Notes from MBARI meeting with Agilent July 8, 2003

15JUL03 Mark C./Tom O'Reilly

From Agilent:

John Eidson, Department Scientist, john_edison@agilent.com
Jeff Burch, Measurement SW architect, jeff_burch@agilent.com
From MBARI:

Mark Chaffey, Kent Headley, Gene Massion, Tim Meese, Tom O'Reilly, Wayne Radichonski, Brent Roman.

Summary

Meeting was arranged by Tom O'Reilly as a follow up to MBARI visit to Agilent by Jim Bellingham and Keith Raybould. Specific purpose was to present each organizations efforts to date on timing distribution and smart sensor networks and explore the possibilities for technical cooperation.

John Eidson made a presentation on IEEE standard 1588 (he was standards committee chair) and the prototype implementation they developed based on the standard. Jeff Burch presented Agilents technology efforts developing "data probe" smart sensor interfaces with associated web based configuration management and maintenance tools. The similarity to MBARI's SIAM work was clear with several significant differences. One major difference is that MBARI is interfacing relatively intelligent instruments while Agilent has attacked the problem of dealing with dumb sensors, so has standardized much of the raw sensor data processing as part of their "data probe". John and Jeff also demonstrated a preliminary implementation of the IEEE 1588 time distribution standard that was holding relative time across a local network of +/- 200 nanoseconds. While this is beyond the immediate requirements for the MOOS mooring system seismic applications, the implementation is fairly simple and it would enable a whole new class of applications such as acoustic tomography with the appropriate MOOS hardware modifications. This could be a great long-term benefit when it comes to exporting the mooring network technology. There also are possible IEEE1588 applications to MARS.

John and Jeff are interested in working together along the lines of having MBARI be a field implementation for demonstrating the various technical solutions and developing a complete reference design for a specific cutting edge application. Their specific goal is to develop as much interest as possible - and implementations - for IEEE 1588 and Agilent's "data probe" technology. The potential stumbling blocks are that for sensor networks MBARI and Agilent have taken slightly different approaches (for good reason) and Agilent appears reluctant - or unable - to consider an implementation that departs significantly from their standard design. The same is likely true for MBARI. Nonetheless it is clear from the discussions that took place that MBARI's efforts in developing sensor networks can only benefit from having access to the resources and previous work of Agilent in this area.

On the issue of accurate time distribution we at MBARI are less committed at to a specific design at this time and could consider implementing a full scale IEEE 1588 conformant system. This is a very exciting possibility for MOOS and should be explored further. A last comment is that for there to be a significant collaboration between engineering at Agilent and MBARI some formal resource support would have to be found, either internal to the two organizations or from outside sources. Future discussions on possible collaborations should include Jay Warrior from Agilent who apparently is the program manager and was unable to attend the initial meeting due to schedule conflicts.

Detailed notes

Timing issues

1. "If you only need +/- 5 milliseconds then that's just one Ethernet message" - John Eidson

2.  Goal is sub micro-second timing over a local Ethernet network. Routers and switchers cause additional timing fluctuation, with routers being the worst and switches looking more like routers as their complexity increases.

3. Applications are:

· Military flight test (L-3 Company).

· Industrial automation (GE, Rockwell)

· Telecom monitoring (Nortel)

4. Technologies…

· NTP and SNTP (SNTP = simple NTP, which might work for us). NTP not particularly stable (5-15msec. over local network.

5. Timing workshop in Sept. at NIST in Gaithersburg Maryland on IEEE 1588 applications. See IEEE1588.nist.gov

6. Using GPS as time source millisecond accuracy is achievable, for microsecond accuracy you need complex averaging of the GPS time synchronization signal.

7. IEEE 1588 needs hardware "packet sniffing" hardware for the highest level of accuracy to eliminate software/processor variable time delays.

8. Update intervals are about 2 seconds maximum for IEEE 1588 and 1 second for GPS.

9. Master clock (buoy for us) oscillator should be high accuracy crystal for best stability and accuracy between updates.

10. All messages in IEEE 1588 are multi-cast.

11. IEEE 1588 timestamps are 64 bit by standard, "maintaining a 64 bit clock in an FPGA is not trivial" - John Eidson.

12. "…the other thing that is not in the standard is how to read the clock with your application to the highest level of accuracy", (MBARI's thinking is that we would synthesize a 1PPS signal a'la GPS format).

13. Provision exists in IEEE 1588 to ask master to output a burst of time synchronization messages. Potentially useful for faster synchronization on system start up.

14. More $ spent on clocks allows less frequent update rates - especially is you are only asking for 100usec. Accuracy.

15. Instrument grade oscillators gives you a three orders of magnitude improvement in accuracy - for about that much more $! About $1000 for good oscillator.

16. Time stamping at interrupt level of operating system kernel could achieve 10 usec accuracy with 1588 and no specific hardware.

Smart sensor issues

1. Client - server model works OK but publish - subscribe model works very well. Sensor is the publisher.

2. "Application should be independent of the transport function, e.g. RMI. Transport technology changes continuously" - Jeff Burch.

3. Agilent is using the 1451.2 standard. Read micro-chip application notes.

4. Several references were made by Agilent to smart sensor work going on at UCLA in the Center for Embedded Networked Sensing, http://cens.ucls.edu/ , by Deborah Estrin, http://www.cens.ucla.edu/Estrin/
5. Emphasized that in some cases event could be detected by sensor itself, which could wakeup the host node (activity on UART?)

6. Sensors should conform to at least the descriptive elements of IEEE 1451 (i.e. should contain instrument data sheet)

