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1 
Introduction

The most likely scenario of a linear collider is that it will be built by a collaboration of existing laboratories, which will remain involved during the operation of the accelerator. Advanced means of communication will be necessary to support efficient collaboration. GANMVL[1] is a project which will design and build a novel collaboration tool and test it on existing accelerator collaborations. GANMVL is the acronym for "Global Accelerator Network Multipurpose Virtual Laboratory". The tool is a mobile communication centre which provides immersive video and audio capture and reproduction of an accelerator control room, a laboratory workplace environment or an accelerator hardware installation. It is able to connect to standard measurement equipment (scopes, network analyzers etc.) and to elements of accelerator controls and make these connections available to a remote client. The remote user should be enabled to participate in accelerator studies, assembly of accelerator components, trouble shooting of hardware or analysis of on-line data as if he or she would be present on site. The GANMVL project will provide valuable experience of a new way in designing, building and operating large accelerator complexes, and will address the important psychological and sociological issues of the Global Accelerator Network. 
The present specification of the GANMVL tool is based on a world wide query of the user needs. About 170 accelerator scientists and engineers contributed in the query on user needs. The questionnaire was evaluated by a team of experts and translated into a specification during the second GANMVL workshop.

 (https://ilcsupport.desy.de/cdsagenda/fullAgenda.php?ida=a0537)

The specification as presented in this report is twofold: There is a specification for an early prototype and a specification for the final GANMVL tool.  
2 Objectives and Use Cases

2.1 Remote Access to Accelerator equipment, 
Support from Off-Site Experts

The MVL communication tool should be designed to ease and support communications between collaborators on accelerator systems to design, build, test, operate and maintain accelerator system in collaboration with the special aspect that many activities on the accelerator site should be supported or performed by off-site experts from remote locations using computer network connection.

The functionality of MVL is to integrate video capture, audio capture, and connectivity of virtual instruments, access to control system in one portable and mobile system which is located at various locations on the accelerator site, which can provide the all the corresponding information and connections necessary for a remote expert to participate in a large variety of activities on the accelerator site.

The most important general specification is that the full functionality of MVL should be provided in a ‘turn-key’ so that no experts are necessary to start up and to configure the system and the system can be used in an ad-hoc manner for example in an emergency situation.

In the following sections it will be specified for which use cases the MVL tool should be designed and which properties must be provided for to meet the requirements which arise from these use cases. In the specification the specified properties will be labeled as ‘necessary (n)’, ‘desirable (d)’, ‘optional (o)’ for both phase one, the prototype (P) and phase 2, the final version (F) of the MVL tool. 

The MVL system is envisioned as a client-server system. The server is providing the information from an on-site activity as well as software tools for uploading, safety algorithm, authentication and authorization procedures and help information for a remote user or client. 

On the client side it is assumed that any computer terminal equipped with commercially available audio and video equipment is sufficient. In special cases 3D video reconstruction might be desirable. The access to control system is accomplished by a thin client technique which is based on a web service in order to be as platform independent as possible.  
2.1.1 Assembly of accelerator equipment  (nP, nF)

There are many R&D projects for the ILC and other large accelerator projects which are supported by collaboration between several laboratories. It seems very desirable to allow an expert from a remote laboratory to participate in on-site assembly of prototypes without the necessity of physical presence. Examples for such activities could be the installation of a coupler into a superconducting cavity cryostat, insertion of a cathode in a photo-injector source, or insertion of a wire in a wire scanner. There are many such activities in the ongoing ILC prototyping and R&D effort. It will be an important goal of MVL to support such activities as soon as possible as many of them are ongoing or planned for the near future.

The assumption is that the supported actions will 

· take place in a laboratory environment which is well supported by instruments, power, network connections

· there is no tight limitation of physical space

· the work will be planned at least a few days ahead of time 

· experts from both the remote and the local site will participate in the activity

The MVL tool tailored to support this feature should have the following properties: The set up is quasi stationary and should take not more than two hours to install (nP, nF). The number of remote experts to be accommodated should be at least 3 but not more than 5 (oP,dF)

The setup should contain the following components: 

1. a computer terminal for configuring the system (nF, nP)

2. a secure Ethernet connection into the host laboratory and to the outside clients (nF, dP)

3. a large screen to display a video connection to the remote experts (nP)

4. a system of video cameras (at least 3(nF)) which can be remotely activated (nP, nF)

5. 3D video capture (oF)

6. one of the cameras should be a head mounted set-up (oP, dF)

7. a (stereo (dF)) system of microphones, stationary (nP, nF) and portable(nF, nP) wireless (dF)

8. a lightening system with portable and stationary lamps (nP,nF)

9. a connector board to connect measuring devices supporting standard bus systems (nP, nF)

10. a plug and play mechanism which recognizes connected devices (dF)

11. online help features for trouble shooting with network connection, security aspects, firewall issues, connectivity (nF, dP)
2.1.2 Setting up a test 

Collaborations in R&D of accelerator components often require short tests of equipment with sometimes data taken from the accelerator. Typical examples are for example the test of the laser wire system in the PETRA accelerator, or test of other beam diagnostic devices. The support of such activities by MVL appears to be particularly desirable, because of the relatively low priority which is usually assigned to such tests in a working accelerator environment. The participation in such activities from far away locations promises therefore to be particularly useful by avoiding idle waiting for beam time of the guest scientists. 

The specifications for setting up a test will be similar to the specifications for 2.1.1 but in addition secure access to accelerator components should be provided. However it is assumed that such activities might take place in an accelerator tunnel or similar locations where the available space for the MVL server might be more limited and less time will be available for setting up the system. 

For this reasons, the MVL client should in this case contain a single computer and a display of moderate size. It should take no more than 0.5 h to set-up and configure the system.
1. a computer terminal for configuring the system (nF, nP)

2. a secure Ethernet connection into the host laboratory and to the outside clients (nF, dP)

3. a system of video cameras  (nP, nF)

4. 3D video capture (oF)

5. one of the cameras should be a head mounted set-up (oP, dF)

6. a  system of microphones, stationary (nP, nF) and portable(nF, nP) wireless (dF)

7. a lightening system with portable and stationary lamps (nP,nF)

8. a connector board to connect measuring devices supporting standard bus systems (nP, nF)

9. a plug and play mechanism which recognizes connected devices (dF)

10. online help features for trouble shooting with network connection, security aspects, firewall issues, connectivity (nF, dP)
11. A token system which provides limited access to accelerator components. This needs to be implemented in a generic way (dF) but could be implemented ad hoc for first tests (dP)
12. An awareness tool which provides the information for the person in charge of accelerator operation (nP, nF)

2.1.3 Test of new equipment or entire accelerator

The test of new equipment installed in the accelerator which is fully accessible and controllable by the accelerator control system or the entire accelerator is activity which is centered in the accelerator control room and uses the accelerator control system.  These activities would be supported by a stationary, quasi permanent implementation and installation of MVL in the control room. 

The participation of external collaborators in such an activity requires

· Full monitoring of accelerator parameters supplied by the control system (nP,nF)

· A token system which provides restricted access to some of the parameters which control the accelerator or accelerator components (oP, dF)
· An awareness tool which provides the information for the person in charge of accelerator operation (nP, nF)
· Good quality video and audio connection between the external client and the control room by stationary installed video and audio systems. The work station supplied with audio and video should be sufficiently separated from the standard operator consoles to avoid problems with violation of privacy. 2-D video and mono-audio connections are sufficient (nP, nF)

2.1.4 Commissioning of equipment or entire accelerator

The specification for supporting commissioning activities of remote participants by MVL corresponds to the final version specification indicated in 2.1.3
2.1.5 Equipment maintenance

For an accelerator which is built and operated by collaboration between several laboratories it appears to be desirable that the contributors of accelerator components keep ownership of the equipment and plan and perform regular maintenance work.  In easing the supervision and the quality control of these services from a remote location, the MVL tool is supposed top play an important role. 

The proper planning and scheduling of the maintenance of equipment requires in the first place the monitoring of the performance of the components and access of the logging of any event in conjunction with equipment operating. These functions will be supported sufficiently be the properties as specified in 2.1.3 and 2.1.4.

In addition, it appears to be necessary to provide immediate support of the actual maintenance performed at the equipment proper. This includes the exchange of weary components, retuning etc. 

In order to support such activities from far away, a movable version of the MVL client is needed. It should be optimized for mobility and the attached equipment should be minimized. 

This version of the MVL client requires a high degree of optimization and consolidation and its final design and specification should be based on experience with prototyping. For this reason the specifications are given for the final version (F) only.

The mobile MVL client should contain:

1. a computer terminal for configuring the system (nF)

2. secure Ethernet connection into the host laboratory and to the outside clients (nF)

3. a video camera (nF)  head mounted set-up (dF)

4. portable microphones (nF),  wireless connection to server station (dF)

5. a lightening system with portable lamps (nF)
6. a connector board to connect measuring devices supporting standard bus systems (nF)

7. a plug and play mechanism which recognizes connected devices (nF)

8. online help features for trouble shooting with network connection, security aspects, firewall issues, connectivity (nF)
2.1.6 Trouble shooting

In contrast to maintenance, trouble shooting is work to be performed at the hardware for which there is little preparation time but which is usually an ad hoc activity. In order to perform trouble shooting successfully full access to the component must be available. External measurement equipment must be attached to the faulty device and must be read out, there should be information and control about environmental parameters like mains stability, temperature humidity, turn on/off near-by equipment, exchange of components with similar equipment. Trouble shooting thus in general does not only require a good knowledge about the faulty component but also inquires knowledge about the history of the components, neighboring equipment and environmental parameters.

The requirements on the communication device which allows an outside expert to perform trouble shooting from far away are very high. 

First of all it should be emphasized that the mobility of the MVL server station should be very high. Therefore in addition to the requirements for the maintenance work covered under 2.1.5 one should require that all of the equipment should be implemented as “hand-free-usable” as much as possible.
2.1.7 Remotely assisted repair

The requirements on MVL for remotely assisted repair are covered by the requirements specified under 2.1.5 and 2.1.6.

2.1.8 Accelerator studies, Tune-up of components,  Tune-up of components

Requirement for the support of accelerator studies are identical to the requirement specified under 2.1.4

2.2 Results from User Query
This section presents the results of a survey carried out during February and March 2005 by the Universities of Mannheim and Udine. The survey addressed potential users of MVL, and was designed to measure previous experiences with virtual collaborations along with questions regarding the users expectancies/opinions towards MVL. To improve accessibility, the survey was conducted as an online survey hosted by the webserver of the University of Mannheim. 

The survey aimed at:

· making the accelerators community aware of the work done in this work package; 

· assessing the acceptability of the MVL collaboration tool;  

· getting feedback about planned (or missing features) and rate their importance; 

· pointing out issues which need to be recognized and properly taken care of (e.g. social and organizational challenges); 

· getting suggestions and ideas from previous related experiences. 

The questionnaire was divided into the following parts:

· Personal Data

· Experiences with Previous Collaborations  

· Activities to be supported by MVL 

· Cooperation with off-site Experts 

· Elements of MVL 

· Remote Access to Accelerator 

· Benefits of MVL

· Free comments on MVL

The detailed results for each question can be found in annex XXX of this memo [i.e. I would like to include the PDF with detailed results as an annex]. In the remaining part of this section, we present the main results of the survey for each part, as well as some design implications that can be drawn from it.

2.2.1 Response Rate and Personal Data

About 600 people (hereinafter, generically referred as “users”) working in the accelerator community, including potential users of MVL (such as accelerator physicists, operators and users), managers, and IT workers, where invited via email to participate. The questionnaire was filled by 155 users, i.e. about 20% of those invited (this is a quite common outcome when people are not forced or paid). However, when interpreting the results, one has to keep in mind that, likely, users with a negative attitude towards the idea of remote operation did not answer at all. 

As can be seen in Figure 2.1, among the various categories of subjects, some professional categories were not adequately represented to draw significant conclusions (e.g., there are only two accelerator users, three managers and three technicians).
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Figure 2.1 Response rate and personal data.

2.2.2 Experiences With Previous Collaborations

Concerning virtual collaborations, trust between the colleagues is a key issue for the success of the collaboration. In previous projects, users seem to have good experiences with trust in the professional background of the participating colleagues. This is very important for the acceptance of the collaboration tools the project will develop. In some projects, responsibilities weren't clearly defined. This results in a potential need for assistance in project management. This could be guidelines for the implementation of collaborative projects using MVL, proposals for workshop designs, or implementation of project management tools within MVL. 

The main forms of communication in previous collaborative projects seem to be face-to-face and email communication. There are nearly as much users that rate telephone and video conferences important in previous projects as users that rate it as unimportant. Instant messaging and chat were mostly unimportant. Electronic communication tools (e.g., videoconference, mail, chat) were more used by accelerator user, operators, and physicists, and less by other users; we can thus hypothesize that these tools are perceived to be more useful for "routine" work, and not perceived to be useful (or not well known) in design / planning / management activities. As long as communication within MVL would be based very much on video conferences and chat, these features should be implemented as user friendly as possible reducing the needed knowledge and experiences to use it. There seem to be some concerns regarding the technical implementation (technical difficulties, lack of technical competencies/equipment). This could result in a solution with lower technical demands to the client system, and in an intelligent help system guiding new users through MVL. Finally, data and/or video sharing seem to have been useful for some users. The potential users seem to have relatively good experiences with comparable projects. 

Based on these experiences, the majority seems to be willing to use the system as host or as expert. In addition, the idea of developing a communication tool to enhance communication is perceived as very useful.

Finally, as can be seen in Figure 2.2, overall users believe that remote access to accelerator equipment is needed in multi-institutional collaborations, and can substantially support accelerator construction and operation activities.
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Figure 2.2. Experiences with previous collaborations

2.2.3 Activities to be supported by MVL

In this part of the questionnaire, users were given a list of accelerator-related activities that MVL might support, with the aim of collect feedback about the importance of each activity, and about possible missing activities.

The activity list was the following one:

· Assembly of accelerator equipment 

· Setting up a test 

· Test of new equipment or entire accelerator 

· Commissioning of equipment or entire accelerator 

· Equipment maintenance 

· Trouble shooting  

· Remotely assisted repair 

· Accelerator studies 

· Tune-up of components 

· Tune-up of accelerator beam parameters 

From the list, users seem to perceive the more “hardware-sided” activities as unimportant. It is unclear if users can imagine how activities like assembly of accelerator equipment or equipment maintenance can be supported by MVL. Moreover, users seem to perceive MVL as more useful in accelerator maintenance and routine operations, and less useful in design and testing of new equipment; this is also restated by some free comment at the end of the survey. Users perceive MVL as a reasonable and not too ambitious project. Finally, given the list of proposed activities, the willingness to use MVL seems to be quite high, as can be seen in Figure 2.3. 

[image: image4.png]33 A5 an expert I could imagine to use
such atool in my work.

Asers
Aecalaatoruser

‘Accolrator physicist

Designarof Accelerator Componenis

Aceslerator Maintenance & Troubeshaoting Operator
icontol Expert

Exparimental Physicst

Management

Tectvician

Others

2

@

s

n

1

Queta (%)
L | Va - L]
sroray

v s gy swonavapes




Figure 2.3.  Activities to be supported by MVL

2.2.4 Cooperation with off-site experts

A third part of the survey was devoted to investigate issues that may arise in collaborating with off-site experts. In principle, remote cooperation between experts and control room operators with MVL is perceived as positive, although there are some concerns about problems with not speaking the same mother tongue. In addition, most users believe that there should be some face-to-face meetings on-site to get to know the accelerator and the staff there. The only critical aspect seems to be the observation of control room operators with cameras. If this feature will be implemented, there should be a mechanism that allows observation only by permission of the observed operators. There are also legal aspects in some countries that have to be considered.

2.2.5 Elements of MVL

This part of the questionnaire aimed at briefly describing possible elements that will constitute MVL, and investigate users’ opinions about technical features which have been discussed and proposed inside the work package.

In general, video, audio and mobility of the solution seem to be important. The only critical point in this part seems to be that 3-D audio is perceived by some participants as not important. Corresponding to that, there are some remarks about the technical implementation. 

Some users would prefer a simpler and stable tool instead of implementing “fancy” technical features. From free comments at the end of the survey, it seems that some users fear that MVL, in the effort of unifying different functions into a single tool, will be technically obsolete in a few years (i.e. it will be difficult to integrate upcoming technologies). Some users fear also that the project may be too ambitious or is considering a too wide set of functionalities, and suggest the MVL should, at the beginning, concentrate on a few functionalities and test them. 

It seems that many users are interested in video / application / desktop / pointer sharing (i.e. tools for synchronous collaboration). This may suggest that we should focus on usage scenarios of synchronous communication / collaboration. Other users point out the availability of help / system experts. Again, it seems that a well-designed and effective help functionality (either provided by the system or human experts) could be an important aspect of the system. 

2.2.6 Safety and security in remote access to an accelerator

In general, safety is perceived as an issue; according to users, the project should investigate to point out clearly what MVL will do with respect to safety on the accelerator site. Simply allowing remote users to observe is not perceived as a good solution (too limiting?), but security / safety mechanisms are needed.

2.2.7 MVL (perceived) benefits

We asked users about possible benefits of MVL. Considering also free comments at the end of the questionnaire, the most cited benefits were:

· Wider and faster availability of experts (and generally, wider participation), by far perceived as the greatest benefit;

· reduced travel costs;

· improved local operations;

· social benefits (e.g., reduced travelling) and sense of ownership of systems.

2.2.8 Summary

In general, the potential users seem to have positive attitudes towards MVL. Moreover, the results indicate that MVL addresses some important issues within the accelerator community. It seems that this is a good starting point for the GAN-MVL work package. 
One of the aims of the survey was to get feedback about planned (or missing features) and rate their importance. These results will be taken into account when developing MVL. From our point of view, the various functionalities should be gradually added to the system after evaluating it with real users. Evaluating the different prototypes will be a very important step during developing because the results indicate that some users can hardly imagine all potential features of MVL. The results of further evaluation will lead to a more user friendly tool. In addition, the acceptance of MVL can also be improved by participating the future users in the developing process.

Based on the suggestions of the potential users along with the rating of importance of different features of MVL the following sections will define the technical specification of our project. 
3 Technical Specifications

3.1 Applications Programming, Integration and User Interface 
3.1.1 Requirements and needs
The first important thing is to clarify what we mean by the user interface of the MVLGAN. After detailed discussions during the meetings and workshops we agreed that the User Interface should be a glue for the other system components.
Detailed examination of the survey results and examination of the results achieved during the first tests with the zero level prototype, suggests that web technology should be used both on the client and on the serve side.

The first level prototype was tested during a remote operation session and a remote measurement session. The events have been also reported in the website www.lightsources.org as shown in the following picture.


[image: image5]
Figure 3.1: Remote Operations @ ELETTRA.

The zero level prototype seams architecturally suitable to support far remote operations, maintenance of the accelerator and its trouble­shooting, the repair of delicate equipment and to perform collaborative machine physics measurements with other laboratories.

The prototype architecture shown in figure 3.2 seams also suitable to implement the “Global Accelerator Network” and to act as a glue between the teams doing research in the field of accelerators.

[image: image6]
Figure 3.2: MVLGAN Virtual Organisation

In this architecture every institute in the GAN should have a MVL Node. The node can support more stations (e.g. a control room station, a mobile or semi mobile station etc). Stations can share resources and tools. 
The remote collaborator will use his PC equipped with a web browser and if the case with a projector.
Figure 3.3 presents a more detailed view of the prototype MVLGAN architecture. Accordingly to this view all the communication is done via webservices secured with X.509 certificates while controls and instruments are integrated using VNC if they do not have a web interface or ssh tunnels and redirection if they already have a web interface.

[image: image7]
Figure 3.3: MVLGAN Prototype architecture.
Single Sign-On should be supported via an identity provider both between the different Nodes and inside the single laboratory.
3.1.2 Phase1: Prototype Application

As suggested by the survey the development efforts should keep the tool as simple as possible and proceed by incremental prototypes in order to facilitate the acceptance of the tool by the community and respond promptly to user feedbacks.

In the first phase we will extend the zero level prototypes in order to capture the basic requirements and respond to the feedback already received during the first tests. 

In this phase we will concentrated on enhancing security with password checks, limited time system accounts, X.509 certificates.
We should set-up and use an Identity Provider and understand the single sign-on especially when integrated with tools like VNC and VRVS.
The videoconference tool VRVS should be integrated seamlessly through an API for automatic booking and accessing the virtual rooms. 
VNC support should also be improved avoiding display size mismatch and providing a better awareness when different users share the display simultaneously.
The DESY eLogBook should be also integrated in the MVLGAN prototype and substitute the actual implementation.
3.1.3 Phase2: Pilot Application
In the second phase we should analyze the feedback received adding a feedback collecting tool for bug signalling and tracking.
We should also provide a simple installation and a better administration, create help and troubleshooting info. In other terms we should find simple ways (for example wizards) to integrate new instruments and controls.
It could be worth especially considering the IVI stuff the integration in the MVLGAN framework of a software component repository for virtual instruments.
The definition of a setup for video-signal integration or other video conference tools should be also included in this phase.
We should also consider the preparation of different setups to support the different clients: light vs. heavy client, fixed vs. mobile, etc. 
Another aspect which could be considered in this second phase is the migration to portlet technology for the application server.
3.2 Audio and Video specification


In this chapter the different features of available audio/video tools will be discussed. The goal is to find adequate solutions for the diverse demands of the different GAN MVL user groups. The specification is oriented along the substantial outcomes of the user survey in order to meet the demands as good as possible. The expected benefits from audio/video conferencing tools are better collaboration, increased availability of experts, reduction of expensive travels, and making communication more personal by use of video.

The first point that has to be considered is the definition of the different use cases where audio and video tools can be used. We identified the tree most important audio- and video use cases for GAN MVL:

1. meetings with multi-user audio/video conferences,

2. everyday collaboration in tasks supported by audio and video,

3. remote monitoring and maintenance with audio/video transmission.

The over all importance, and correlating with this also the acceptance, of the tools is decreasing from point one to point three. But within a specific user group the importance of the tree points is also varying.

The difference between the use cases in 1 and 2 are mainly based on the tools that are used in addition to the audio- and video tools and secondly the size of the group using the audio/video conferencing tool. For regular meetings it might be more important that a lot of users are able communicate with each other and eventually that they share the same presentation. For the collaboration in working tasks (e.g. in the office) it is of higher importance to communicate in smaller groups (or just between two persons) and to share tools, which are normally used in combination with the respective tasks.

In the third use case there are mostly two persons who want to solve a problem or just one person examining or monitoring the remote location. In this case it might be also important to have other additional data available like measured data, machine states, or the like.

In all cases we have to take into account that the GAN MVL users are working geographically separated, that they are using different computer systems with different operating systems, that they provide different network capabilities, and that they are currently using different tools in addition to the conferencing tools (if they are already used). The focus is set on routine work and less on in design, planning, and management activities.

One goal is to find a solution that is as simple to use as possible and which is also as flexible as possible. Therefore we are searching for a solution that fits for regular meetings and also for other collaborative tasks in order to avoid too many tools that would just add complexity and probably expenses. One important aspect is the support of the mobility aspect in order to be able to participate in meetings and to collaborate even if the location is not always fixed like in the case of locally changing working places or travels. 

In the past two years we have noticed a big increase in web-based audio/video conferencing solutions and this makes it feasible to find a single solution for both use cases. 

The nature of the third use case is slightly different form the first two ones. This use case is quite special in the sense that the quality of the remote audio/video must be higher in order to be able to assess the remote situation. Also the additional transmission of large data sets which might have to be displayed in real-time is a special demand of this use case scenario. 

In the next two subsections we want to specify the needed audio/video features for the two cases:

a) Multi-User Meetings and Collaborative Tasks

b) Remote Monitoring and Maintenance Tasks

The last point which has to be discussed is the security aspect and the questions about the legal aspects when using tools that allow remote observations or even recording and storage of remote video. 

3.2.1 Audio and Video specification 

The audio and video specification will be oriented on the two identified application areas. The differences of the underlying scenarios demand different specifications for the audio and for the video system. 

3.2.1.1 Requirements and needs

The following aspects have to be taken into account for the specification of the audio/video system for multi-user meetings and collaborative tasks:

· Hardware independency: Multiple users with heterogeneous computer systems (different computers and operating systems) need to connect. 

· Firewall compatibility: Many users will be protected by the network firewall of their institution/company. Thus the audio/video collaboration tool must be able to pass the firewall without manual firewall configuration (e.g. opening communication ports)

· Audibility and visibility: For meetings and collaboration actions with multiple users it is indispensable that the users can hear each other without interruption. In the meeting and normal collaboration scenarios it is acceptable to have less good video quality (resolution, frame rate, colour depth). The focus is clearly set to the quality of audio. In this context the loudness differences of the audio signals should be aligned automatically to a common level. 

· Flexibility: In addition to the software-based communication tools it is advantageous to support also hardware-based systems such as meeting room equipment with audio/video recording capabilities and standard telephones. Adequate interfaces and the support of common audio/video protocols are required for this.

· Other meeting and collaboration tools: In the case of meetings and collaboration tasks additional tools can be needed such as:

· presentation tools (e.g. PowerPoint)

· shared whiteboard

· shared desktop

· general application sharing

· file sharing

· audio/video/presentation recording

· voting tools

· moderator mode

· Network bandwidth usage: Depending on the network connection it might be an issue that the data transfer of audio/video streams are using too much bandwidth. Also the tools, which are used in combination with the audio/video collaboration tool, require a certain amount of the available network bandwidth, which depends on the respective application.

The following aspects have to be taken into account for the specification of the audio/video system for remote monitoring and maintenance tasks:

· Hardware independency: Hardware independency is also desirable for remote maintenance tasks and remote monitoring. The needs are slightly different because there are mostly two persons connecting, thus it might be sufficient to support the most common operating systems

· Firewall compatibility: For remote maintenance and monitoring tasks that rely on video it is even more important to have methods for the firewall traversal. 

· Audibility and visibility: Remote maintenance tasks and monitoring tasks require much higher video quality. In some cases it might be very useful to have 3D video technology in order to perceive the remote environment better. In this case it will be also important to have adequate display technology that is able to visualise the immersive video.

· Network bandwidth usage: High quality audio and video for remote maintenance and monitoring require more bandwidth usage. Efficient audio/video codecs (e.g. one of the efficient state-of-the-art MPEG 4 video codecs) can to be used in order to save bandwidth. 

It will be checked if it is possible to design an audio/video tool, which supports both scenarios, the multi user meeting & collaboration and the remote monitoring & maintenance. At least the access of the audio/video tools will be established via the common web portal in order to make the usage as simple as possible.

3.2.1.2 Phase 1: Prototype Application

The prototype application will consist of an audio/video tool that can be use for meetings and collaboration tasks. The video tool survey document will discuss all the aspects regarding the usefulness of the video tool in the context of the GAN-MVL requirements. In the first prototype we will use VRVS as the platform for audio/video transmission. VRVS will be enhanced for a better meeting and collaborative task support. Methods for better firewall traversal will be investigated. Also the automatic volume adjustment of the different audio streams will be researched. 

Furthermore it will be investigated how the remote monitoring and maintenance can be implemented. It will be tested if VRVS can also be used for high quality and high resolution audio/video transmission. In addition to this it will be checked how other video transmission tools, which support high quality audio/video transmission can be integrated into VRVS.

3.2.1.3 Phase 2: Pilot Application

The pilot application aims at an enhanced audio/video tool that supports most of the user scenarios. 

The online user manual will explain the usage of the audio/video tools in the different user scenarios. 

Usability tests with the prototype application will show where the audio/video tool needs to be enhanced. After this assessment and evaluation the audio/video tool (VRVS and possibly an extension for high quality or immersive video) will be fine-tuned. 

The installation procedure will be kept as simple as possible; automatic installations and configurations will be preferred. 

3.3 Integration of Controls and Network Security
3.3.1 Requirements and needs
A main requirement for the integration of controls in the GANMVL is to be independent of the different control systems that might have to be integrated or connected to the tool. On the other hand a remote expert should be able to see all and to control a lot of parameters. Since control system interfaces and architectures are quite different in the various institutes an adoption would take a considerable effort and is by far not within the scope of this project. Therefore a transport of the images of the numerous applications should be provided. This approach is some times called ‘thin client’ and has the advantage that no software upgrades nor library mismatches can be a problem since the actual software of the site to be controlled is used directly.

The main advantages of the thin client solution are:

· All applications run on a server at the accelerator site

· A remote user uses the same programs as the operators

· No special program development is required

· Minimal installation on clients required

· Platform independence can be achieved
Furthermore it is necessary to provide a common user friendly interface to all parts of the GANMVL. Web technologies are best suited since they are well known and accepted. But, opening a control system to the internet requires an effective authentication system that protects from unwanted access but also let the local operators be aware of who is touching the machine. And the permissions to control certain points in the system should be restricted to privileged users only. All connections from the outside should be linked through a single or a very small number of connections of a firewall. With a firewall one can restrict the access to a limited amount of IP addresses as a further protection. The connection via the internet should be ‘tunnelled’ by Secure Socket protocols.
In addition to access the data of the control system it is required for a remote user to be well informed about the activities of the whole facility. This could be achieved by integrating an electronic logbook into the GANMVL or, for sites with an own logbook, to provide the access to this. E-Logbooks are used by the operators to protocol all activities of the facility and to give hints to others and in some installations to supply the documentation also.
3.3.2 Phase 1: Prototype Application
Several options to transport images or screens from the server to the client are freely available. In this first prototype phase some of these tools will be evaluated. Mainly X11 and VNC are the solutions to be tested. VNC is available as an independent application and as a JAVA client also that can be integrated into a Web browser. This would allow fitting the control system interface into the Web frame work that is described under 3.1. On the client only a Web browser has to be available. The JAVA applet is automatically installed from a server.

The evaluation of the prototype has to:

· Compare the speed 

· Check the stability

· Verify the network security

A task of the prototype phase is to install a server node (as described in 3.1) at TTF (DESY) and to integrate a VNC console. In addition it is foreseen to integrate the TTF electronic logbook into the node. This requires a first setup of an account and access server to allow a user authentication.

In this project phase some preliminary evaluations of a ‘single sign-on’ will be done to gain understanding of this new technology and the applicability for the project.
3.3.3 Phase 2: Pilot Application

According of the results from the evaluations in the prototype phase the best tools will be integrated into the GANMVL framework in this pilot phase. The task is to pack the different tools to provide a simple installation of the GANMVL on other nodes. With more distributed nodes it is possible to test the system in other environments and with more users. This will help to debug and improve the GANMVL.

The result of the User Query makes a strong request to provide a good help and trouble shooting to the users. An integrated help system and assistance to find the sources of problems will be a key in the success of the project. A step by step implementation of this user support is envisioned in phase 2.

Furthermore, the awareness of the operators of remote users will be implemented. A prerequisite for this information to the operator is an access managing system. In the different user communities one can find quite different network security policies. How much a final vision of a single sign-on for a user across laboratories can be realized is not clear yet. But the number of passwords required for a remote user to access the various parts of the system should be minimized.

3.4 Instrument Integration
3.4.1 Virtual Instrument Integration: requirements and needs
In order to support equipment troubleshooting, component tuning or similar activities, off-the-shelf test and measurement (T&M) instruments such as oscilloscopes or spectrum analyzers are frequently used. In the concept of MVL, T&M instrument integration is an important feature to visualize and control T&M-specific functions from a remote site and to get access to measured data. 

The user survey demonstrates the user’s opinion that MVL is in general less applicable for accelerator equipment assembly. The users rather expect to get a working environment supporting

· expert-supervised equipment and accelerator testing, commissioning and troubleshooting,

· team-work based component and beam parameter tuning,

· remotely-assisted repair and equipment maintenance.

The users prefer a mobile setup that can be easily used and just runs after start-up. Common data and information sharing with a secure and transparent control of remote actions is mandatory.

Very often, T&M instruments offer advanced and complex functionalities only applicable for experts. In general, setting-up or operating the instrument, remote control and data access interfaces are device and/or even vendor specific. The device handle differs from instrument to instrument. Both are obvious drawbacks if less-experienced or untrained persons have to perform measurements or if tight instrument integration into an accelerator control system has to be provided. 

To become a handy tool, the proposed MVL has to overcome those drawbacks. Common look-and-feel of instrument base functionalities, plug-and-play automated device integration, platform-independent remote access without additional deployment of proprietary client software, user-friendly registration, authentication and authorization mechanisms and transparent user right settings are essential features.

3.4.2 Virtual Instrument Integration: Overall Technical Specifications

In order to support the listed use cases and to fulfil the user requirements, the MVL instrument support has to provide

· electrical interfaces for commonly used data links

· driver and application software (so-called virtual instruments) for frequently used T&M instruments from various vendors,

· equipment database

· remote access to the supported virtual instruments.

Electrical interfaces: 

· RS232

· GPIB 

· Ethernet

Driver and virtual instrument software:

· Freely available, type-specific, ready-to run virtual instrument applications and instrument drivers for up-to-date T&M instruments from 

· Agilent

· LeCroy

· Tektronix

· Keithley

· Rohde & Schwarz

· Ready-to-run virtual instrument applications and drivers for task-specific T&M instruments

· Generic virtual instrument applications with implemented base functionalities and instrument drivers for 

· oscilloscopes

· digital multi meter

· digital I/O switches

· spectrum analyzers

Equipment database:

· access configurations for supported T&M hardware

· access parameters for supported virtual instrument applications

· user interfaces (local user) to equipment database

Remote access:

· access to virtual instrument applications

· access to measured data

· interface to MVL-wide user right settings

3.4.3 Virtual Instrument Integration: Phase 1

Driver and virtual instrument software:

· Freely available, type-specific, ready-to run virtual instrument applications and instrument drivers for up-to-date T&M instruments from 

· Agilent

· LeCroy

· Tektronix

· Keithley

· Rohde & Schwarz

· Generic virtual instrument applications with implemented base functionalities and instrument drivers for 

· oscilloscopes

· digital multi meter

3.4.4 Virtual Instrument Integration: Phase 2

Electrical interfaces: 

· RS232

· GPIB 

· Ethernet

Driver and virtual instrument software:

· Ready-to-run virtual instrument applications and drivers for task-specific T&M instruments

· Generic virtual instrument applications with implemented base functionalities and instrument drivers for 

· digital I/O switches

· spectrum analyzers

Equipment database:

· access configurations for supported T&M hardware

· access parameters for supported virtual instrument applications

· user interfaces (local user) to equipment database

Remote access:

· access to virtual instrument applications

· access to measured data

· interface to MVL-wide user right settings

3.5 Specifications of the Hardware Setup
3.5.1 General considerations, requirements and needs
The goal of the Subtask ME is to build and to test the „end-user devices“(EUD) which should provide the real-time expertise in almost any situation which appears during the operation of an accelerator facility. 

According to the results of the users’ query the most important tasks for the GANMVL are (i) trouble shooting, (ii) remotely assisted repair of equipment, (iii) accelerator studies, and tune-up of (iv) components and (v) of the accelerator beam parameters. To fulfil these tasks using the GANMVL one should enable the communication between an activity point and a consultation point. Latter should be equipped with the end-user devise of remote expert (EUD-RE). On the activity point different scenarios can arise which apply different requirements to the end-user devices. Thus, one has to distinguish between the end-user devise installed at control room (EUD-CR) and a semi-mobile end-user devise (EUD-SM) which can be deployed within a short time (of about 10-15 minutes) at any site of the accelerator facility (accelerator hall, rf-room, rack room, laser room, experimental hall, etc.)

Moreover there are some scenarios which require a quick instant access to the area with restricted accessibility or to the distributed equipment. For these cases obviously there is a strong need for having the mobile end-user devise (EUD-M). The EUD-M should be an absolutely standalone devise having an accumulator capacity sufficient for one shift of operation (usually 8 hrs) and stable WLAN connection either to the EUD-SM or to the EUD-CR (and, thus to the EUD-RE). Besides that the EUD-M should be easy in use, should allow hands-free operation, and should have light weight, low size and high robustness. 

The list of the components which provide the communication between an activity point and a consultation point are listed for each EUDs in Table. Components which are essential for each type of EUD are marked with “+”, those which are not foreseen are marked with “–” and optional solutions are marked with “(+)”.

	
	EUD-M
	EUD-SM
	EUD-CR
	EUD-RE

	Wireless access point
	+
	+
	–
	–

	Moveable camera
	–
	+
	–
	–

	Fixation for moveable camera
	–
	+
	–
	–

	Headphone + microphone
	+
	+
	+
	+

	Head mounted display
	+
	–
	–
	–

	3D video receiver side
	–
	–
	–
	(+)

	3D video transmission
	–
	(+)
	–
	–

	Head mounted camera
	+
	–
	–
	–

	Remotely controlled camera
	–
	+
	–
	–

	Multiple, switchable camera
	
	
	
	

	Connections for instruments (osci, voltmeter, etc.)
	+
	+
	–
	–

	computer equipment
	
	
	
	

	PDA
	(+)
	–
	–
	–

	Tablet PC
	–
	+
	–
	–

	Laptop
	+
	+
	–
	–

	Big high resolution screen
	–
	– +
	+
	+

	Possibility for multiple displays
	–
	+
	+
	+

	Projectors
	–
	–
	+
	+

	Printer
	–
	–
	+
	+


As one can conclude from the Table the EUD-CR and EUD-RE consist almost from the same set of components, whereas the components set of EUD-SM differs appreciably from that of EUD-M. At the same time it is noticeable that EUD-SM embraces almost all parts needed by the EUD-CR and EUD-RE, i.e. the latter two are just a simplified versions of EUD-SM with attached projector and printer. 

3.5.2 Phase 1. Prototype set up (01.09.05-30.09.06)
The prototype set-up will consist of one EUD-M and one (two) EUD-SM devices. During the first phase the hardware components for EUD-M and EUD-SM will be ordered, tested and mentioned EUDs will be assembled. In the early stage of this phase, when there is a need of frequent “debugging” and  adjustment  of the equipment it is proposed to carry out the tests at one site at PITZ. After the stable transmission of the information through WLAN connection between EUD-SM and EUD-M and its reliable operation is achieved, the EUD-SM (or its second copy) will be moved to the other institution. On that stage the prototype will be tested under the more realistic conditions (e.g. through the firewalls, without the possibility for the face-to-face contact, etc.)

One critical issue is the use of head-mounted display (HMD). There is not much experience of the usage of such devices for the operation of an accelerator. From the one hand such device can enable an absolute hand-free operation of the EUD-M part, but from the other hand there are some doubts that relatively cheap version (about 4k€) of HMD will guarantee the high quality of the picture and will be comfort in use. Thus as a first step for the prototype test one HMD will be tested within a certain period of time by PITZ operators.
3.5.3 Phase 2. Pilot system (1.10.06-31.12.07)

During the second phase the problems which appeared during the first phase will be fixed and EUD-CR and EUD-RE devices will be manufactured.

4 Conclusion
The specifications presented in this document represent a solution to one of the needs of strong future collaborations in the accelerator community. It is state-of-the-art and beyond and strongly oriented at the needs of the potential users.
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Remote Operation @ ELETTRA

ALl on 1y 9 2005, ELETTRA snd DESY (Germany) have jointly carried out the first test of the GANMVL
prototype. The two institutes have been linked by means of intearated collsborative environment based on

advanced web technalogies, videa-conferencing and desktap-sharing tools. An aperator from his office of
DESY in Hambura, and equipped with a GANMVL wrkstation was able to interact with operators in the
ELETTRA control room in Trieste, equipped with & GANMVL server. Without prior knowledge of ELETTRA
operations, the operator in Hamburg was able to inject an slectron beam into the ELETTRA storage ring and
bring it to working eneray. The whole operation was monitored and assisted from the ELETTRA control
room. The test, which is the first step of the development of the GANMUL tool, was fully successful.
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