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1. Prerequisites

Please, first install the software and refers to the “Shack Hartmann software documentation” before starting, so that to
get familiarized with the simulation mode of the software. This is very important and will allow you to perform

measurements in a more efficient way.

2. System description

2.1. What’s in the box

This picture shows what’s in the box regarding this system
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Main module + collimator module

Power supply (for different countries, plug can be changed)
Additional collimator module

[lluminated pinhole

Reticule eyepiece illuminator (red)

USB cable

Software and documentation

NojunhWIN|F

2.2. Main module

The Star Waves pro Il system is made of several sub-assemblies. Please do not remove the shack Hartmann module from
the rest of the assembly, this can add dusts to the sensor and micro-lens and discard usable spot to be used for the
wavefront analysis. The 2 inches telescope input contains the collimator of the system.

12 mm
reticuled

eyepiece \

wheel to rotate to

/ illuminate the reticle

2 inches (50.8mm)

Shack
Hartmann Felescope
module input
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The eyepiece is attached by small screws; please do not dismount it because this is tuned in a specific way!
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Camera module

Beam splitter module
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2.3. Calibration module

To run the calibration module, attach the jack wire to it, and connect the other side of the cable to either USB, or main
AC, depending on the cable type. Then the 5um pinhole illuminates.

The calibration module is a fragile part, do not touch, press, pinch, pin where the pinhole illuminates. Damaging it can
jeopardize its performance.

Pinhole

DO NOT TOUCH
or

PRESS

2.4. Calibration procedure

Calibration is a mandatory step, and without it, your device cannot produce any valid measurements. Calibration shall be
achieved for each set of collimator, if any. Introduce the calibration module inside the Star Waves pro /I, push it till it
cannot slide anymore.
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By looking into the reticle eyepiece, the image of the pinhole can be seen, and this should appear as a bright image in
the center of the reticle. The adjustment of the position of the pinhole image at the center of the reticle is factory made.
If not well focused, you can adjust the focus by sliding the eyepiece into the tube. Once focused, with the eyepiece, do
not remove the eyepiece when measuring at the telescope, leave it as it.

If not perfectly centered, the calibration pinhole can be rotated inside the 2” tube to get into the center of the reticle.

Calibration can start; connect the camera USB link to a PC, then launch the software

i
Display Measurements | Setup/Camera | Liveview About

Eapturel Analysiz properties I Dizp System setup
Pupil parameters Disconnect camera
| Center = [pixelz] |1064 'S
Rt . =
| Center 'V [pixels] |31 j
| Radiuz [pizels] |Gz =
Fst 2 j
| RadusObsc. [143 2

—BackGround Box definitionr———————
| Rleft (pisels] 63 2]
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and click “Disconnect camera”

Again, click “Camera Setup and connect”

System setup

Pupil parameters Camera Setup and connect w
| Center = [pirelz] 1064

Rt
® |EenterY[|:ui:-:eI$] 281

| Radiuz [pixels] |82
I Eadii: Ober 1147

bbb o

Fist

Then select “TIS IMAGING SOURCE camera family” and click “Click here to setup the camera !” at the middle of the form.

E Camera setup =k
Camera type

[ Simulation camera inu H isiml hardwarei
TIS IMAGIMNG SOURCE camera family

[ Alliance Vision Technology camera

rCamera setup

Click here to setup camera !

Set the form as follows, “Video format, frame rate (FPS)” and so on, then click “OK” twice.
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Device Settings @

Video Capture Device
Device Mame |DMK 72AUCD2Z-ER ﬂ
Serial Mumber | 0x28410103

Properties...

Device Settings

Videa Morm |n.."a J
Video Format |Y8EIE| (2592%1944) ﬂ
Frame Rate (FPS) -

Input Channel |n_."a J

Flip Video Horizontal I

Flip Video Vertical I

Update oK | Cancel

Go to system setup, and fill up the Shack Hartmann group box as follows:

Shack-Hartmann Reference gnd

Pixel size [square pm] lﬂiﬂ Feference grid pozition file [wil be loaded on first

image acquizition]

Micralens focal length [mm] : |1.83 ""_'—'- C:hUzershcavadorehDo..._gnid_simulation. dat

Microlenses pitch [pm) : |'I'IEI -‘________- Change file
Wavelength [nm): |53
‘\\ Centroid setup

Measurement system For barpcentric centraiding [used mastly in the software),
juzt conzider a given percentage of highest value pivels
value inzide the plens bow.

Conect measurment from 28 (64 -6R+1) i i |3_5 4
zpherical aberation [beam zplitter cube| [ Percentage of highest piel value )

% alue [wave number] - ||:|_|:|35 Comn. This value iz updated by the "spot calibration
[ ] J reference” process. and shall be comrect

Will be substracted to 23 otherwise. all barycentric centroiding might be
Fultiply by -1 all resulting wavvefront | incorect

Flat rirror double pass system [

System to be measured Save image files az
Syztem's name  FITS file

Simulation_5H & CRA file

li Mo need to be
ey 1500 accurate, thisis | [ Others

Diameter [mm] |300 used for MTF Fiemowe central obscuration for MODAL analwsis [~
computations

anly Confirm zpot restoredremaval [

‘ Caricel ‘

Other group boxes are not important at that stage; just ignore for the time being.

Innovations Foresight 2015 © - Powered by Alcor System

10



Then set the background box definition like this is set in the next image (outside any place where a spot can go).

Enable the NW (no wavefront computation) checkbox, set the exposure time to something like 0.007 sec, and camera
gain to 10. Be sure the calibration pinhole be turned on and at the right position inside the 2” tube.

Then press “>> Acquire image <<” .The image from the camera appears.

Very important now, (and you have not so much to take care about it during simulation, but now with real light you will
have to take care of this) is the image level. The image shall never show saturated spots (because of too much light or
too long exposure time).

The bar graph at the end of the yellow arrow indicates the saturation level and amount of saturated pixels for the whole
image and inside the analysis pupil.

Adjust camera gain and exposure time so that to be close to saturation, but never with saturated pixels more than say
100 pixels. If the signal is too low, this is not good either! In that case increase exposure time and gain accordingly.

All saturated pixels will be displayed as green in the image.

This very important, because performing measurement with saturated spots or spots that have too low level can
jeopardize critically the measurements.
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Caplure | Analysis properties | Display | | Image acquisition

Pupil parameters
‘ Center % [pixels) 800

CenterY [pinels] |600 47

I Radus (pivels) [600 3]
R

& Radius Obsc. |0 =

BackGround Bowx definition

-l
e

|

. left [pisels] [E‘i |

 Right [pixels] |55 ii

Y Bottom [pixels) (17 Ei

Y Top [pwels) |276 E}

Backaground box statishcs

Max (RDTJ) = 15.0
Mean (ADO) = 14.0
Hoise (RDU) = 0.1

Camera control

L. [~ Loop
»» Acquire image << | 7 Nw
Settings
Exp. (s) [0.007 Gain |10

[~ Stack images
[~ Substract dark,

[IZ WU sershcavadorehDocumet

[v Save image as CPA file

Allimage statistics
SNRNRNRRNENRNRE.NN

11 S aturated pixels [0]1

Pupill statiztics
AERRRRERERRRRNEER

i Close saturation [0]

b atl
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micro-lens focal length.
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(£ Shack Hartmann Analyser = - 14 |
K[;;spla)‘ Measurements Setupv’Ca}nera Liveview About ;
Capture ;Analymc properties | Display | = Image acquisition |
F'upll parameters
| Center X (pocels] 800

Ra|
| | CenterY (posets)

[600
— ’
| Radius (posels)
Rst| —
| Radus Obsc. |

BackGround Box definttion
Kleft [pecels) [63 3]
X Right [pexels) "55
Y Bottom [pexels) 17—_:1‘
Y Top [pixsks) [276 3]
Background box statistics

Max ADU) = 15.0

Mean = 14.0

Noise (ADU) = 0.1

Camera control —

A R (I Loop
,» cquire image << | o\
Seltings
Exp. (3) [0.007 Gain [10
[T Stack J . mages

I~ Substract dark

|

[V Save mage as CPA fle

Al image statistic
HEEENDE

Il Satusated pixel

TTTT]
HOBHE

N

Pupdl statistics
ANEERNNNNENEENEED
@« Close saturation [0]
X=274Y=848V=33
[Spot #2090] X=274.95Y=843 95
B=2153 Re2091 L2089 T=2027

L 9 L 5 3 18
L S & 3 2% 2 1
4 3 S n S 20 17
27 28 s S a 18 16

Min 15 Max 150

2014 15:57.08.908 [2140) : Image read, typ

72014 15:57:08.974 [2140] : Image display cuts 14 /108

/08/2014 15:57:09.391 [2140] - Min=14.0 Max=15.0 Mean=14.0 Noise=0.1

06/08/2014 15:57:09.392 [2140] : All wavefront Analysis disabled

06/08/2014 15:57.09.385 [Main] : Image grabed, high cut=14.00 Low cut=108.00 Max=252 at X=2163Y=614 Min=9 at X=2592Y=356 |

Note : incoming image from the camera can be saved as a FITS file or CPA file for offline reprocessing, allowing to
compute wavefront without been connected to the system to measure.

When the spots level are within expectations (>50% dynamic) , go to the menu “Measurements/perform spot reference
calibration”
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artmann Ana r-> Wersion 1.5.9 build 51, col

blay Setup/Camera Liveview About

Analy Perform spot reference calibration
Amete Load reference grid position (Text file)
Lenter

Load reference grid position (Binary file)
Center |—|:p'm|:m—|| T E'—'"

Radiug [pinelz] |972 =

Set the detection level to 150 ADU (this is a 256 ADU level camera), then for the spot distance click Auto button, and
leave 8 as maximum acceptable spot roundness deviation.

First pass spot surmmit detection threshaold [400U] (150 Auta
Approvimate spot distance [Pikels] |50 Auta

b aximum accepted spot roundness ratiodaspect |9

k. Cancel | Expert > |

Then this form appears, after spot reference detection.

Innovations Foresight 2015 © - Powered by Alcor System 14



e oresecor S |

X=T775_40
X=0824_94
X=874_80
X=524.71
X=974.83
H=1024.55
H=1074.44
X=1124.34
X=1174.
X=l2z4.
X=1274_
X=1323_92
X=1373_
H=1423_
H=1473_
H=1523.
H=1573.
H=1l823.
H=1873.

tr_a o

Histogram (FyHR)

=1 @y oW L R
=] M O oo
Foodqozokad

=1 m

=1 =1 =1 =1 W

of LR R R A& RS [

1 m

Arnount of spots found
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List of removed spots [at first pass due to PwHM beeing out)
# X [\ FuHM |
91488 1049.38 514

[ -

Min=4.51 max=5.14 mean=4.72 median=4.72 stdev=0.05 dmean=45.9

Spot #768 has been discarded, because its size is 5.14 pixels, that this higher than 4.72 + 8 * 0.05 = 5.12 where 4.72 is
the mean spot size or FWHM, 0.05 pixel is the standard deviation of spot size distribution, and 8 is the figure entered
into the previous input form.

This spot #768 can be re-inserted into the list, click the bottom list (1) then the top list comes with the spot #768, click
(2) to re-enable the spot, the spot #768 is displayed inside the image, within a green square (3) or white circle.
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Armount of zpots found ;1

&
v 7& H=5g4 20
v 770 H=1014_2
v 771 X=10&4.0
v TTE H=111z.%3
v 773 H=11g3_.8
v 774 H=1Z213.8
v 775 H=1Ze3.g
v TTE H=1313_&5
vl 777 H=13e3.5
v 778 H=1413.4
v 779 H=1463_3
v 780 H=1513.2
v 781 H=1563_2
L= X=1¢l1l3.0
v 783 H=1lcgZ.5
v TB4 H=171Z .8
v| 785 X=17ez.7
Calri=1- H=1281Z.%8
vl M WA M T

Z ¥=1050._

a7
g ¥=1051.27 TFWHM=4.
7

e ]

5 ¥Y=1051.72 FWHM=4.8
7 ¥=105Z_.19 FWHM=4_7
1 ¥Y=1052.7Z TFWHM=4.7
7 ¥Y=1053.25 TFWHM=4.8
5 ¥Y=1053_.73 FWHM=4_7
) ¥=1054_.25 TFWHM=4.7
g ¥Y=1054.7% FWHM=4.7
2 ¥Y=1055_28 FWHM=4_7
5 ¥Y=1055.78 FWHM=4.7
a ¥Y=1056_28 FWHM=4_7
7 ¥Y=105¢.80 FWHM=4.7

!

9  ¥=1057.84 FuHM=4_7
4  ¥=1058.33 FWHM=4.7
5  ¥=1055.8% FWHM=4.7
435

Ligt of removed spots [at first pazs due to FwHM beeing out)

=

# #

['v Fu/HM

914.88

Savein: SH_test j

= Name
Py
-

Recent Flaces

Desktop

LY

-

Computer
o ‘
W

¥

1043.38 514

& & er B

Date modified Type

Mo items match your search,

130 4------
120 4------
(AR SRR
100 §------ i
aod------
B0 t------ i-
E o4
L B
sof------ i
40d------
aod------ r
I i
o4

] LHiC
45

Min=4.51 max=5.14 1

File name:

Save as type:
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This message appears (from more information, see the “software manual”)

fS_:ack Hartmann Ana

Spots position accuracy is OK, done -> Mean gap barycentric/enhanced centroid=0.0741 pixels St.dev.=0.0380 pixels, selected 1346 spots over 1347 spots, distance 49.92 pixels)

This is the amount of brightest pixels used per micro-lens square that will be used to perform the barycenter centroiding
of the spots

Once calibration achieved, all validated reference spots have their green dashed square of excursion.
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Some spots do not have a square around them, this means that they have been discarded, or not validated. Those spots
will not be used for further analysis.

This is because they do not match one or many of the following criteria:

- Spot that has a too low signal to noise ratio
- Spot has not the proper aspect roundness ratio (not consistent shape)

This can be due by defective micro-lens manufacturing, dust on micro-lens array, or micro-lens to close to the holding
mechanics. The next picture shows different defective micro-lens that leads to discarded spots. This is not critical and
the software can cope with some defective spots at any places over the image. Defective or discarded spots are not an
issue at all for modal wavefront reconstruction, but can be an issue sometime for zonal wavefront reconstruction.
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Nevertheless, a new reference spot can be forced to be written into the list by right mouse click and holding shift key at
the same time, the mouse being over a spot that has no green square. A new reference spot can be added this way.

Then the following message appears:

Innovations Foresight 2015 © - Powered by Alcor System 19



The software prompts the user that a new reference spot can be added to the list to be saved to the hard disk;
otherwise spot will be used but not saved to disk. In this way a cluster of spots can be added to the reference list.

If the Shack-Hartmann camera module is dismounted from the rest of the assembly, the calibration shall be
performed again when remounted, as well when exchanging collimators.

Innovations Foresight 2015 © - Powered by Alcor System
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2.5. Exchanging collimators
This system can accommodate with different focal length of a collimators in order to

- Optimize the spot sampling rate with respect to the size of the analyzed telescope/system pupil: the idea is to
get as much spot as possible, without cropping the pupil by the detector’s edge.

- Benefit from parallel (or “afocal”) beam to reach the micro-lens array, and not working with a lot of defocus
within the pupil.

- The principle is achieved by a simple achromatic lens as follows :

Telescope, A
refractor or __ @42 mm
system focal 's plane

feol

A 4

A
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The Star Wave Pro Il Shack Hartmann analyzer comes with one collimator, a calibration pin hole, and the
necessary software for acquisition and analysis.

Nine collimators are available to cover telescopes with F-numbers stretching from F/3 to F/20:

Collimator Minimum F-Number Maximum F-Number

F/3 F/3 F/4

F/3.5 F/3.5 F/5

F/4.1 F/4.1 F/5.8

Fl4.7 Fl4.7 F/6.5

F/5.9 F/5.9 F/8

F/6.9 F/6.9 F/10

F/9.5 F/9.5 F/13

F/11.5 F/11.5 F/16.5

F/14 F/14 F/20

At the minimum F-Number the collimator images the star across 100% of the sensor chip area, at the maximum F-
number the image occupies 50% of the sensor area. We recommend to aim for a 80% of coverage.

The next image shows a good sampling, the pupil diameter is well inside the image frame, not too large, and not too
small. This is a good match. A good amount of spots can be used; the pupil is very well sampled. The Pupil radius is 913
pixels in this case

Capture | Analysis prnperties] Display]

Pupil parameters

Center ¥ [pizels] 1190 =

Fist Center [pinels] |538 =
F|_ R adiuz [pivels] E q13 =
* Radiuz Obsc. |0 =
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The next image shows another sampling case, this is a bit small, but can be used for measurement. The amount of
usable spots is decreased by 50% compared to the case discussed above. This could be considered as the lower limit.
The F/ ration is too large for this collimator.
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The next case shows a bad sampled pupil, F/ ratio is too low, pupil radius is 500 pixels, which is really too low, and
collimator focal length is too short. Collimator shall be exchanged!

Innovations Foresight 2015 © - Powered by Alcor System
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The next image displays a pupil that is too large with respect to the image frame (top and bottom). It will lead to missing
surfaces to be measured. The F/ ratio is too small, and thus collimator focal length is too large. Also in this case
collimator shall be exchanged to get the whole pupil to be sampled!
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Each collimator has a label indicating the F/ ratio range to be used, in the next picture; this is from F/7 to F/9.4
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To exchange collimator simply unscrew it from the main module (this is M42x0.75 thread) and remove the collimator
module. The red arrow is showing the motion needed to screw the collimator to the main module, the green screw to
remove the collimator.

Innovations Foresight 2015 © - Powered by Alcor System
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Then screw the module you plan to use for the given F/ ratio from the system to measure.

Innovations Foresight 2015 © - Powered by Alcor System
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fI7 to f]94 f/9.4 to /s

When such a change is performed, do not forget, this extremely important:

- Either to use a previous grid reference file that is attached to this collimator
- Or perform collimator calibration (see above) for accurate process description

The collimator are tuned to be parafocal, which means that the focus is the same whatever the collimator and eyepiece
focus position shall not be changed.

The next image shows where the grid reference file can be set.
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Shack-Hartmarit
Pixel size [square pm) |227
Microlens focal length (mm) : IW
Microlenzes pitch [pm] : ,‘I‘Itli
W avelength [nm) ; |55|37

Meazurement spstem
Flat mirror double pass system I

Correct measurment from 28 (G4 -6E+1] -
sphencal aberration [beam spliter cube)

Value (wave number) : |0176 Comp.
Wil be substracted to 28
Multiply by -1 all resulting wavefront [
Others

Remove central obscuration for MODAL analysis [
If checked Annular Zemikes will be uzed instead

Canfirm spot restoredremoval v

Reference grid

Reference grid pozition file (will be loaded o first
image acquizition]

C:\cavadoreProjetsh. . noes_colsy15mm-ref-1

Change file

Centraoid setup

Far barpcentric centroiding [uzed mastly in the software)],

juzt conzider & given percentage of highest value pisels
value inside the plens bos.

Percentage of highest pixel value |0.9 %

Thiz value is updated by the "zpot calibration
reference” process, and shall be correct
othemwize, all barycentric centroiding might be
incomect

Save image files az
" FITS file

+ CPA file

(]9 ‘ Cancel ‘

=]
Syztem to be measured
System's name
|SN_41410595_Test
Mo need to be
Focal length (mm] {1500 g
Diarneter [mm] {300 used for MTF
(mm} camputations
Operator's name : only

|Eavadore

Sernial number :

|ED

Mates :

Sphere ED
nokeZ
note3
noted

Compary Logo [EMP file] :

C:cavadore\Cyril Pe...ogo\Logo_ClefU5E.bmp

During calibration, the image of the pinhole shall be found in the eyepiece’s center:

4 200um

If not, there are two ways to get it at the center:

Rotate the pinhole inside the 2” tube
Innovations Foresight 2015 © - Powered by Alcor System
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- Change the tilt of the eyepiece: this can be achieved by using the three push-pull screws located at the edges of
the eyepiece support. Screw #1 is pushing (1.5 mm Allen wrench), screw #2 is pulling (2.5 mm Allen wrench). To
be able to move them, at least unscrew one of those (counter clockwise rotation). By playing with the screws,
the tilt of the eyepiece can be changed and better centering can be achieved. This is not a mandatory step, and
most of the case, the centering is achieved by rotating the pinhole body.

3. Measurement procedure

Now with a calibrated system, the Star Waves Pro Il can be installed to a telescope (or other equivalent system) to
perform measurements.

The system can be inserted into telescope eyepiece holder, or focuser that has 2” input diameter.

Manual or electric focuser is a mandatory feature, focusing by sliding the tube manually is not recommended.
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The system focal plane shall be put where the horizontal yellow line is depicted in the next image. The focal plane
position can be adjusted with the focuser knob rotation and by looking at the star at the eyepiece. The position (or
focus) of the reticle shall not be moved after calibration has been achieved.

Of course the system can accommodate from slight defocus, but shall be kept as low as possible. This is easy by looking
into the eyepiece the star as you would observe usually.
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Telescope, refractor, or
any system to measure
focal plane position

Incoming
light from
telescope

The telescope shall now be aimed at a bright star, having magnitude less than 1.

For instance, testing a simple Dobson telescope that has no sidereal tracking is even possible if the telescope is aimed at
Polaris star.

Other telescope shall have sidereal tracking when using other stars, because the Star Waves Pro Il has a limited field of
view and the star does not stay very long in the field of view.
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The star shall be centered with the eyepiece the same way it was with the calibration pinhole. As well as the focus shall
be adjusted the same way.
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- 200pum

Now, perform image acquisition with exposure time and gain that is suitable for your star. Avoid exposure time above
1s, stay below 3s. The dynamic of the spot shall be between 50% and 90%, like the blue bar graphs show hereafter:
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Or instance a 0.3 sec exposure produce

The image of the star looks as following, a large donut, this is the image of the entrance telescope pupil, including

central obscuration.

—LCamera contral
o [~ Loop
»» Acquire image << [ N

Setting
Exp. [2] |03

[T Stack |5 images
[T Substract dark

| |

[¥ Saveimage az CPA file

—all image statistic

| Diynamic OF, [0]

—Pupill statiztic

Lol Dynamic 0K [0]
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The next image shows that the exposure time or the gain, or both are too high: 27346 pixels are saturated, and the

saturated pixels are displayed as green:
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Camera control
T [~ Loop
>> Acquire image << —~ Nw

Settings
Exp. [s) |1 Gain {1000

[ Stack |5 images

™ Substract dark
FE AObs TemphaVWT_Piked21%

v Save image as CPA file

All image statistics

NEENRERRRERNERENER
Il Saturated pixels [27346] 1|

Pupill statistics

AENERNRNENENNNNERD
v Il Saturation [18033] 11

o
o
)
o
L)
o
°.

°
L+
o

00009000900
©© 000 Qo000 ¢
©© 090000 © 00
© 000000000
9 © 00000 O©O0 0
© 000000000
© 0© 00000 0O
© 00 0Q©©0 0000
© 000000 © 0 0
© 0000©O0O0 00 0

X=4 Y=3058 V=5

Exposure or gain time shall be reduced

In the next image, the exposure time is too low, the blue bar graph is too close to the left (ie too low level) and this can
be dangerous to use such a pattern for measurements!
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BackGround Box definitiors

& " 0
Kleft (pivels) [32 =
.\
X Right (pinels) [42 = .
Y Bottom (pixels) [63 = e 2\
¥ Top (pivels) 202 = o o @
Backaround box statistics
Max (RDU) = 1.4 L N s
Mean (ADU) = 0.3
Noise (ADU) = 0.2 . " 0 @
Camera control ™ Loo
>> Acquire image << B pr Lot R S *
Settings .« o0 P—
Exp. (s) [0.02 Gan [500
L
[~ Stack (5 images b i
[ Substract dark bt .
G:\Obs Temp\aYT_Piked21" J & o % > @
v Saveimage as CPA file
Allimage statistics bl S Ll
1 . " LR J
Dynamic OK [0]
Pupil statistics . . e
L
- Dynamic OK [0]
L

X=73Y=67 V=1

For minimizing the effect of the atmospheric turbulence, it is strongly advised to Stack incoming images, so that the
effect of the turbulence can be nulled, or decreased. Stacking 10 images is a good figure.

Camera caontrol

A o [ Loop
>> Acquire iImage << N
Settings
Exp. [s] |0.02 Gain {500

W Stack |5 ‘\images

Analysis will be achieved only when all the required images have been recorded.

The yellow circle shape defines the pupil to be analyzed. The pupil center must be adjusted to the image center (using
mouse), the pupil diameter (Radius (pixels)). If central obscuration is present, its radius (Radius Obsc.) can be increased

File | Display | Measurements Sety

Capture | Analysis pruperties] Displa_l,l]
Pupil parameters

Center # [pixelz] |1 4B5 :l
Rt

Center v [pixels]

Radiuz [pixelz]
Radiuz Obsz. 138 =

Rzt
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The inner and outer diameter shall be adjusted so that to border bright spots.

)
/
.
.
/

By

wi el N

AN

55 T

LARTE TR N B S R e S e
& & @ @8 888 e

L. e R R R W R Re B B S RN
LR TS B T I R

L ST R SR B AT SR R R S S BEO GE
LR TR R R T R T

e s SRR S BRE R WO ST B RS SRl e G S SR e

.
-
.
.
.
-
.
L
.
.
.
.
.
.
.
.
-
.
-
-
.
.

In the “Analysis properties” tab, the image can be analyzed, i.e. spot position extracted and wavefront computed. Use
enhanced centroiding, enable modal and zonal wavefront computation and enable PSF computing.

Basic and non-pertinent aberration such as tilts X/Y and defocus shall be disabled.
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Capture  Analysis properties l Displa_l,l]

Re-Analyze Image

Spot detection setup

f* lze backaround box + SHE
Signal ko noise : |‘I 1]

" Use fiwed threzhold

Threshald [&0U] : {100

Centroids
" Bamycentrc (1% brightest pikels)

{* Erhanced [slower] -f—w0wru

Computations. .
" Mo wavefront computations

" wavefront comp. [£onal]
(" wiavefront comp. [Modal] #

f* wavefront comp. [Modal+£onal]

Zonal reconstructar algarith

f« 1:Jacobi [slowest]

(" 2: Gaugs-Siedel

(3 Succ. Over Relaxation [SOR]
(" 4:jacobi + 50OR [fastest]

PSF Modal computation
" Do mot compute PSF

* Do compute PSF

Bazic aberrations remayal

Femaove # and ' tip-tilt
Remove Defocus
Remove Coma =

Remove Coma 'y’

Remaowve Astig 07

Remove Astig 45°
Remove £8 [3rd zpherical]

Remove 29
Remove Z10

L S R RN

The wavefront reconstruction can take place, and the modal (based on zernikes mode) is presented in the next image.
Wavefront reconstruction occurs also automatically after image acquisition completion when the NW checkbox is left
un- checked.
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Zemike | nm |

Z1[Tiltx) 1R31E.3 [zet to zem)
22 [TilkY) 147438 [set to zem)]
Z3 [Defocusz) 3375 [zebto zero]
Z4 [Astigmatizm +457) -157.4

Z5 [Astigmatizm -457) 2361

ZE [Coma ¥] 2197

27 [Coma ] 432

Z8 [3rd gpherical] Rk}

29 (Trefoil ) 1.7

210 [Trefail ) 365

Z11 [Gth astigmatism +/-45°] 1 19.2
212 [5th astigmatizm 0-90°7) | -126

Z13 [Tetrafoil 1] 321
Z14 [Tetrafail 2] 1E.6
Z15 [Bth Trefoil v-axisz) T8
Z1E [Bth Trefoil y-axis) Al
Z17 [5th Coma «-axiz] 217
£18 [Bth Coma y-awxis) TR
219 [5th spherical] 18.3
225 [Tth spherical] RA
Z3E [3th spherical] a1
228 [Quadrafoil 1] 186
227 (Huadrafoil 2] 93
All units in A
Min |-333.8 Rms | 143.7
Max | 3959 Peak-P | 729.7

FIT ermor [as pisel per gpot] | 3.837

All unitz in Lambda /%
Peak to Peak | 0.8
Bms: | 3.8

Fernike Coefs (ahsolute value)

200
1350 4
100
50

-50 4
-100
-150 4
-200 4

This analysis shows that this system is quite affected by astigmatism and coma.
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Min : 8.38E-011 Max: 1.10E-001 ®=22 =123 |=0.000035
Strehl ratio : 10.97%

80% EE radius : 8.44 pm (diffract : 2.05 pm) | 5.80 arcsec (diffract : 1.41 arcsec])
PSF display type
" Linear

B azic aberrations removal

Remove # and " bip-ilt
Remove Defocus

Remove Coma =

Remowve Coma 'y’

R emowve Aetig 07

A emove Astig 45°
Remove 28 [3rd spherical]
Remove 79

Remove 210

B R e R

Coma is due to optical misalighment, and can be discarded to see other relevant defects. Then press “Re-analyze”
button. In the next image the coma is nulled.

Innovations Foresight 2015 © - Powered by Alcor System

44



Zermike | rimn |

21 [Tilk %) 1531E.3 [set to zem]
22 [Tk 14749.8 [zet to zem)
23 [Defocusz) -337.5 [set to zem]
Z4 [Astigmatism +457) -157.4

25 [Astigmatism -45°) 2361

ZE [Coma ) -219.7 [zet to zem]
Z7 [Coma'r] -43.2 [set to zem]
£8 [3rd spherical] Eak]

29 [Trefail ) 1.7

Z10 [Trefoil 7] -36.5

Z11 [Gth astigmatism +/-45%] | 18.2
£12 [Bth astigmatizm 0-907]  |-12.6

Z13 [Tetrafail 1] 321
Z14 [Tetrafoil 2] 16.E
215 [Bth Trefoil #-axiz] 7.8
Z16 [Bth Trefoil y-axiz) 71
Z17 [5th Coma =-axis) 2.7
218 [Bth Coma y-axiz) 59
219 [5th spherical] 18.3
£25 [7th spherical] 55
236 [9th spherical] 8.1
Z26 (Huadrafoil 1] 186
Z27 [Quadrafoil 2) 83
All units in Ay
Min | -300.4 Fms | 120.0
Max | 3585 Peak-F | 658.9

FIT ermor [az pisel per zpot] | 3.83F
All units in Lambda /=
Peak to Peak | 0.8
Rz | 4.6

Zernike Coefs (absolute value)

1 iz pric L 5 Ik I7 iz} ] 10 R X2 I3 M4 X5 D6 XY 118 X9 F25 36 IX6 XV

Astigmatism leads to wavefront error or 120 nm rms. If astigmatism is removed, only other wavefront errors will remain

Bazic aberrations remaoval

Remowve # and Y tip-ilt
Remove Defocus

Remowve Coma =

Remowve Coma 'y’

R ermowve Astig 07

R emove Astig 457
Remove 28 [3rd spherical]
Remove 79

Remove 210

B e e

The resulting wavefront shows 31 nm rms error and various non-dominant Zernike (except some trefoid).
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Zernike I rim

21 [Tilk) 1531E.3 [set to zema]
22 [Tilk] 147498 [zet to zem)
Z3 [Defocusz) 3375 [set ta zero]
Z4 [Aztigmatizm +457] -157.4 [zet to zem]
Z5 [Astigmatism -457) 2361 [zetto zera)
26 [Coma ] -219.7 [zet to zem]
Z7 [Coma'r) -43.2 [set to zema]
£8 [3rd spherical] 5.5

29 [Trefail ) -B1.7

Z10 [Trefoil ') 365

Z17 [Gth astigmatism +/-45%] 18.2
212 [Bth astigmatism 0-90°]  |-12.6

Z13 [Tetrafail 1) 321
Z14 [Tetrafoil 2] 166
Z15 (Bth Trefail x-axiz] 78
Z1E [Bth Trefoil y-axiz) 71
Z17 [5th Coma w-axiz) 2.7
218 [Bth Coma y-axiz) 549
219 [5th zpherical] 18.3
Z25 [7th spherical] 55
Z3E [9th zpherical] 81
Z26 (Quadrafoil 1] 186
Z27 (Quadrafail 2] 93
Al urits in B
Min [-36.9 Rms [ 31.3

Max | 1803 Peak-F | 277.2
FIT emor [az pixel per zpot] | 3.837

il units in Lambda /35—
Peak to Peak | 2.0

Rmz |17.6

Zernike Coefs (absolute value)

I iz pric 74 s If 7 Ig i} o I M2 A3 N4 A8 M6 7 Xs§ D19 F25 Ise IXF IV

The PSF strehl ratio is 88 %

80% EE radius gives the radius where 80% of the energy sits expressed in microns and arcsec. Diffraction limited figures
are recalled here for comparison.
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Strehl ratio : 88

in:1.32E-010 Max: 8.84E-001 w=1 =101 [=0.000334
Strehl ratio - 88.40%

80% EE radius : 3.45 pm [diffract : 2.05 pm] | 2.37 arcsec [diffract : 1.41 arcsec)

MTF (X and Y axis) is also reported here, with as blue, diffraction limited MTF
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MTF X profile
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This software also features zonal wavefront reconstruction. This is like a 3D model of the wavefront.
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TitXrY removed
Defocus removed
Astig -45° removed
Astig +45° removed

Coma X removed
Coma Y removed

The display tab allows playing with spot elongation from reference that can by scaled by a user input factor for better
clarity.

Capture | Analysis properties  Display |

Spot display

Dizplay Elongations,
v zcaled by
[v Remove kit

[v Remove defocus

50 =

[v Remove comas

The blue line indicates the spot deviation from the reference, scaled by 50x. Tilt, defocus and comas contributions have
been eliminated, to show the spot deviation from the reference (that is the center of the green box)
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Some spots can be eliminated from the wavefront reconstruction by left clicking the mouse. Confirmation is asked to the

user:

OK

The removed spot has a red cross over it and will not be longer used for further analysis.
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To restore the spot, left click on it, or for restoring all the spots, press “Reset removed spots” :

FReszet removed zpotz

The “Spot position” tab shows the raw spot deviation in Y and X position versus spot number. This can be used to track
spot that have a deviation above or below the main spot distribution.
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