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Abstract: At Fontys University of Professional Education in Eindhoven, The Netherlands, a knowledge transfer centre exists within the Faculty of Applied Science and Technology. The centre aims at gaining knowledge of industrial manufacturing processes and spreading this knowledge in student courses and in contacts with companies. The name of the centre is IPA, which is short for: Integrated Production Automation. IPA works in close co-operation with companies in the region. Through the co-operation with universities in England, Sweden, Spain and Greece, numerous students of these countries, as well as Dutch students, have been working on different subjects concerning automation control. In the context of IPA, research is done on the subject of industrial field buses for machine and factory control. One of the goals of this research is to arrive at an implementation of a “CAN-bus” that can be used for lab exercises in regular student courses. In this article, an overview is given of our basic ideas concerning the CAN concept and its application to the control of a manufacturing system. This system consists of two robots, a milling machine and some transportation means. In this system, every workstation will have its own CAN controller. The concept consists of a specially designed hardware structure, embedded software for the protocol and initialisation and a high level production environment, that makes it possible to configure a production system in an easy way.
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1. Introduction

Within IPA, a scale model flexible manufacturing system, called ROTIS, is in use. This system is intended to teach students the principles of flexible and computer integrated manufacturing and the associated control models. It is a subject of ongoing research, concerned primarily with the field of control models.  A lot of effort has been spent in order to rewrite control software. Now also new hardware has been incorporated and related software has been developed. The hardware/software combination that is investigated now was originally intended to control ROTIS only but has a field of appliance that lays far beyond this. The research described in this article is concentrated on the application of fieldbuses in machines and in manufacturing systems. In this program, two undergraduate students from the department of Information Technology, were given the assignment to investigate the possibilities of CAN-buses for this purpose and to develop a prototype implementation on the flexible-manufacturing cell ROTIS. The students came up with an “IDEA”, original meaning Intellectual Driven Environment Automation, later thought of as too extended for the limited application of FMS Cell control. Then the meaning Intelligent Device for Engineering Applications was introduced, also not quite the same as what the system is intended for. However after reading this paper the reader might come up with a new meaning for the term, which we will gratefully receive. Anyway, we still think IDEA is a good idea.

The Rotis FMS-cell

The lay-out of the system is depicted in figure 1. The system consists of two robots (2 and 5), one NC milling machine (6), two conveyers (1 and 3) and an indexing table (4). A comprehensive description can be found in [9]. In this system, several products can be made. Initially, work was concentrated on the mixed production of dice and nameplates. Later, the production of electronic circuit boards was added, using the possibilities of board processing on two different machines. Originally, the system was controlled in a non-layered way, by one computer on which processes could be defined for the various production entities. First, we rewrote the software, using one cell controller to co-ordinate the system and workstation controllers for each production entity (van Schenk Brill et al, 1997). The workstations could also be used stand alone, which had educational advantages. After that, together with the University of Kalmar in Sweden, we investigated and implemented the agents concept on this system. It appeared that large parts of the software that we developed for the cell and workstation controllers (specially the network communication routines) could be reused in the agents. It also became clear, that it was necessary to introduce new workstations in order to show the advantages of agents. This would give the agents more possibilities of negotiating and making decisions, for which they are meant. A painting workstation was considered, but finally a special milling machine for the production of electronic circuit boards was purchased.
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1.1. Information distribution

All configuration information is located in exactly one layer. For the lowest four layers this is defined below:

· Automation Module layer

This layer contains the sensors and actuators. Every sensor and actuator is an Automation Module (AM). In principle, there is neither any programmable processor capacity (there may be embedded processors involved in an AM, but we assume these are not freely programmable) nor any storage capacity in this layer.

· Automation Module Control layer

Figure 1. The Rotis FMS Cell

· This machine is also capable of producing nameplates, which implies interesting problems to solve by the agents. To improve the ease of creating production programmes, two languages, based on KQML (Finin et al, 1992), have been designed, a communication language and a production language.  All of the new developed software was still making use of the original hardware. Although several workstations had been implemented with associated Automation Module Controllers (AMC), still only one PC forms the direct connection to the production system. This is a rather old system, which uses memory-mapped I/O to address the different peripherals (robots and conveyers). So the decision was made to replace this system. Besides the agents concept was not implemented fully, as one of the agents still had a supervising function.
A new hardware structure for Rotis

The idea to use a CAN-bus for this aim came more or less by chance. Two of our students from the Information Technology Department followed a computer integrated manufacturing course (CIM). They got the assignment to investigate industrial busses and their possibilities to use in manufacturing control. The results were very promising; already the main “IDEA” was born and they intended to fulfil a graduation task in the same field. However first another year of theoretical studies had to be passed through. This period was used to develop the necessary hardware. As a universal controller board with a CAN-bus interface that was used first was not sufficient to implement the ideas about IDEA, a new board was designed and built. This was done with the help of two students from the Electronic Engineering Department. 

The board, as depicted in figure 2, consisted of a micro controller (Siemens 80C515C) with CAN-interface, an Eprom (used as bootrom), a flash eprom (used to hold the necessary applications), ram and some other interfaces. Furthermore a number of nodes, also based on the 80C515C microcontroller, that were necessary to interface to the peripherals of the FMS-cell were designed and built. The CAN-bus to interconnect the controller board and the nodes could be a simple twisted pair of wires. The controller board communicates with the PC through an RS232-connection, but after some slight alterations, it can be built into the PC. The Information Technology Department’s students got now the graduation task to develop software for the CAN-board, for the nodes and for the PC. On the board, embedded software was designed to initialise the system; on the PC, a software program that implements a production database was developed.
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Figure 2. CAN board structure

The embedded software

The CAN-controller board contains three distinct memory parts. Normal RAM memory is used to hold all kinds of volatile data. The bootrom holds the program code that is executed when the board is powered up and a non-volatile FLASH based memory contains application code. This application code can be downloaded in the FLASH based memory by the PC-software through the CAN-bus itself, making use of the start-up code in the bootrom. This procedure gives the possibility to update the embedded software (and so the functionality) remotely on the board by using the CAN-bus. Every node in IDEA contains embedded software (in non-volatile memory) that holds the nodes’ functionality like memory and stack management. This software also makes it possible to communicate with other nodes and/or the server  (production database) by using the CAN-bus.  All nodes in IDEA contain the same embedded software that is fitted in an EPROM, called the bootrom. The main application of a node in IDEA is to execute application scripts, supplied by the server. This makes it possible to download different applications from the server to specific nodes. The embedded software also has to deal with peripherals like I/O-ports, timers, counters, RS232-interface, AD-converters etc. The embedded software in an IDEA node can access all these devices.
2. The production environment

The production environment, as implemented on a PC, contains of two parts; a database and a server. This is depicted in figure 3, where also the development environment and the component designer are shown.

The database is the overall memory of IDEA. It contains information about the production environment, products, components etc. It has storage and retrieval functions but no capability to actively take part in production control. It only is a collection of information. This information can be sub-divided into information for the production environment and information for the development environment. This division is made in order to create a real adaptable system; new peripherals (components) can easily be added to the production system and/or changes in the configuration can be made. The production environment retrieves information for initialising the environment and triggering the production process. It stores information about the production progress. The development environment retrieves information about nodes and components, and can retrieve an existing application. Each time an application is saved or when a new component is created or changed, it stores information in the database.
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Figure 3.  The production environment

The IDEA server is positioned between the CAN network and the database. The most important task of the server is the communication between those two. To communicate with the CAN node the server is connected to the node by a serial RS232 link. The database contains the information, necessary for the CAN nodes to function properly. All CAN nodes call the server for initialisation. The server controls the production process. It configures the environment with information about the production process from the database and triggers the production. During active production, the server will log all information it receives from the network and will act in case of errors. The database contains a number of tables. One important table is the “Orders table”, that forms the connection with an MRP-system.  The database was realised by using Microsoft Access, the development platform, used to implement the server, is Inprise Delphi 4, which did not support native database access to Microsoft Access. For this reason ODBC connections was used.

Educational aspects
As mentioned before, the system has entirely been developed by undergraduate students. The first ideas were developed by  (Kroeske, 1998 and de Laat, 1998). After their start, several students from different departments have been involved.  Owing to this and to the fact, that the first two students did part-time education, suitable means of communication had to be found. In addition, the work had to be done in different locations. For this reason the students introduced the use of a CSCW-system as described in their graduation reports (Kroeske, 1998 and de Laat, 1998). Working with this system, making it possible to exchange ideas, documents, pictures and software code by Internet, became a success. After this it also was introduced in other projects, carried out by IPA. Within the IPA research centre, studies in project working and related communication means have been carried out (van Kollenburg et al 1998, van Kollenburg et al 2000).  Furthermore the project has two other educational aspects. Students working on it can gather knowledge in the field of fieldbusses and production control. In many cases this concerns graduation students and students from abroad. In the regular courses, the system will be used to demonstrate applications of fieldbusses in industry and the way production systems can be configured easily. 

Related work
In the field of production control and education, more research has been carried out by IPA. For Rotis first a hierarchical control system has been developed (van Schenk Brill et al, 1997). Preliminary research was done in applying agent based manufacturing control and possible approaches were compared (Zwegers et al, 1998).  The use of different control models within Rotis was investigated and described in van Schenk Brill et al (1998). After that research activities were directed to the agent based control (van Schenk Brill et al, 1999a and 1999b) on the one hand and on the other hand the application of CAN-buses. (van Schenk Brill et al, 1999c). Now the integration of the previously developed control systems and the CAN-bus is considered. In Boots et al (2000) a so called AMC Calling Layer is described. AMC stands for Automation Module Controller, one of the lowest levels in a hierarchical control model. The AMC Calling Layer (ACL) is a standard interface that can be used to address the AMC functions. Because of its transparency it makes an easy replacement of  electrical connections by e.g. a CAN-bus possible. No changes on higher levels are necessary. Other ideas about “IDEA” are also taken into consideration, e.g. the production environment will be adapted for use in cell control with agents.

Conclusions and future work
A basic new hardware concept for the flexible-manufacturing cell Rotis has been designed and developed.  On one hand, the system is very flexible in respect to changes in the production system. Production machines or transportation means can easily be added or changed. All that is needed is to change the production lay out (graphically) in the production database, adding the specification and re-initialising the system. On the other hand, the system is not flexible at run time; unforeseen changing of routing is not possible, because of the fixed production applications, loaded in the CAN-nodes. However, the computing power of the CAN-nodes is strong enough to switch from centralised control to a decentralised version. So next steps for investigation will be to implement an agent based structure into the CAN network. Previously developed software will be used for this aim.
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