Self-organising maps for intelligent process control

K.F.Goser

University of Dortmund, Faculty of Electrical Engineering D 44221 Dortmund, Germany Fax: +49 231 755 4450, Email: goser@luzi.e-technik.uni-dortmund.de

Abstract

This overview presents the performance of the self-organising map for intelligent process control, especially in the fields of electrical and electronic engineering. At the production of integrated circuits the self-organising map can classify, correlate and predict data and by this way it can improve the yield and the quality of the products. At the evolving area of computational intelligence which stands for systems with artificial neural networks, fuzzy systems and evolutionary strategies, the self-organising maps represent an important part for autonomous systems. The outlook demonstrates the importance of the self-organising algorithm for nanoelectronics.

Extended Summary

One of the most important contributions to neural networks comes from Kohonen who introduced the idea of self-organising maps [13, 14]. He verified this idea by an algorithm of which many applications make use up to now. A very important application area of self- organisation maps is process control. In this field many groups are active now [4]. The impact of these activities comes from the group at Dortmund which is specialised on applications in the field of electrical and electronic engineering [7, 34]. This paper reports especially about these applications.

One of the application areas of self-organising maps concerns the production of integrated circuits. In our example the self-organising map successfully analyses the parameters of semiconductor memories which include process data, electrical data and test data [16, 17]. The self-organising map shows unknown correlations between parameters and predict the quality level of the chips. A similar procedure can be applied to the defects of the masks and to the failures detected in the memory chips on the wafer so the self-organising map can improve the yield of the process [27]. Since the results are very good the industry uses the self-organising maps as an additional tool besides classical statistical methods. Furthermore, this method is also applied to processes in chemistry and steel production as a different approach to process modelling [29, 31].

Moreover, the self-organising feature maps can support the design and the optimisation of integrated circuits. In this case, the vectors consist of design parameters, which the designer easily determines, processing parameters which are determined by the manufacturing line, and test parameters which come from simulated and measured circuits. The engineer can design the circuit by looking at the corresponding points from all component maps, and so he can easily predict the effect of changes in certain parameters. By this way he gets a perfect design centring and he can easily guarantee the quality of the circuit. This method is especially effective for the design of analog circuits because they are very complex [5].

An other interesting application area is the monitoring of power devices [18]. During operation the diagnosis system measures the parameters which are fed into the self-organising map. After the classification the system indicates the state of the devices and gives a rough estimation about their life time. The paper gives an example how the bond quality of the power devices is determined. The Kohonen map indicates a high-quality and a low-quality region so the movement of the measured resistance in the Kohonen map distinguishes between devices with a low and high quality. In future this method will be extended to define the save operation area (SOA) which is relevant for the reliability of the devices. This support for the design of power devices will be unique and is only possible by a self-organising map which can handle an N dimensional data space.

The analysis of dynamic processes is demonstrated on power plants, especially on the characteristics of a boiler, since there are many process parameters which should not be regarded in an isolated way but in a holistic way. The holistic method considers the impact of many small deviations of the process variables and the mutual feedback between them. The self-organising map offers such a method and it is an ideal tool for simple visualisation and analysis of the states of the power plant. The additional advantage of the map is that it can record and analyse transient process operations and complete start-up or load-change operations [18].

A new area of the self-organising map will arise from the field of computational intelligence or soft computing which seems to be a new emerging field [11, 25]. This field combines fuzzy systems, neural networks and genetic algorithms. Fuzzy logic is a method for representing information in a way that resembles natural human communication and for manipulating that information similar how humans handle this information. An early complaint about fuzzy systems is that they are based solely on human instincts and unlike neural networks cannot adapt or learn automatically. Adaptive fuzzy systems employ neural networks as learning techniques. The integration of fuzzy and neural techniques is an active area of research of today. It brings together the best features of fuzzy logic and neural networks, providing knowledge based systems that can adapt or be organised according to sampled data.

The feature of neural networks enables the system to learn by itself. It can create new rules and define new membership functions in the fuzzy controller. By this way, however, the system may become very complex and contain contradictory rules. Genetic algorithms offer a method to make the system more efficient by reducing the number of its rules and by adjusting the shape of its membership functions. This process has to optimise between accuracy and complexity of the system.

The first example describes the diagnosis system for electrical motors which contains a selforganising feature map combined with a fuzzy system for analysing the best match positions by user defined rules. Two outputs are generated: the first represents the current state of the process, the second is the forecast for future states. During the start-up phase the self-organising map learns the input patterns that are selected by the expert of the process. It is important to have dates for all interesting states that means of the defect and catastrophic states, too. When the learning results are visualised, the expert separates the map into different areas corresponding to the states of the process. The borders of these areas and the knowledge about these areas are stored in the system as fuzzy membership functions and rules. The principles of fuzzy logic are suitable for this problem, since the areas cannot necessarily be separated exactly. To define limits for the forecast of future states, the movement of the current best match position has to be taken into account. There are two interesting values according to a movement, the velocity and the direction of the movement. A suitable application for this system is the online motor monitoring and the forecast of future states. A coal mining company is using such a diagnosis system in a test phase [11, 24].

In the second example the self-organising map interprets the clusters mapped on it and by this way it roughly defines the membership functions and the rules in a fuzzy controller. By this method a first set of membership functions and rules can autonomously be generated. In the next step they have to be simplified concerning the number of rules, the contradictory rules and the shape and the position of the membership functions. Since this optimisation process is quite complex and not translucent, genetic algorithms offer the adequate tool to do this. As an example the processes of charging various batteries have been characterised by the self-organising map. The batteries show a very complex behaviour because they show the memory effect. After learning and analysing the process data, the areas on the map indicate the membership functions and the rules in a rough way [25, 26, 28].

For many applications the self-organising map can be implemented in software and in adequate processor systems [6, 10]. The speed of self-organisation accelerates if the algorithm is distributed on several processors which are in parallel or if dedicated hardware is added to the general-purpose processor. However for certain real time applications there is the need for implementing the whole algorithm into an integrated system. For a compromise between the efficiency of self-organisation and the level of integration the algorithm may be simplified. The BISOM algorithm uses the Manhattan distance, discrete values for the adaptation function and binary input vectors. A concept of such a simplified algorithm is described and samples of integrated circuits are shown [4, 21, 24].

The importance of the self-organising map regarding a hardware implementation will increase in nanoelectronics, since the map shows an adaptive behaviour, modularity and fault-tolerance [8]. A further important demand is the local operation of the algorithm: The adaptation algorithm of a self-organising map reveals a similarity to partial differential equations. With certain modifications, basically the introduction of a system energy measuring their distance of a given input to the weight vectors the similarity leads to a local adaptation equation. Concerning the type of the differential equations, Schroedinger-like equation as well as the diffusive Haken model have been studied [12, 30].

The characteristics of nanoelectronic devices offer the opportunity to implement neurons with a chaotic behaviour. Introducing such chaotic neurons into a map will allow to make the matrix smaller and to speed up the self-organising process. In addition such maps can be arranged into a hierarchical architecture [15].

Apart from the denotation of self-organisation to characterise an unsupervised learning algorithm, in nanoelectronics, the term self-organisation often stands for creating fine structures without external influences. A well-known example are atoms that organise patterns in a way to form pyramids on a substrate. It follows that self-organisation can be relevant for manufacturing ultrasmall structures and for the development of adaptive structures. An example shows how this effect can be used for the personalisation of three-dimensional circuits which will occur at nanoelectronics.

The paper shows that the Kohonen algorithm has a tremendous impact to process control from the gigaelectronic systems as power plants down to nanoelectronics as integrated autonomous systems.

Acknowledgements

These works have been supported by the German Research Foundation (DFG), and are supported in its SFB 386 at the moment. They have also been supported by the EU (ESPRIT BRA) and by the german industries.

References

[1] F. Deffontaines, A. Ungering, V. Tryba, and K. Goser. Concept d’architecture d’un processeur RISC pour la combination de logique floue et d’une carte de Kohonen sur un circuit integre. In Proc. Neuro-Nîmes, 1992.

[2] K. Goser. Technological Challenge of Artificial Neural Networks. In ESSDERC’89, pages 321 – 328, Berlin, September 1989. Springer Verlag.

[3] K. Goser. Kohonen’s Maps - their application and implementation on microelectronics. In Proceedings of ICANN’91, pages 703–708, Helsinki, June 1991. invited.

[4] K. Goser. Innovation and application of ANN in Europe demonstrated by Kohonen Maps. In Jet Propulsion Laboratory (NASA) Workshop on “A Decade of Neural Networks: Practical Applications and Prospects”, pages 91–93, JPL, CalTec, Pasadena, May 1994. invited.

[5] K. Goser, U. Hilleringmann, U. Rueckert, and K. Schumacher. VLSI technologies for artificial neural networks. IEEE Micro, 9:28–42, 1989.

[6] K. Goser, I. Kreuzer, U. Rueckert, and V. Tryba. Chip-architekturen für künstliche neuronale netzwerke. Z. Mikroelektronik, me4:208–211, 1990.

[7] K. Goser, K. M. Marks, U. Rueckert, and V. Tryba. Selbstorganisierende parameterkarten zur prozessüberwachung und -voraussage. In 3. Internationaler GI-Kongress über Wissensbasierte Systeme, München, October 16-17, pages 225–237, Berlin, Heidelberg, 1989. Springer.

[8] K. Goser, C. Pacha, A. Kanstein, and M. Rossmann. Aspects of Systems and Circuits for Nanoelectronics. Proc.IEEE, 85(4), April 1997. in press.

[9] K. Goser and U. Ramacher. Mikroelektronische realisierung von künstlichen neuronalen netzen. Informationstechnik, (4), 1992.

[10] K. Goser, U. Ramacher, and U. Rückert. Microelectronics for Neural Networks. In Proceedings of the 1st International Workshop, Dortmund, June 1990. University of Dortmund.

[11] K. Goser, K. Schumacher, M. Hartung, K. Heesche, B. Hesse, and K. Kanstein. Neuro-Fuzzy Systems for Engineering Applications. In Proceedings of the 1996 AFRICON, pages 759 – 764, Stellenbosch, South Africa, September 25 - 27 1996.

[12] A. Kanstein and K. Goser. Self-organizing maps based on differential equations. In M. Verleysen, editor, Proc. ESANN’94, European Symp. on Artificial Neural Networks, pages 263–269, Brussels, Belgium, 1994. D facto conference services.

[13] T. Kohonen. Self-organization and associative memory. Springer Series in Information Sciences. Springer, Berlin Heidelberg New York, 2nd edition, 1988.

[14] T. Kohonen. The self-organizing map. Proc. IEEE, 78:1464–1480, 1990.

[15] A. Kosak and K. Goser. A Fractal, Selforganizing Map with Partially Chaotic Neurons. In IWANN’95, International Workshop on Artificial Neural Networks, pages 338 – 344, Torremolinos (Malaga), Spain, June 1995.

[16] K. M. Marks and K. Goser. AI Concepts for VLSI Process Modelling and Monitoring. In IEEE Proceedings of CompEuro 87, pages 474 – 477, 1987.

[17] K. M. Marks and K. F. Goser. Analysis of VLSI process data based on self-organizing feature maps. In Proc. of Neuro-Nîmes, Int. Workshop on Neural Networks and their Applications, pages 337–348, Nanterre, France, 1988. EC2.

[18] R. Otte and K. Goser. New Approaches of Process Vizualisation and analysis in Power Plants.

In WSOM’97, 1997.

[19] G. Palm, A. Ultsch, K. Goser, and U. Rückert. Knowledge processing in neural architecture.

In Delgado-Frias, editor, VLSI for Neural Networks and Artificial Intelligence, pages 207–216, New York, 1994. Plenum Press.

[20] S. Rueping, U. Rueckert, and K. Goser. Hardware design for selforganizing feature maps with binary input vectors. In Proc. IWANN-93, Int. Workshop on Artificial Neural Networks, pages 488–493, 1993.

[21] S. Rüping. VLSI-gerechte Umsetzung von selbstorganisierenden Karten und ihre Einbindung in ein Neuro-Fuzzy-Analogsystem. Number 215 in 9. VDI-Verlag, 1995. ISBN 3-18-321509-8.

[22] S. Rüping, K. Goser, and U. Rückert. A Chip for Selforganizing Feature Maps. In Proc.

Forth Intern. Conf. on Microelectronics for Neural Networks and Fuzzy Systems, pages 26–33, Turin, Italy, Sept. 1994.

[23] S. Rüping, K. Goser, and U. Rückert. A Chip for Self-Organizing Feature Maps. IEEE MICRO, 15:57–59, June 1995.

[24] S. Rüping, U. Rückert, K. Goser, and M. Hartung. Diagnosis-Systems with Selforganizing Feature Maps and Fuzzy-Logic. In Neural Networks and their Applications, Conference Proceedings (NEURAP’ 95/96), pages 251 – 258, Marseilles, France, March 1996.

[25] H. Surmann. Automatisierter Entwurf von Fuzzy Systemen. Number 452 in 8. VDI-Verlag, 1995. ISBN 3-18-345208-1.

[26] H. Surmann, A. Kanstein, and K. Goser. Self-organizing and genetic algorithms for an automatic design of fuzzy control and decision systems. In Proc. of EUFIT’93, pages 1097–1104, Aachen, Sept. 1993.

[27] H. Surmann, B. Kiziloglu, U. Rückert, and K. Goser. Neural Nets for Defect Recognition on Masks and Integrated Circuits First Results. In NeuroNimes Proceedings, pages 581–591, ?

[28] H. Surmann, B. Moller, and K. Goser. A distributed self-organizing fuzzy rule-based system.

In Fifth International Conference. Neural Networks and their Applications. NEURO NIMES 92, pages 187–94, Nanterre, France, 1992. Dept. of Electr. Eng., Dortmund Univ., Germany, EC2.

[29] V. Tryba. Selbstorganisierende Karten: Theorie, Anwendung und VLSI-Implementierung.

Number 151 in 9. VDI-Verlag, 1992. 3-18-1415109-6.

[30] V. Tryba and K. Goser. A modified algorithm for self-organizing maps based on the Schrodinger equation. In U. Ramacher, U. Ruckert, and J. A. Nossek, editors, Proc. of the 2nd Int. Conf. on Microelectronics for Neural Networks, pages 83–93, Munich, Germany, 1991. Kyrill & Method Verlag.

[31] V. Tryba and K. Goser. Self-Organizing Feature Maps for process control in chemistry. In T. Kohonen, K. Mäkisara, O. Simula, and J. Kangas, editors, Artificial Neural Networks, pages 847–852, Amsterdam, Netherlands, 1991. North-Holland.

[32] V. Tryba and K. Goser. Three algorithms for searching the minimum distance in self-organizing maps. In M. Verleysen, editor, Digest of ESANN’93, pages 215–220, Brussels, Belgium, 1993. D facto conference services.

[33] V. Tryba, K. M. Marks, U. Ruckert, and K. Goser. Self-organising cards as learning, classifying memories. ITG-Fachberichte, 102:407–419, 1988. (in German).

[34] V. Tryba, H. Speckmann, and K. Goser. A digital harware-implementation of self-organizing feature map as a neural coprocessor to a von-Neumann computer. In Proc. 1st Int. Workshop on Microelectronics for Neural Networks, pages 177–186, 1990.