collaborative environments, interactive simulations for education, virtual museums, virtual retail spaces, and more. VRML is a key technology shaping the future of the web. Experience obtained through working in a particular class of Virtual Reality Environments automatically improves both performance and conceptual understanding on a specific range of tasks. [Whitelock 98]



VRMLplot is a Matlab function for generating interactive 3-D VRML 2.0 graphs and animations. It generates output files that may be viewed using a WWW browser with a VRML 2.0 plugin. To create new animations using VRMLplot you'll need a copy of Matlab but to view the output, one needs only Netscape and a VRML 2.0 compatible plug-in such as SGI's free CosmoPlayer. Some impressive facilities of the VRML package for Matlab are: enable to generate 3D VRML graphs and animations enable to plot lines and surfaces; it can also generate animations of articulated structures: robots and vehicles; they can be rotated, viewed from different positions.



4. Description of the solution This section describes the solution, illustrating the functionality of the virtual laboratory with some examples. The ultimate goal of the project is to develop an Virtual laboratory for Automatics Control as active problem solving and visual feedback on the part of students can provide a valuable insight into system dynamics.[Schmid99] WWW and the browsers provide general mechanisms to gather and send information through the Internet. Matlab Web server seemed to be the best solution for AC laboratory. But, as Matlab Web server wasn’t available in the department at the moment the work has to be done, the project’s solution is based on a Matlab plug-in [VCLab]. Based on the Java language, scripting language, the Matlab plugin extends the programmatic capabilities of Netscape Navigator, enabling to view Matlab or Metafile graphics. The plug-in pops Matlab graphical objects to the Web page. The student can modify the available examples actively, modify the parameters (gain, zeta, omega) of the system and see what it happens. The aim is to explore dynamically the system response under varying conditions. The results are dynamically integrated into the HTML page as shown in the figure bellow:



The student doesn't have to know anything about Matlab programming environment. In order to support calculation and simulation, the local installation of Matlab is necessary. 4.1 About the VCLab Matlab plugin The Matlab plugin performs communications with Matlab. It provides mechanisms to do computations in the Matlab Workspace, to emulate the Matlab command window output and to put and get data to and from the Workspace. Loading a page with an embedded Matlab plugin will start Matlab in the background on the first load. Depending on the plugin parameters Matlab will execute statements, which will come with the plugin load. The plugin can be embedded using different parameters, which influence the startup and visual layout. If the Matlab command output should be visualized, the embedding by: 



may be used. The plugin will load the M-file file.m specified by the SRC key and Matlab will execute it. A web page that includes the plugins described before is given in the figure bellow. The user can press buttons (Root locus, Bode, Step) and see the different types of diagrams associated.



5. Conclusions and future work A Virtual laboratory for Automatics Control (AC) allows students an easy access to different applications, simulations related to the theory they study. These interactive demos present in a tutorial manner the influence of the different parameters of the mathematical model to the system behavior. These simulations provide a more intuitive and more practical approach for the abstract theory of AC. For the moment there have been created several interactive examples that are available on the web page of the virtual laboratory. The advantage of the approach presented here is the use of the available simulations tools. The user can focus on the learning and understanding of problems and concepts, as he/she doesn’t have to master the Matlab programming environment. Further developments beyond this stage of the project can be continued in two main directions: to extend the range of the available applications/examples; to improve the methodology of interfacing to Internet, trying to eliminate the limitations of the Matlab plugin: the client has to have Matlab installed on his local machine. References [Bjorn 98] Bjorn Wittenmark, Helena Haglund, Mikael Johansson, Dynamic Pictures and Interactive Learning, IEEE Control Systems 1998, p. 26 http://www.control.lth.se/~kursd/ [Dede 96] Dede, C, The Role of Emerging Technologies for Knowledge Mobilization, Dissemination, and Use in Education, http://virtual.gmu.edu/SS_research/cdpapers/mobilpdf.htm [Dillenbourg 00], Dillenbourg, P., Virtual Learning Environments EUN Conference 2000: Learning in the new millennium: Building new education strategies for schools, tecfa.unige.ch/tecfa/publicat/dil-papers-2/Dil.7.5.18.pdf [Steflik 91] Steflik, Dick, Sridharan, Prashant, Advanced Java Networking, Prentice Hall PTR 2000 [] Gross, Ronald, “Peak learning” – A Master Course in Learning How to Learn, ISBN 087477-610-4, 1991, pp197 [Page 99] Page, Ernest; Buss, Arnold; Fishwick, Paul; Healy, Kevin; Nance, Richard and Paul, Ray Web-Based Simulation: Revolution or Evolution?, ACM Transactions on Modeling and Computer Simulation, 1999 [Razmerita 98] Razmerita, L., Istrate, A., Bumbaru, S, Computer Mediated Assignment and Constructivist Approach, The Knowledge Revolution; The Impact of Technology on Learning, 7th World Conference on Continuing Engineering Education, Torino 10-13 May 1998 [Schmid 99] Schmid, Christian, A Remote Laboratory Using Virtual Reality on the Web, Simulation, Special Issue on Web-Based Simulation, July1999, p13-21 [Steven 98] Steven, G., Crutchfield, and Wilson J Rugh, Interactive Learning for Signals, Systems, and Control, IEEE Control Systems 1998, p. 88, http://www2.ece.jhu.edu/wjr/ [VCLab] VCLab http://www.esr.ruhr-uni-bochum.de/VCLab/main.html [Matlab] Matlab Application Program Interface Guide Version 5, The Math Works Inc. , 1999 [MatlabWeb] Matlab Web Server http://www.mathworks.com/ [Whitelock 98] Whitelock, Denise, Brna, Paul and Holland, Simon, What is the value of virtual reality for conceptual learning? Towards a theoretical framework, The Open University and Lancaster University, UK, http://www.cbl.leeds.ac.uk/~euroaied/papers/Whitelock1/ [Zeltzer 91] Zeltzer, D,. Task-level Graphical Simulation: Abstraction Representation, and Control. In Badler, N. (ed. 1991) Making them move: mechanics, control, and animation of articulated figures. pp3-33
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