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Peter Wizinowich – Requirements Spreadsheet

- General.  FR-1401.  Only 4 of the LGS WFS inputs are used for tomography (according to our B2C re-design).  The other 3 LGS WFS inputs are individually used to control the corresponding MEMS in the

corresponding LOWFS.  Also tip-tilt information from each LGS WFS needs to be used to control the tip-tilt mirror for that LGS WFS.  Note that it might be best to break out each of these key functionalities into

items a), b), etc.
We just took the requirement as written. Do you suggest a change in the wording of this requirement? I believe the present design assumes all this.
- General.  FR-1403.  What is the problem with this requirement for the RTC to protect itself?  Do you want to transfer this to an AO control requirement?

The wording of the requirement is too general. “whatever is required” implies spending infinite resources to protect the system. It needs to be quantified.
- Interface.  FR-1419.  This requirement writes all of the average information to the data server.  A question for Erik and you is whether we want some of this information available more directly to the AO

control system for use in monitoring and control.
FR-1414 and FR-1416 deal with the status updates to the control system.
- Interface.  FR-2253.  This requirement references the telemetry data listed in FR-1419.  However, in FR-1419 everything is an average.  You should be clear that the data from each frame (pixel, centroid, etc.)

can be written to the RAID system.
This should have referred to FR-1416, which defines the RAID data stream.
- Performance.  FR-1406.  1) You should be clear what these bandwidths

mean (e.g., are they the -3db bandwidths?).  The bandwidths will

certainly depend on the frame rate.  In another requirement you say that

the minimum frame rate is 100 Hz so in this case it will be impossible

to meet these "at least" requirements.  You need to be more explicit

here.  2) Are these "at least" bandwidths consistent with Rich's error

budget tool assumptions?  I am uncomfortable with a 30 Hz tip-tilt

bandwidth given how much vibration we have near 30 Hz; can we increase

this bandwidth requirement? 3) A 2 ms latency seems way too slow to

allow you to meet the 100 Hz bandwidth requirement.
1) Yes, we assume -3db bandwidths

The bandwidths will depend on frame rate, however, we interpreted the requirement as a “full-up capability” i.e. it is possible to achieve this bandwidth so long as you use the full frame rate.

2) The bandwidths are consistent with the error budget published in KAON 644, which is what we have to work with. 

I agree that the 30 Hz is inadequate to cover the vibration issue. We found no other requirements dealing with vibration. I suggest we add something, such as an independent vibration sensor. If we require the tip/tilt star to measure vibrations this will cut in to the sky coverage most likely. Again, all these potential changes to the requirements should be vetted through the systems engineering team. We don’t see any problem with increasing the bandwidth of the tip/tilt loops in the RTC, i.e. it is not a push-back item, but probably has an increase in cost associated with an additional sensor and interface.

3) Where is reads 2 ms it should read 1 ms, in the requirement, which I edited from a TBD. Sorry, I confused this with latency, which is about 2 ms. (We’ve done the control loop modeling and it achieves the 100 Hz bandwidth in ~2 ms overall latency of which ~1 ms is RTC compute delay.)
- Performance.  FR-1436.  Consider going to a minimum loop rate of 50 Hz

(I believe that we have used rates this slow with our current system).

The 100 Hz rate is inconsistent with FR-1410 under Functional.
FR-1410 requires tip/tilt sensors to be adjustable down to 25 Hz frame rate. FR-1436 requires the AO (I presume high-order loops) be adjustable down to 100 Hz. We have no problem with setting the limit to 50 Hz for either (or 25 Hz).
- Performance.  FR-1454.  If we have a power failure (which happens in

HI) and we are not on adequate UPS then a 20 minute startup time will be

painful.  Can this be reasonably reduced?
Unfortunately, given the total power load and the resulting power sequencing needed, it will be difficult to guarantee much less than this. I think as we refine the hardware design, we’ll be able to start formulating a boot-time budget, with the goal of a quicker sequence than 20 minutes.
- Performance.  FR-1438.  Consider reducing this update rate from 90 to

60 sec.
Fine for the RTC.  Doing this probably has higher impact on the supervisory controller, which must compute the covariance matrices for the update.
- Physical.  FR-1440.  I don't like having a volume requirement.  I

think that so many units of a standard 19" rack, or a max number of

racks, would be more appropriate. 
Not all the equipment is in 19” racks, but we can probably suggest a better specification of volume requirements.
- Physical.  FR-1441.  This is a ridiculous weight for the RTC.
This was a TBD. The value here is flowed down from SR-702. We have no other guidance and no weight budget.
- Physical.  FR-1442.  20kW is also ridiculous (I hope). 

The Nasmyth power limit is in SR-712, although the RTC is likely not to be entirely on the Nasmyth. Again, no other guidance or power budget can be found in the requirements.
- Reliability.  FR-1449.  We will presumably be leaving the RTC powered

up all the time(?).  From this perspective 140h seems way too low.  If

this is from a different perspective then that perspective should be

made clear.
The assumption was 6 hours operation per night. 140 hours is 25 nights operation before a fault requires a re-boot of any subsystem. The same rate can be applied to day-time operations, but we have in mind the night time operation here.
- Functional.  FR-1409 d).  "export this information to the appropriate

subsystem for LGS tip-tilt control".  I don't think that there should be

another subsystem for LGS TT control.  The RTC should directly drive

these mirrors.
The LGS TT control is a subsystem within the RTC. The RTC has several subsystems operating in parallel.
- Functional.  FR-1409 e).  If this is a cost driver then I think it

should be moved to a goal, not a requirement.  We are very unlikely to

have a pulsed laser.
Ok.
- Functional.  FR-1409 f).  Just like you allowed the LOWFS frame rates

to be independently selectable, it might also be good to allow the LGS

WFS frame rates to be independently selectable.  First of all the LGS in

the fixed asterism are by design brighter than those used for point and

shoot.  Second of all each laser may have a somewhat different

brightness, especially if it is encountering a problem.
Agreed that the point-and-shoot WFSs could be adjustable to a different frame rate than the tomography WFSs. It will be more difficult to have different frame rates for each WFS within the tomography system; this has an unknown impact on the tomography algorithm design.
- Functional.  FR-1411.  We need to answer the question of whether TWFS

processing will be done in RTC or elsewhere.  Currently not in the

scope.
The TWFS has a very slow frame rate. Processing this data in the RTC is more expensive than in a general purpose non-Real-time CPU.
- Functional.  FR-1413.  Change the short name to "NGS WFS Processing".
Ok
- Functional.  Need a requirement that the NGS WFS can be used as a

LOWFS/TWFS input.
I didn’t know this. Shouldn’t be too hard to accommodate though.
- Functional.  FR-1414.  See General FR-1401 above - only 4 LGS WFS are

used for tomography.  Need another item to cover the individual LGS AO

systems commanding the LOWFS MEMS mirrors.  
Agreed. I missed this deficiency in the requirements, but we designed the system this way.
- Functional.  FR-1414.  Should perhaps include the commands to the LGS

WFS TT mirrors (perhaps this is covered by a.2?); this is definitely

covered by FR-1432.
Yes, it is covered by a.2. Also covered in FR-1432 and FR-1422.
- Functional.  FR-1416.  This seems to be the definitive telemetry

requirement.  Should consider deleting or modifying Interface FR-1419

and FR-2253 to reference this requirement.  Also consider whether

FR-1453 is needed.
The system engineering team needs to work on this.
- Functional.  FR-1427.  These are reasonable units, however I believe

that our past standard has been meters for all units of length (should

confirm that we want to use nm).  Also, need a standard for tilt

(radians is the normal standard).
Ok. The exception is the high-frame-rate data sent to RAID disk. There will not be enough time to convert units on this raw data stream, so the post-data server will need to provide conversion capabilities.
- Functional.  FR-1457 and 2246.  Should these be goals and not a

requirement?  I am nervous about cost drivers. 
Ok. 

- Functional.  Rows 100-103.  Are these intended to be a new (as yet

un-numbered) requirement?
This was a cut-and-paste error on my part (repeating portions of FR-1403)
