1 Hardware architecture

An off-the-shelf solution, used by most plant owners, is available: it consists of a PLC (Programmable Logic Controller) used to interface the sensors and actuators to the PC. The advantages are the standardisation of components and the market availability, but it could be not so easy to use and maintain for a small enterprise owner. There might not be a PC technician at a small enterprise. Consultancy from a PC technician is not a negligible cost; it might be accepted for installation and at start-up, but rejected during normal operation if too frequent.

In any case this solution could not really be plug-and-play for the wineries, and above all it is not as modular as it might appear: the addition of a new component to the system (a new sensor or actuator) produces a complexity increase which is different from one case to another and not predictable in advance, because it depends on the kind of the component.

Another approach is to implement and use a digital platform, which means:

· To equip each sensor and actuator with an electronic board that has the task to acquire and perform a first conditioning of the signal from the sensors and to switch the actuator on/off and, if required, to carry out periodical operation of diagnosis, such as detection of faults, and auto-calibration.

· To develop the electronic main board of the plant able to communicate (i.e. via serial RS485 or RF network) with the boards that equip the sensors and the actuators to gather the acquired data directly on a digital layer and to store them (for sensors) or to impose a configuration (to the actuators); this board is equipped with  serial interfaces to be connected to a PLC and PC both. 

This dramatically simplifies the framework and the software management of the whole system. Actually for the whole set of sensors we have only one kind of wiring (RS485 or no wiring if we use a RF link) with only one protocol to manage. From the communication point of view, the PC is the master and the main board of the plant is slave: at fixed time interval the PC software requires data, via RS232 serial port, to the board. In this way the PC will only implement one communication protocol and will interface only one hardware board.

This solution is really modular, because any new component (sensor) of the system can be added connecting a cable (the RS485 bus that is the same for all, or no cable if it is the case of RF link) and assigning it a code for the enrolment into the PC 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 into the PC software, with no need to modify or interact with the PC operating system or to run set-up or installation software. The solution is thus simpler from the hardware point of view (the number and kind of devices involved are significantly less) and reasonably more robust. The slave 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 could help to develop and produce these boards, according to the international industrial requirements for standards and certifications.

Last but not least, this approach is the same chosen in the TELEMAC project. If adopted also into the EOLI this could be an important address for the EC evaluators toward the clustering of the two projects.

Some of the problems of sensor integration will be addressed elsewhere in the project; here the aim is to define a coherent approach to their interaction in general.

2 Software architecture

The scheme of the architecture from the plant side is explained in the figures 1 2 3.

Several slaves (embedded electronic boards applied to sensors and ctuators and/or PLC) and the main embedded board are represented, connected using an RS485 serial bus as medium.

In this scheme we focus on the Plant as composed by the RS485 interface and the Main Unit (the main board and the PC).

The functionalities of the Application Software (PC software + embedded firmware) are summarised below:

· Get data from plant

· Plant management

· Online monitoring

A more detailed insight on the local PC software blocks structure is proposed in fig.4. The several basic components are pointed out:

· The graphical user interface (GUI), thought as a set of controls (buttons, menu…) and panels (also synoptics).

· The communication interfaces:

· The Control thread, which includes the control and FDI routines.

· The acquisition thread, with inside the Sensors routines.

The multithread structure is useful to guarantee a de-facto parallel execution of the different tasks with no drawbacks on the fixed rates for acquisition, control and data transmission.. The data exchange among different threads and blocks are based on the use of global variables and Windows messages. This software will be developed using the Visual C++ environment.

The Control, FDI and Software Sensors blocks should be developed in Matlab, compiled and embedded using the Matlab runtime engine.

SPES will develop the Visual C++ SW with the GUIs for the operator and the framework for data flow between the modules.

The idea is to implement a Visual C++ software shell able to run, using the Matlab engine, Matlab mex file.

In this way all the several modules (controllers, software sensors, FDI …) could be developed,  tested under simulation and then compiled in mex file in the Matlab environment.

The use of the Matlab engine is for free.

Concerning on the tasks of  the EOLI system,  Matlab seems to be more suitable, if compared with Simulink, for the development of the several modules implementing software sensors, controllers and so on. Appreciable and useful is the major flexibility  and customisation available for the code writing and calculation process.

All the functionalities and algorithms needed for the development of  the modules mentioned above are available into the toolboxes provided by the Matlab environment. A very high level customisation process of these tools is also supported.

A very reliable and standardised environment for test and simulation is also provided.

Concerning on automatic C code generation, the use of tools and procedures supported by the Matlab Compiler makes possible two different approaches.

Starting from a .m file:

1. it is possible to generate a customised executable code in dll format to be used inside a Visual C++ software package – no Matlab software components are needed or royalties have to be paid for the final application;

2. it is possible to generate a .mex file to be used into a Visual C++ software package by the way of the Matlab run time engine; the Visual C++ software interacts with the run time engine, that supports the Matlab functionalities and executes the .mex file. The .mex file can share resources, variables and parameters, with the Visual C++ alien software. The Matlab run time engine is provided with the Matlab and no royalties have to be paid for its use. 

In the first case, the code generation is more complex because it involves the compilation of a Visual C++ project.

The memory resource required is used to store the dll modules.

If you change the .m file you have to rebuild and compile the dll module. 

From the point of view of software validation, the dll module should be tested in the same condition used to verify and validate the .m file to guarantee the correct operation of the whole system. Probably, different people, with different expertise, should perform these two validation steps (.m file and dll). 

In the second case, the code generation can be performed easier inside the Matlab environment to produce the .mex file. No expertise about Visual C++ code building and compiling is required.

The amount of memory resource required to allocate the Matlab run time engine is around 20Mb.

Once the .mex file is available, it can be selected and used inside the Visual C++ software, sharing variables and parameters. In this case the changing of the .m file involves only the rebuild of the .mex file: no action on the Visual C++ software is required. Moreover we can imagine to have a customised library of .mex file and to select, time by time, the most suitable in a very easy way, with no need to change or rebuild and compile any components of the Visual C++ software.

Also for software validation this second approach seems to be more reliable and useful. The several modules (and groups of modules if it is the case – i.e. modules that have to co-operate such as software sensors and controllers) can be tested under dynamic simulation inside the Matlab environment not only in the .m file format but also in their .mex translation: so the ones who develop the modules can also verify their behaviour in the final format these modules will be used inside the EOLI. This is very important to guarantee the correct operation of the system.

Moreover,  with this approach, the matlab modules could be used and tested by the developers on their own lab plant using also other software environments (the Matlab run time engine can be invoked by a lot of SW environments such us LabView or others) with no need to use the EOLI software (the Visual C++ shell that will implement the GUIs for EOLI). 

In my opinion, the use of Matlab and the approach 2 for code generation is the solution suited for EOLI goals.

About the definition of the modules’ interfaces, on the basis of  the data format requirements, I propose to define a structure containing all the input/output variables. I have in mind the structure used in the Matlab implementation developed at the INRA Lab. This should be the structure to be used into the Visual C++ software and Matlab .m files to share and transfer data. Each module should extract from this structure the input it needs to perform its action and store the output in it.

In this way we could formalise in a very simple, reliable and efficient way the data and the interface of the each module.
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Fig 1:The digital platform  HW














Fig 2: The digital platform  SW






Fig 3: Plant side architecture






















Fig 4: The SW blocks: Visual C++ shell, the matlab blocks, the firmware
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