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Abstract: This report describes the architecture system specifications both at the hardware level (i.e., main electronic board and slave ones) and at the software level (i.e., software interfaces and modules). After a brief introduction on issues concerning with the state of the art, this report will focus on the different tasks to achieve an integrated digital platform for the EOLI system.

It is also important to point out that this report does not focus on technical aspects of the design and development specifications neither of the hardware platform nor of the software environment (later reports will detail these topics) but rather on methodological aspects to be implemented for optimal achievements of the EOLI supervision system objectives. We thought indeed that it was important to clearly define and isolate the key points for the next developments before going any further in the building of the system. As a consequence, this deliverable has to be seen as requirement specifications for the hardware and software architecture, rather than a specification of how this architecture will be built in practice.

The architecture described is intended to be developed for the equipment of the pilot plant of the EOLI project.
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I – Introduction

In the recent years, the development and improvements of high performance bioreactors, of on-line facilities and the application of automatic control have brought evidence that bioprocesses could be optimised and, when concerned with biological wastewater treatment, that efficient pollutants removal could be achieved. 

The implementation of on-line monitoring and control tools have led the plant’s operators to look for robust, reliable and chap solutions to realise a well instrumented plant.

II – State of the Art

An off the shelf solution is available to build up the hardware and software architecture needed to monitoring and control a wastewater plant: it is based on the use of a PLC, a field bus and a SCADA system. It consists in a mix of different commercial general purpose devices used to interface the sensors and the actuators to the PC.

The seeming advantages are the standardisation of the components and the market availability.

The robustness and the reliability of this solution are proved by a wide use in any field of industrial plants and facilities.

Concerning with the instrumentation of a wastewater treatment plant with the aim to implement an on line monitoring and adaptive control, the requirements for the architecture are really strict.

To face out the uncertainty and non linearity, inherited from the high complexity of biochemical processes involved in biological depuration treatment, it is required a very high resolution and a really high signal to noise ratio for the analogue signals’ acquisition and transmission, so that to guarantee the performance of the models and the controllers used.

Also a complex wiring of the several components of the acquisition and control system, spread over the plan, can represent, in some cases, a problem. 

The solution available on the market, considered above, could be, in this context and with these constrains, an expensive solution and not so easy to use and maintain from the point of view of a small or medium plant owner: the presence of expert technicians on site is considered too expensive when related to plants of these sizes. Different kinds of components, connections, cables, protocols and standards cannot be managed so easily by not trained and unqualified workers. On the other side, the consultant services of a technician is not a negligible cost; it can be accepted for the installation and at the start up, but rejected during normal operation if too frequent.

So, as a matter of fact, referring to small and medium size plants, this solution could not be really plug and play from the end owners point of view.

The evidence is that this solution, even if available on the market, is not applied on the most of small and medium size wastewater treatment plants, while it is “de facto” the standard on big size plants. This difference is related with the amount of the costs and the expert operators employed according with the size of the plant.

Also from the point of view of the innovation content, the use of a solution available on the market is weak if compared with the development of a prototypal solution thought for and devoted to the application of monitoring and control techniques on small and medium planst and so able, for friendly use and costs, to spread the automatisation approach.

III – EOLI Architecture

The EOLI project proposes an integrated approach to improve the efficiency and performance of wastewater treatment plants by low cost solution.

So the need is to simplify the instrumentation settled on the plant to reduce the cost, but also the number and the required expertise of the plant workers, studying a different distribution of the computational resources to make possible anyhow monitoring and control action.

III.1 – Hardware

The Hardware medium have to be characterised by a low cost and easy portability architecture.

The design and implementation of a digital platform for the plant will address the following two issues:

· every signal (measurement from sensors or command for the actuators) is translated in digital format on site, as soon as it is generated by the source;

· the transmission and processing of the signal is implemented and performed on a digital media.

So any analogue component or media is removed from the measurement and transmission chain. This approach let us satisfy the requirements for high resolution and high signal to noise ratio without the use of really expensive field bus, but implementing an architecture using low cost devices, based on micro-controller technology and embedded electronic solutions. Moreover, relaying on this approach, it is possible to implement a RF link for the transmission of the data inside the platform: this avoid structural changes in the plant configuration and the high cost as a deep impact of the high wiring level, needed to reach an adequate quality in the communication processes, if realised with commercial general purpose devices.

The basic components of the digital platform are:

· the electronic slave board to equip each sensor: it has the task to acquire and perform a first conditioning of the signal and, if required, to carry out periodical operation of diagnosis, such as detection of probe faults, and auto-calibration;

· the electronic main board of the plant able to communicate using a RF link (DECT standard network) with the slave boards that equip the sensors to gather the acquired data directly on a digital support and to store them; this board is equipped with two serial (RS232 standard) interfaces used to exchange data and command with both a PLC and a PC. 

The actuators are managed by the way of a low cost PLC – something more than an electric panel, to implement a cheap but reliable solution, allowing a manual control of the plant in case of emergency or fault of the system.

The number and the kind of actuators are fixed once the plant is built up, while the implementation and the improvement of the control strategies are based on the addition of new sensors and the empowering of their network.

This requires the highest level is possible for flexibility and modularity.
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Fig.1 Hardware architecture.

A schema of the hardware architecture is presented in Fig. 1.

The framework and the software management of the whole system appears significantly simplified. Actually for the EOLI set of sensors we have only one kind of wireless link (DECT) with only one protocol to manage for the software layer. From the overall control point of view, the PC is the master of the system: at fixed time interval it requires data and send commands, via RS232 serial port, from and to the master board. In this way the PC will only implement one communication protocol and will interface only one hardware board. This approach avoid the use of complex and expensive SCADA systems, and allow an easy implementation of a customised – tailored on the characteristics and needs of small and medium plants control - PC software environment for the managing of the plant.

Moreover this solution is really modular, because any new component (sensor) of the system can be added connecting it to the RF network and assigning it a code for the enrolment into the EOLI software. The increase of complexity is a priori defined and the same for any kind of sensor.

It is a real plug and play solution, because it only requires, to be installed, that the slave boards are connected to the sensors and the main board to the PC via RS232. Then the enrolment of the sensors is performed via software, with no need to modify o interact with the PC operating system or to run set-up or installation software.

The solution is thus simple from the hardware point of view (the number and kind of devices involved are significantly less) and robust.

The slave boards and the main boards can be enclosed in suited box to guarantee their performance and security.

As far as reliability, standardisation and maintenance is concerning, SPES scrl could help to develop and produce these boards, according to the international industrial requirements for standards and certifications.

III.2 – Software

The EOLI software has to be intended as the environment that provides the local operators all the functionalities implemented for the monitoring and control of the reactor and for interfacing the network of sensors and actuators.

It is based on a database, implemented using MySQL. This database is used to store all the data and information gathered (measurements), generated (commands), transferred and managed by the EOLI system.

This software is organised in modules and interfaces, as described in fig. 2:

· the GUI (Graphical User Interface) module is the set of panels and windows that will be developed to let a user friendly interaction between the EOLI system and the human operator;

· the RS232 Interface is the link between the main board and the PC. This is the channel used to exchange data and commands;

· the database interface supports the data exchange and flow between the EOLI software and the database.

The EOLI software, developed in Microsoft Visual C++, is based on a multithreading approach, to emulate parallel run of different tasks on the same machine. This is represented in fig. 2 by means of the two modules named Acquisition Thread and Control Thread. They contain and run the Matlab modules (i.e. software sensors, controllers, FDI). The flow of data and parameters between the several threads and interfaces is based on the use of global Visual C++ variables and Microsoft Messages.









Fig. 2: Software Architcture

In fig.2 is presented also the other component of the EOLI software architecture: the embedded firmware implemented on board. It will be developed using the IDE supported by the supplier of the micro-controller platform chosen for the main board and the slave one, but the use of ANSI C language to implement this firmware empowers the portability of the architecture: the firmware produced will be 

independent of the micro-controller brand and can be compiled for every hardware platform using the suited compiler.

III.3 – Matlab Modules

The supervision system software modules for the implementation of software sensors, controllers, FDI etc will be design and developed using the Matlab environment. They can be debugged and tested using experimental data and the simulation tools of this environment.

Once these modules are ready to use they have to be compiled in .mex file format, using the Matlab Compiler. In this format they can be enrolled inside the EOLI software and run by the Matlab run time engine.

The enrolment is performed picking up the module from a directory and selecting it, with no need to modify and/or re-compile the Visual C++ software shell of the EOLI system.

Then we can imagine to have several libraries of modules that can be periodically changed and updated.

The use of the Matlab run time engine is royalty free for the end user.

The .mex file is a wide spread format: it can be run under simulation, inside the Matlab environment, as the .m files. Using this feature the developers can test and verify, under simulation, that:

the behaviour of the compiled module (.mex) is the same, on the same data, of the .m file;

the interaction of different modules (i.e. software sensors and controllers).

The Matlab run time engine can be invoked inside the most used IDE (Integrated Development Environment) for acquisition software: LabView, Visual Basic, Visual C++, etc.

This means that the Matlab modules, compiled in .mex format, can be tested on lab scale plants, before to be applied to the pilot, using general purpose acquisition boards and software available on the market or with light modifications of systems yet developed in the past for the managing of the lab plants.

The compliance and correct interoperability between the EOLI software and the Matlab modules can be guaranteed by the definition of the interface for data exchange: this interface is a data structure used to pass input, output and parameter values both from the EOLI software to the Matlab modules and in the reverse. Also the data exchange between two different Matlab modules is organised on the basis of the interface formalism.

In fig. 3 is presented an example of interface.

s_in = 

       feed_pump: 0

       pompa_ricircolo: 0

       pompa_unused: 0

       peristaltica: 0

       elettrovalvola1: 0

       elettrovalvola2: 0

       PLC: 3

       pH_input: 7.1084

       pH_input_setpoint: 7.5000

       pH_alto: 8.6570

       pH_basso: 6.8651 

       pH_unused: 12.0065

       T_input: 11.1363

       T_alto: 32.9087

       T_basso: 29.6009

       T_unused: 11.1363

       T_ambiente: 18.9871

       volume_gas: 0

       Flux_ricircolo: 46.9049

       Flux_carico: 0

       Flux_carico_setpoint: 6

       AnalizzatoreGas: 0

function [s_out] = Ctr_pump480(s_in)


.


.


.

  body of the file code
Fig. 3: example of Matlab modules interface

The interface is fixed and unique for all the Matlab modules used inside the EOLI system. So it has to contain all the information needed to manage the modules.

IV – Conclusions

This deliverable detailed the specifications of the overall architecture for the EOLI system both at the hardware and at the software levels. To summarise, these specifications are based on maximum simplicity and modularity for the requirements together with new and innovative approaches to implement reliable and high quality signal conditioning and transmission based on digital media to manage and supervise hardware sensors, actuators, models, software sensors and controllers used on the plant.
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