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1 Introduction

1.1 Middleware and integrated systems in the TELEMAC project

This deliverable is concerned with the final functioning TELEMAC system produced in the project and describes in some detail the architecture and the hardware and software implementation of the middleware and integrated systems. Other work packages have developed particular functional components such as smart sensors and fault detection and isolation algorithms. The purpose of WP5 has been to integrate them into a whole that is generic and customisable.

In general, middleware is responsible for ‘managing the interaction between disparate applications across heterogeneous computing platforms.’
 In the context of TELEMAC, the middleware refers to the generic, customisable developments produced within the project that are required to integrate the functional TELEMAC modules such as soft sensors, controllers, models and fault detection and isolation.

Within the project, there are several wastewater treatment plants that are being fitted with the TELEMAC system, adapted to their individual needs. These are the project’s integrated systems. Integration means the setting up and basic testing of the TELEMAC modules on a digester site, within the framework—the middleware—that allows them to communicate with each other and with the digester itself. The integration activity involves two real physical plants with the aim of validating the reliability and customisability of the system: the pilot scale plant at ENEA (Italy), and the industrial-scale plant at Agralco (Spain). These plants have very different characteristics, and thus it is a strong test of the TELEMAC approach to be able to integrate them all using the same framework.

In addition to these real physical plants, a ‘virtual plant’ has also been developed and is running at INRIA. This is a software package that simulates the operation of a pilot plant. It is used to reproduce any operating scenario, and in particular those scenarios with bad operation or risk conditions. This provides additional tests to extensively validate the behaviour of the whole system.

The development work for the implementation of the middleware has been undertaken mostly on the pilot scale plant at ENEA (Italy). The reason for this is partly because the principal developer, SPES, is located in the same country as ENEA, thereby facilitating interaction. Also the ENEA plant is larger than lab scale, and thus realistic, but is also suitable as a testbed, which the real industrial plants are not.

However, the middleware and the systems developed are generic and customisable and are now being installed at other TELEMAC sites for validation. The validation activity will therefore be performed on the ENEA plant itself as well as the other plants mentioned in the preceding paragraphs.

SPES will produce documentation (handbook and online guide for the users) during the final period of the project, after the development phase. It is also planned to have a tutorial/training session with the potential users, of three days duration.

The remote connection to the available plants can be assessed from:

http://server-2000.bologna.enea.it/telemac/
1.2 Relation of this deliverable to others

Figure 1 shows the schematic relationship between this deliverable and others.
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Figure 1: The relationship between D5.3c and other deliverables

The earlier deliverable D5.3b, ‘First functioning middleware and integrated system on pilot sites’, described the designed architecture and implementation for the first major integration of the systems, developed on the basis of the specifications produced earlier in the project. As such, it was focused on showing the feasibility in practice of the TELEMAC ideas, and for allowing evaluation of the functioning and benefits of the resulting systems. D5.3c presents the further developments and refinements have been made since D5.3b, in the light of experience; these are explicitly listed at the end of this deliverable.

The validation of the system, in terms of assessing the correct and reliable implementation and operation of these modules and components on the pilot plants, will be performed in a further step of the work planned. This will be within the scope of WP1, leading to deliverable D1.5.

Work Package 4 on the supervision system has a particularly close link to WP5, since its components must be particularly carefully integrated. In particular, the division of functionality between the local plant and the TCC is an issue very linked to WP5.

1.3 Structure of the document

The work done in task 5.3 has been largely on the production of software, the middleware and integrated systems themselves. However, this formal paper deliverable serves as a record of what has been developed and the decisions taken along the way. Its structure is as follows:

· Chapter 2 describes the plants that are being integrated. In the case of the two physical plants, this serves simply as a summary and for setting the context—for example, to show the diversity that the TELEMAC system can handle. However, the development of the virtual plant had been a specific activity in WP5, and so the description is somewhat detailed to show the work that has been done.

· Section 3 describes the integrated systems, including the final form of the architecture in different situations, and deals with some issues of remote communication.

· Section 4 outlines the middleware functionalities that have been implemented at the different levels (local, TCC, remote).

· Section 5 explains for the sake of clarity the changes that have been made since previous deliverables in WP5.

· Finally there is an Annex with screen shots illustrating the user interfaces of the software developed.

2 The plants that are integrated

2.1 Introduction

This section presents a summary of the three plants (two physical, one virtual) that are being integrated with the TELEMAC system during the life of the project. As explained above, the work on the virtual plant is an integration activity in its own right, and the virtual plant forms part of the deliverable software. The two physical plants are presented in order to provide context for the subsequent description of the integrated systems.

2.2 ENEA

The pilot plant present in the ENEA laboratory (Figure 2) is a completely mixed reactor with a working volume of 180 litres and 6 meter tall. The reactor is kept at a temperature of 36 °C. The reactor is fed with effluent from a distillery factory. The effluent has a COD ranging from 10 g/l to 100 g/l. The effluent is stored in a refrigerated tank to prevent biological growth. A pump feeds the reactor from the bottom and the flow is measured with a flow meter. The reactor is also provided with a recirculation pump to keep all the contents completely mixed. The flow of this pump is also measured by a flow meter. In the inlet line there are two probes for the control of the wastewater pH and the temperature (see deliverables D1.3b and c for more details).

The reactor, heated with a heating cable, has two temperature probes and two pH probes, to control the bottom and the top of the reactor. The gas produced from the reactor is collected at the top and, after removing the humidity and the bigger part of the hydrogen sulphate present, the percentage of methane and the level of hydrogen are measured. Just before the discharge of the gas a gas counter measures the amount of the gas produced.

All the measurements are collected in the software, developed within the project, for the data acquisition and management of the plant. All the measures collected are sent to the local data base by a wireless connection. The control is performed using the TELEMAC platform.

Consistently with this process and to keep a better monitoring the plant has been sketched in a synoptic on which the main measurements are displayed for the remote expert, as it can be seen on Figure 2.  

2.3 Agralco

The pilot plant at Agralco has a digester volume of 32 m3. The feed is in the upper part of the reactor and the effluent is collected also in the upper part through a tube set in the reactor. The sludge is mixed for two minutes at an interval of 15 minutes. For more details on the plant see D1.3b. For this plant another interface has been chosen (to illustrate the modularity of our approach) based on pictures of the plant that can be more easily interpreted by a non specialist technician (Figure 3).

[image: image2.png]hydrogen
analyzer

[13030 methane

analyzer
gas meter VZ

recirculation
flowmeter

0.00

wastewater storage
tank

recirculation

faa

feeding punp treated wastewate

autlet




Figure 2: Schematic of the ENEA pilot plant
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Figure 3: Schematic of the Agralco pilot plant

2.4 The TELEMAC virtual plant

2.4.1 Aim of the virtual plant

Within the project, to test the control, diagnostic and telemonitoring developments, a virtual anaerobic digestion plant has been implemented. The aim is to have a totally configurable process to simulate the functioning of a real treatment plant and to validate TELEMAC tools before industrial implementation.

The virtual plant is built around the Anaerobic Digestion Model n°1 (ADM1)
 [Bastone et al. 2002] which is composed of 32 dynamic state concentration variables, 6 acid-base kinetic processes and involves 7 bacteria biomasses. This model was implemented in the Simulink-MATLAB® environment inside the TELEMAC project by Jorge Rodríguez Rodríguez at the Laboratory of Environmental Technologies of INRA (France) in collaboration with the University of Santiago de Compostela (Spain), see deliverable D3.1b.

From this implementation, the virtual plant allows defining all parameters and variables for model simulations, and furthermore, through the graphical interface, the user can define and parameterize devices to measure and to act on the virtual process. It is worth noting that the virtual plant as it is now allows the use of any model on a very modular basis,  as  it will be explained in the sequel

2.4.2 Overview of the virtual plant graphical interface

On starting the virtual plant, the user sees the main screen (Figure 4). From this interface he can run and stop simulations and set the virtual plant features via the different menus.
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Figure 4: Main screen of the virtual plant

The ‘Define’ menu allows definition of models parameters (e.g. yields of biomasses, stoichiometric coefficients,…), simulation options (e.g. integrator algorithm), the initial state of the system and feeding of the reactor. Figure 5 shows the interface to construct the input stream, but all these elements are defined by the same manner. For each element of the feeding interface, the user can choose if this variable is controlled through an actuator (if check box “A” is tick) or if a dynamic or constant signal is used (by the check box “D”). When a dynamic signal is chosen, by a right click on the corresponding edit area, the user can specify how the signal is defined: loaded from an ASCII or MATLAB® file, or built with a signal builder, a graphical interface tool which has been adapted from a Simulink® library element.
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Figure 5: Feeding definition interface

In addition to this definition of variables, the user is able to create supplementary variables in the grey areas, for example, to apply the same coefficient for different input variables. More, if the user wants to complete or to replace this feeding definition by classical MATLAB® command, the left bottom corner interface allows creating functions which are preformatted to be compatible with the virtual plant.

This menu also allows the creation of devices. Actuators (to apply a command on a feeding variable) and sensors (to take variable values according to a given sampling) are built by the same manner. Figure 6 illustrates the interface of a sensor definition. The user can choice to use a script to write all calculations to transform output of the simulation to measured variables, or the graphical interface to add dynamical or static fault and perturbation. When a new device is defined, a new item is added on the “define” menu to be able to modify this element.
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Figure 6: Sensor definition interface

With the ‘Results’ menu, the user exports simulation outputs to a file or defines and shows a graphic to visualize the dynamics of variables (simulation outputs and device acquisitions). Figure 7 shows the interface to help the user to plot data. The variable to display is selected by right click and default values according to the selected datum are assigned for the legend, axis labels and graphic title. As for the sensors and actuators, when a new visualisation of results figure is created, a new item is added on the “define” menu.
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Figure 7: Visualisation result definition interface

2.4.3 Principles of the virtual plant functioning

After the definition of the different elements of the virtual plant to run ADM1 (the biological and physico-chemical reactions) and to establish how the data are obtained, a simulation of the virtual plant can be launched on a predetermined period. The following steps describe the principle of functioning:

· according to all sensors, a vector of acquisition time is defined;

· between all these time instants, ADM1 is simulated, so the virtual plant running is represented by a succession of simulations;

· after each simulation, according to the definition of sensors, measures are taken and put into the MATLAB TELEMAC formalism. From there, the TELEMAC diagnosis and control components are used to determine orders for the next step of simulation.

2.4.4 Conclusion

The virtual plant allows simulation of a real process with the associated equipment in order to test and to validate control and diagnostic developments. The virtual plant has been built with a modular and open approach, so all graphical interfaces are automatically generated according to the anaerobic model used. In the current implementation, the ADM1 is running inside the virtual plant but the tool structure can be easily adapted to implement other models (as those created into the TELEMAC project itself).

The TELEMAC integrated systems

2.5 Components of the integrated system

An overall view of the components of the TELEMAC integrated system and the existence of data flows between them is reported in Chapter 2 of D5.3b. On the basis of the Figure 1 and Table 1 in that deliverable, several actors are defined for the system here. In order to present the work done to reach the final integrated systems, a basic system architecture is shown in Figure 8 and Figure 9 below.

The components are:

· The local plant, defined as the plant equipped with probes, sensors and actuators, and the local PC where the local TELEMAC software runs. This software implements the Local User Interface and works as a shell which manages the data flow from and to several MATLAB modules using a local database as the medium. It can also interact with a pre-existing control system.

· The Tele-Control Centre (TCC), based on the global database and a Web Server: here the TCC TELEMAC software implements the TCC User Interface and the Remote Interface. The latter is an interface with tools to access data from plants and to interact with the MATLAB modules running on the local plants using Internet as the medium.

· The remote system (for use by users not located at the plant or the TCC) is simply a Web browser connected to the Remote Interface.

The basis of integration of these three components is shown in Figure 8. The architecture for the connection of the three basic components is based on the middleware described in the deliverable D5.3b and on the use of Internet resources (the three central arrows) and XML text files. This architecture is implemented for the ENEA pilot.

In Figure 9 is represented a variant of this architecture for integration in case of a plant with a pre-existing local control system. To deal with the interaction with this additional (for the TELEMAC system) layer, in this scheme a mirror machine is used: a PC, on which the TELEMAC local software runs, exchanging data with the pre-existing system by way of text files through a LAN connection in the intranet of the plant owner company – and so really safe and protected from invalid access. Then, of course, this PC can be seen simply as the Local PC of the plant by the TELEMAC system and so integrated into the middleware and subject to the same scheme for integration proposed in Figure 8. This is the case of the Agralco pilot.

Concerning the integration of the virtual plant, the question is simple: the virtual plant can be dealt with in the same way as the Agralco pilot plant, but in this case, because the virtual plant is a piece of software, it will run on the mirror machine itself directly.

It will be noted that, as well as the Internet medium that has always been envisaged in TELEMAC, access to the TCC database by MySQL queries is also possible. Indeed this has some advantages, and is discussed in section 3.2.

The integrated systems illustrated in these diagrams show how TELEMAC components operate together continuously to monitor and control a plant, in conjunction with human operators. There is a further kind of integration that may be thought of as ‘offline integration’, applying particularly to the data mining component of TELEMAC. There are two ways in which it is envisaged that data mining will be integrated:

· the results of data mining algorithms running in real time at a plant or TCC and providing information (warnings etc.) to the operator or telecontroller;

· assistance with the set-up and calibration of the fault diagnosis and identification (FDI) modules, for example by providing values for thresholds based on historical data.

Deliverable D4.4 describes this more fully. For the first option, the results of the data mining are exactly equivalent to the local MATLAB modules on the figures. However, the second of these options implies that data mining operates as an auxiliary module, used on system set-up at a plant, and occasionally thereafter, to feed into the FDI modules. For this reason, the connection with the TCC database is shown with a broken arrow, indicating that the access is not continual but only occasional.

2.6 Use of MySQL query

In the schemas in Figure 8 and Figure 9, a solution is shown that is suited for the remote test of the MATLAB modules, remote data mining and in general for remote interaction with both the local and the TCC database. It is shown as MySQL queries on the right of the diagrams. This is a powerful method for the on-site integration of the TELEMAC system.

Both the TELEMAC Local Software and the TCC are based on a MySQL database. Because MySQL is a server database, it is possible to take/put data using queries, through a TCP/IP socket, from a PC connected by LAN or Internet and located anywhere. This means that the MATLAB modules—and in general any modules, compiled or not, developed to perform analysis or evaluation on the plant data—could run on another machine, different from the Local PC or the TCC server. This machine could be located in another place, getting the input data from and putting the output data into the MySQL local or TCC database using LAN or Internet as a medium.

The first benefit of this feature is that a PC, different from the TCC server, can be used at TCC site, to run modules, thereby reducing the possible sources of a server crash due to the operation and co-operation of the modules and to the actions of a human operator on the TCC server itself. It is always a good rule to run applications on a machine different from the server, above all if this server manages data from multiple plants and sites.

Moreover, in this way, a team of researchers or a consultant company could test and run MATLAB modules, providing them the input data and forwarding their outputs to the pilot plants by way of queries to the MySQL database (of the Local Software for the test of the local MATLAB modules, of the TCC for the test of the remote MATLAB modules) with no need for sending and receiving and parsing data files. This would significantly simplify the data exchange and above all would reduce the time spent to transfer data, enabling an interaction very close to real-time.

Furthermore, the co-operation between different modules would be effective and very near to real time—even if they are resident on different machines and in different places—because they would interact in the same way they would do if implemented on site: by the way of the MySQL database or through the MATLAB interface.

In the same way, the modules devoted to implementing the data mining could be tested and run, interacting with the TCC server, and not restricted to the MATLAB environment. In fact, if a PC is used, different from the TCC server, to run modules, it is possible to use any software environment to implement the modules, compiled or not, without constraints to avoid problems for the TCC server.

In this way we could also imagine, for the future applications of the TELEMAC system, a consortium of different institutes or research centres that work and implement the MATLAB modules for several plants and companies from their own facilities.

The connection and data exchange through MySQL queries is subjected to the use of an encrypted password.

2.7 Connection with existing software

In order to demonstrate the TELEMAC system efficiency in parallel to existing local software traditionally used by the plant owner, we have developed software whose task consists in collecting the acquired data. These data are available in data file under a local format.

With the modular approach of the TELEMAC project, to use telemonitoring tools on processes with pre-installed hardware and software, a ‘php’ script has been implemented to export data to the remote TELEMAC database. The first aspect is to consider that the pre-existent control software is able to generate an ASCII file from on-line acquisition. In a global way, the steps of this software are the following:

· check if new acquisitions have been made (i.e., if the ASCII files  have been modified);

· extract data from these files and generate an XML file containing the latest acquisitions;

· send this XML file to a server with a HTTP protocol (POST method to send the data) or to a FTP server for archiving;

· check the upload success and save the XML file when network or server  problems appear (for a future send).

This script is periodically launched by task scheduling. This program has been implemented and is currently working on Agralco’s pilot plant.
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Figure 8: ENEA pilot plant integration
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Figure 9: Agralco pilot plant integration

The TELEMAC middleware

2.8 Introduction

Figure 8 represents the integration at the ENEA pilot plant – what we could call the standard TELEMAC system. The final releases of the TELEMAC local and TCC software implement the functionalities for the whole management of the data exchange between the plant, the TCC and the remote user, using Internet as the medium. This is precisely the TELEMAC middleware, and is summarised in this section.

2.9 The local software

This software environment has been developed using Visual C++. It is based on graphical user interfaces. An open source database (MySQL) is used to store the data.

These are the features implemented:

· Local MySQL database interfacing and management

· Offline data input

· Graphical display of the data (instantaneous and historical)

· Input of maintenance actions

· Chat with the TCC – a simple tool for messages exchange

· Control Panel for manual switching of actuators

· Enrolment and management of MATLAB modules.

The data are transferred using the final XML format and stored into a MySQL database, which is organised on the basis of the structure reported in the deliverable D4.2. The data are available for graphical display and download.

The MATLAB interface enables the use of MATLAB modules for the implementation of software sensors, models, controllers, FDI etc.

The final version of the hardware platform makes the system able to manage probe, sensors and actuators.

2.10 The TCC software

This software is developed and implemented using an open source environment: Apache is used as Web Server, the XML parser and the Internet pages are implemented using PHP technology, the database is implemented in MySQL.

Remote Connection

The remote interface is available. It enables:

· The selection of a variable and its method

· The graphical representation on a plot (up to four variables on the same plot and/or several plot windows)

· The representation of the data on a table

· The download of the data on the remote PC

· Input of maintenance actions for a plant

· Input of MATLAB modules parameters (up to five) for a plant 

· View of the plant area from a webcam frame.

This interface is available using both Windows and open source Internet browsers. The PC used as TCC server is located in the ENEA facilities.

TCC Interface

This interface has been developed for the interaction of the TCC expert operators with the Server/Database. It is an enlarged and empowered version of the remote interface, with the same features for data management, but with added windows and functionalities enabling a full access and interaction with the database, regulated by a system of priorities based on user name and password.

It is intended to be shared on a LAN connection, enabling a multipoint access useful for team co-operation between a server machine and several PC workstations. It is designed to avoid the use of the server machine directly as a terminal for multi-operators interaction.

The same interface (enabled with user name and password) makes possible the intervention of an expert connected by Internet from anywhere – of course, in this case, the speed of the interaction is reduced if compared with those connected by LAN.

3 Changes from previous deliverables

During the second half of the project, the systems were refined and extended. The architecture of the middleware and the data flows are unchanged, but a number of modifications were made either to provide functions still missing in the earlier version, or in the light of experience in use. This section provides a concise summary of the additional work done to reach the final version.

The TCC software was completely redesigned and is now developed in its final version in open source environment, that is using Apache as Web Server, PHP technology and MySQL as database. The previous version, reported in D5.3b, was developed in Microsoft environment, using IIS as Web Server, ASP technology and Access as database. This action reflects a clear direction from the project consortium for the migration of the TCC software platform towards open source environment.

	Local software

	User interface and tools
	The tool for graphical representation of the data was enhanced to make available from the plot window more information about the data.

	
	A tool for the management of a webcam was added.

	
	A tool for the download of the data from the database in Excel format was added.

	MATLAB interface
	This interface was implemented.

	
	The panel for the enrolment and management of the MATLAB modules was re-designed.

	TCC software

	User administration
	A priority access validation based on the use of username and password is implemented.

	User interface and tools
	The TCC and remote user interfaces were completely redefined.

	
	A complete interaction with the TCC database is possible for the user.

	
	A frame for the view of the webcam images streaming is available.

	
	A synoptic panel of the plant was added to show real time information (on line measurements and information about faults and alarms) at the local level and the remote one both.

	System interfaces
	Controls and functionalities for the interaction with the MATLAB modules running on the plants are now available.

	
	The same for maintenance actions.


Annex: Screen shots

In the figures below some screenshots are presented to give examples of the functionalities of both the local and the TCC software.
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Figure 10: Local TELEMAC software main window with the menu Plot, some on line variables graphs and the frame for the Webcam control
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Figure 11: Local software – in the foreground the control panel used to interact with the PLC and for the manual control of the actuators
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Figure 12: Local Software – in the foreground some windows that implement several actions and functionalities such as MATLAB modules enrolment and control, input off line measurements and maintenance actions

[image: image14.png]Saturday, 05 June 2004

PLANTS AVAILABLE

Agralco Show Synoptic 1
ENEAplant __ Show Synoptic
USC_pshb __ Show Synoptic

Virtual Plant _ Show Synoptic

SPES s.crnl, Societs Progattazions Eletironica  Software

User: Andrea Quintaba




Figure 13: TCC Software – the main panel to access the several plants logged to the server. The semaphores give an overall indication of the status of the plant. Green: everything is OK; Yellow: alarm; RED: fault
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Figure 14: TCC Software – the synoptic panel of the ENEA pilot plant
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Figure 15: TCC Software – the synoptic panel of the AGRALCO pilot plant
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Figure 16: TCC Software – the panel to access all the functionalities for remote monitoring and control. This panel is accessed from a work station inside the TCC building or from a remote expert with the highest priority level
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Figure 17: TCC Software – the tool for the graphical representation of the data
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Figure 18: TCC Software – the tool for the scheduling of a new maintenance action to be applied to the plant
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Figure 19: TCC Software – the tool to enable/disable a control module enrolled into the local software at the plant
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Figure 20: TCC Software – the tool to configure the set of variables acquired (on line and off line) for the plant
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Figure 21: TCC Software – the main panel for the administration tools access. The access to this panel is possible only with the priority of administration
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Figure 22: TCC Software – The administration tool for the enrolment of a new operator with user name and password
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Figure 23: TCC Software – the administration tool for the management of the TCC panel and the Command panel access
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Figure 24: TCC Software – the administration tool for the management of the users’ role and priority























































� Definition from the Free On-Line Dictionary of Computing hosted by Imperial College, London.


� Batstone, D. J., Keller, J., Angelidaki, I., Kalyuzhnyi, S. V., Pavlostathis, S. G., Rozzi, A., Sanders, W. T. M., Siegrist, H., and Vavilin, V. A. (2002). Anaerobic Digestion Model No. 1 (ADM1), IWA Task Group for Mathematical Modelling of Anaerobic Digestion Processes. IWA Publishing, London.
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