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Abstract

This paper will show an experience of tele-laboratory using web architecture, not requiring any dedicated software running on the remote terminals.
Experiments have been performed on a commercial ESEM platform. 
Current and incoming bandwidth availability on commercial networks is also considered for the practical implementation. 
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1. Introduction
There are different reasons of making tele-microscopy: 

- To give the possibility to use the instrument without to go where the instrument is; then, a lot of researchers will be able to perform themselves their analysis, maybe asking counsels to some experts that will attend the analysis. 

- To improve the collaboration between university research centres and the companies, those more and more often exploit the experience and the capability of university researchers.

- To satisfy the university courses requirements, where the students number increases every year, making impossible to perform the lessons directly into the laboratory rooms. 

Nevertheless, the tele-microscopy technology still is not diffused into the electron microscope world. A sort of remote control is being achieved in order to eliminate noise and disturbs from high resolution electron microscopes made from the operators. This configuration moves the control from microscope room to a close room, just to leave the operator outside. 
The full remote control is different: it aims to set up complete interactivity, in true real time at full and guaranteed bandwidth from a completely different location, country or state.  The final system should allow connecting a remote user to the instrument and using it, as if he were in front of it. 
At this point, the work program must be separated into two different main parts: the choice of the instrument and that of the networking architecture/protocol. 

The instrument should meet some particular requirements, like full digital control and large spread and helpfulness. It is straightforward to see as any SEM of the most recent generations is the perfect answer. On the network side, the bandwidth required to transmit SEM data is about 100Mbps, a value that has made, in the past, the practical barrier to effective full-resolution, full-real-time data transmission. Nowadays, that limit has been by far overcome by the band transmission speed currently available into local network (like University LAN), and incoming into public network. 


On this side, the absence of any standard for SEM-based tele-microscopy also implies some strategic choices on the accessibility level that should be provided, where a strongly dedicated architecture, or a completely open one, define its boundaries.  
2. Instrument and Networking
The chosen platform is a FEI QUANTA 200 ESEM. The reasons are due to its characteristics and its architecture. In fact, this instrument is completely driven via software, and then it will be possible to realize a remote sensing for each instrument function. To do this, the Manufacturer has made available some libraries, essential to implement the instrument functions.  
The architecture definition changed several times, before to choose the final actual configuration. 
At the beginning, it was supposed to realize a server-client configuration, and to develop two different software applications. The server application, should reside on a PC physically close to the instrument that works as a router between the microscope intranet and Internet. The client application should then be installed on the remote user’s computer and access to the microscope making requests to the server application through Internet. 

This architecture was Visual Basic based, because of some specific constraints of the microscope libraries.
Figure 1 sketches this solution. 
Carrying out the project, different problems were identified: the limitations for remote users, because the applications developed will be influenced by the microscope PC architecture, then the user should has had the same architecture; the obligation for every user that be able to install the client application on own computer. Moreover, any software update should be immediate received from remote users to remain able connecting to the microscope.
To resolve these questions, and in order to increase the simplicity and the spreading, it was paid more attention into the microscope working; in fact, its system was pointed out to be synchronous, that is, for every action there is an immediate reaction. For this reason it was decided to change the architecture system, and to choose a web technology based on Active Server Pages ( ASP) server-side scripting language. 
The ASP documents are particular web pages that contain server-side scripts in addition to the usual mixture of text and HTML tags. Server-side scripts are special commands processed by the server, before to send the requested page to the Web browser. The client, who is visiting the website, will see only the output of these pages.  
This choice ultimately results in realizing a web site to manage the microscope through the remote control.
Figure 2 sketches the last solution.
Since the very beginning of its experimentation, this new approach has proven effective, flexible and user-friendly, which definitely moved to focus the whole program on the web architecture.
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Fig. 1 Client – Server configuration. 

A platform-specific issue came out concerning the video transmission. The QUANTA 200 platform introduces the video flux on the microscope display as an overlay of the interactive user interface.

In fact, the image on the Quanta microscope PC is created in the overlay memory of the graphics card: the data are copied there from the frame-grabber image processor. The image on the screen is then result of the normal image generated by graphics card (user interface) and mixed-in overlay image from frame-grabber card. This overlay operation obstructs the separated transmission of the two different generated images. 

Then it had been necessary to invent a solution, specifically made of a parallel interception of the video flux, its piping along a PAL converting line, and its merging with the interactive command panel at the server level.

This incidental solution, on the other hand, also helps on another side: the not yet really guaranteed 100Mbps bandwidth of the public networks. The band limitation introduced by the PAL coding on one side lowers the quality of the image, but on the other enables experiments on the long haul, even on the currently available connections.
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Fig. 2 Web based architecture.


Fig. 3 Site under construction 
3. Results and Perspectives

At the time of writing this Extended Abstract, a set of bi-directional functions has been activated, based on the proposed web architecture (read: high voltage value, pressure value, specimen chamber state. Set: brightness, contrast, magnification), and the completion of the relevant part of the new code is expected in weeks.

This work is simplified because the ASP technology is VBScript integrated, and then it will be possible to reuse any part of the code written for the first project version.

The figure 3 shows some of the user interface active commands.  


At the deadline for the extended paper, results are also expected on the practical use of the new tele-microscopy tool within some high level courses held at the Authors’ University, connecting the lesson room and the 5 km far SEM lab.
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