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Parameter Tel-AO Lab-AO
DM actuators ALPAO 60 OKO MMDM 37
Size 18 cm 15 mm
Dynamic range 16 pm 9 um
Inter-actuator stroke 4 um 0.5 pm
Frame Rate 500 Hz 100 Hz
Mirror best flat <30 nm 400 nm
WES Camera Andor 897 EMCCD USB CCD
Lenslet 7x7 6x6
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CHARA AO improvements

1.Most of the improvements are from an operational point of view, eg:
e the ability to isolate, remove, and follow each actuator. Allows us to make a

functional if not best performing ao system for the night.

2. Due to the improved "spot location" algorithm we can go much fainter more reliably.
3. More parameters to experiment with to improve the faint limit further

4. Many online diagnostic tools in the new system to evaluate the performance of AO, to
diagnose, analyze and adjust the AO systems

5. There is a true calibration of the Noll Zernike terms throughout allowing us to compare
performance between systems.

6 The code runs much faster than the old code so the bandwidth of the servo is better.

7. Simulations to help with qualitative comparison on the go.
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GUIs TELAO

_ _Engineering
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214 - time needed to

close the AO loop;
967 - time needed to run

all the calculations in FSM
1714 -time needed to run
everything (close the AO loop,
run the calculation,
get data from a camera)

$»

GeorgaState
University.

Updates on AO

Some details
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7 . o= -] Australian KYOTO T T,
iNST I’O@vatowe LESIA SYDNEY == National sanevo  EXETER 10
de Paris UNIVERSITY OF Interferometric Survey Ok EE ¥ — h .
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Display modes

TELAO_E1 ("X TELAO_E1 X

Image of flatten DM

TELAO_E1

DM p

TELAD_E1

Image AO on
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TELAO_E1

Display modes
e of flatten DM
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Visualization tools

Theoretical actuators grid (yellow)
Measured actuators grid (turquoise)
Boxes - size, auto aligned, up to 10 grids

Center of gravity for light (purple) - auto alighnment

LABAO_51 X
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Low flux - flexible centroid estimation

fluxin the box > 9 std of flux - gaussian centroid
3 std < fluxin box <9 std - max pixel position

flux in box < 3 std - ignore the sub aperture
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DM visualization and control

- TELADO_W1 X
MAIN ANDORSETUP AO | ADJUST | DM | SERVO | SIM
DM Current: 5.8081 A DM Temp: 25.8125C Elect Temp: 42.1250 C ’ POWER OFF ] | POWER ON | | REOPEN TT |
| FLATTEMN DM || LAST FLAT || DEF FLAT || ZERO FLAT |31:+D.163| LIN/LOG || SAVE FLAT || SET FLAT |
1.10 :| RM DM TILT LIN | 40:-0.236 21: +0.045 | RM DM TILT ZERN |
48:-0373 30: +1.000 12:+1.000
55: +0.395 39:-1.000 X 20:-1.000
47:-0747 X 29:-0.318 X 11:+1.000
54:-1.000 X 38:-1.000 X 19:-1.000 X 4:-0.231
59: +1.000 X 46: -0.577 X 28: +1.000 X 10: +1.000 X
53: +0.645 X 37:+1.000 X 18: +1.000 X 3: +1.000
58: +1.000 X 45: +1.000 X 27:-0.382 X 9: +1.000 X
52:-0.370 X 36: +1.000 17:-1.000 X 2:-1.000
57:+0.339 X 44:+0.152 X 26:-1.000 X 8:+1.000 X
51: +1.000 X 35: +0.992 X 16: +1.000 X 1:-1.000
56:-0.133 X 43:-1.000 X 25:-1.000 X 7:+0.414 X
50:-1.000 X 34:-0.147 X 15:-0.199 X 0: +1.000
42:-0.208 X 24:-1.000 X 6: +0.316
43:-0.029 33:-0.248 X 14; +0.813
41:-0.096 23:-1.000 5:-1.000
32:-1.000 13:+1.000
22:-0.418
Mum: : val: |00 Act: | SET || INC || DEC || ALL || +ALL || *ALL || USE | Zern: | SET || INC || DEC || ZERO
WFS W  x+0417 M  v:+0353 M  Fc-0010 & A1:-0006 v AZ:+0026 M C1:+0027 M C2:+0.020 RMS: +0.013
DM ¥:-2.008 ¥: -0.665 Fc-4.017 Al:+3.004 A2: +9.964 C1:-1.917 €2: +0.381 RMS: +2.957
DM Servo OFF AO-0OFF TT-OFF RO=nan+-nan
| CAM ON || CAM OFF || CL ON || CL OFF || COOL OM | OMN/-50.7C | COOL OFF || ALL OFF || SAUTO || SOPEMN || SCLOSE |
| MOVIE || WFS || WFS/PH || WFS/MPH || DM/PH || DM/MPH || IMAGE || RESCALE || REOPEN || PING || QUIT |
\SS’ h | . o | Australian
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DM visualization and control

REGULAR range

>90% range

BLOCKED

: LABAO_E1 %‘
MAIN AO ADJUST DM | SERVO SIM
| FLATTEN_DM || LAST FLAT || DEF FLAT || ZERO FLAT || LIN/LOG || SAVE FLAT || SET FLAT |
1.10 ?‘ RM DM TILT LIN | 25: +0.411 24: +0.346 23: +0.815 22: +0.488 | RM DM TILT ZERN |
X X X X
26: +0.392 11: +0.736 10: +0.500 9: +0.589 21:+0.732
X X X X X X
27:+0.726 12: +0.520 3: +0.418 2: +0.607 8:+0.424 20: +0.803
X X X X X X
28: +0.654 . +0.347 4:+0726 0: +0.446 +0.303 7: +0.699 9: +0.314
X X X X X X
29: +1.000 14: +0.463 5: +0 6: +0.409 18: +0.775 36: +0.869
X X X X X X
30: +0.835 15: +0.534 16: +0.464 17: +0.609 35: +0.094
X X X X
31: +0.440 32: +0.290 33: +0.249 34: +0.397
Num: Eﬂ val: |00 | SET || INC || DEC | ALL || +ALL || *ALL || USE | Zern: | SET || INC || DEC || ZERO |
WFS v X:+0.000 [ Y:+0.000 v Fc:+0.000 v A1:+0.000 v AZ:+0.000 (v C1:+0.000 (v C2:+0.000 RMS5: +0.000
DM X: +0.000 ¥: +0.000 Fc: +0.000 A1:+0.000 A2: +0.000 C1: +0.000 C2:+0.000  RMS: +0.000
LABAO_E1 Running. AO-OFF TT-OFF
| CAM ON || CAM OFF |mu ?‘ FPS | X: |576 z| ¥: |4e8 ﬂ dx: |128 ﬂ dy: |12 ?“ ROIL || ALL OFF |
| AO ON || AO OFF || FLATTEN || SET FLAT || LAST FLAT || DEF FLAT || TTON || TT OFF || TT ZERO || LIN/LOG |PixMultEﬂ
| MOVIE || WEFS || WFS/PH || WFS/MPH || DM/PH || DM/MPH || IMAGE || RESCALE || REOPEN || PING || QUIT |
Updates on AO - aétsaz Y ( ’ -‘NO|R |’.@Vato|re ESIA THEUNIVERSITYOE | 3" Australian
Ungll\( rsity. k, g SYDNEY ~\’;,~ ”2}\'{2?;113/
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DM flaring

E1_ACQ (ZWO ASI174MM-Cool, 5.8 x 3.9 arcmin)

$»

GeorgaState
J
University

m TELAD_E1 %
MAIN = ANDORSETUP AO | ADJUST | DM | SERVO | SIM
DM Current: 7.3950 A DM Temp: 0.0000 C Elect Temp: 31.0938 C POWER OFF POWER ON REOPEN TT
| FLATTEN DM LAST FLAT DEF FLAT ZERO FLAT 31:-1.000 LIN/LOG SAVE FLAT SET FLAT
T 1
| 110 |%|| RM DM TILT LIN 40:-1.000 21:+1.000 RM DM TILT ZERN
48:+1.000 12:-1.000
55: +1.000 39: +1.000 X 20: +1.000
47:-1.000 X 29:-1.000 X -1.000
54:-1.000 X X 19:-1.000 X 4:+1.000
59: +1.000 X 46:+1.000 X 28:-0.306 X 10: +1.000 X
53: +0.431 X 37:+1.000 X X 3:+0.272
58: +1.000 X X 27:+1.000 X 9:+1.000 X
52: +1.000 X 36: +1.000 17:-1.000 X 2:+1.000
57:-1.000 X 44: +0.063 X 26:-1.000 X 8:-1.000 X
X X 16:-0.311 X 1:+1.000
56:-1.000 X 43:+1.000 X 25:+1.000 X 7:-1.000 X
50:-1.000 X 34: +1.000 X 15:+1.000 X 0:-1.000
42:-1.000 X 24:-1.000 X 6:+1.000
49:-1.000 33:-1.000 X 14:-0.109
41:-1.000 23:+1.000 5:+1.000
32: +1.000 13:-1.000
T 1
Num: |0 [5[ wal |00 Act: SET INC DEC ALL +ALL || *ALL USE Zern: SET INC DEC ZERO
WFS v X:+0312 M v:+0173 M Fc-0182 M A1:0149 M A2:+0339 M C1:-0057 M C2:-0.080 RMS: +0.137
DM X: -0.062 ¥: +2.304 Fc:+0.620 Al:+0.330 AZ:+1.679 C1:+1.033 C2:+1.096 RMS: +0.446
DM Servo OFF AQ-OFF TT-OFF R0=5.33+-6.06
CAM ON CAM OFF CLON CL OFF COOL ON ON/-50.0C | COOL OFF ALL OFF SAUTO SOPEN SCLOSE
MOVIE WFS WFS/PH || WFS/MPH DM/PH GHARA AQGTK &&ﬁhf stages. of deNﬁloprnﬁJlﬂts
OIR ! ! - i THE UNIVERSITY OF Aus.tralian KYOTO UNIVERSITY OF
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Optimizing TELAO performance - power spectrum

o PLplot -

-no DM loop, just TT
SERVO ON - both TT and DM

Gain and dumping
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Tuning AO on-sky doing science time

[ ] wfs 52 -
MAIN | AMDORSETUP | AD | ADJUST | DM | SERVO | SIM
DM Current: DM Temperature: Electronics Temp: POWER OFF POWER ON REOPEN TT
FLATTEN DM LAST FLAT DEF FLAT ZERO FLAT 31:-0.013 LIN/LOG SAVE FLAT SET FLAT
1.10 ~| RM DM TILT LIN 40: +0.316 21:-0.031 RM DM TILT ZERN
48:-0.215 30: +0.000 12: +0.148 )
55:+0.000 39:+0.000 X 20:+0.000 | TELAO E1 X
47:+0.000 X 29:+0.000 X 11: +0.000
54: +0.000 X 38: +0.000 X 19: +0.000 X 4:+0.000
59: +0.000 X 46: +0.000 X 28:+0.000 X 10: +0.000 X
53:+0.000 X 37:+0.000 X 18:+0.000 X 3: +0.000 D
58: +0.000 X 45;+0.000 X 27.+0.000 X 9: +0.000 X |I| E
52: +0.000 X 36: +0.000 17:+0.000 X 2:+0.000
57:+0.000 X 44; +0,000 X 26:+0.000 X &8:+0.000 X
51:+0.000 X 35:+0.000 X 16: +0.000 X 1: +0.000 D |E| E |:|
56:+0.000 X 43:+0.000 X 25:+0.000 X 7:+0.000 X
50: +0.000 X 34: +0.000 X 15:+0.000 X 0: +0.000 .
42:+0.000 X 24 +0.000 X 6: +0.000 |:| D |Z| |:|
49: +0.000 33:+0.000 X 14: +0.000
41:+0.054 23:+0.000 3:-0.032
32:+0.050 13:-0.070 D I:' |:|
22:+0.053 IE' D
Num: |0 1 wval |00 Act; SET INC DEC ALL +ALL *ALL USE Zern: SET INC DEC ZERO |:| |E| D |E| |:|
WF5 L4 X +0.089 ¥ Y:-0.070 ¥ Fc:-0.039 ¥ Al1:-0.016 ¥ A2:-0.069 » C1:-0.015 ¥ C2:-0.002 RMS: +0.010 B D
DM X:-0.125 Y:-0.453 Fc:-0.305 Al:+0.056 A2:-0.200 C1:-0.041 C2:-0.010 RMS: +0.098
2 reference centroids have been loaded from /ctrscrut/charaletc/wfs_S2 REF.cao AO-OFF TT-ON RO=8.44+-4.68 |:| E
CAM ON CAM OFF CLOM CL OFF COOLOM OFF/17.0C COOL OFF ALL OFF SAUTO SOPEN SCLOSE D
AO ON AO OFF FLATTEM SET FLAT LAST FLAT DEF FLAT TT OM TT OFF TT ZERO LIN/LOG PixMult | 5
MOWVIE WFS WFS/PH WFS/MPH DM/PH DM/MPH IMAGE RESCALE REOPEM PING QuIT
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Some of next steps

e obsgtk - update, optimization, wish list
e |abaogtk - wish list

e using DM as TT system

e on sky reconstructors

e AO performance diagnostics

e regular meeting with operators

e beaconmon logs, logs in general

e documentation

e 3omon

e |lurkgtk

Your Talk Title Here ést’ j@‘ .LOIR I.@Wﬂowe LESIA M t SISl nemonicore

2 -] Australian KYOTO UNIVERSITY OF
- SYDNEY == National SANGYO EXETER

=7 University UNIVERSITY




Updates on AO

$r e
GeorglaState < 16
University. . /¢

The CHARA Science Meeting 2025

Mode: (= 2D (") CutRows () SumRow () SumCols | Ghost [ Boxes (v Fit
TELESCOPE Data: () Full s Crop (O Xpos (O ¥pos () SNR ) Res ) Pwhm
Cols (x) Rows (y) Flux

3]0 |

min:-2.68e+04 max:+3.14e+04 sum: 1.6e+07 mean: 185 rms: 260
robust mean: 184 robustrms: 524

Pos: 1(312,462) 2(159,436) 3(397,394) 4(117,219) 5(354,182) 6(231,127)

fwhm: 1(33.23,33.86) 2(33.00,33.83) 3(33.41,35.38) 4(32.9833.74) 5(33.02,34.03) 6(33.15,34.43)

SNR: 5.25, 3.70, 8.25, 7.21, 4.76, B.31

No fit...

| Guiding | Box |60 o ) SNRthre. |1.0 | 120
DIT [1.002| 1.000sx3 COADC3 |2[Temp((40 |%|-40.0C (40 ConfigCame|  CDS

REOPEN I| QuIr | [start(:ame" Start RTD ] Backgroun || UseBkg | UseFLAT || IMAGE = IMAGE

1 =
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erformance - STST

O

Mode: () 2D () CutRows () SumRow () SumCols ] Ghost [ | Boxes | Fit
Data: () Full e Crop () Xpos (O Ypos () SNR ) Res ) Fwhm
Cols (x) Rows (y)
99 [2]-. i

51

52

E1

E2

427 rms: 307

min: -1.7e+034 max: +2.11e+03 sum: 6.41e+06 mean:
robust mean: 431 robustrms: 124
Pos: 1(313,464) 2(158438) 3(395,393) 4(117,218) 5(345,179) 6(233,123)
fwhm: 1(13.59,13.61) 2(13.24,13.57) 3(13.45,13.83) 4{13.20,13.43) 5(13.41,13.76) 6(1
SMR: 3.80, 1.98, 3.64, 3.65, 2.41, 4.04
)

No fit...

Box |25 = SNRthre. |1.0

3.36,13.40)

1.20
cDs

| Guiding |
DIT |100|3| 1.000sx6 COADL6 |3[Temp((-40 |3]-40.0C (40, Config Cam
J IStartCame” Start RTD ]IBackgrounl UseBkg | UseFLAT | IMAGE = |

Quir
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Updates on AO

51

52

E1

E2

O performance - STST

Mode: (=) 2D () CutRows () SumRow () SumCols ] Ghost [ | Boxes |vf Fit
Data: () Full » Crop () Xpos () Ypos () SNR () Res () Fwhm
Cols (x) Rows (y)

Izl i ]

482

min:-1.5%e+04 max:+2.31e+03 sum: 5.6e+06 mean:
robust mean: 484 robustrms: 221
Pos: 1(305,418) 2(133,352) 3(427,286) 4116,211) 5(378,148) 6(232,86)
fwhm: 1(10.74,11.26) 2(11.44,11.59) 3(11.25,11.42) 4{11.28,11.63) 5(11.14,11.19) 6(10.96,11.31)
SNR: 3.13,1.67, 2.61, 1.98, 2.26, 2.26

No fit...
Guidng |  Box |22 3 = SNRthre. |10 < 120
DIT |E|?| 1.0005 X 6 COADEEE|Temp[<|£E|~40.0C[~40.[ Config Cam¢|  CDs
REQEED Sl | [start(:ame“ Start RTD l Backgroun ((UseBkg | UseFLAT | PUPIL | PUPIL
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erformance - aberration plot

L wfs_51 |
MAIN ANDORSETUP | AO | ADJUST | DM | SERVO | SIM
Edna2178:114 EdaaBos:18a0/2460  loox Flux|:348.4 RO: 25.03+-24.81 TT OFF CENTROIDS ONLY
TELAO E1 1]:-0.0000 FPS:0 IGNORE TILT RM PISTON
|| Sl
MEAS |1.0 |%|| WFSABER || DM ABER || TOGREF |1 |=|| #FRAMES
0-DARK |-10000 ||| THRESH |[3.0 2 || MIN FLUX || 6.0 [*|| pmsTOP
DEF REF SAVE REF USE SUBAP 500 * /| NUM MEAN
TT ZERO |-1.000 ||| TTGAIN |l00000 |*|| TTDAMP |[3.0 (=l TTsTOP
|0.100 & TT IMPULSE RM DM TILT ZERN TOG TT DIS
EF FLAT SAVE FLAT SET FLAT OLD FLAT
[1 || #Mean: 110 | #oydes: |2 3| Poke: |0.0200 =]
DEF RECON SAVE RECON | 500 (]| DM MEAN
IGNORE TILT REMOVE PISTON APPLY RECON
0017 & A1:-0014 M AZ+0012 M C1:+0001 M C2:-0003  RMS:+0.004
D221 Al: +0.156 AZ:0.148 C1:+0.057 C2:+0.039  RMS:+0.093
ning. AO-OFF TT-OFF
e P— — p— —JOLON | ON/50.0C | COOLOFF || ALL OFF SAUTO SOPEN SCLOSE
AD ON AO OFF FLATTEN SETFLAT || LASTFLAT || DEFFLAT TTON T OFF TT ZERO LIN/LOG |PixMult|5 |3
MOVIE WFS WFS/PH || WFS/MPH DM/PH DM/MPH IMAGE RESCALE REOPEN PING QuIT
\KS’ ' NOIR . g Australian KYOTO UNIVERSITY OF
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s1
Az:236.32 El: 73.55
RA: 20 38 31.942
Dec: 2406 57.73
VIS DICHROIC

X:-0.000 Y:-0.016
Focus: -0.026
A1:+0.02 A2: 0.01
C1:-0.00 C2:-0.01
RO:-146.0 Flux: 0.0
TT LOOP ON
AO LOOP ON

EEIEE
CIEEREE
CEEEEE
HEMEGE EE
HEEOEELE

HEE0

LABAO ON
LABAO ALIGN OFF

52
Az: 236.64 El: 73.56
RA: 20 38 31.666
Dec: 2407 02.73
VIS DICHROIC

X:+0.014Y: 0.017
Focus: -0.003
A1:+0.00 A2:-0.01
C1:-0.00 C2: 0.00
RO:-148.9 Flux: 0.0
TT LOOP ON
AO LOOP ON

LABAO ON
LABAO ALIGN OFF

The CHARA Science Meeting 2025

E1
Az:236.51 El: 73.53
RA: 2038 31.791
Dec: 24 06 59.38
VIS DICHROIC

X:-0.001Y: 0.004
Focus: -0.001
A1:+0.00 A2:-0.01
C1:-0.00 C2: 0.00
RO:-143.8 Flux: -0.0
TT LOOP ON
AO LOOP ON

LABAO ON
LABAO ALIGN OFF

CHARA LURK GTK

E2
Az: 236.57 El: 74.06
RA: 2040 08.017
Dec: 2427 42.81
VIS DICHROIC

X:+0.014 ¥:-0.000
Focus: -0.002
A1:+0.00 A2: 0.00
C1:-0.00 C2:-0.00
RO:-142.9 Flux: 0.0
TT LOOP ON
AO LOOP ON

Elfl M E]

[ o e 8 (] 2]
- S ] & =
- [l (S [ ]
B (& ] W] (5]
* FEEE

LABAO ON
LABAO ALIGN OFF

w1
Az:236.72 El: 73.49
RA: 20 38 31.747
Dec: 2407 00.19
VIS DICHROIC

X:+0.010Y: 0.008
Focus: +0.003
A1:+0.00 A2: 0.01
C1:-0.00 C2:-0.00
RO:-163.4 Flux: -0.0
TT LOOP ON
AO LOOP ON

@ E = EE
L

LABAO ON
LABAO ALIGN OFF

w2
Az:236.26 El: 73.59
RA: 20 38 32426
Dec: 24 06 50.99
VIS DICHROIC

X:+0.026 Y:-0.011
Focus: +0.010
A1:40.02 A2:-0.01
C1:-0.00 C2: 0.00
RO:-267.0 Flux: 0.0
TT LOOP ON
AO LOOP ON

LABAO ON
LABAO ALIGN OFF

TT r0 = 6.94cm 1.35" ZD Corr r0 = 7.DM TILT Autoalignment is complete DM TILT Autoalignment is complete DM TILT Try 45 X =-0.020 Y = -0.146DM TILT Try 47 X = 0.007 Y = -0.041 DM TILT Autoalignment is complete

Uncompressed size 961552 does not match charaao size 961568.
wfs_52:2024-10-11 21:06:45.722 ERROR: Failed to send current servo parameters.
Uncompressed size 981552 does not match charaao size 961568,
wfs_E1:2024-10-11 21:06:45.723 ERROR: Failed to send current servo parameters.
Uncompressed size 961552 does not match charaao size 961568,

2 does not match charaao size 961568.

Uncompressed size 961552 does not match charaao size 961568.
Uncompressed size 961552 does not match charaao size 961568,
Uncompressed size 961552 does not match charaao size 961568.

Display delay set to 500 mS.

Uncompressed size 961552 does not match charaao size 961568,

WFS WEFS/PH WFS/MPH

TOGGLE BOXES

CLEAR PICTURE

TOGGLE LOG/LIN 10

$»

GeorgraState
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vat0|re LESIA

de Paris
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MICHIGAN

Mg

DM/PH DM/MPH

IMAGE

-| DISPAY DELAY (mS)

AR gy -

Interferometric Survey
of Stellar Parameters

_—

REOPEN
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RESCALE

QuIT
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