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ABSTRACT



This presentation is based upon a joint Chemical Engineering and Automation Technology Investigation of a Distillation Column in a Virtual University and Industrial Environment where partners from both East and West are participating in. Our goal for the Distillation Column Application Case would be a live system working jointly in the Internet and in the MATLAB/SIMULINK environments. We have started with simple applications like liquid tank(s). After verification that these simple applications work, we will turn to the full scale implementation of our Distillation Column Application. Hence the final goal would be a Virtual Distillation Column Laboratory as interpreted, built and used as of today. 
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1. INTRODUCTION



The aim of our Virtual Distillation Column in Industrial and Academic Environments is to investigate distillation column modelling, optimisation and control.  For the virtual concept the network and its function and its physical structure are of crucial importance. The implementation of the virtual column to the Internet has been started and the first part as a student project has been done. The interesting aspect about the student project was that the whole project was simulated kind of like an ordinary business transaction consisting of a company and its clients. The students were 1st year students and most of the courses did not contain lectures in the ordinary sense. Despite these constraints and initial problems the students succeeded in completing the project. In mid May 1998 one of the students participated in an international seminar and presented their results. The modelling of the column is done using Intelligent Systems, emphasis is based upon Neural Networks. Advanced Control is used, emphasis being upon Robust and Adaptive Control and standard, e. g. PID Control strategies, are used as references. 



Our goal for the Distillation Column Application Case would be a live system working jointly in the Internet and in the MATLAB/SIMULINK environments. Hence the final goal would be a Virtual Distillation Column Laboratory as interpreted, built and used as of today. 





2.   VIRTUAL DISTILLATION COLUMN 1, 2



EVITech has during a long time done a pioneering work towards virtual education systems and our Virtual Distillation Column is a logical extension for that work. Distillation is an important process in the separation and purification of chemicals that exploits the difference in boiling points of multicomponent liquids. The overall control problem for the distillation column is exhibited in Figure 1 where there are 5 inputs and 5 outputs. The two vectors are:



input u =  ( L V D B VT )T with reflux L, boilup V, distillate D, bottom flow B and overhead VT and

output y = ( yD xB MD MB p ) T with top and bottom compositions yD and xB, condenser and 

                                                 reboiler hold-up MD and MB and pressure p.



The control of the distillation column is difficult because the distillation process is highly non-linear and the associated linearised models are often ill-conditioned with respect to directional gain. In practice the distillation column is first stabilised by closing three decentralised SISO loops for levels and pressure and then designing a controller for composition control. The most important configuration is the so-called “ LV - configuration “ with 



u1 = ( L V ) T and y1 = ( yD xB ) T.



Material balance control structure (L/V) was chosen as a starting structure. In later phase the more complicated structures will be tested. Hence we will study the well-known 2 x 2 distillation process.



The prototypical distillation column consists of a series of trays that are located along its length. The liquid in the column flows over the trays from top to bottom, while the vapour in the column rises from bottom to top. The target of the project is to develop robust, simple and easily tuned optimisation and control methods for batch distillation columns especially using neural network approaches only or in connection with other alternatives. The approaches are to be used especially in small applications used in SME enterprises. Methanol - water or ethanol - water systems will be used. 



For the trial runs pilot - scale distillation columns will be used which exist at the laboratory. The Pilot-Scale test column is 5m height, 100 mm in diameter and 15 plates. Reboiler max. duty is 24 kW. Data-acquisition is realised by Labview and NI`s Fieldpoint system. Instrumentation e. g. valves are partly Fieldbus compatible.



The monitored variables are temperatures, pressures, flow rates, refraction constants and mass fractions by GC/MS-technique.
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			  Figure. 1.  L/V-Control structure			













3.   WEB PAGES AND THE USER



It was agreed, that in the site there should be a tutorial for the chemistry students so that they could understand and use the Virtual Distillation Column ( VDC ) properly. The theory of the distillation process, formulas and some graphs were included in the material. There are actually three different tutorials, for linear tank, non-linear tank and for the actual VDC. Altogether some 20 pages of text, and some images too exist for the time being. 



Beside the tutorial the interactive part - simulation should be implemented somehow. The user would have to be able to insert his own values and get results in graphical form. However in the very beginning a ready-made Java applet from an engineering agency Control Cad was bought and implemented. 
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				Figure 2.   The Main Web page





The structure of the VDC is a basically tree structure. The front page includes the navigation system ( that follows through the site ) and the tank simulation interface. 



The screen is divided to three different frames. Navigation on the left, headings on top and the main screen. We decided to do it that way because using frames it's easy to jump e. g. from tutorials to simulation and back when the main navigation system stays the same.
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				Figure 3.   The structure of the VDC in the Web



Initial information was produced and converted to HTML. Some hyperlinks to make it easier to browse through manuals were also done. 



The VDC lays at our schools UNIX-server and uses the cgi-bin there. 





4.   BASIC PRINCIPLES OF MATLAB/WEB INTERCONNECTION 3, 4



The aim of this work is to connect the MATLAB/SIMULINK environment to the Web-based interactive educational environment. All calculations and other related matters will be done by MATLAB and SIMULINK, while web-pages will only show the results in required form. Hence a tool is needed for the exchange of data between the web-page running on a client computer and the MATLAB/SIMUNLINK on the host computer.



The solution, that has been done by our partners we have examined in practice on a small case, is to use a special program written in C++ and running on the host computer with MATLAB/SIMULINK and connecting to these programs by a standard MATLAB tool, i. e. the MATLAB engine. This program can interact with Java code on the client computer. Hence we can formulate and give commands to such a program from the client side and get the response from the MATLAB/SIMULINK environment.



For the time being only a demo program has been implemented and run showing how the information is transmitted between the client and the host computer with respect to string data. The final goal is to draw graphs, have interactive figures, etc.



5.   OUR PROJECT IN PERSPECTIVE TO EVITech EDUCATION ON THE WEB 5, 6



In engineering education it is important to provide the students a possibility to become involved in "real life" development projects. The infrastructure for the production, delivery and presentation of network-based learning has matured to a stage, where it has become viable to involve distributed teams of students in the development of relevant course materials. To provide a conceptual basis for such development activities, EVITech has devised a framework for the production, delivery and presentation of network-based courses.



The convergence of computing, communication and document technologies and the persuasiveness of  computer networks - the Internet in particular - have an extraordinary potential for transforming education to meet the growing need for customised on-demand learning. However, the vast supply of educational resources combined with the availability of powerful tools for information publishing and for collaboration across distances are just building blocks of the solution. New models of course production, delivery and presentation are needed that would combine individualised approach, flexibility and ease of dissemination without sacrificing the quality and effectiveness of learning.

 

At EVITech  we have described one such framework meant to be used as a tool in designing network-based learning, and proposed the broker model as a way to restructure the delivery of education.



One may also mention ongoing work in the development of computer support for problem based learning in engineering - in electronics and computer engineering in particular. The work aims at development of electronic books on design case studies. Rather than being self-contained CAL-packages on specific topics they are meant to be used as a basis for  a variety of  learning activities, such as analysis and design



Finally, considerable progress has been made in the development of international standards for the description of electronic educational objects, to facilitate re-use, interchange and commerce on digital content.



In our project we try as much as possible to benefit from those in the open literature well-known means, methods, approaches and equipment developed by our colleagues at EVITech.



6.   NEURAL NETWORKS 7



Neurocomputing is one of the most promising new principles of learning and intelligent systems. It has been used for visualisation, analysis and control of industrial processes. The distillation column is an example of a complex process suitable to be analysed and controlled by neural network.



We will be using the Neural Network Based System for Identification and Control. The approach to the problem is the typical system identification technique used for model based control of an unknown process. 



The following steps are the main ones:



The system identification part, i. e. to get a Neural Network Model of the process to be controlled from a set of data collected in an experiment with the process



Based upon the identified model the design of the controllers ( which may be Neural Networks as well ) to be made. The design parameters of the controllers will be tuned by simulation and the controller that appears to be most suitable to be selected.



Finally the implementation to be done on a real - time platform and applied to a real process.



The control systems can be divided into two fundamentally different categories, i. e.



The direct design, i. e. the controller is directly implemented by a NN



The indirect design, i. e. the controller is not itself a NN, but is based on a NN model of the process.



We will be using the NNPredictor - the MATLAB - based Toolkit for data analysis and creating neural network - based models of unknown systems and processes developed by Bauman Institute. The following functions are included in the 1.4 Version: Data acquisition, analysis and pre-processing in addition to creating NN models structures for solving system identification problems.









