Notes on the Second EISCAT-3D All-Hands Meeting 

IRF Kiruna, September 16-17 2008.

Introduction

The following notes represent an attempt to capture the discussions which occurred between the presentations at the Second All-Hands Meeting of the EISCAT-3D project.  I have not attempted to summarise the talks themselves, since most of the presentations are online and are hyperlinked at the appropriate places below.  A record of the Steering Group meeting on September 17th is being prepared by Henrik Andersson.

Attendance

The meeting began at 9am on Tuesday September 16th with a brief welcome from Dr Wannberg, followed by introductions from all of those present.  Those attending the meeting were as follows:

EISCAT: Tony van Eyken (Director), Henrik Andersson (Co-Ordinator), Markku Postilla, Toivo Iinatti, Tarmo Laakso, Jussi Markkanen, Lars-Goran Vanheinen, Inge Marttala, Peter Bergqvist, Assar Westman, Ingemar Häggström 

IRF Kiruna: Gudmund Wannberg (TPL), Ingemar Wolf, Urban Brandstrom, Toralf Renkwitz
LTU: Jonny Johansson, Magnus Lundberg, Tore Lindgren, Mikael Larsmark, Johann Borg

RAL: Ian McCrea, Derek McKay, Ivan Finch

UiT: Cesar La Hoz, Vasil Belyey, Bjørn Gustafsson

In addition, Esa Turunen attended the meeting as incoming EISCAT Director, and Asgeir Brekke attended the first day as Chairman of the Council.
Session 1: Tuesday Morning, September 16th 2008

Talk 1: Technical aspects of EISCAT_3D: review and current status: Gudmund Wannberg
Following this presentation, there was some discussion of the key issues which had not been addressed so far, but could be addressed using the test array.  These included: coherence threshold testing for interferometry, power amplification, time synchronisation, beam-forming (in particular multiple beam forming) and time delay beam steering.  A question was asked about the type of experiment used in the bistatic tests of the demonstrator array with the VHF radar, and it was clarified that this had used tau8 with a 1.5 ms coded pulse, and had achieved a Signal to Noise Ratio of around 4% for the detected signal.  It was stressed that certain aspects of the work were lagging behind due to a loss of key staff, in particular Tom Grydeland and Ralf Larsen. It was suggested that the beam former could be tested passively, e.g. in the observation of a radio source such as Cass. A.

Talk 2: Status of the Demonstrator array: Lars-Goran Vanheinen
Questions were asked about the numbers of channels being used for beam-forming. It was stated that 12 rows were currently being combined, each of which produced two polarisation channels, making 24 channels in all. The problem of frequency changes due to snow-loading in the array was discussed, and it was noted that the Yagi design being used for the demonstrator array was not the one which would be used in the final design.  When the selected thick element Yagis were used, it was believed that this problem would disappear. The ways in which beam-forming and down conversion were currently being done were questioned, and it was clarified that beam-forming is currently being done using phase delay cables, while the down-conversion is being done by a temporary receiver set-up.  Ultimately the new receiver hardware from Lulea would supersede these temporary arrangements.  It was also clarified that the final array would have a receiver at each antenna.  

The interference conditions experienced by the demonstrator array were discussed. A transmitter at Kirunavaraa, which would have been a problem earlier, had been closed down more than a year previously as part of the transition from analogue to digital TV transmissions in Sweden; all terrestrial TV transmissions in Sweden were now in the UHF (470-860 MHz) band.  A similar transition had recently taken place in Finland and was also due to happen in Norway within the next two years. This would leave Band III (175-226 MHz) temporarily vacated throughout the 3D deployment area.  Although the band was reserved for future DAB radio transmission, plans for the DAB network in Sweden had been severely scaled back, and there were currently no plans to deploy a DAB network in Finland. Only Norway was committed to deploying a DAB network, including possible transmitters in Troms and Finnmark. Hence the EISCAT request to use this frequency range had probably been lodged with the authorities at a relatively good time.
Talk 3: Antenna simulations: Tore Lindgren
There was further discussion of the snow loading problem already referred to above. It was stressed that snow loading problems could be expected every winter and hence there was a need to model the performance of the yagis which would actually be used in the real array. 
Talk 4: Receiver system for the Demonstrator array: Mikael Larsmark
It was noted that the receiver system would have a bandwidth of (15 MHz, with a temperature-stabilised LNA. A cable calibration system was used to measure propagation delay. An ADC card allowed for 80 MHz sampling, with a 10 MHz clock and a 16-bit signal from each of two channels. There were two amplifier stages and a bandpass filter. The control board was interfaced to Matlab, but could also be used under C. The power supply and filters had been verified to produce no extraneous noise.

It was stressed that the software interfaces of the receiver system needed to be properly documented. The number of LNAs in the initial installation was also queried, and it was clarified that there would be 8 LNAs (i.e. 8 channels) in each of three racks. The data from these would be handled by 4 ADC cards, each taking two channels of input.  It was pointed out that these units had been produced manually, and the question was asked of how hard it would be to mass-produce them, as would be needed for the real radar. Dr Larsmark agreed that mass-production would require some work to miniaturise this hardware, the current hardware was for proof-of-concept only.  There was some question of what the mean time between failures might be for such components, especially when they were likely to be such a vital part of the whole array. It was noted that the AMISR radars in the USA had initially suffered quite badly from problems of component failure, and that any company manufacturing the receivers for the final EISCAT-3D system would need to be set a strict guideline on MTBF.
There was some discussion of what the timetable would be to install the hardware into the demonstrator array.  It was noted that there was no missing hardware, though there was a problem with one LNA box, which could hopefully be resolved quite quickly. Hence the installation could be done within the next few weeks and certainly before the onset of winter.

The meeting broke for coffee at 10:45

Talk 5: Digital down-converters: Tarmo Laakso
I was out of the room during this presentation, and so missed the following discussion.

Talk 6: Demonstrator data transfer frame count logic: Lars-Goran Vanheinen
There was some discussion of why parallel communications links had been employed in this part of the system.  Johann Borg asserted that the use of serial codes would be better, although it would involve discarding a small number of samples (perhaps one in every million) and was concerned that EISCAT staff members were apparently not aware of this possibility.

It was noted that there was an upstream connection to the SerDes chip, and it was asked what this was used for.  It was clarified that it was necessary for the SerDes chips to talk to each other in real time, in order to maintain synchronisation.

Talk 7: Parallel/serial/parallel conversion (SERDES) logic: Peter Bergqvist
It was noted that the main purpose of the SerDes chips was to convert streams between parallel and differential serial format, and vice versa. In this case, 16 bit parallel streams were being converted into a single bit stream. This would not be needed in the real array, but was being done here as a system test. The performance had been tested at 1.6 Gbps (80 MHz) on an optical fiber with a clock specified at 40ps peak-to-peak jitter. Even though the external clock used for the test was drifting in frequency, the performance was good.  The system used a Vertix II board, which had an on-board programmable clock capable of operating at frequencies up to 62.5 MHz. The board incorporated a Xilinx RocketIO transceiver and was being used in conjunction with the Xilinx Aurora transfer protocol, though it also supported Infiniband. It was noted that the Xilinx hardware was new technology which was not available at the beginning of the design study.  The SerDes system appeared to work well, and the technicians were eager to use it in conjunction with a working beam-former. 
Talk 8: Demonstrator beam-formers: implementation in FPGA: Walter Puccio (given by Gudmund Wannberg)

It was noted that Dr. Puccio believed that the necessary bandwidth reduction, FIR filtering and beam-former aspects of signal processing could be all implemented on the free cores of the Xilinx chips discussed above. An open source FIR compiler for Xilinx hardware now existed which should make filter design relatively simple. Each board had 16 serial inputs, and for the demonstrator array it was envisaged to use two boards, utilising 12 inputs on each. However there was still a potential problem in linking between the Xilinx chip and signals on optical fiber, which was due to problems in RocketIO. Using this technology in the real array, it would be possible for 30 chips to handle the signals from 500 antenna elements, and doing this would eliminate the need for the digital crossbar, which had previously been discussed in earlier design study meetings. It had been intended that the ADC and beam-forming would be carried out on hardware physically located in the antenna array, though for the demonstrator array, the signal would most likely be brought into the Kiruna site building so that beam-forming could be carried out in a more conventional software environment.  It was believed to be feasible to compute at least two simultaneous beams in this way, as a proof of concept.  In principle, it was believed that the Xilinx chips could generate as many as ten simultaneous beams, making a chip-based beamformer a very attractive solution for the final system.
Another advantage of using standard computers to do the beam-forming for the demonstrator array was that the signal could then be streamed into the conventional EISCAT signal processing chain at Kiruna, where it would be handled in the same way as the standard EISCAT UHF data.  This would be an adequate solution for testing purposes, where only a small number of beams were anticipated.

Talk 9: "Channel boards" for the EI_3D/EI UHF interface: Markku Postilla
It was shown that it would be possible to use channel boards to input the data from the demonstrator array directly into the digital signal processing chain of the UHF system. This would require 6 down-converters, each processing four rows of single polarisation data.  Running such a system at 5 MHz would fill up the channel boards, so that this kind of solution, using existing EISCAT technology, would not be feasible for the actual EISCAT-3D system. It was stressed that the solution presented here was, however, never intended as anything but a stop-gap measure to enable a limited amount of proof-of-concept data taking with the demonstrator. 
Talk 10: EI_3D signal processing challenges: Magnus Lundberg
The challenges of adaptive polarisation estimates in the EISCAT-3D receiver systems were discussed, and the use of maximum likelihood (minimum variance) techniques was shown to be a viable way of achieving this, given the availability of beam-formed estimates of the horizontal and vertical received polarisation streams.  The next goal would be to test this technique using real polarisation data from the demonstrator array.
The meeting broke for lunch at 12:15 and re-convened at 13:20

Session 2: Tuesday Afternoon, September 16th 2008.

Talk 11: WP3: The active antenna array: simulations, test bed etc: Toralf Renkwitz
The antenna array simulations carried out so far were presented, and it was verified that beam steering to 40o off-boresight would be possible without serious problems from grating lobes. The use of an equilateral grid was shown to be better than that of a square grid, giving about an extra 12o of beam steerability.  The use of a circular aperture was also shown to give a better suppression of the first sidelobe, compared to the use of a square grid. It was also noted that an antenna spacing of 0.75( gave a significantly better performance than a spacing of 0.7(, even though this represented a difference of only 6 cm.  It was questioned whether any attempt had been made to simulate the effect of random spacings, e.g. as might be used for interferometry.  This had not been done and was probably impractical because of the time taken to make such estimates; each simulation currently took around two days to run.

The effect of using thicker yagi elements had been modelled, and it appeared that such thick element yagis were increasingly insensitive to ice and snow effects on bandwidth.  It was noted that a small test facility would be constructed close to the demonstrator array to allow the mutual coupling properties of the thick element yagis to be tested.

Talk 12: EI_3D RF power devices: test beds: Ingemar Wolf
It was noted that the power amplifiers currently being developed had an efficiency of about 65%, but were most efficient in pulsed applications, where they consumed less power. The selected amplifier was flexible enough to deal with both amplitude and phase-modulated codes.  The system was in the last stages of development, but implementation into the test array was not contemplated, because EISCAT did not have a transmitting permit for the 224 MHz band in Sweden.  Instead, extended stress tests would be carried out by running the power amplifiers into dummy loads.  
Talk 13: WP5 progress and status: Vassil Belyey
This presentation concentrated on methods to calculate the interferometry brightness function given a radar measurement of the visibility function. The technique had been tested on simulated visibility functions based on a model having an arbitrary number of brightness blobs, and examples of the recovered brightness functions were presented. Some practical tests of the technique had been carried out at the Jicamarca radar, using five sections of the main array and a purpose built outlier.  Cross spectra were measured over a frequency range of (10 Hz. However the geometry meant that the baseline sampling was not ideal, and even for a single blob the reconstruction was not very good. Some attempts had been made to improve the configuration, in order to get a better recovery of multiple scatterers.

The plan for the remainder of WP5 was to complete the development of the visualisation parts of the package between now and February 2009, after which an overall summary of WP5 would be drawn up for inclusion in the WP11 final report.

The questioning included the amount of computing power needed to generate the images, and it was stated that this depended on the language and the desired resolution. At Jicamarca, Jorge Chao had implemented a version of the reconstruction software in C, which was able to produce brightness functions in real time.  It was also noted that the success of Maximum Entropy Methods depended strongly on the initial guess, and that some implementations of MEM used “closure phase” techniques to optimise this.  It appeared that such techniques had not been used in the WP5 work done so far.

It appeared probable that there would be some similarities between the arrays at Jicamarca and EISCAT-3D, in that each would consist of a large central core which could be sub-divided into smaller sub-modules for interferometry.  However it was likely that the EISCAT-3D central site would also comprise a number of outlier modules, whose position was specifically optimised for interferometry.  This was not the case at Jicamarca. 
Talk 14: WP10 progress and status: Rico Behlke (given by Cesar la Hoz)

A list of potential novel uses which had been investigated was presented.  This included:  modelling (and the use of EISCAT data to constrain models), searching for earthquake precursors, the effects of eclipses and the effects of F-layer ionisation patches on communications.  The package had used all of its originally allocated time, but more time had now been added to enable some additional research on the use of EISCAT-3D for the science of upper atmosphere/climate connections and the study of ionospheric signatures of global change.

Talk 15: WP8: Current status and future activities: Ian McCrea
The status of WP8 in terms of its original goals was summarised.  Some de-scoping of the original package had been done, and the RAL team had now delivered three of the scheduled five deliverables with the remaining two in progress.  The package would end on schedule in terms of time and budget. The modified topology for the data system was presented, and the discussions with computing and storage vendors briefly summarised.  In general, these discussions had demonstrated that, though challenging, the envisaged data handling system was achievable even with today’s technology, and that it was already possible to propose working hardware solutions. Questions on WP8 were deferred until after Talk 17.
Talk 16: WP8 internal design issues: Ivan Finch
The detailed design of the data system was reviewed, concentrating particularly on the outcome of vendor discussions concerning the central and remote site ring buffers, the central archive, the interferometry data handling system and the remote site data systems.  Contrary to original expectations, the last of these had proved to be the most challenging, partly because of the possibility of extreme environmental conditions. For each of these elements, a possible implementation was outlined.  Also the possibility of using containerised data systems at the remote sites was briefly discussed.
Talk 17: WP8: Context and interfaces: Derek McKay
It was stressed that a number of the specifications devised in WP8 rested on assumed rates and volumes for data and metadata coming from other work packages.  However, much of this relied on hopefully reasonable assumptions made by WP8 workers, and a large number of the interfaces had not been well-specified so far.  As the design study entered its final phase there would be a need for more discussion between work packages and some more detailed agreement on the content and structure of interfaces.  A few examples were discussed. 

The meeting broke for coffee at 15:15

Talk 18: LTU summary: Jonny Johannsson
It was noted that, in addition to the LTU work presented so far, the Lulea group had also been investigating the potential use of a GPS-based solution for time-keeping in the array.  There would not be time to fully develop this within the present study, but the technique should continue to be evaluated as a potential candidate for use in the final array.  There was discussion about the possibility of errors arising from this technique – in particular the possibility that it might be compromised if the ionosphere was characterised by small-scale structures of the same order as the scale size of the array.
Talk 19: UiT summary: Cesar la Hoz
The status of WP5 and WP10 was briefly discussed.  Both packages were well on course in terms of their agreed deliverables.  It would be desirable to attempt to validate some of the interferometer algorithms, such as coherence threshold detection, on the demonstrator array, if time permitted.

Talk 20: IRF summary: Ingemar Wolf
A short summary of the IRF activities was presented.  In addition to the work already described, a mechanical design for a new thick element Yagi had been made, and the mutual coupling properties of these antennas would now be tested.

Talk 21: EISCAT summary: Markku Postilla
A short summary of EISCAT activies was presented.  A substantial amount had been achieved, in particular relating to the development of the demonstrator array and its supporting technology, but a large amount remained to be achieved, particularly in terms of deliverables.  In particular, it was urgent that the demonstrator array should become operational before the onset of winter made it difficult to work outside.

General Discussion: End of Day 1.

Dr. Wannberg presented the viewgraphs which he was intending to show at the Steering Group meeting the following day.  There was some discussion of whether the four-year period of the study could be extended, and under what conditions. This discussion was followed by a visit to the EISCAT-3D demonstrator array.

Session 3: Wednesday Morning, September 17th 2008.
Talk 22: EISCAT_3D: Financial and administrative status: Henrik Andersson
The current status of the project was briefly discussed. Despite some delays in finalising certain issues connected with the third reporting period, the financial status was fine and the administration was coping with the workload.  It was clarified that a request could be made to extend the study, but only by allowing more time to submit the final report (due June 15 2009).  No additional EU money could be spent after April 30. In Henrik’s opinion, asking for an extension on the final report deadline was not advisable and would send a bad message to the EU.  Now that the design study was approaching the end, thought should be given on how to secure the money needed to build EISCAT-3D, which would have to come from a mix of EU, Scandinavian and international sources.  This would be a major job for the next Director.

Talk 23: EISCAT_3D: Status vis-à-vis Brussels, prospects, ESFRI etc: Tony van Eyken

The status with respect to the EU was as good as it could be, and there were strong signs that the project would get onto the ESFRI roadmap. The relationship with the EU Project Officers had been excellent, and the mid-term review had been very positive.  However, this was now a while ago, and the last period of the project would be very pressurised in terms of the requirement to produce the remaining deliverables on time. It needed to be recognised that the final deliverables which Brussels needed to receive were not the same ones that all the design study members would have liked to produce in an ideal world, but it was necessary to be realistic about what could be achieved in the remaining time and to write the reports accordingly.  Regardless of whether EISCAT-3D succeeded in making it onto the ESFRI roadmap, EISCAT had achieved huge visibility in Brussels, and we should all take pride from this.  The end of the design study would probably not be the end of the EISCAT-3D exercise, and there would be scope for EU-funded follow-on studies, particularly if EISCAT-3D made it onto the roadmap.  In reality, there would be a need for such studies in order to maintain the momentum of the project, because it might be some time before enough money could be secured to fund the build phase.
In the ensuing discussion, it was noted that successful operation of the test array would be a critical demonstration that many of the concepts behind EISCAT-3D were actually feasible. In some cases, we would have to accept that there was insufficient time for solutions developed in principle to be validated in practice. However, there was a strong feeling that it was necessary to demonstrate as far as possible that the designed system would actually work in practice, and it was felt that there was a need to draw up a list of those facets of the system design which could actually be demonstrated to work within the remaining time.  Similarly the final report would need to distinguish between those concepts which had already been proven to work, and those for which a solution had been devised, but not yet demonstrated.
There was some discussion over whether any of the concepts behind the WP8 data system could be verified using actual test equipment from suppliers.  It was believed that this might be possible, however securing such test equipment might be conditional on a promise to place a subsequent order with the manufacturer concerned.  It was recognised that several work packages needed to discuss the interfaces between them.  However, it was felt more appropriate for them to do this in small groups, rather than at the main All-Hands Meeting.  Such discussions could be held in parallel with the Steering Group, which would meet later in the morning.

Talk 24: Summary and concluding remarks: Gudmund Wannberg

Prof. Wannberg briefly summarised the status of all partners.  It appeared that RAL, LTU and UiT would all complete their parts of the study on time and according to budget.   Dr. Johansson suggested that there might be scope for LTU to take some extra effort, e.g. to investigate the future-proofing of design study concepts. It was agreed that the investigation of mean time between failures might be important in the light of AMISR problems with respect to component reliability. 
There were some issues in respect of EISCAT and IRF, because IRF might not have enough staff available to use all their allocated staff effort within the remaining time, while EISCAT had no obvious person to assign to WP11, which was obviously of key importance as it represented the summary of the study output.  The various deliverables could act as appendices to this main document.  

It was also noted that the science case had still not been clearly articulated by SOC or Council, and that the science workshop proposed to be held in association with this meeting had not taken place. It was noted however, that summaries of the science case existed in a number of places, including D8.3, and that one possibility was to circulate a draft science case to SOC and Council, with the warning that this case would be used in D11.1 unless it was refined and improved by them.  This would have to be done on a time scale quicker than the next SOC meeting, which would not be until Spring 2009 and Dr. McCrea undertook to raise this matter at the Autumn 2008 Council Meeting.

The All-Hands Meeting ended at 10 am on Wednesday September 17th.  

