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Response to Reviewer Comments

Peter Wizinowich – Algorithms Document

Here are some comments on the RTC Algorithms document.  This is a nice

document overall.  I focused on areas where I thought I might be able to

provide some review input (not so much on the algorithms themselves):

- Overview.  2nd para.  As I mentioned in the requirements it may not be

practical to have a single "cycle period" for the LGS WFS.  At least a

different rate is likely needed for the fixed asterism LGS and the

patrolling LGS.
Agreed, but we’ll have to say that the tomography WFS all operate on the same clock cycle. I think this is necessary for the real-time tomography control algorithm to make any sense in terms of digital control. Since the point-and-shoots are independent loops, it is easier to accommodate independent frame rates for them.
- Figure 1.  1) This is largely consistent with some of the requirement

changes I recommended in a previous email.  2) However, this figure does

not show the control of the LGS WFS TT mirrors.  3) Shouldn't the link

between the tomography engine and the woofer DM be called "Low order

science wavefronts" and the link to the science DM be called "High order

science wavefronts"?  Currently the one to the science DM is called "Low

order".  4) Why is there a "(Volume Info.)" to the LOWFS box that

controls Tip/Tilt? 
2) The figure shows this loop, labeled as “Point and Shoot LOWFS Tip/Tilt Drivers”. These signals are intended to drive the tip/tilt mirrors in front of the LGS WFS. Sorry about the bad labeling, perhaps it is better to call it “Point and Shoot HOWFS Tip/Tilt Drivers”.

Marco is adding another line from the central box labeled “LOWFS” to drive the tip/tilt mirrors in front of the IR Tip/Tilt sensors. This is a relatively new architecture of running the tip/tilt sensors in closed loop, as proposed by Viswa Velur.

3) Yes, these labels were inadvertently interchanged. We’ve fixed this.

4) We were thinking that the tip/tilt solution may depend on the tomography reconstruction. We’ve since abandoned this idea in favor of tip/tilt solutions depending only on tip/tilt measurements (see section 2.7).
- Sect. 2.3 Fig. 5.  Is this algorithm for wavefront reconstruction

really appropriate for the patrolling LGS WFS's.  These WFS have ~ 1/4

of the subapertures of the fixed LGS WFS's used for tomography (and

control ~ 1/4 of the actuators).  Perhaps a more traditional approach

would be suitable?  You could also go directly to actuator commands with

the patrolling WFS's since they do not need to go through the tomography

engine.
Yes, it is possible to use a “traditional” controller here, since they operate as independent loops. For example, we could use a clone of the GPI controller (presumably to save design cost). However, we are advocating that we use a common system for the wavefront sensing function throughout NGAO for reasons of saving on commissioning and testing, maintenance, and spares.
- Hopefully Fig. 6 & 7 will soon be replaced with more legible versions.
Yes, working on them. Aren’t cell phone cameras wonderful? (
- Section 2.7.  2nd para.  2nd sent.  The 4 LGS constellation is on a

20" diameter, not a 10 arcsec diameter.
I agree it should be on a 10 arcsec radius to fill the column above the telescope. FR-1867 however says 10 arcsec diameter. I presumed this came from Rich’s optimizations. This needs to be clarified and corrected in the requirements database.
- Sect. 2.7.  4th para.  In order for two TT sensors & one TTFA sensor

to produce 12 measurements you must be assuming that the TTFA is a 2x2

subaperture Shack-Hartmann.  Might make this clear.
That’s what I’m assuming.
- Fig. 8.  Presumably the "Low Pass Filter" passes low spatial

frequencies.  Would it be better if it passed low altitude, low spatial

frequencies?  The science MEMS would then deal with the high altitude

and high spatial frequency correction.  The LOWFS MEMS would potentially

do a little better with the low altitude correction already dealt with.
Yes, this alternative can be accommodated. Some slight revision of section 2.5 is needed.
- Fig. 8.  I don't understand why there are commands to 3 DMs plus the

woofer.  Should only be commands to the woofer and science (tweeter)

DMs.
The diagram is a misprint (see Figure 33 in the Design Document for how this should look). Two of the DMs were intended to be (future) MOAO DMs. They will be eliminated in the final version of the document. 
- Fig. 8.  I'm not sure that I am comfortable with the way the TT filter

is used.  Wouldn't it have been safer not to have included any TT in the

science object data as it exits the "Value Adj." box; then you wouldn't

later be subtracting it out from each DM?  Couldn't the LOWFS TT data

have just been appropriately weighted and averaged in a separate box to

control the tip/tilt mirror?  
Yes, this is all true, and is a correct description of our present algorithm. The diagram (again, see Fig 33 in the Design Document for the correct version) is intended to show the more general case, which can be accommodated by the software.
- Sect. 4.1.  It would be good if Rich could review/update this science

case table; he may have the new numbers from his work on KAON 644.
Agreed. This is what we had as definitive at the time of the writing. Definitely more work is needed (by the system engineering group) to define the budgets.
- Sect. 4.1.  Correction to one of the build-to-cost impacts.  4th

bullet.  Only one LGS WFS subaperture scale needs to be supported for

the fixed LGS.  This should be assumed to be 60 subapertures across the

10.949 m telescope pupil.  Only one LGS WFS subaperture scale needs to

be supported for the patrolling LGS.  This should be assumed to be 30

subapertures across the 10.949 m telescope pupil.  Reference is drawing

no. 1410-CM0010 which shows the telescope pupil on each DM.
These bullets were copied verbatim from KAON644. The change from 64 to 60 across is new. Are these and  other changes documented somewhere? Is the drawing you refer to posted on the Twiki site?

- Section 4.1.1.  Is this table (and the one in sect. 4.1.2) of

atmospheric parameters consistent with KAON 496 and the parameters being

assumed in Rich's error budget?  Should reference the appropriate KAONs.
I used KAON 503 (I should have put the reference in this section). I don’t have access rights to KAON 496. It is also consistent with KAON 644, which is the operative source for the error budget.
- Sect. 4.1.1 & 2.  Table 7 & 8.  1) The flowdown requirement is not

(yet) consistent with the FRD requirements where 2 ms was listed for HO

delay and 1 ms for LO delay.  2) It would be interesting to see a

timeline as well as this table.  In reality isn't there some time

overlap of these categories such that they are partially in parallel;

does the delay already take this into account?
Yes, the FRD does say 2 ms. I’ve been advocating that this flowed down requirement be given in nanometers for HO and milliarcsec for TT, and this is reflected in the flowdown spreadsheets we’ve sent to Rich. The latencies shown here meet the 59 nm and 1.3 mas requirements, given to me by Rich, via these spreadsheets. I assume that Rich will be revising the requirements database accordingly.
- Sect. 4.1.2.  Neyman has recommended a parametric oscillator approach

to addressing tip-tilt vibrations.  Has this approach been accommodated

in the RTC design?
Not yet. We have been evaluating this and think it is no problem to incorporate it in the tip/tilt controller.
- Sect. 4.3.1.  Will we really want to read out all 256x256 pixels or

should we have a camera readout program that reads more quickly and

discards the pixels in the corner that have no illumination?  Question

for Sean?  For the patrolling LGS WFS we only really need 128x128

pixels. 
We view this as an optimization. The system meets requirements with the present camera readout speeds as specified.
- Sect. 4.3.2.  "7 32x32 LOWFS DMs" should be "3 32x32 LOWFS DMs".
Correct, my mistake.
- Sect. 4.3.4.  1st para.  Last sent.  Why is this "subsampled data"?

We should be averaging the data in the RTC and sending the average to

the AO control.  Then I don't think any of this anti-aliasing would be

necessary.
This is a description of the moving-average filter that is the anti-aliasing approach. If you would like a periodic “boxcar” average that too is possible with a similar algorithm.
- Sect. 4.5.  What about parametric data output from the RTC.  I think

that we would like the RTC to produce a r0, tau0, d0 and Cn2 type

outputs so that we can check actual performance versus predicted

performance for the conditions and perhaps also use this information to

optimize.  We will certainly need a PSF estimate produced somewhere (in

order to meet some of our quantitative astronomy requirements) and we

should look at what role the RTC can play in producing this estimate.
Agreed, but this processing does not need RTC horsepower. The RTC provides enough information for a separate non-real-time CPU to calculate these values. There should be a separate meeting with the controls group to discuss the issue of translating familiar parameters to RTC parameters and translating RTC output data to familiar quantities like those you list.

Thanks,

Peter
