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1.1 System requirements

1.1.1 System requirements for PC

= Windows XP/Windows 7

= 2GB RAM (or more)

® A video card with 32-bit True color graphics capability and 256MB (or
more) of video memory

= About 120Mb of hard disk space to store the dark calibration images for the
uncooled camera

* Your system can be shipped with one of the following cameras

O The standard uncooled camera has USB 2.0 control and requires a
2mt (or longer) USB cable (supplied). No special hardware is
required

O The standard cooled camera has USB 2.0 control and requires a 2mt
(or longer) USB cable (supplied). No special hardware is required

O An uncooled camera with Firewire control can be mounted. It
requires a 6-pin-to-6-pin 2mt (or longer) 1394 cable and a 1394
Open Host Controller Interface (OHCI) (or Firewire) card to be
inserted in the PCI bus of the PC (supplied)

0 An uncooled camera with Gigabit Ethernet (1000Base-T) control
can also be mounted. It requires a CAT6 Ethernet cable to be
connected to the Ethernet port of the PC. In order to use the full
image acquisition speed the PC should mount a 10/100/1000
Ethernet card

O Different cameras can be mounted on request

® If your system has motorized parts we will provide you with

0 An external 12V/1000mA DC power supply for any of the
motorized units for Optino, ECM25, BE25 or BE6O (supplied)

0 An external 24V /48W power supply for Sfera/Stella/Opal/MIPS
(supplied)

* Microsoft Office to open the Excel file created during the Shack-
Hartmann analysis

1.1.2 Additional requirements for laptops for
uncooled Firewire camera

= With the uncooled Fire wire camera, a 1394 OHCI CardBus card installed
in a PCMCIA slot or a built-in 1394 port
* An external 12V/500mA DC power supply

Chapter 1: Sensoft software installation
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1.2 Installation

1.2.1 Installing Sensoft

M&msoﬁ should be installed before connecting the camera

=  The Sensoft CD-ROM must be inserted in the CD_ROM drive

= To install the Sensoft and the drivers on a Windows 2000, Windows
XP or Windows 7 system you must be logged in with Administrator
privileges

= Click on the Setup icon contained in the CD-ROM

* If your PC is running Windows 7 right click onto the file setup.exe and
choose "Run/Execute as administrator" from the context menu to install
the software as administrator.

* Following the standard procedure, install the Sensoft software package in
the desired directory

= If the system was shipped with an uncooled camera, at the end of the
installation copy the contents of the Dark directory from the CDROM into
the directory where you installed Sensoft

1.2.2 Installing the hardware key

Sensoft can be used only with a dongle (hardware key) that must be connected to a
USB port of your PC after the installation of the software. To install the USB
device driver for the dongle correctly, follow the steps below:

= Install the Sensoft software from the installation CDROM

* Plug the dongle into a USB port

» To install the drivers on a Windows 2000/ XP/7 system you must be
logged in with administrator privileges.

® Run the SmartkeyDriverlnstaller contained in the Sensoft CDROM to
complete the installation of the files required for the dongle key.

* If your PC is running Windows 7 right click onto the file
SmartkeyDriverInstallet.exe and choose "Run/Execute as administratot”
from the context menu to install the software as administrator.

= Restart the system

1.2.3 Installing the camera for getting Shack-
Hartmann images

Different cameras (Peltier cooled, uncooled) can be mounted on the instrument.
The procedure for connecting them is given below.

Chapter 1: Sensoft software installation
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1.2.4 Installing the SBIG cooled CCD camera under
Windows XP/Windows 7

The standard cooled CCD cameras that we supply with the instrument are
manufactured by SBIG.

The standard cooled camera is connected to the PC or laptop using a USB
connection provided with the instrument.

M The cooled camera is very sensitive to light. Thus, the instrument should be
used in an environment that does not have stray light falling directly on the test
clement or the instrument itself. You may wish to use a filter to cut out the stray

light.

The following steps are required for the installation of the camera:

= Connect the camera to any of the USB ports of your PC using the USB cable

= Connect the camera power supply to the camera and switch it on. Wait until the
red LED on the back of the camera box is on and not blinking

= Refer to the Operating manual provided by the manufacturer for the
installation procedure of the CCD camera delivered with your system (Section
1.2 :Installing the USB Drivers for the First Time)

A total cable length of about 50m can be used with repeaters.

1.2.5 Installing the uncooled camera for the first
time

Instruments manufactured before October 2005 have an IEEE-1394 (Firewire)
based Imaging module camera with 1280x1024x7.5u pixels.

A total cable length of 72m can be used with repeaters and 4.5m cables for the
Firewire camera.

An optional PCMCIA card can be used instead of the PCI card to control the
Firewire camera from a laptop.

For instruments shipped after October 2005 two camera models are supported by
Sensoft: PixeLINK Firewire IEEE-1394) camera model P1.-A741 and the other
with a Lumenera USB 2.0 camera model LU125M. Both have 1280x1024 pixels,
each of 6.7y.

The USB/Firewite cable for the connection is provided with the instrument.

If you already installed an old version of Sensoft, you should go to the Upgrading
the camera driver section.

Chapter 1: Sensoft software installation
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1.2.5.1 Firewire camera

The camera kit includes a 6-pin 2m 1394 cable and a 1394 Open Host Controller
Interface (OHCI) (also called FireWire) card to be inserted in the PCI bus of the
PC. An optional PCMCIA card can be used to run the camera from a laptop.
Power down your PC.

Install the PCI card.

Switch on the computer.

Windows will automatically detect the OHCI card and run the “Add New
Hardware Wizard”. This wizard will search for a “Texas Instruments OHCI
Compliant IEEE 1394 Host Controller”. Click Next.

Select “Search for the best driver for your device.” Click Next.

The wizard will then ask for locations to search for the drivers. Clear all of the
check boxes and click Next.

When asked: “What do you want to install?”” select “The updated driver.” Click
Next.

When the wizard finds the driver, the driver location should be <WINDOWS
path>\inf\1394.inf. If the wizard does not find the driver, it will need to install it
from the Windows program CDROM.

Click Finish to complete the installation.

Connect the camera module to the OHCI card using the supplied 1394 cable. To
complete the installation of the camera, restart the PC and log in with administrator
privileges. Note: Windows will not recognize the camera unless it has been
previously connected under administrator privileges.

If you receive a message during the installation that the digital signature was not
found, click Yes for proceeding.

1.2.5.2 Firewire PixeLINK PL-A741 camera

During installation of Sensoft, the drivers for the Pixelink PI.-A741 camera are
copied to the system directories. At the end of the installation

= Connect the digital FireWire camera to the FireWire PCI adapter or a built-in
FireWire port card (in the case of a PC) or to the PCMCIA FireWire adapter
card dongle (in case of the laptop) using the 2m Firewire cable. If the
connection is correct, the PC will immediately recognize the new Firewire
device as a PixeLINK device. A green LED on the camera body indicates that
the camera is working normally.

* The “Found New Hardware Wizard” will ask you for the location of the
drivers: follow the procedure given in the following pages. Click “Next” to
proceed to the next dialog.

Chapter 1: Sensoft software installation
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Hardware Update Wizard

Welcome to the Hardware Update
Wizard

This wizard helps you install zoftware for:

Generic [EEE-1394 digital camera

f\'() If your hardware came wj n installation CD
&2 or floppy disk. insertj

‘wihat do you e wizard to do?

O Il the software automatically [Recommended]
() Install from a list or gpecific location [Advanced)

Click Mest to continue.

[ Mext > l [ Cancel

|
| Found New ware Wizard

Please choose your search and installation options._

(" Search for the best driver in these locations

Use the check boxes below to limit or
removable media. The best driv:

nd the default search, which includes local paths and
nd will be installed.

¥ | Search removal edia (floppy, CORORM.)
[~ Include

f@g\am Files\SBIG\Driver ( ker\SBIG Drivers ﬂ Browse

@ Don'tsearch. lwill choose the driverto install

aeation inthe search:

Choose this option to selectthe device driver from a list Windows does not guarantee that the
driver you choose will be the best match for your hardware

< Back I Mext > I Cancel |

Hardware Update Wizard

Select the device driver you want to install for this hardware.

i;a Selectthe manufacturer and model of your hardware device and then click Next If you have a
disk that contains the driver youwantto install, click Have Disk.

Show compatible hardware

| Model
@Generic 1394 Desktop Camera

PixeLINK Firewire Camera Release 4

v This dnver is not digitally signed!

Tell me why driver signing is imporiant

<Back ” Next > l [ Cancel ]
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Hardware Ins:

_B Tius sohwars you ar imstaling for Sis hardwars
ParalINK Firswitn Camars Relsans &

has not passed Windows Logo testng 1o varly s compabity
o Windcwn XP. (Tall me why the seatogls impanant)

that you stop thes installation naw and

1 oK Cancal
e SRR [ Consmun advny | [ 5707 atataton |

Please wait while the wizard installs the software...

:JE FixeLIME. Firewire Camera Release 4

lnag =

Setting a system restore point and backing up old files in
cage your system needs to be restored in the future.

< Back Mext » Cancel

Hardware Update Wizard

Please wait while the wizard installs the software.._.

g PizeLIMK. Firewire Camera Release 4

4
L /

kswbar. ax
Tao CNWINDOWS \apstem32

( ]

< Back Mext > Cancel
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Hardware Update Wizard

Completing the Hardware Update
Wizard

The wizard has finizhed installing the software for;

= PizeLINK. Firewire Camera Release 4

Click Firigh to close the wizard.

Device Manager

File  Action Wiew Help

mEHE 2 A =Ra

== MERCURY
+ j Computer
+|-<ge Digk drives
¥ :.‘} Display adapters
+1 b DVDJCD-ROM drives
+-i=%) Floppy disk controllers
¥ _ﬁ Floppy disk drives
+|-[@g Human Interface Devices
+- (=% IDE ATAJATAPL contrallers
+| & IEEE 1394 Bus host contrallers

@ Keyboards

") Mice and ather pointing devices

% Monitors

HE Nebwork adapters

7 Ports (COM & LPT)

ﬁ Processors

@, sound, video and game controllers

¢ System devices
Universal Serial Bus controllers

e R e e I 3

= At the end of the installation will be asked to reboot your PC. If the camera is
successfully installed you should see the PixeLink in your Control Panel under
the Imaging Devices group.




+
spotoptlcs SENSOFT USER’'S MANUAL

The software people for optics

1.2.5.3 Lumenera USB 2.0 camera

" During installation of Sensoft, the drivers for the Lumenera camera are copied

to the system directories. At the end of the installation, connect the camera to
the PC using the 2m USB cable provided with the instrument. If the connection
is correct, the PC will immediately recognize the new USB device as a
LLumenera device. A green LED on the camera body indicates that the camera is
working normally.

»  The USB camera is only compatible with USB 2.0 or higher version of
USB. Do not connect to a USB 1.1 port.

® The “Found New Hardware Wizard” will ask you for the location of the
drivers: follow the procedure given in the following pages. Click “Next” to
proceed to the next dialog.

Found New Hardware Wizard

Welcome to the Found New Hardware
Wizard

This wizard helps you install software for:

Lumenera USB 2.0 Camera

\J If your hardware came with stallation CD or
= floppy disk. insert it no

What do youwant izard to do?

e software automatically (Recommended)

@ Install from a list or specific location (Advanced)

Click Next to continue

< Hiack I MNext > I Cancel |
1
il Found New Hardware Wizard

i Please choose your search and installation options. S
|

(" Search forthe best driver in these locations.

Use the check boxes belowto limit ar

nd the default search, which includes local paths and
removable media. The best driv,

nd will be installed.

¥ | Search removz, eoliz (floppy, CO-ROM..]

Pl calion in the search

ﬁaglam Files\SBIG\Driver CheckenSBIG Drivers ll Ermwse |

@ Don'tsearch. lwill choose the driver to install.

Choose this option to select the device driver from a list. Windows does not guarantee thatthe
driver you choose will be the best match for your hardware.

< Back I Mext > I Cancel
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Found New Hardware Wizard

Select the device driver you want to install for this hardware.

ﬁ Selectthe manufacturer and model of your hardware device and then click Next [f you have a
~ disk that contains the driver you want to install, click Have Disk

i [v Show compatible hardware

Model

Lumenera USE 2.0 Camera

This driver is not digitally signed! Have
Tell me why driver signing is important

< Back I Next > | Cancel

Found New Hardware Wi N

Please wait while the wizard installs the software_.

Hardware Installation

Lumen : The softy you are installing for this hardv

Lumenera USB 2.0 Camera

has not passed Windows Logo testing to verify its compatibility with
Windows XP. (Tell me why this testing is important)

Continuing your i ion of this sofiv may impair or
destabilize the correct operation of your system either
immediately or in the future. Microsoft strongly recomme;
that you stop this installation now and contact the ha
vendor for soft that has p d Wi

Continue Anyway | STOP Installation |

Found New Hardware Wiz

Please wait while the wizard installs the software_..

Q Lumenera USB 2.0 Camera

7 L/

Setting a system restore point and backing up old files in case
your system needs to be restared in the future

<Back [Ext > Cancel
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Found New Hardware Wizard

Completing the Found New Hardware
Wizard

The wizard has finished installing the software for.

g Lumenera USB 2.0 Camera

Click Finish to close the wizard

< Bachk | Finish I Cancel

_iolx

File Action View Help
= B & 2 @

- iy Computer -
“e Disk drives

:§ Display adapters

1;. DVD/CD-ROM drives

[+-{&a Human Interface Devices

-iZ3 IDE ATA/ATAPI controlers

[+-45s# IEEE 1394 Bus host controllers

E|:-j Imaging devices

P =48 Lumenera USB 2.0 Camera

‘s Keyboards

_) Mice and other pointing devices

L Modems

:§ Monitors

-E8) Network adapters L
PCMCIA adapters

(-4 Processors

#-@, sound. video and aame controlers I

= At the end of the installation will be asked to reboot your PC. If the camera is
successfully installed you should see the Lumenera in your Control Panel under
the Imaging Devices group.

1.2.5.4 Troubleshooting the uncooled camera

= A green LED on the camera body indicates that the camera is working
normally.

® Launch Sensoft
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= MChoose the gain of the camera in the [WFS/SH camera] page. The
recommended setting is Medium or Low for minimum noise. However, in
certain situations (e.g. when testing uncoated surfaces) a higher gain setting may
be required for getting more sensitivity

. @It is recommended that wherever possible, an integration time as low as
possible (about 10ms) be used to get low noise and minimum interference from

the ambient light

= Take an exposure by clicking on the [Live] button. In case it does not work
correctly, try to unplug the connecting cable from the camera to the PC and
reattach it. Otherwise reboot your PC by switching it off (hardware reboot)

1.2.5.5 Phantom 4.2 GigaBit Ethernet camera
The IP address of the camera should be specified before the camera is connected
for the first time.
= Access the Control Panel/Network Connections/Local Area Connection
Properties Page
* Access the Properties for the Internet Protocol(TCP/IP)
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pSearch [Ei‘ Folders -

Address ‘l.}, Netwark Connections

MNetwork Tasks

Create a new conneckion

Q Set up a home or small
office netwark,

Change Windows Firewall
settings

Dizable this netwaork device
Rename this connection

Change settings of this
conneckion

Other Places

& Control Panel
iﬁ My Metwark Flaces
[EJ My Documents

a [y Compuker

Details

Local Area Connection
LAN or High-Speed Internet

Mekwork cable unplugged,
Firevealled

Broadeomm Mekxkreme 573
Gigabit Contraller

Internet Protocol

General

Marne Type

Internekt Gateway
‘HInternet Connection Inkternet Gakeway
- Local Area Connection Properties

General Advanced|

Connect using:

‘ B8 Broadcom Metstreme 574« Gigabit C

12X

|[ Canfigure. .. ]

Thiz connection uzes the following items:

g File and Printer Sharing for Microsoft Netwarks

~
SQDS Packet Scheduler |
% Internet Pratacal [TCPAP) =
v
< i | = -
Irztall... Uririztall Froperties
Dezcription

Transmigzion Control Protocol/lnternet Protocol. The default
wide area nebwork protocol that provides communication
across diverse interconnected networks,

[ Show ican in natification area when connected
Matify me when this connection has limited or no connectivity

Cancel

(TCP/IP) Properties

IP address:
Subhet mazk:

Drefault gateway:

Y'ou can get 1P settings azzigned automatically if your netwark, supparts
thiz capability. Othenwize, pou need to ask your network. administrator for
the appropriate [P settingz.

(") Obtain an IP addiess automatically
() Use the follawi

Obtain DMNS gerver address automatically
(#) Uze the following DNS server addresses:
Prefenred DMS server:

Alternate DMS zerver | . . . |

ing IP address:

| 100.100.100. 1 |

| 255 . 255. 0 . 0 |

L Ok J,_ Cancel ]
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®  Click on the “Use the following IP address” and enter the IP address
100.100.100.1 and the subnet mask 255.255.0.0. The default gateway should
be left undefined

= Connect the power supply and the GigEthernet cable to the camera

*  On the other side, the GigEthernet cable should be connected to the LAN
pott of the PC

® Launch Sensoft and click on the Connect button in the CCD dialog,

CCD control
Camera model:
Camera not connected

(=) Connect
() Disconneat

Temperature [C):

Resolution

) Full - no binwing
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1.2.5.6 VDS Gigabit Ethernet camera
The drivers for the VDS camera are provided by the manufacturer of the camera.
Please refer to the camera manual given by the manufacturer for the correct
installation of it.
This procedure should be followed when the camera is connected for the first time
and whenever the power supply has been disconnected

= Connect the power supply and the Gigabit Ethernet cable to the camera

®  On the other side, the Gigabit Ethernet cable should be connected to the

LAN port of the PC
® Launch Sensoft and click on the Connect button in the CCD dialog,

CCD cantrol

Camera mods!

Camera nat connected

(&) Cornect
) Disconnect

Temperature ["C)

Resolution
() Full - na binning
(21 242 binning

" You will get the message “Device not configured”
= Press OK

Sensoft - Shack-Hartmann wavefront sensor software for Laserino

Fil= Edit Toolbars Image atithmetic ©CD Mokor  Align  Simulation  Utlities  Help

0
Eﬂ |
g
g
=
E)
ol

Device Information [E
Device Name | | —
Device |

gﬁ Device not configured
IP Information ication Mode

IF High Performanc.e IP De*tfic:e Driver
MAC Address tandard MIC Drivers [Windows Stac

Adapter |D 00130435 24.80 v| © Uriversal IP Filter Driver
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= (lick on the displayed Network Adapter

Device Information

Eady || Loop [+ LISAngn [ ] A

Diam M* M

Drevice Mame | \ |
Device: | \ |
Camera | \

IP Informnation Caornupication Mode
P | | () High Performance IP Nevice Driver
MAC Address | | () Standard MIC Drivers PNindows Stac
Adapter ID |001304:95:24:34 v| © Universal IF Filter Driver

Network Device Finder

=% Device [00-11-1C-00-1C-8C)

Drevice Information

Timeout [mz] Shaow all devices

[ [ Cancel ]
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Hartmann wavefront sensor software for Laserino

GigE Setup Ll [ Loop CJasign [

Device Infarmation Diarn M® M
3

Device Name | |

bk | |
Camera | |
I Infarmation Comunication Mode
IF | | () High Performance IP Dievice Diiver
MAC Address | | (%) Standard NIC Drivers [windows Stac
Adapter 1D |DD:1 304:95:24:95 = | (O Universal IP Filter Driver

/. Network Device Finder

= &% Device [00-11-1C-00-1C-8C)
B8 Network Adapter [00:13:04:95:24:84]

Set IP Address

MAC Address | 00-11-1C-00-1C-8C |

IP Address | 169

Lox ]

Device Infarmation

Timeout [mz) Show all devices

[ fd ] [ ok | [ cence |

= (lick again on the Network Adapter and you will get the list of the VDS
Vosskueler GmbH cameras

Device Infarmation

Device Mame

Device Gigabit Ether WHE of onboard Rk |

Camera

Hal

IP Infarmation e
IF ance IP Device Driver
MALC Addrezs [ Dirivers [windows Stac
Adapter 1D 00:13:04:95:2 Filter Driver

[ ]S ,] [ Cancel l [ Options... J

o[ o ]




¢
s OtOPtIcs SENSOFT USER’'S MANUAL

The software people for optics

= Select the appropriate camera model from the list and press OK.

= If everything was done correctly you will get the camera connected and
the camera model displayed in the camera dialog on the bottom-right
corner of the display.

ensnft - Shack-Hartmann wavefront sensor software for Laserino

File Edit Toolbars Image atithmetic CCD Mokor  A&lig

Seisetin | Select Camera EEy T

Device Information = ¥DS Yosskuehler GmbH ~ Diarm
) -+ CCD-1000
Device Hame . CCD-1000R = |
Device Gigabit Ether - CCD-1020 ~ | §ME of onboard R&k |
i:' ’ -+ CCD-17000
BlER L - CCD-11000C |
-+ CED-1100
|F Information -CCD-1300 e
- CCD-13008
IP | CCD-130085G ance P Device Driver
MAC Address L CCD-1300BS] L Drivers [Windows Stac
Adapter 1D 001304953 = ECERLDIES | fFiter Driver
L 0K ,] [ Cancel ] [ Options... J

1.2.6 Optino/Beam expander/Motorized external
calibration unit (ECM)

= If your system has a motorized component you will need to complete the
installation installing the drivers for the motor

= Connecta 12V/1000mA-power supply (tip (inner) polarity: positive) to the
motof.

1.2.6.1 USB motor control
Connect the USB cable from the motor to the PC.
e Wavefront sensors shipped starting from 2010 mount stepper motor
control card model Stepper Board.
e Wavefront sensors shipped before 2010 have a stepper motor controller
card model MT?2. Please refer to the MT2 motor control section for the
installation.
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1.2.6.2 Motor control with Stepper Board card

e To install the driver for the stepper motor insert the CDROM labeled “Szepper Motor
Control Solutions” and follow the procedure given in the following pages. Click
“Next” to proceed to the next dialog. Remember that under Windows 7 you will
have to right click on to the executable and
e The “Found New Hardware Wizard” will ask for the location of the driver.
Follow the selections given in the next dialogs: click the Next button to proceed with the
next request.

',i.a Setup - StepperBoard ;lﬂlll

Welcome to the StepperBoard
Setup Wizard

Thiz will install 5tepperBoard 2.0 on wour computer.

Itiz recommended that you cloze all other applications before
continuing.

Click Mext to continue, or Cancel to exit Setup.

Mext » I Cancel

]i.g Setup - StepperBoard

Information
Please read the fallowing important infarmation before continuing.

‘when you are ready to continue with Setup, click Mest.

IThe documertation and example cods provided as part of this installation may be -
freely distributed provided that no charge is made for the code or the

documentation. Both are provided "'as-is". and are not warranted in any way by

Peter Morberg Consulting, he.

Please read the "FirstUse" or "HalfPowerMotes" manual first, as well as the
hardware reference marual for vour particular board, before attempting to use our
products,

"“FirstUze" iz for all uzers, "HalPowerMotes" is for users who need to operate our
non-current regulating boards in their "Half Power'* mode of operation,

The sample code iz intended to demonstrate some of the features of the
GenStepper and UCC series of stepper motor controllers [such as the "SimStep”
and "BiStx_ap'f products). The code does not have adeqL_Aate timeout testing or

< Back I Mewt = I Cancel |
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e Specify the installation folder and click “Next” to proceed to the next dialog.

]it.i'a Setup - StepperBoard

Select Destination Location
Where should StepperB oard be installed?

J Setup will install StepperBoard into the following folder.

To continue, click Mexst. If pou would like to select a different folder, click Browse.

Browse... |

At least 7.8 MB of free disk space is required.

< Back I Mext » I Cancel

e Select the components to install. The default option will install all components
(suggested)

]i(.El Setup - StepperBoard

Select Components
‘which components should be installed?

Select the components you want ta install; clear the camponents you do not want ta
install. Click Mext when you are ready to continue.

< Back I Mext > I Cancel
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& setup - Stepperboard

Select Start Menu Folder
‘where should Setup place the program’s shortcuts?

Setup will create the program's shortcuts in the following Start Menu folder.

To continue, click Mext. If you would like to select a different folder, click Browse.

Browse...

[~ Don't create a Start Menu folder

< Back I Mest > I Cancel |

',iuﬂJ Setup - StepperBoard
Ready to Install
Setup is now ready to begin installing StepperBoard on your computer.

Click. Install to continue with the installation, or click Back if you want to review ar
change any settings.

Destination location:
C:%Program Files\StepperB oard

Setup wpe:
Full installation

Selected components:

Board level documentation
BC2D15 Documentation
BC4D15 Documentation
BC4E15 Documentation
BiStep24 Documentation
BiStepalE Documentation

i

< Back I Instal I Cancel |

]i.,il Setup - StepperBoard Aglll

Completing the StepperBoard
Setup Wizard

Setup has finished installing StepperBoard on your computer,
Example source code may now be installed by selecting the
check box below, or later by requesting the ‘Extract Examples'
itern from the: start menu

["Start-»Programs-» StepperBoard-> Extract Examples].

Click Finizh to exit Setup.

Install example code and applications




spotoptics SENSOFT USER’'S MANUAL

The software people for optics

Connect the USB cable from the motor to the PC without ejecting the CDROM previously
inserted in the device. If the connection is correct, the system will immediately identify FOR
THE FIRST TIME the new hardware as USB to serial converter.

| ¥
i) Found New Hardware IE
— | USBE <=-= Serial Cable

h, = —
introl Panel | @ Norton™ ’ﬁ&@@ g _—_,IJ_ Y 0944

The “Found New Hardware Wizard” will ask for the location of the driver.
Follow the selections given in the next dialogs: click the Next button to proceed with the
next request.

e Specify the identifier of the CDROM device in the searching path (here E:\)

Found Mew Hardware Wizard

Pleaze choose your search and installation options.

& Search for the best driver in these locations.

|Jze the check boxes below ta limit ar espand the default search, which includes lazal
paths and removable media. The best driver found will be ingtalled,

[ Search removable media [floppy, CO-ROM...]

v Include this lacation in the seanch;
IE:\ ﬂ Browsze |

™ Don't search. | will choose the driver ta install

Chooge thiz option to zelect the device diiver from a list. Windows does not guarantee that
the driver pou chooze will be the best match far your hardware.

< Back I Mest » I Cancel
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Please wait while the wizard installs the zoftware__.

q USE Stepperboard Product

L L/

Hardware Installation

1] 5 The software you are installing for this hardware: |
-

USE Stepperboard Product

haz not passed Windows Logo testing to werify ite compatibility
with *findaws #P. [Tell me why thiz testing iz impartant. |

Continuing your installation of this software may impair
or destabilize the comect operation of your system
either immediately or in the Future. Microzoft strongly
recommends that you stop thiz installation now and
contact the hardware vendor for software that has
passed Windows Logo testing.

Continue Sz | STOP Installation I

Found New Hardware Wizard

Completing the Found New
Hardware Wizard

5

The wizard has finished installng the software for:

% I15B Stepperboard Product

Click Finish to cloze the wizard.

< Back I Finish I Carizel
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After this installation the system will immediately identity FOR THE SECOND
TIME the new hardware as USB Stepper board Product.

i) Found New Hardware IE
IJ5E Stepperboard Produck

B ... | @ Norton™ mﬁ

The “Found New Hardware Wizard” will ask for the location of the drivet.

Follow the selections given in the next dialogs: click the Next button to proceed with the
next request.

Specify the identifier of the CDROM device in the searching path (here E:\)

Found Mew Hardware Wizard

Please choose your search and installation options.

% Search for the best diver in these locations.

Uze the check boxes below to limit or expand the default search, which includes local
pathz and removable media, The best driver found will be ingtalled,

[ Search removable media [floppy, CO-ROM...]

v Include this location in the search:

|E:\ j Browse |

= Don't gearch. | will choose the diiver ta install

Chooge this option to zelect the device driver from a list. Windows does not guarantees that
the driver you chooze will be the best match for your hardweare.

< Back I Mext » I Cancel
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% IJSE Stepperboard Product

L -

Hardware Installation

1] E The software you are inztalling for thiz hardware:
-
USE Stepperboard Product

haz not passed Windows Logo testing to verify its compatibility

with windows #<P. [Tell me why this testing is important. ]

Continuing your inztallation of thiz software may impair
or destabilize the cormrect operation of your system
either immediately or in the future. Microsoft strongly
recommends that you stop thiz installation now and
contact the hardware vendor for software that has

paszed Windows Logo testing.

Continue Aryway | STOF Installation I

Found New

Completing the Found New
Hardware Wizard

The wizard haz finished ingtaling the software for:

% USE Stepperboard Product

Click Finish to cloze the wizard.

=

< Black I Firish I

Caneel
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If the drivers have been correctly installed, the USB Stepper board Control Unit
will appear in the Control Panel under the USB Serial Bus Controllers, as well as
among the COM port devices. Sensoft will detect automatically if multiple motors
are connected and will identify if they correspond to the collimator, the mototized
beam expander or the motorized external

calibration unit

- ¢ System devices

Elé Universal Serial Bus controllers

@2 Intel(R) 82801FB/FBM USE Universal Host Controller - 2658
= Intel(R) §2301FE/FEM USE Universal Host Controller - 2659
= InteliR) 52801FE/FEM USE Universal Host Controller - 2654
= Intel(R) 52301FB/FEM USE Universal Host Controller - 2656
= Intel(R) §2301FE/FEM USEZ Enhanced Host Controller - 2650
5B Composite Device

= 1ISE Rook Hub

= LISE Root Hub

= [ISE Rook Hub

= LISE Root Hub

= 1ISE Raot Hub

=4 ISE Stepperboard Product

JNOTE: when the motor controller will be connected to the different USB
port respect to the first installation, the system will again prompt for the driver
installation. You will have to repeat the driver installation procedure

1.2.6.3 Motor control with MT2 card

e If the connection is correct, the system will immediately identify the new

hardware as MT2USB card (or MT2SBMS if the card supports micro
stepping).

FDF

e j._) Found New Hardware
MT2USEMS Contral Linit

=< B @ ey 20 1349
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The “Found New Hardware Wizard” will ask for the location of the driver.
Follow the selections given in the next dialogs: click the Next button to proceed
with the next request.

Found New Hardware Wizard

Welcome to the Found New
Hardware Wizard

Thiz wizard helpz you install zoftware for:

MT2USEMS Contral Unit

\') If your hardware came with an i
22 or floppy disk, insert it now

what do you want ard to do?

& zoftware automatically [Fecommended)
(&1 Install fram a list ar specific location [Advanced)

Click Mext to continue,

[ MHext > l’ Cancel l

Specify the identifier of the CDROM device in the searching path (here D:\)

Found Mew Hardware Wizard

Pleaze choose your search and inztallation oplions.

Ihciude this location in the search:
b :

() Don't search. | will choose the driver o install

Chooze thiz option ta select the device driver fram a list. Windows does not guarantee that
the driver you chooze will be the best match for your hardware.

< Back ” Mest » ] [ Cancel
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Found Mew Hardware Wizard

Completing the Found New
Hardware Wizard

The wizard haz finizhed installing the software for:

@ MTZ2U5EMS Contral Uit [by IPSES 5.1l

Click Finizh to cloze the wizard.

contact the hardware vendor for softwg
paszed Windows Logo testing.

£ Device Manager,

File  Action Wiew Help

N ESES 2 A =Ea

& TEEE 1394 Bus host controllers ~
Z» Keyboards
"y Mice and ather pointing devices
& Monitars
E& Metwork adapters
& Ports (COM &:LPT)
ﬂ. Processors
B, sound, video and game controllers

System devices
é Universal Serial Bus controllers
Del 1I1SE Composite Device
Dell USE Kevboard Hub
Inkel PCI ko USE Enhanced Host Controller
InteliR) 528010E/DEM USE Universal Host Controller - 24
Inkel(R) 52801DE/DEM USE Universal Host Contraolle
Intel{R) 52501 DE/DEM USE Universal Host Ca
T, kol Unit 1
1ISE 2.0 Fook Hub
LISE Foot Hub
LISE Rook Hub
LSE Rook Hub v

I s R [ o e O e B e R A B e
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If the drivers have been installed correctly, the MTS2USB Control Unit will appear
in the Control Panel under the USB Serial Bus Controllers. Sensoft will detect
automatically if multiple motors are connected and will identify if they correspond
to the collimator, the motorized beam expander or the motorized external
calibration unit.

1.2.6.2 Motor control through serial port

= Connect Optino collimator motor using a serial cable.

= If the connection has been done correctly, Sensoft will automatically detect the
serial port for collimator, beam expander and external calibration unit. Click the
Home button. If everything is OK, you will get an OK message in the status
field. If the message is “Not OK?”, check the power supply and the cables.

1.2.7 Connecting and operating the motors for
Stella/Sfera MIPS and OPAL

* Connect a the external 24V /48W power supply for supplied with the
instrument

= Connect the serial cable to the serial connector put on the back of the
instrument

®  On the other side connect the serial cable to a USB port of the PC using a
serial to USB converter

= All of the motors inside the instrument are connected in a daisy chain
where the first motor acts as a master of the chain.

= [f the connection has been done correctly, Sensoft will automatically detect
the serial port for the motors and will display a dialog showing how many
motors have been found on the same chain

1.3 Miscellaneous

1.3.1 Upgrading the camera driver

* To upgrade the drivers on a Windows 2000 or Windows XP system you must
be logged in with administrator privileges.

* Connect the camera at installation time. Windows 2000/XP will not recognize
the camera unless it has been previously connected under administrator
privileges.

In the System Panel (Control Panel), go to the Imaging Device group in the Device
Manager; if you find the ‘PL._A630” module you need to upgrade the driver.

= Select the Imaging Device group in the Device Manager of the System
Panel (Control Panel)
= Select the Properties of the PL.-A630 entry

Chapter 1: Sensoft software installation
29
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® In the Driver page, press the button Update Driver. Select the CDROM
unit containing the Sensoft Optino installation CDROM to detect the new

driver
= At the end of the upgrade, you should find the ‘PixeLINK™ 1394 Camera’
module installed

1.3.2 Using the camera with hubs for long cable
lengths

The standard cable supplied with the IEEE-1394 based Imaging module is of a
length of 2m. Using repeaters that connect cables of length 4.5m, a cable length of
up to 72m can be obtained (14 repeaters).

The hub gets its power supply from the PCI card. In the case of a laptop, a power
supply of at least lamp should be used. Each hub consumes 3W. In case the
connections are not made propetly, the green light on the hub will not be lit.

For the SBIG cameras, repeaters can be used to increase the cable length up to
50m
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2.1 The opening screen

When you run Sensoft for the first time, the following screen appears:

Menus Dialog Bar Fixed toolbars Info dialog bar

Sensoft - Shack-Hart~iann wavefront sensor software for Optino

File Edit Toolbars Image arithmetic CCD Motor  Align  Simulation  Utilities  Help

¥ A N
- [ont]lwrs]sH][anansis]eiot] T 0120 [ Lve [Jaaue  [(Dard [Ref][Test][ tens | Loop B CJemion [ aign [ ] con O MCDH\Q MBEx \
I w & Upv BB Bl ACr [R5 x 0@ X0 s

Citest_genericl REF_flat000g fit Last. | Test0001 fit b MFo || BE || MoT

2.1.1 The dialog bar

The controls placed on the dialog bar allow the selection of parameters required
for the analysis as explained below:

Opt:
= Select the optical test setup
* Enter the optical parameters for the optical system under test

Enter the description for the test

O Note: the optical setup parameters can be saved to a default file using the
Save optical configuration function in the File menu. The parameters can
be re-loaded from the file using the LLoad optical configuration function in
the File menu

WEFES:

" Specity the camera setup (for uncooled camera: binning and flip
parameters, gain regulation; for cooled camera: binning and temperature
regulation parameters) and the number of images to average both for
reference and optical system SH image. The average of images will reduce
noise (i.e. due to air effects).

* Define the orientation of the image with respect to the plate as explained in
section 4.8.1

Note: the optical setup parameters can be saved to a default file using the Save

optical configuration function in the File menu. The parameters can be re-

loaded from the file using the Load optical configuration function in the File
menu

SH:
= Select the directory for storage of results from on-line and off-line analysis
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Select the SH images to be used for analysis (in off-line mode)

Select the Zernike terms to be fit to the data

Specify the threshold and ellipticity parameters for centroiding
Select the output graphs that you wish to see after the analysis is over
Use the utilities option

Plots the output graphs for SH analysis using the files created during the
latest analysis (without re-running the analysis)

The output table of any previous run (e.g. using the Open SH results File
(.cof) item in the File Menu) must already be open

Analysis:

Live:
| |

Used for running the SH analysis program in off-line mode

For starting/stopping the camera exposute

QAuto:

Dark:

Ref:

Test:

For quick automatic optimization of exposure time. Use this feature when
you can see a non empty/dark image on the screen

Sensoft is shipped with the dark images already stored on the CD. These
images are copied to the appropriate directory (where Sensoft is installed)
Click this button if for any reason you need to redo the dark calibration. If
your system was shipped with a CMOS camera a series of dark calibration
images for the Shack-Hartmann camera will be taken automatically. Images
will be taken up to 100msec of exposure and with different gain factors.
About 120Mb of disk space is required to store the images. If your system
was shipped with a CCD camera a series of dark calibration with different
binning factors will be taken.

Used for taking the reference SH image to be used in all the subsequent SH
analysis. The number of images to average is selected in [WES] folder. The
prefix to be used for reference image can be selected in the [SH] folder.
The default prefix is “REF_flat”, “REF_parallel”, “REF_spherical”,
“REF_pinhole”, according to the suggested reference setup that is specified
on the bottom bar whenever a test configuration is selected in [Opt] folder

Used to check the parameters for a correct analysis of the SH images

The number of SH images to average is selected in [WES] folder. Requires
a previous acquisition and analysis of the reference image

The software checks for the optimum intensity in both the reference and
optical system image: then the optical parameters specified in [Opt] folder
are checked by computing the normalized radius of the pupil

Chapter 2: Sensoft User Interface
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Finally, fitting the first seven default Zernike terms to the data a standard
analysis is performed

Perform the analysis of the optical system SH image

The number of SH images to average is selected in the [WES] folder.
Requires a previous acquisition and analysis of the reference image

After the SH image is obtained, the selected Zernike terms are fit to the
data and the graphs selected in the [SH] folder are plotted together with the
table of the aberration coefficients

The prefix for the lens image can be selected in the [SH] folder. The default
prefix is “Lens”

Loop (Professional and Engineering versions only):

Perform the on-line analysis of the optical system SH image in a
continuous loop

Requires a previous acquisition and analysis of the reference image
Requires a previous run with Test analysis to establish the correct
normalized radius

Open the [Loop param] dialog by pressing on the B button close to the
Loop box in the dialog bar and select the range of values for alert for the
10 default Zernike coefficients and the graph that you would like to display
Close the [Loop param] dialog an start the Loop by checking the Loop box
After the SH image is obtained, the Zernike terms selected in [SH] folder
are fit to the data and the graph selected in the [Loop param] dialog is
plotted

A coefficients toolbar displays the value of the first 10 default Zernike
coefficients

A red or green background for the Zernike fields indicates that the value of
the coefficients obtained from the analysis is outside the tolerance given in
the dialog that is opened

During the loop, the values of the first 7 coefficients can be saved in a log
file on request and the coefficients can be sent to an external machine
through serial communication

During the loop the SH image acquired in continuous mode can be
displayed if this is specified in the [Loop param]| dialog. When the SH
image is displayed the indications for alignment of lens vs. reference image
(see next section) are also given

CAhgn, QAlign and Align:

Used for on-line alignment of the optical system SH image (herein lens)
with respect to the center of the camera chip (CAlign) or to the reference
image (QAlign and Align). QAlign and Align require that the reference
image has been taken in advance. The software gives the indication of the
movement to be done (in terms of up down, left right) to align the lens
image. When the alignment is inside the tolerances specified in the

[Tolerances for alignment]| dialog that is opened by pressing on the

Chapter 2: Sensoft User Interface
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button close to the Align box, when the alignment has been obtained the
green circle is filled with a white one

Used for on-line collimation of the optical system under test. Does not
require any reference image. The software gives the indication of the
movement (inside or outside) to collimate the beam from the optical
system under test. When the collimation is inside the tolerances specified in

the dialog that is opened by pressing on the B button close to the Coll
box, the light is parallel and the green or red circle (indicating the
divergence or convergence of the light) is filled with a white one. At this
point the loop is automatically stopped

MColl (Optino Pro and EE Vis versions only):

Used for obtaining collimated parallel light with the motorized collimator
pinhole light from the internal light source of Optino

Does not require any reference image

The software analyzes the beam coming from the optical system under test
optimizing the exposure time and move the motor (inside or outside) inside
Optino to obtain collimated light

When the collimation is inside the tolerances, a beep is signaling that the
correct collimation has been reached. At this point the on-line loop is
automatically stopped

MBexp (Optino Pro and EE Vis versions only, when system is shipped with
motorized beam expander):

Used for obtaining collimated parallel light with the motorized lens inside
the beam expander

Does not require any reference image

Same as for the MColl command applied to the beam expander

Chapter 2: Sensoft User Interface
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2.1.2 Menus
2.1.2.1 File menu

2pen SH resulk file {caf)
Cpen Image File {LFik)
Cpen Image File (LkF)
Qpen centroids file (.cen)

Close
Close all

Load optical configuration
Save optical configuration

Preferences

Print... Ckrl+P
Prink Preview
Prink Setup...

Fename file
Eename set of files

Recent 5H resulks (,cof)
Recent image Files (,Fit)
Recent image Files (k)
Recent centroid files {.cen)

b . .

Exit

*  Open all the files supported by Sensoft:
SH results file: output results file (with .cof extension)
Image file (with .fit extension)
Image file (with .tif extension) can be also opened if they contain
8-bits images; they can be displayed by Sensoft but not analyzed. To
analyze these images you should convert them into .fit format using
the Save As function in File Menu
Centroids file (with .cen extension)
* Close active view/file on the display
* Close all views/files on the display
* Load/Save configuration files with all the parameters specified in Sensoft
dialogs [Opt] and [WFS] that can be useful for the analysis of the optical
system under test
= Save images and export graphs
* Preferences allow users a number of options that can be set and saved so
that these options are selected automatically when Sensoft is run.
* Print the current image/graphic on the display on the default printer
* Open the most recent files created by Sensoft
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2.1.2.2 Preferences in File menu
Preferences g|
Prompt for aving Untitled images after Live exposure Oies &) Mo
Check for zaturation during Live exposure %1 Yes Mo
Prompt for expozure time optimization durng Align OV O Mo
Prompt for exposure time optimization during Collimation & e i Mo
Change E=cel filename with Lens prefis name (Yes ) Na
[ ak l [ Canicel ]

A number of options can be selected automatically when Sensoft is launched to
speed up switching among Sensoft tasks:

Prompt for saving Untitled images after Live exposure

=  “No™ if you never want to save the Untitled image taken during a Live
exposure.

" “Yes™: if you would like to save the Untitled image taken during a Live
exposure.

- This option is enabled only if your system was shipped with a fast

CMOS camera.

Check for saturation during Live exposure

= “Yes”: the software checks for saturation when an image is acquired;
the background of the exposure time box in the Dialog Bar change
color according to the saturation level

= “No”: the software does not check for saturation when an image is
acquired. The exposure time box in the Dialog Bar has a white
background

Prompt for exposure time optimization during Align

= “No”: you never want exposure time optimization at the beginning of
the Align or QAlign procedure

= “Yes”: the Align or QAlign procedure starts with the exposure time
optimization

Prompt for exposure time optimization during Collimation

Same as above applied to Collimation task

Change Excel filename with Lens prefix name




SpotOptics

The software people for optics

2.1.2.3

SENSOFT USER’'S MANUAL

= “Yes”: a new Excel file for storing output results from Shack-Hartmann
analysis is created whenever you change the Lens prefix in
[SH/Directories]

= “No”: output results are appended to the same Excel file for all the
images created and analyzed in the same directory even when different
Lens prefixes are used

Edit menu

When an image or graphic views are displayed on the screen it is possible to copy
the active view and paste the content to a World or Excel document.

When the Shack-Hartmann analysis output result form is displayed users can select
and copy:

the Zernike coefficients
the image table

the Quality table

the full output report

ensoft - Shack-Hartmann wavefront sensor software for Optino - [Sensoft results |

File B[ Toobars Image arthmetic Tools Mobor  Simulation  Window  Help

oot 14.00 |7 Live [ Qauto [Rer][mest][_Lens |1 Loop B [aion
B OF | OFL aTr
[Catest g:::z: 2:: er;:rjiahle E:::Z | Rer. [ REF_natono. it | b [Last [Testooni
E ii';ﬁ:!éﬂage e Diagrostics || FQ-7zemiketerms || Statistics |
Image Date | Time ‘ Exp.time | Thresh. | Ellipt. Image table
Test: TESTO001 2007-02-24 11:57:45 014 sec 073 70
Ref: REF_FLAT0O00G 2007-02-24 11:57:28 014 sec .064 70
Aber m n ‘Cx(nm) ‘Cy(nm) ‘ C(nm) ‘ Angle ‘
Def 02 -14
Tilt 11 -27.6 139.2 141.9 101.2 ]
Coma 13 -1.5 -0.3 1.5 -168.0 Zernikes
SA3 04 07
Ast3 282 1.7 01 17 -21
TCom 33 08 -0.1 08 -5.2
QAst 4 4 0.9 0.0 09 -0.9
5 in nmi

Quality =0 ‘ hin ‘ Average ‘ P-y ‘ Rms ‘ Strehl ‘
Residual 4.5 6.5 -43 109 19 0999 Quality table
Actual * 59 -6.5 -5.3 12.3 2.3 0.998
Potential 4.5 -6.5 -4.3 109 1.9 0.999

* Actual Quality: filt subtiacted
MNormalized pupil: 1.000 Mo of spots used: 378 Probahility of goodness of fit. 1.00
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2.1.2.4 Toolbars menu

From this menu users can Show-Hide the toolbars defined in the Sensoft User
Interface

2.1.2.5 Image arithmetic menu

Sensoft allows users to perform image arithmetic on images.
The dialog showed below is displayed when the image arithmetic item is
selected on the menu

Operation on images

Operation
oo
| | () Subtract
A/ ©) Multply
() Divide

Select zecond image

(%) 2nd image | - |

(") Constant

Riezult= first image + second image

=  Select two images (having the same rows x columns dimension)
e Add pixel values for corresponding row and column
e subtract the pixel values of the second image from the correspondent pixel
value of the first image
= Select one image

e Add, subtract, multiply or divide the pixel values by a constant value

When the OK button is pressed the image resulting after the selected operation will
be displayed on the screen.

2.1.2.6 CCD menu

This menu is enabled only if your system was shipped with a cooled CCD or a
Hamamatsu CCD.
User can connect or disconnect the camera driver using items in this menu
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2.1.2.7 Motor menu

This menu is enabled only if your system was shipped with a motorized unit.
User can Show-Hide the motor toolbar and select if the motor bar should be
displayed when Sensoft is launched

2.1.2.8 Align menu

User can Show-Hide the align toolbar that appears when the Align option is
selected during the Loop task

2.1.2.9 Simulation menu

This menu is enabled only if your system was shipped with any of the packages
included in the Simulation (Shack-Hartmann simulation, Telescope simulation and
Diffraction analysis simulation).

User can Show-Hide the motor toolbar and select if the simulation bar should
displayed when Sensoft is launched

2.1.3 Fixed toolbars
2.1.3.1 Main toolbar
= =
Save, Copy and Print the current view content

2.1.3.2 Graphics toolbar
@y s Bw #[ulpy

Individual plots can be modified by using the buttons of the toolbar. Each button
corresponds to a different operation that can be performed on the plot.

Graphics toolbar

Button | Task

Show/Hide a grid on the view to help identifying x y values (default
FALSE).

Show/Hide the legend on the view (default TRUE).

Show/Hide points used for interpolation of curves in 2D graphics (default
FALSE)

Convert the view from to color to grayscale and back (default color).

Change the size of the vectors of the residuals

Change the number of contour levels on the wavefront

Convert the wavefront scale into waves units (default lambda is 632nm).

Display a 2D section of the wavefront at 0 deg and 90 deg and at 45 deg
and 135 deg.

-l =@ ) |4 2B =

Display X and Y coordinate labels in spots or mm units
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PV User can select the same scale (in waves or nm units) for all of the 3D and
contour plots

2.1.3.3 Spot profiling toolbar
BE C PN ADe

This toolbar is active when the image view is active.

Spot profiling toolbar

Button | Task

. Selection of a subframe on the current image

Select full frame

Select contour of spots during profile loop

Select 3D view of spots during profile loop

Select 2D X and Y profile of spots during profile loop

P If checked start profiling of spots found in the selected subframe

2.1.3.4 Image toolbar
ReAd@#E xD@OxrRs &« o )

This toolbar is active when the image view is active.

Image toolbar

Button Task
® Zoom++
=} Z.oom-
oo Z.oom full
i Histogram
# Superpose grids of different shapes (squared, circular, linear) on
the images
—|— Show/Hide a green cross on the image where the center of the last
analyzed reference has been found
% Start removal of bad spots procedure
Select and remove spots contained in a user defined rectangle
@ Select and remove spots contained outside a user defined circle
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Select and remove spots contained inside a user defined circle

Select and remove spots contained inside or outside a rectangle
whose coordinates on the image are defined by user

R Select and remove spots contained inside or outside a circle whose
coordinates on the image are defined by user

g Close removal of bad spots procedure saving the modified image

& _J_ Change brightness on image

q _J_ Change contrast on image

2.1.3.5 Info dialog bar
J|C:1test_generic‘t | |Ref: |REF_ﬂatnuua.m | N |Last: |TeISJtDDD1.ﬂt | N _[ INFO ][ MoT ” co[; "

The info dialog bar displays
= The name of the directory where the output results are saved (selected in
[SH/Ditectories))
=  The name of the last calibration (reference) image
® The name of the last image analyzed for the optical system under test
= The normalized radius from the last analyzed image.
=  The buttons to Show/Hide
e The Info toolbar
e The Beam expander info toolbar (only if the instrument includes the beam
expander unit)
e The Motor toolbar (only if the instrument has motorized units) for
controlling the motorized units
e The CCD bar (only if your system was shipped with a CCD camera (either
cooled or uncooled).

2.2 Floating toolbars

Floating toolbars can be Showed or Hided and their default position is on the right
side of the screen

2.2.1 Info Toolbar

The Info toolbar gives the information about the optical setup and optical
parameters entered in the [Opt] folder
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Test Lens 5 lllum. External
D (mm) 10.00 | EFL (mm) 90.00
CFL (mm) 100.00 | F# 9.00
Ref Th. 0.11 | Ref EL 0.70
Lens Th. 0.19 | Lens El. 0.70
Comb. F. 8.0 | Annulus Full

2.2.2 Beam expander info Toolbar

(Optino Pro and EE versions only, when system is shipped with beam
expander):

The toolbar displays the optical properties of the beam expander/compressor
configuration selected in the [Opt| folder

Config. BEG0O1

[D1(mm) [25.00 FL1 (mm) [85.00
[D2 (mm) | 63.50 FL2 (mm) |354.87
[Mag 4.20 Sep (mm) | 425.73
| D Out (mm) | 28.98 Vig. fact. 0.35

2.3 Motor Toolbar

The motor toolbar can be used conveniently to operate the motor.

2.3.1 Optino/BEGO/ECM

2.3.1.1 Motor control through serial port

When Sensoft is launched, the serial port connecting the motor is automatically
searched.

The serial port should be set with the following parameters (check in the Control
Panel/System/Device Manager/Ports /Communication ports/Properties/Port
Settings):

= Baud rate: 9600 bits per seconds
= Data bits :8

= Parity: None

= Stop bits : 1

=  Flow control : Xon/Xoff
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Sensoft keeps the last position reached by the motor in memory. When Sensoft is
launched and the motor has been found, the motor automatically moves to the last

recorded position.

Collimato 9]

i M Move toend

Home [ zero position)

Mowe to last collimation position 1350 Collimation position (Editable)

Select precalibrated collimation position Fos 1750 Precalibrated position [(Editable)

+ > - £
Step +- 10

Il Current 1350

Mevve motor forwards Mowe motor backwards

Mo of steps for mowement (Editablke)

Current position

If your system has been shipped with more than one motorized unit, all the units
will appear and can be activated from the motor dialog bar. Each motor is
connected to a different serial port.

Optino and Beam expander

[x]

Bexpander

Focus 1187 Focus 1561
Pos 1000 | Pos || 1000
> | -« [+ | -«

Step +- 12 Step +i- 1

Current 1000 Current 1561

Motor connection found and set as
current for internal collimator - green
and On, while BExp is red and off. The
reverse is true when BExp motor is
set as current

2.3.1.2 Motor control through USB port

When Sensoft is launched, the USB port connecting the motor is automatically
searched for. An inquiry to the motor is giving back the motor ID that helps
identifying the unit where the motor has been mounted. Once the connection has
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been established, the motor control is identical with respect to what described for
motors controlled through the serial port.

2.3.2 Lentino motor control

The 2 motors of Lentino are connected to one unique serial port.

When Sensoft is launched, the serial port connecting the motors is automatically
searched for scanning the serial ports from 1 to 10. If the motors are not
connected properly to the serial connector or the power supply is not connected, a
message will appear on the screen when you launch Sensoft, and you will have to
exit the program, establish the connection and (re)launch Sensoft.

The serial port should be set with the following parameters (check in the Control
Panel/System/Device Manager/Ports /Communication ports/Properties/Port
Settings):

= Baud rate: 9600 bits per seconds
= Data bits :8

= Parity: None

= Stop bits : 1

= Flow control : Xon/Xoff

The motors can be fully controlled from the motor bar displayed on the right side
of the PC screen. The motor bar is displayed in the figure in the next page.
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Lens holder group
(upper stage)
AN

(lower stage)

Slider control:
Up/down arrow |—>
for large
movements
Pinhole group

SENSOFT USER’'S MANUAL

Motor control E]

Distance

between
the two
stages

Up/down arrows

for precise
movements

Finhole

Pos1 256818 |m
Pos? 15654 |
= |y

Distances (mm)
{' 11510
{ 50,396

Finhole-Lens

Lens-Collimatar

Lentino: the stepper motor control

[ [
Current position (rmm)
Lens Finhale /V
186104 | 177834 ]
Rermaining ! B.21Di
v LUpfdown (mm)
e a——
lens 20000 ‘
L V——>
_ a—1—>
Pinhale iD-EﬂD ‘ .
/ - |- >
//
1
oL
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*  Once the motor bar is displayed, the software sends an inquiry for getting
the position of the motors. In normal conditions, the inquiry will return the
last position reached by the motors, but if the serial cable or the power
supply have been disconnected and reconnected, the inquiry will return an
undefined position. In this case the dialog in the figure below will appear on
the screen.

Fiesst position of the motors to 0 recommended)] -» T HOME

éManuaI movernent of motors -> MM LAL

" By clicking Home the motors are reset to the Home (=0mm) position.
Once the Home position is reached, the two red and blues arrows will be
displayed at the top (red) and the bottom (bluej oF the siide bar and you can
proceed with the use of the instrument

* By clicking Manual, you can operate Lentino in manual mode (e.g. if you
want to remove any optical-mechanical element that prevents you from
going to Home position). You will be allowed only differential movements

0 Once you have finished with the manual movement, use the Home command
to reset the motors

2.3.2.1 Some points about the stepper motor control

® The position (in mm) of the plates is given with respect to the zero point of
the motor

* Pinhole; the distance between the two plates is automatically updated during
the movement and displayed in the field “Remaining” on the right of the
slide control.

GSensoft automatically checks and prevents the collision between the two
plates. However, caution should be used when a collimator is being used to
ensure that the test element mounted on the upper plate does not collide
with it.
= If the motor needs to be moved by a large step (several mm), using the
mouse, you can click and drag the arrows (red or blue) to the desired
position. Once the mouse is released, the selected plate will start moving
and the position field will be continuously updated until the desired position
is reached.
* If the motor needs to be moved by a small amount and/or high precision is
required, the step for the movement (in mm) of the selected plate must be
entered in the Move up/down section. Then click on the up or down grey
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2.3.3 Opal motor control

When Sensoft is launched, the serial port connecting the motor is automatically
searched for scanning the serial ports from 1 to 10. The 2 motors of Opal are
connected to one unique serial port. The serial port settings are defined inside

Sensoft.

If the motors are not connected propetly to the serial connector or the power
supply is not connected, a message will appear on the screen when you launch
Sensoft, and you will have to exit the program, establish the connection and
(re)launch Sensoft. If the motors have been connected correctly the red LED
button close to the stage description will turn to green.
The motors can be fully controlled from the motor bar displayed on the right side
of the PC screen. The motor bar is displayed in the figure below.

Lens holder group
(upper stage)

Distance

between
the two
stages

Pinhole group
(lower stage)

B Opal Motor, Control [5__<|
T
Ahs. pos (mm) III J.L

Upperstage @

—_

bowe (mim)

Callisian distance (mm)
| 0

STOP ALL

Lower stage @@

—_

bdowe (mm)

T
Abspos(mm) J.L

Home

bemorized positions

L L || C11 || C22

Up/down arrows
for precise
movements

Up/down arrows
for precise
movements

Opal: the stepper motor control
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*  Once the motor bar is displayed, the software sends an inquiry for getting
the position of the motors. In normal conditions, the inquiry will return the
last position reached by the motors, but if the setial cable or the power
supply have been disconnected and reconnected, the inquiry will return an
undefined position and a message is displayed on the screen

* By clicking “Reset” the motors are reset to the Home (=0mm) position.
Once the Home position is reached, the absolute position will be 0Omm and
you can proceed with the use of the instrument

* By clicking “Continue” the current position of the motors is maintained:
this can be useful if some extra optical elements (i.e. microscope objectives)
are mounted on Opal and need to be removed before going to Home

2.3.3.1 Some points about the stepper motor control
* The position (in mm) of the stages is given with respect to the zero point of
the motor
* Pinhole; the distance between the two plates is automatically updated during
the movement and displayed in the field “Collision distance” on the motor

bar.

OSensoft automatically checks and prevents the collision between the two
plates. However, caution should be used when a collimator is being used to
ensure that the test element mounted on the upper plate does not collide
with it.

If the motor needs to be moved, the step for the movement (in mm) of the selected
stage must be entered in the Move section. Then click on the up or down arrow

2.4 CCD Toolbar - Cooled CCD camera

The standard cooled camera can be controlled from the dialog that appears on the
screen when you launch Sensoft. From the dialog users can

= Connect-disconnect the camera: the camera model is read from the camera
hardware and displayed

®= When the camera is connected, the temperature will be automatically regulated
and its value continuously updated in the CCD dialog,.

* Binning selection can be done as follows:
e Ix1 (full image)
e 2x2 (4 pixels)
e 3x3 (9 pixels)
e 9x9 (81 pixels)
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CCD control

Carmera model:

SBIG 3T-1602 CCD Camera,

(@) Connect
(") Disconnect

Tempersture:

13.51 Power 100%
Fesalution
() Full- no kinning
() 2x2 hinning
() 3x3 hinning

() 94 hinning

2.4.1 CCD Toolbar - Hamamatsu uncooled CCD
camera

When the Hamamatsu CCD camera is shipped with your system the CCD toolbar
is slight different and is displayed in the figure below. This uncooled camera can be
controlled from the dialog that appears on the screen when you launch Sensoft.
From the dialog users can

= Connect-disconnect the camera: the camera model is read from the camera
hardware and displayed
= Binning selection can be done as follows:
e 1x1 (full image)
e 2x2 (4 pixels)
e 4x4 (16 pixels)

= Gain can be selected as minimum or maximum
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CCD control

Camera model:

Camera not connected

(*) Connect
) Disconnect

Fesalution

(& Full - no binning
() 242 binning

() 4x4 binning
Gain

=) Minimum

) Maximum

2.4.2 Test coefficients toolbar

The toolbar is displayed during the [Loop]| procedure. The value of the coefficients
for the Zernike polynomials selected in [SH/Zernikes] is displayed and
continuously refreshed during the loop; the coefficients specified in the loop param
dialog are shown with a green background if the value is inside the tolerances, in
red if it is not. The P-V and Rms of the computed (Residual) wavefront is also
displayed.

Standard Zernikes [X]

et
Coma3 -
S
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2.4.3 Align toolbar

The toolbar is displayed duting the [Loop] procedure when the [Align (Coma/Ast)]
plot option is selected in the Loop param dialog. The graphics displaying the value
of the coefficients for the Zernike polynomials Coma and Astigmatism (X, Y, and
total component) is continuously updated during the loop.

You can choose to focus on the total coma and astigmatism and/or the
components by clicking on the Align toolbar that appears once the loop is started.

2.5 Test setup dialog bar

The test setup dialog bar is displayed on the bottom of the screen when you launch
Sensoft. The picture of the bar and the explanation of its content fields are given
below.

Tast  [Flatmirrar-Int illum. - 5. pass Fef: \Useflatmirror | Flux | Callimatian \ Alignment

= The description of the test configuration selected in [Opt] folder

* Suggestion on the setup required for the acquisition of the calibration image

* Flux box: highlighted at the end of the SH analysis computation. Check if the
exposure time and then the flux was optimized in the SH image under analysis.
The background color of this field assumes the same colors as the exposure
time box: blue if flux is not enough, red if the image is saturated, yellow or
green if the exposure time was OK

= Collimation box: highlighted at the end of the SH analysis computation. Check
if the SH image under analysis was taken using parallel light. The background of
this filed is green if the image was collimated, red if the image was taken in
diverging or converging beam

= Alignment box: highlighted at the end of the SH analysis computation. Check if
the SH image under analysis was aligned with respect to the calibration
reference image assumed for the analysis. Red background means that the
alignment is outside the tolerances defined in the Align dialog that is displayed

by clicking on the & button close to the Align box in the dialog bar on the top
of the screen, green means that the alignment is inside the tolerances
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3.1 Definitions of optical parameters: test
with Optino/OMI/Opal

Test with Optino/OMI/Opal can be done in transmission and reflection.

3.1.1 Test in external illumination mode

The element to be tested is mounted externally. This is also called test in single
pass, as the light passes through the test element only once.

The selection of the test type is done clicking on the [OPT] button in the dialog
bar:

If the system has been shipped with a Beam Expander/Compressor unit, the choice
of Bexp or BComp is allowed for some of the test setup. Please refer to the Test
Reference Manual for the selection of the correct setup for your optical test.

Optical setup

Ext. . test | Int. llum. test | Properties | Descriptian

Telescopes
() Telescope at Cassegrain/Coude’ focus

() Telescope at Prime/Newtonian focus

Lenz/tulti-element spztem (single pazz)

(&) with collimator [infinite-firite conjugates)
3 With pinhale [finite-infinite conjugates) I:‘ Use Bexp D Use BLompr
() With pinhole and collimator (finite-finite conjugates)

Check here if the optical spztern iz multi-elemnent Fl
Other

() Flat mirror |:| Usze Bexp |:| Uze BCampr
() Parallel light |:| Uze Bexp |:| Uge BCompr
() Lazer
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3.1.2 Test in internal illumination mode

The test element is illuminated from a light soutce from inside Optino/Opal. This
is not available with OMI. Test can be in single or double pass.

The selection of the test type is done clicking on the [OPT] button in the dialog
bar.

If the system has been shipped with a Beam Expander/Compressor unit, the choice
of Bexp or BComp is allowed for some of the test setup. Please refer to the Test
Reference Manual for the selection of the correct setup for your optical test.

Optical setup

| Ewt. Hllum. tesgt l Int. lllumn. test | Properties || Degcriphion || Calibration || Beam Espander/Compreszsar

Flat/zpherizal sufaces [zingle pasz)
(7 Mirrar ar radius of curvature

7 Flat mirrar [JUseBewp []Use BCompr

Flat zurfaces [double pazs)
(3 Flat mirror |:| Uze Bexp |:| Uze BCompr
() Filter/wedge |:| Uze Bexp |:| Uze BCompr

Lens/Multi-element system [double pass)

() with collimator and flat mirrar [finite-infinite conjugates)
(%) with parallel light and spherical mirrar [infinite-finite conjugates) Uze Bewp |:| Uze BComp

() with collimator and spherical miror [finite-finite conjugates)

Check here if the optical spstem is multi-element
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3.1.3 Optical parameters

The optical parameters required for the various tests are given below:

Optical setup X

| Ext. lum, test | Int llum, test | Properties | Description | Calibration | Beam Expander/Compressor |

Optical element under test

Aperture [mm] 50,96

l

Effective focal length or distance to image plane [mm] 100

Check here if your optical element has a central obscuration

!!

Diameter of central obscuration [mm)

Optino

—
=
o

Focal length of collimator [ram)

Referetice wavelength [hm] E3

(R}

Select lenzlet
(&) OMI-200-22-10-M  [D=200 microns, FL=22rmm)

O OMI-200-1110-M [D=200 microns, FL=11rmm)
() OMI-300-41-25-35 (D=300 microns, FL=41mm)

For all tests:

= Aperture of the test element (mm). If it is rectangular, enter the maximum
dimension

= For complex optical systems it is preferable to use the size of the exit pupil
instead of the aperture

= [f the test element has a central obscuration (annulus): enter its diameter (mm)

For converging elements:

= If the test is done in parallel light: focal length (mm)

= If the test is done with light source at finite distance: distance from principal
plane to the image (oz, if the exit pupil is used instead of the aperture, distance
from exit pupil to image) (mm)

For tests done with collimator:
®  Focal length of collimator (mm)

Reference wavelength (nm):
= This is used in the computation of the Strehl ratio
= Itis also used for expressing the wavefront in waves
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Select lenslet (only if the system supports multiple lenslet arrays):
The standard lenslet arrays that can be provided with SpotOptics wavefront sensors
have the following characteristics:

= D=200u, FL=22mm

= D=200y, FI=11mm

= D=300u, FL=41mm

= Other lenslet arrays can be supported on request

3.1.4 Description of the test

Optical setup |z

| Est. llum. test | Int. lllum. test | Properties | Beam Expander| Description |Ealibration|

Project |TestJan 2007 |

Dezcriptiond | |

Dezcription2 | |

Enter the Project title and the description of the test in [OPT/Description. The
Project title will appear as title in the output files created by Sensoft.
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3.1.5 Calibration for coma and SA3 (for complex optical
systems)

= For complex optical systems, the calibration for the correction of coma and
SA3 are entered on a separate page [OPT/Calibration]. See main manual

%

| Ext. lllurn, test | Ik llum. test | Properties | Beam Expander | Description | Calibration

Optical setup

Use
Empirical calibration ()

Third order spherical aberration
Element number

Calibration [mmy/mim) 1.100000

Cama

Element number

Decentering calibration [rmm./mm)

l l
-
)

Tilt calibration [mmAradians) 1.2

The calibrations give the change of image size [in mm] a3 a funchion of
pozition of the element number. The units for the element position are:
mri for SA3 and decentering coma and radians far tilt. See Help for
detailed explanation.
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3.1.6 Tests done with beam expander/compressor

= If a beam expander is used, then depending on the magnification factor
required, the correct BE configuration is chosen

Beam com pressor

|. Ext. lllumn, test || Irik llum. test | Properties " Description | Ealibrati0n| Beam Expander/Compressor

BExp detailz

BE200
BEZ00

BEED
BEEOO

BEEO0Z
BEEO03
BEEO04
BEGOOS

BEZ25
BE2501

BEZ502
BEZ503
BEZG04
BE_IR
BE_IR250
BE_IR2502

00| QOO0 OO0 0O0®| O

User selected

User selected (O

Enter details

Diameter of input beam fram Opting 0k [mm)

I agnification

271

42
47
59
71
29

1:5
20
25
33

BE
20

B77

Output beam from BE [mm]

183.47

2843
ez
3994
48.07
ED.25

1015
13.54
16.92
22.34

R
203

3385

BExpander details

(0| FL1 D2 FL2 I agnification Separation
[ror)  [morn] (o] () [rrrn)
BE200
BEED
iBEBDDE 15 75 B35 38487 47 415.97
BEEOO4 15 50 B35 35487 71 39175
BEZ25
BE2501 15 B0 15 75 15 11868
|BE2503 25 a0 15 75 25 9368

IBE_IFE250‘I 12 18 25 100 56 106.19
User zelected
BE_USER 10 20 20 100 5.00 100.00
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= Ifabeam compressor is used, then depending on the magnification factor
required, the correct BComp configuration is chosen

Beam compressor

| Ext. lllum. test || Int, Hlumn, test || Froperties || Description || Calibralionl Beam E xpander/Compressor

Diameter of input beam to Opting/OMI [mm) 50.965 BCompressor details
ElEe L DI FLI D2 FL2 Magification  Separation
M agrification Output beamn from BE to Dptina [mi iz (som) {mm) (o] {rm)
BE200 BE200
BE20 O 004 188 S R
BEED BEEBD
BEEOOT (O] 024 1213
BEGOOZ (@] 0 1084 _
e o 017 864 |BEEUUE E35 38487 15 Fis] 0.1 415,97
BERIE O 014 718 e e N
BEROOS (@) 011 573 |BEEUU4 B35 3h4E7 15 50 0.14 391.75
BEZ501 (@] 067 3398
BE2502 O 0.50 25.48 e
BE2502 o 040 2039 |BE250'| it il 15 50 067 118.68
Gr B e 1544 sl ohe ot el En |
!BE2503 15 il 25 30 0.40 9368
et BEZM B 0 25 W 0% s
BE_IRZS0T O 01a a1
033 16.99
BE_IR2502 O BE_IR
User selected |EE_|F|250‘I 25 100 2 18 018 106,13
User selected
|BE_USEF| 20 100 10 20 020 100.00




g otOptlcs

The software people for optics

3.2 Notes on the input parameters

3.2.1 Why focal lengths are used for flat elements

Clearly, for flat elements (e.g. mirrors and filters), the focal lengths fl, and fl,,

are not required. However, Sensoft allows you to see the spot diagram
corresponding to the wavefront from a flat element as if it were focused by a

perfect lens of a given focal length. By default Sensoft sets fl = fl_, =100mm.
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3.3 Definitions of optical parameters: test
with Lentino

Test with Lentino can be done in transmission with external illumination.

Optical setup Optical setup
Optical Properties Optical Properties

Select test type Select test type
() Pinkole ) Pinhale
() Filter () Filter
) Parallel light (%) Parallel light
Aperture of test optic (mm] 6.26 Aperture of test optic [rmm)
Effective focal length/distance ta image plans Effective focal length/distance to image plane
of kest optic [mm) 2217 of test optic [mm) 2217
Reference wavelength (nm) Referance wavelangth hm)
Callimatar far test in parallzl ight
Callimator focal length (mm)
Project | Test | Project | Test |
Dezcription | | Description | |
D escription2 | | Description2 | |

The optical parameters required for the various tests are given below:

For all tests:

= Aperture of the test element (mm). If it is rectangular, enter the maximum
dimension

= For complex optical systems it is preferable to use the size of the exit pupil
instead of the aperture

= [f the test element has a central obscuration (annulus): enter its diameter (mm)

For converging elements:

= If the test is done in parallel light: focal length (mm)

= If the test is done with light source at finite distance: distance from principal
plane to the image (or, if the exit pupil is used instead of the aperture, distance
from exit pupil to image) (mm)

For tests done with collimator:
= Focal length of collimator (mm)
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Reference wavelength (nm):
= This is used in the computation of the Strehl ratio
= Itis also used for expressing the wavefront in waves

Description of test:

= Enter the Project title and the description of the test in. The Project title will
appear as title in the output files created by Sensoft.
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3.4 Definitions of optical parameters: test

with Sfera

Test with Sfera can be done in transmission with external illumination.

) Parall

Aperture o

Effective f
of test opti

Project

Dregcription

Description? |

Select test type
() Pinhole

el light

f test optic (mm)

ocal length/distance to image plane
c [mm)

Reference wavelenath [nm)
Select lenzlet
() OMI-200-22-104 [D=200 microns, FL=22mm)
() OMI-200-11-10-M [D=200 microng, FL=11mm)
(%) OMI-300-41-25-35 [D=300 microng, FL=41mm)

5

!

B32

|Test

Optical setup

B

Select test tppe
) Pinhale
(%) Parallel light

Aperture of test optic [mm)

Effective focal length/diztance to image plane
of test optic (mm]

Reference wavelength [nm)
Select lenslet
(O OMI-200-22-10-M [D=200 micrans, FL=22rmm)
() OMI-200-11-10-M [D=200 microne, FL=11rmm)
() OMI-300-41-25-35 [D=300 microns, FL=4Trmm)
Collimator for test in parallel light
(® £ 0lpmpus  (WD=25mm, F/H=6.8, Na=0.07)
(100 Olympus (WD =10.5mm, F/4H=2.7, NA=0.18)
(O 20+ 2eiss  [wWD=8mm, F/=1.2 NA=041)
() Uszer defined

Focal length [mm]

5

!

£32

Project | Test

Degcription |

Description? |

The optical parameters required for the various tests are given below:

For all tests:

= Aperture of the test element (mm). If it is rectangular, enter the maximum

dimension

= For complex optical systems it is preferable to use the size of the exit pupil
p p ) p pup

instead of the aperture

= If the test element has a central obscuration (annulus): enter its diameter (mm)

For converging elements:
= If the test is done in parallel light: focal length (mm)

= If the test is done with light source at finite distance: distance from principal

plane to the image (or, if the exit pupil is used instead of the aperture, distance
from exit pupil to image) (mm)
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For tests done with microscope objective
= Focal length of collimator (mm)

Reference wavelength (nm):
® This is used in the computation of the Strehl ratio
= Itis also used for expressing the wavefront in waves

Select lenslet (only if the system supports multiple lenslet arrays):
The standard lenslet arrays that can be provided with SpotOptics wavefront sensors
have the following characteristics:

= D=200u, FL=22mm
= D=200p, FI=11mm
* D=300u, FL=41mm
= Other lenslet arrays can be supported on request

Description of test:
= Enter the Project title and the description of the test in. The Project title will
appear as title in the output files created by Sensoft.

3.5 Saving and recalling the optical
parameters

The user-defined parameters can be saved and reloaded later by using the
Save/Load configuration option under the File menu

Qpen SH result file {.caf)
Cpen Image File (Fit)
COpen Image file {.Lif)
Cpen centroids file  cen)

Close
Close all

Load optical configuration
Save optical configuration

Preferences

Erink... Ckrl+P
Prink Prewview
Prink Setup. ..

Rename file
Rename set af files

Recent SH results (,cof)
Recent image files {,Fik)
Recent image files {,LiF)
Recent centroid files {,.cen)

. A .

Exit
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3.6 Input parameters for WFS

3.6.1 Camera settings - uncooled CMOS camera
If your system has an uncooled CMOS and the camera is correctly installed and
connected to the instrument when Sensoft is launched, the serial number of the

camera is read from the camera firmware and displayed in the [WFS/SH camera].

WES setup |X|

SH camera | Calimatar | Beam Exp | Orientation|

Camera

IS erial number 6070013

Flip

Horizontally  Yertically
& 0ff (& 0ff
1n 1n

Gain

Min (O Low & Medom O High O Masimum O

Reference images exposure
Lyverage images [ Mo. of images to average El

Test and loop images exposure

Awerage images [ Mo. of images to average

= Camera gain should be used as low as possible (minimum or low values are
suggested) but gain should be increased if the illumination from the light source
is not sufficient to get a good contrast on the image

= Average of several reference or test image can be requested to improve the
signal to noise ratio on the image. In this case images will be added in memory
and then the average will be saved on disk

3.6.2 Camera settings - cooled CCD camera

If your system has a cooled CCD camera cotrectly installed you can change some
camera parameters in [WFS/SH camera].
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WES setup

SH setup | Calimator | Beam Exp | Orientation|

Camera: Mo camera connected
Link CCD
O Connect (® Dizconnect

Temperature regulation

@® 0ff O 0n Automatic

Temperature set point EI

Check exposure time

Fiesolution Image mode

(&) Mo binning (O Automatic dark image
O 242 O Light image only

O 33 O Dark image only

Fieference images exposure

Average images ] Mo. of images to average

Test and loop images exposure

Average images [ Mo. of images to average

= (Camera can be connected or disconnected

= Temperature regulation can be put automatically on when CCD is connected or
can be activated manually

= [ull resolution or binning can be selected

=  User can select to acquire dark or light images or an image whose dark is
automatically subtracted during Live exposure (in normal operation Sensoft will
light images will be preset)

= Average of several reference or test image can be requested to improve the
signal to noise ratio on the image. In this case images will be added in memory
and then the average will be saved on disk
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3.6.3 Motor control and diagnhostics in Optino

If your system has one or more motorized units controlled by a serial port you can
control and debug each of the motors from [WFS/Motorized Unit] where
Motorized Unit will be substituted by the your current units (Collimator, Beam
expander, Motorized External Calibration unit etc.)

WES setup

| 5H camera | Colimator | Baam Exp | Orientation|

kotar status commands
Pzition

Current pogition
Loop |1 Gat)| |

Status | |

=  Home, differential and absolute movements can be checked. At the end of the
movement the status (OK or KO) will be displayed in the Status field

= The motor can be moved in a Loop from Home position to Absolute position
entered in the Steps field for testing it.

® The Loop is started by pressing on the Start button and can be stopped in any
moment using the Stop button

= During the Loop the status field will be refreshed continuously

3.6.4 Orientation

The orientation of the pupil coming from the test system can be calibrated with
respect to the mounting of the optical system (like Left, Right, Top and Bottom).

The simplest way to do this is to cover the Top part of the beam and then note the
obscuration on the SH image. Repeat it for the Right side. Enter this in the section
WES as shown below.

The otientation is used in the plots of the wavefront/surface, as well as for the
indications given by Sensoft to correct for coma.
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WEFS setup S\

SH camera] Collimatorl Beam Exp  Orientation I

= Down

v [Right

w [ER

wy Up

The origin of the image display is at upper left. Sensoft follows the standard
Cartesian system (v increasing upward). This reversal is taken into account
fy the software.

The angles of the Zernike coefficients are measured counterclockwise
from +x axis. The arigin of this system is atthe center of the pupil. See Help.

Load default | Save as default | Cancel

3.7 Input parameters for Shack Hartmann
analysis

3.7.1 Definition of directory for output results

[n the first page of the [SH/Directories] folder define the path for the directory
where you would like Sensoft to store the output results (outdir_results). When you
select a new directory the reference and lens image fields will be reinitialized with
blanks.

Where: The directory for storing the images and output files is specified in

[SH/Directories]
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Shack-Hartmann ‘z

Directaries | Zerikes | Analysis parameters | Utilities | Graphics |
’/ﬁe\ecﬁ"create diredor\:forresuhs\ ]

K. |C:\sensof‘t\ ) |

|Ci\sensatREF_A=t0001 fit |

[Se\ect Lens image(s) ]
ChsensoftNGATO007 fit

Frefix for lens imageis)

3.7.2 Definition of prefix for lens image

In the first page of the [SH/Directories] folder define the prefix that you would
like to use for the image name created during analysis. This choice does affect only
the task started by clicking on the [LLens| button in the Dialog bar

3.7.3 Definition of Zernike coefficients to be used for the
analysis

Go to the [SH/Zernikes] and choose the Standard Zernike coefficients to fit to the
data. We recommend that to start with the 7 terms grouped under the Default item.
The selection is done with a simple drag and drop of groups or individual terms
from the central window to the window at left.

Sensoft allows you to select one of the following Zernike polynomials to fit to the
data:

= Annular
= TFringe
= Standard
In addition, pure Seidel polynomials can also be fit to the data.

Please see separate chapter on Zernike polynomials and Sensoft.

Also, specity if you wish to see the wavefront or the surface. Select the Actual
Quality definition as Tilt only or Tilt and Defocus.

Where: The selection is done in [SH/Zernikes]
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Shack-Hartmann

| Directories| Zemikes | Analysis parameters | Utilities | Graphics

Extraterms to fit

TerpE tofit (and subtract from) data:
R Default

Relect from the following:

4 Higher order Spherica 4 Default

R [—— )
Folynamials 3D Reconstruction Extraterms selection
Annular Zerikes Wanefront @ Mane (O]
Standard Zermikes Surfaca O] 1Exrapergroup O

Fringe Zernikes User selected @

Seidel

O0®O

Actual Cuality (AQ) definition
Tiltanky (@) Tiltand Defocus ()

3.7.4 Threshold

An important factor for finding the centroids is the threshold. This determines the
level over which pixels are included as part of the spot. Sensoft uses a complex
criterion for this, and does it automatically. The user can override the automatic
threshold computation if required.

Typical value: For good quality images, a value of 0.05 to 0.10 is normally found
by the software. Values up to 0.3 can be used in certain rare cases.

Where: The selection is done in [SH/Analysis Parameters]

0

Note:

The value of the threshold can cause small differences (of the order of a few

nm) in the values computed by Sensoft. A higher threshold (compared to the

one computed by Sensoft automatically) can be used to remove elongated or

bad spots
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-,

ack-Hartmann

| Directories | Zemikes | Analysic parameters | MTF/PSF | Utiiies | Graphics |

Centroiding
Threshold *  Aweride autamatic i
FReference 0.054

Lens

3.7.5 Ellipticity

Sensoft can reject elongated spots that mlght arise due to spurlous effects. The
recommended ellipticity cutoff is 0.7 (i.e. all spots with an ellipticity higher than this
will be rejected).

The ellipticity of the spot is defined as €=(1-b/a), where b and a ate the major and

minor axes of the spot. €=0 corresponds to a round spot.

Shack-Hartmann

| Directories | Zemikes | Analysis parameters | Utilties | Graphics |

Centroiding
Threshold*  Overtide automatic PAlipticity cutoff
Feference 0.105 L
Lens 019 L

Range (0.05-0.5)

Default value: For good quality systems, a value of 0.7 is generally sufficient. For
bad surfaces, a value of even 0.3 might be required.

Where: The selection is done in [SH/Analysis Parameters]

O

Note:

The distribution of the ellipticity for the spots in any SH image (as well as

the flux and S/NN ratio) can be plotted by opening a .cen file, and selecting

the plots in [SH/Utilities]. Then click the [Utilities] pull-down menu or the
Plot button in the Dialog bar




¢
s OtOPtIcs SENSOFT USER’'S MANUAL

The software people for optics

3.7.6 Annulus

You can ask Sensoft to include spots only in an annulus, by specifying the inner and
other normalized radius (from 0 to 1.0). This can be useful in certain situations
where elongated spots due to the turned-down edge affect the analysis.

Default values: (0, 1.0)

Range: 0 -> 1.0

Where: The selection is done in [SH/Analysis Parameters]

i

Note:

This can affect the values of the aberration coefficients, particularly the

radial components like defocus and spherical aberration. It is preferable to
use the ellipticity factor (section 4.7.5) to reject elongated spots at the edge

Shack-Hartmann

| Ditectories | Zemikes | Analysis parameters | MTF/PSF | Utiities | Graphics|

Centroiding

Threshaold *  Owerride autamatic Ellipticity cutaff™

Feference 0.064
Lens 0.073

*Range [0.05-0.5) " Range [0.1-1.0)
recommended 0.7

alized pupil to include in analysziz

3.7.7 Combination factor

Drefinition of annulus

Use annulus

Define range -» [0.0%

The combination factor is used for the combination of the reference and mirror
spots. Normally the default value of 8 is sufficient. It might be needed to be
changed only if there is difficulty in the automatic combination of spots, for
example, if the test optical element has large aberrations.

Default value: 8 for Visible and 4 or 5 for NIR
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Range: 6-8 (Visible)
4-5 (NIR)

Where: The selection is done in [SH/Analysis Parameters]

Shack-Hartmann

| Ditectories | Zemikes | Analysis parameters | MTF/PSF | Utiities | Graphics|

Centraiding

Threshold *  Overide automatic Ellipticity cutoff*
Reference 0.064
Lens 0.073

*Range [0.05-0.6] “* Range [0.1-1.0)
recommended 0.7

Drefinition of annulus on narmalized pupil to include in analysis

Usge annulus

Define range - (0.021.1) Inner Duter 1 i}

of reference and lens centroids
lue 8, IR: default value B) - >

3.7.8 Correlation factor

Combination fac
[Wisible: default

This is for the advanced user who is interested in analyzing the cross-talk between
the vatrious Zernike coefficients computed by Sensoft. You can set the value of the
probability (range O to 1.0): when the computed probability is greater than the value
specified, Sensoft will print them out.

Default value: 1

Range: 0-1

Where: The selection is done in [SH/Analysis Parameters]
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Shack-Hartmann

| Diectories | Zemikes | Analpsis parameters | WMTF/PSF | Utilties || Graphics |

Centroiding

Threshold *  Override automatic E llipticity cutaff™
Reference
Lens 0.073

*Hange (0.05-0.6) ** Range [0.1-1.0)
recommended 0.7

Diefinition of annulus on normalized pupil ta include in analysis

Usge annulus

Define range -» (0.0-31.1] Inner Dl Outer

Combination factor for reference and lens centroids
[Visible: default value 8. [R: default valus 6]

@Iation terms with probability > D

3.7.9 MTF from Shack-Hartmann analysis

The spot diagram obtained from the Shack-Hartmann analysis can be used to
compute the Modulation Transfer Function (MTF) of an optical system. Sensoft
allows the computation of the MTT after the subtraction of:

= AQ Zernike terms - Tilt or Tilt and Defocus as selected in [SH/Zernikes]

= PQ 7 Zernike terms -Tilt, Defocus, Coma3, SA3, Ast3, TriComa, Qast

* RQ Zernike terms - any Zernike term or terms selected in [SH/Zernikes]

For details on how the MTF is computed from spot diagrams, see the reference by
Smith. See also the section on diffraction in the chapter on Simulations.

Given the Shack-Hartmann analysis parameters and the parameters for the MTF
histogram the program gives as output the following graphs:
= MTF histogram. The user can change the binning interval using this histogram

*  MTF as function of: Spatial frequency (lines/mm or cycles/deg) or Normalized
spatial frequency (in units of the cut-off frequency).

Important note:

The program gives reliable results starting from a sampling of at least 200 spots on

the pupil.
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Shack-Hartmann

| Directaries | Zemikes | Analysis parameters| MTF/PSF | Utilties | Graphics |

Compute MTF Binning parameters
User selected il
Compute PSF and EE
Birning
Bir interval l:l
Graphics
Actual Quality
Potential Quality (7 terms)
Regidual Quality (T erms fited)
MTF histogram 1 S
MTF () Nom.freq (O Freq lpfmm) () Freq, [cycles/deq)
PSF ®w ) acsec ) microns
EE Prafile 0w (O arcsec () micrans

3.7.10 Selection of graphics

Users can select graphics to be seen at the end of the analysis procedure from

[SH/Graphics]. Graphics can be divided into 3

groups:

Centroids graphics display the position of the baricenter of the Shack-

Hartmann spots found during the analysis both for the calibration (reference)

image and for the Lens image

Encircled Energy profile (EE), Residuals and Spot diagram graphics display in a

different way the residuals after mathematical subtraction of:

e AQ Zernike terms - Tilt or Tilt and Defocus as selected in [SH/Zernikes]

e PQ Zernike terms— 7 Zernike terms — Tilt, Defocus, Coma3, SA3, Ast3,
TriComa, Qast

e RQ Zernike terms- any Zernike term or terms selected in [SH/Zernikes]

Wavefront and contour graphics display the wavefront reconstructed after

mathematical subtracting AQ, PQ and/or RQ Zernike terms. Zonal or Modal

wavefront reconstruction can be selected
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Shack-Hartmann

| Directories || Zernikes || Analysiz parameters || Utiities | Graphics

SH analyziz

Lens and reference centroids
Combined centraids

EE. Rezidualz and Spot diagram

EE Profile
Fieziduals
Spot diagram

Residuals 30 for Residual Guality

Nore® = O YO TaO

Default unit; microns

W avefront

o [ Contour

Default unit; nm

EE

OxO

[ &etual Quality
[T Patential Guality [7 tems)
Rezidual Quality [Terms fitted)

[ &setual Quality

[ Patential Guality [7 terms)

R esidual Quality (Terms fitted)
Maodal

3.7.11 3D plots of wavefront or optical surface

Sensoft can compute the wavefront or the surface.

The difference between the plot of the wavefront and the surface lies in the

following points:

The sign convention is different. The wavefront is positive if it is retarded
(with respect to the spherical wavefront). This is counter to the normal sign
convention

For the surface, the convention is the standard one: it is positive if it is
advanced with respect to the spherical surface

For reflection from a mirror, the wavefront is doubled. This is taken into
account by Sensoft

Whenever a test for a lens is done in double pass, the wavefront aberration
is doubled. Sensoft takes this into account

For a mirror, the test can be done in double pass (like the Ritchey-Common
test). In this case, the wavefront is quadrupled. Again, Sensoft takes this
into account
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Where: The user can select to compute wavefront or surface in [SH/Zernikes| and
the type of plot to see (wavefront or surface) in [SH/Graphics]

7 . ~ = . ~ . ~ = .
Wavefront selected in [SH/Zernikes] Surface selected in [SH/Zernikes]
Shack-Hartmann Shack-Hartmann
| Directories || Zermikes || Analyzis parameters || FMTF/PSF || Utilitiesl Graphics ] Directories || Zermikes || Analpsiz parameters || MTF/PSF ” lemgs[ Graphics 1
5H analysiz SH analpsiz
Lenz and reference centroidsz Lens and reference centroids
Combined centroids Combined centaids
EE. Residualz and Spot diagram EE, Residual: and Spot diagram
EE Profile L] Actual Duality EE Profile F Actual Quality
Residuals Ll Fotential Qusality [7 terms] Residuals O Potential Buality [7 terms)
Spot diagram L] Residual Quality [Terms fitted] Spot diagram F Residual Quslity [Terms fitked]
Riesiduals 30 for R esidual Quality Residuals 30 for Residual Cuality
Mone & = O v (O TaD Nore ® % O v O TaQ
I nit: arceec () microns (=) Unit acsec () micions (8
) avefront Surface
[ Actual Quality [¥] Asctual Quality
30 [ Contour [ Potential Quality [7 terms) 30 [0 Contour [[] Fatential Quality [7 terms)
Residual Quality [Terms fitked] Fiesidual Quality [Tems fited)
NS .
L mit: nmo & waves (O Urit: mo & waves (O

3.7.12 Output units

3.7.12.1 Spot diagram, distribution of residuals, Encircled Energy profile

The units can be either arcsec, or microns.
Default unit: microns
Where: In [SH/Graphics]

3.7.12.2 Wavefront

For the wavefront, the output can be either in nm or waves (in units of the
wavelength specified in [Opt]).

Default unit: nm

Where: In [SH/Graphics]

3.7.13 Utilities

The utilities can be used for debugging, or for overriding some controls.




Spot

The software people

tics

for optics

SENSOFT USER’'S MANUAL

Shack-Hartmann |§|
| Directanies ” Zemikes || Analysis parameters || MTF»’PSFl Utilities ‘ Graphlcsl
- Centroids- Plot of centroids
Reference centroids only .l
Fielax contrals on reference thieshold | G On pupl
Lenz centraids only il Elipticity O
Relax contrals on lens threshold B Intensity .| ¥
Skip reference centroiding Ll S/M ratio O O
Skip control on ms during average
30 and contour plots of centroids
Ellipticity 30 ]|
Ellipticity contour L}
Intensity 30 O
Intensity contour O
Mormalized |ntensity 30 O
Mormalized Intensity contour |

3.7.13.1 Centroids

Reference centroids only: Sensoft will compute the reference centroids only
and display the plot of the centroids it has found. The program will stop after
the centroids have been found. This option is available only for analysis of a
single frame.

Relax controls on reference centroids threshold: Sensoft aggregates pixels
together to define a spot, and uses certain criteria (such as the number of pixels
in a spot) as a check. With this option, Sensoft can be forced to override the
check and report all the spots found whose positions are then shown on a
graph. The program will stop after the centroids have been found. It is
recommended that a new image with a different exposure time is then taken,
and the threshold changed if required. This option is available only for analysis
of a single frame.

Lens centroids only: As for the reference frame.

Relax controls on lens centroids threshold: As for the reference frame.
Skip reference centroiding: This can be used doing analysis to avoid
recomputing the reference centroids to save time (a legacy from the days when

computers were slow!). This option is available for the analysis of single and
multiple frames.
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3.8 Off-line and on-line analysis

Analysis can be done in two ways:

3.8.1 Off-line analysis

* Enter the optical parameters in [Opt]

* Go to [SH] setup, select the reference and Test image names. Specify the
Zernike polynomials chosen for the fit in [SH/Zernikes]. Choose the
graphs that you wish to see after the analysis [SH/Graphics]

®  Click the [Analysis] button

®  Check the results and the graphs

3.8.2 On-line (real-time) analysis

= Enter the optical parameters in [Opt]

* Do the optical setup for taking the reference image

®  Optimize the exposure time using [Live] and [QAuto]; take the reference
image with [Ref]

® Do the optical setup for taking the Test image

®  Click |Live] and align the Test image with the reference image, using the
[Align] command

®  Click the [Test] button. This will take the image of the Test element, and do
a full analysis with the first 7 Zernike terms

*  Check the normalized pupil and the combination of the spots, as well as
other parameters that result from the analysis

"  You can choose to rename the Test results by using the Rename command
under File menu

* Now click the [Lens] button. It will do a full analysis using the Zernike
coefficients that you have chosen to fit. An automatic threshold will be used
for detecting the spots; only if specifically requested in [SH/Analysis
parameters| the current threshold will be used

Chapter 3: Input parameters
80
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3.8.3 Parameters for on-line (real-time) analysis in a loop

You can also use the [Loop] option to compute the wavefront etc. in a loop.

Click on the button close to the [Loop]| check box on the dialog bar. The Loop
param dialog will be displayed on the PC screen.

Loop parameters

Loop param | Aberration alert pararn |
Select wavefront graphics for loop

() Zonal
) Modal {7 Contaur {30

Parameters

[IManualthreshald [ Keep P constant

[ Keep wavefront dimensions [+,7] constant

Select ather araphics for loop

(%) Abenations (3 Align [Comadést) Compute P
() Spot diagram () Residuals

Archive results of analysiz

[ 5ave coefficients in log file

Serial communication of coefficients
Without sending coefficients (&)
Send coefficients to: () COM port

[DK] [ Cancel ]
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Loop parameters

Loop param | Aberration alert param ]

Fange of alert values for aberration coefficients

From To
Defocus [krn) K 0
Tilk [kn] a a0
Coma () o Al
Sad [rim) i 50
At [nm] 0 s
Tricoma [rim) i a0
(1t [rm] o Al
Comab [Firm] 1] a0
SA5 [rarn) o A0
Aszth [rim) i 50

[EIK] [ Cancel

= Define the tolerance range of values for default 10 Zernike coefficients. This
range is used to check if the aberration coetficient is acceptable for your quality
control. The computed Zernike coefficient will be displayed on a green
background in the coefficient bar if it is inside the defined range and on a red
background red if the value is outside the range.
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Standard Zernikes E|

The coefficient bar displayed during the Loop

®  Specify the type of graph that you wish to see
=  For 3D and Contour of wavefront you can select zonal or modal wavefront
reconstruction
= For Aberration, Align you have the choice of following the variation of P-V
during the loop (check P-V will recomputed the wavefront for all of the
iterations) ot to have only the aberrations values if you need a faster
computation.
= (Only for Contour and 3D of wavefront): during the analysis the P-V of the
wavefront can vary and the graphic is scaled accordingly. Moreover, 1 or 2 weak
spots on the edge of the Shack-Hartmann image can be added or not to the
analysis, and this will change the final diameter of the contour graphics. In
order to avoid these variations:
= “Keep P-V constant”: check this box if you would like to keep the P-V
levels value constant on the display during the loop: when positive
levels are outside (higher than the values showed on the display) they
are showed as the highest red level, when negative values are outside
(lower than the values showed on the display) they are showed as the
lowest blue level.
= “Keep wavefront dimension (X,Y) constant™: check this box if you
would like to keep constant the diameter of the graphics during the loop
= (Only for Professional and Engineering version) Check on “Save coefficient in
log file” if you would like to save the coefficients in a .csv file during loop
= (Oanly for Engineering version) Define the COM port if you would like to send
the analysis results to another computer using the serial communication




spotoptics SENSOFT USER’'S MANUAL

The software people for optics

3.9 Rejection of bad spots in a SH image

This procedure is part of the advanced image analysis and is available only in the
Sensoft Professional and Engineering versions.

Bad spots can be due to scattered light or to optical zones on the optical element
under test. They are identified in the SH image because they can have a diameter
slightly larger than the neighborhood spots, or because they are merged with
another spot or they are completely out of the regular grid of spots normally
resulting in the SH image. An example of a frame containing spots that can make
difficult the SH analysis is in the figure below.

The frame bar on the top of the screen contains several buttons that can be used to
identify and reject the bad spots.

@AW «xpo@fx s o A S

The procedure is as follows:

= Open a SH image with the Open command in the file menu.

® By clicking the || button, you will get a duplicate of the image.

= Click on the B button and draw a rectangle around the bad spots using the

mouse.

®  You are given the choice to discard the rectangle, and in this case you have to
restart the procedure from the previous point or to accept the rectangle and in
this case the corresponding spot will disappear from the duplicated image on the
right.
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Repeat the procedure for all the bad spots in the image and then close the
procedure by clicking the S button. You will be prompted for overwriting the
original frame. You can also save the modified frame with a different name

using the Save As command on the File menu.

An example of the display during the procedure is given in the figure below.
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4.1 Output from Sensoft

4.1.1 How Sensoft works: basic introduction

= Compute centroids of the spots for both the Lens and Reference images

= Combine the centroids

=  Compute the differences between the (x, y) positions of all the pairs of
combined spots and compute what are termed as slopes or residuals

= Fit the derivatives of the selected Zernike polynomials to the data and
compute the coefficients and their angles

= Reconstruct the wavefront

= Compute the Strehl Ratio

= Compute the spot diagram, and the Encircled Energy. This is in the focal
plane of the converging lens. For flat surfaces, a perfect lens of focal length
100mm is assumed

4.1.2 Some definitions

After the computations of the Zernike coefficients, Sensoft will let you subtract out
the contributions of the aberrations and look at the resulting (or residual)
wavefront, D80 etc. Thus, in a single analysis, the user can see the current quality
of the optical element, the potential quality of the optical element, as well as focus
on any individual aberration of interest by not fitting it to the data.

4.1.2.1 AQ: Actual quality

For converging elements, this refers to the quality of the optical element after the
subtraction of the contribution of tilt and defocus (as computed from the Zernike
coefficients).

For flat elements, this refers to the quality of the optical element after the
subtraction of the contribution of tilt (as computed from the Zernike coefficients)

4.1.2.2 RQ: Residual quality

For all the elements, this refers to the quality of the optical element after the
subtraction of the contribution of the Zernike coefficients fit by the user.

4.1.2.3 PQ: Potential quality

For all the elements, this refers to the quality of the optical element after the
subtraction of the contribution of the first 7 Zernike coefficients (tilt, defocus, 3
order coma, 3" order spherical aberration, 3*' order astigmatism, triangular coma
and quadratic astigmatism).

Chapter 4: Output from Sensoft
87



SpotOpti
pot p Ics SENSOFT USER’'S MANUAL

The software people for optics

4.1.3 Zernike coefficients

When users run the analysis, results are summarized in an output table. The output
table is automatically opened at the end of the analysis or can be opened off-line
clicking on the item ‘Open SH results file (.cof)’ from the File menu.

The table gives the values of the Zernike coefficients in nm:

e (Cx: coefficient in x-ditection
e Cy: coefficient in y-direction
e (: Total coefficient

e Angle: the orientation of the aberration (in degrees)

The angle is measured from the +x direction of the SH image. The values of the
total coefficient are displayed on a red or green background the background color

depends from the tolerances defined in the Loop Param dialog that is displayed by

clicking on the button close to the Loop box.

[ Details ” RMS/EE ] ’ Diagnostics ] I PO -7 Zemike terms ] ’ Statistics ]
/sis of . Test single image.

Image Date | Time | Exp .time | Thresh. ‘ Ellipt. |
Test: TEST0001 2007-02-24 11:57:45 014 sec 073 70

Ref: REF_FLATO006 2007-02-24 11:57:28 014 sec 064 70

.2 coefficients

Aber m n ‘ Cx(nm) ‘ Cy(nm) ‘ C(nm) ‘ Angle ‘
Def 02 -14

Tilt 11 -27.6 139.2 141.9 101.2

Coma 13 -1.5 -0.3 1.5 -168.6

SA3 04 0.7

Ast3 22 1.7 -0.1 1.7 -21

TCom 33 0.8 -0.1 0.8 -5.2

QAst 4 4 09 0.0 0.9 09

Es in nimj

Quality Ml ‘ tin ‘Average ‘ F-y ‘ Rms ‘ Strehl ‘
Residual 4.5 -6.5 -4.3 109 1.9 0.999
Actual * 5.9 -6.5 -5.3 123 2.3 0.998
Potential 4.5 -0.5 -4.3 109 1.9 0.999

* Actual Cuality: tilt subtracted
Marmalized pupil: 1.000 Mo of spots used: 378 Frobability of goodness offit: 1.00

The values of the wavefront P-V, Rms and Strehl ratio are given in the Quality
table.
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Finally the indication of the goodness of fit is given together with the number of
spots used for analysis and the normalized pupil found.

4.1.3.1 Printing the output table

The output table components can be printed out using the Edit menu items.

A more detailed report can be printed out from the .sha file contained in the
directory where the SH images have been saved. This is obtained when the Print
item is selected in the File menu when the output table is active.

The .sha file contains also the error estimation for the various coefficients as result
of the least-square fit.

4.1.4 Diameter of image in focal plane due to individual
aberrations

The Zernike aberration coefficients refer to the wavefront. The effect of the
aberrations is to spread out the image in the focal plane.

Sensoft gives the size of the image (containing 100% Encircled Energy) in the focal
plane corresponding to each of the first 7 aberrations. This helps understand the
importance of each individual aberration.

The units can be in arcsec (used in astronomy) or microns.

0 Note: The spot diagram also gives the same information if the particular

aberration is not fit to the data and the effect of the rest of the aberrations is
subtracted out.

Chapter 4: Output from Sensoft
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4.1.5 Graphics

Sensoft can be asked to plot a number of graphs, chosen in [SH/Graphics]. Once
the analysis is over, all the graphs selected by the user are automatically plotted. For
off-line plotting, open the analysis file (with ‘.cof’ extension) and click on Plot.

Shack-Hartmann

Directories | Zemikes | Analysiz parameters | MTFAPSF | Utilities | Graphics

SH analyziz

Lens and reference centroids
Combined centroids

K&

EE. Residualz and Spat diagran

EE Profile
Reziduals

Actual Cluality

Fotential Quality [ terms]
Rezidual Quality [Terms fitted]

000

Spot diagram

Feziduals 30 for Besidual Cualitbg

Mone &0 » O v O TaD

it arczec () microns (%)

W avefront
Actual Quality
a0 [] Conkour [] Potential Quality [7 terms)
Reszidual Quality [T erms fithed]

Unit; mo % waves ()
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Additional graphics concerning the centroid analysis can be selected from the
Utilities table.

Shack-Hartmann

| Directories || Femikes || Analysis parameters || MTF/PSF | Itilities | Graphics|

Skip reference centroiding

Start from combined spots

Centroids Flot of centroids
Feference centroids anly F
. gpot ] il
Fielax cantrols on reference threshold F ML Al 2R
_ Ellpticity O
Lens centroidz only F .
Intensit
Relax contrals on lens threshold ¥ " EnSI'l_'I O
5/M ratio F
L
O
O

Autamatic inclination factar )
30 and conkour plots of centroids

Ellipticity 3D
E llipticity contaur
Intenszity 30 il
Intenzity contour Fi
Mormalized | ntensity 30 il
Mormalized |ntensity contaur il

mouse buttons. 2D graphs (other than the wavefront) can be zoomed by marking
the area of interest using the Shift key and the left-hand side mouse button. You
can unzoom by using the R-key. The Graphic toolbar can be also used to
manipulate the graphics.
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4.1.5.1 Exporting graphics in JPEG, BITMAP or TEXT format

2D and 3D graphs can be saved in JPEG or BITMAP format using the
Export graph function from the File menu and selecting among the available
format. The 3D and contour of the wavefront can be also saved in ASCII format.

(::1Sensoft - Shack-Hartmann wavefront sensor software for, Optino

File:
Open SH results file {cof)
Open Image file {.fit)
Open Image file {.4if)
Open centroids file {.cen)

Close
Close all
Expart araphic

Load optical configuration
Save optical configuration

Print...
Print Preview
Prink Setup...

Recent SH results {,cof)
Recent image files {,fit)

Recent centroids files {.cen)

Chrl+P

Edit Toolbars Image arithmetic Motor  Simulation  Window Help

0|0 Lwe Casuo  [Dark] [Ret][Test] [ Lens | Loop [ Camion: Caign [ O &
Bwzupy B Op

Ref. |REF_paraIIeIDDD1.ﬂt p | Last |MIRO_DDD1.ﬂt B | Morm. pupil: 0.

Test Test0001 -Surface:R) 8 terms subtracted
Wavelength = 632.0 nm

. N
Exit \ OO iR = ' 1
ikt "" . 0
. ; \“‘“l‘\ "!,“\’;‘"" “ l‘\ ,1, 5
J'{ |I'l\ "’lw}n' \%‘{" “? m‘;‘a R -
o = f‘ \J \\ " ‘04 "“% o] .
= - gr i m il S Mz
2 - ‘ﬂ-m\ '[‘ ' M\\\’y RERSE B
/!0 I“ " ', ‘?// \10 rv-2e
o = o
%,
N | 5
o
Test  [Flat miror in parallel ight - Ext, ilum, - 5. pass - No BEsp Ref. [Use parallel ight [ Fuw [ Col [ Ahgn [ Combine |
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= Select the file format

P =

Test Test0001 -

Wave] Savein | (29 with_heat2 Vl o E-

[Chaverage
(Dleg
[C)single

File: name: | | L Save J

Save as type: | BITMAP Format [F.bmp) v [ Cancel ]

it

t Testo001 -

vave] Savein | L) wih_heat2 EN: A=
() average
Silog
(Csingle
-l = =3
i = I
Fe
=
File: namne: |F|Qwavefront.txt | L Save J
M Save as type: |Te:-:t File [* =) vl [ Cancel ]
ST T T 1T T T
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If the text/ASCII export was selected (only 3D and contour of wavefront) the
output file contains
" The desctiption of the image

® The dimension of the wavefront array

=  Row index, column index and wavefront value in nm (X,Y,Z)

2 ROwavefront.txt - Notepad
File Edit Format ‘Wiew Help

fmage: Test0OOl 2005-09-22
Dim

[Lep el el el el el el el el el el el e e le e lelels sl al ol ol o o o ool ol e el sl )

Wm=-GunEwWrd o
O D D (T e D

of wavefraont array: 435
. 000000
. 000000
000000
000000
000000
. 000000
. 000000
. 000000
. 000000
. 000000
000000
000000
000000
L 000000
000000
000000
. 000000
. 000000
000000
000000
000000
000000
033421
000000
000000
. 000000
000000
. 000000
. 000000
000000
. 000000
000000
000000

=l eheleelelolslels ]l el elelelelellele el el o)

12:28:25 L0000 saec L1z0 .70 REF_paralleloool

|3
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4.1.5.2 Printing graphs and tables

Click on the graph that you wish to print, adjusting its size as desired. Use the Print
option in the File menu. Similarly, the table obtained after the analysis can also be
printed (without the possibility of adjusting its size).

In both cases, the Print Preview command can be used prior to print out.

4.2 Using Excel with Sensoft: comparison
of the Zernike coefficients and other
results

When you acquire and analyze a “Lens” image by clicking the [Lens] button in the
dialog bar of Sensoft, at the end of the Shack-Hartmann analysis a Comma-
separated value (.csv) file is created/updated, whose name is taken from the prefix
selected for the “Lens” image. The .csv file can be opened with Excel.

The file is created in the “directory for results” (outdir_results) field selected in the
[SH] folder. For example, if the prefix “PN” has been selected in the [SH] folder,
the file “PN.csv” will be created during the analysis.

You can open the Excel file by launching Excel and selecting it from in the
outdir_results directory.

Results from analysis of images with the same prefix, but different counters (like
Mir001, MirO02 etc.) are presented in different columns.
The columns give the names and the values of:

* The details of the images analyzed

»  [f the analysis was done online (creating a new image) or off-line (using an
old image)

* The test type giving the optical setup configuration used for the test

* The optical parameters used for the test

Irmage

LENS0005
LENS0006
LENS0007

Filepath= C:test jan2007test jan2007 _Lens.csv |

| Date | Tirne: Date Tirne Analysis | Test type Aperture EFL | SH Diarm Sh FL | Collim FL Wavele

| Creation I {Analysis Online/Offline | fmm) ) (mu) ) frmm) fnm)

|200701-17 183603 | 012307 1553  Ofne | Leno-Paallelight 85 &) a0 41 45
2007-01-17 16 3603 | 0172307 1556 AR Offine Lans - Pinhola 772 &0 a2 41 il

2007-01-17 18:36:52 01/24107 1218:1 Offline Lens - Pinhaole 772 500 302 4 a0
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® The coefficients of all the Zernike terms fit to the data (selected in

[SH/Zernikes]. If a coefficient was not requested for analysis the
corresponding position in the table will be marked with a dash.

E3 Microsoft Excel - Book1

] Fle Edt View Isert Fomat Jools Data  Window Help  Adobe PDF

NEHROISRITEI LB A9 |8 F -] 2 B - @ 0

Al -0 - B I U|IEEEa
P R P ) @5 0w | (2 Iy 3 | Y Renly wich Changss. .. End Revisw.., !
B36 - 4
3 a [ rmR [T 5 [ 7 T uw [ v [ w [ x [ ¥ [ 7 [ A [ A8 [ Ac [ ap |
1
Bl 2 | Mo of spots | Zemikes Defocus | Tilt Coma | sA3 Ast3 Tricama GuadAst
i | 3 [(deq) | Coef (nm) Coef(nm) Angle (deq) Coef (nm) Angle (deg) Coef(nm) Coef (nm) Angle (deg) Coef (hm) Angle (deg) Coef (nm) Angle (deg)
. EN 430 Standard 79 51532 -58.8 2.7] -46.4 -3 0.6 374 153 -18 5.9 8.5
I 5 | 430 Standard 7.8 5203.1_ 838 2B -47.4 3.2 0.6 621 1.4 -18 7.2 8.5
15 | 429 Standard 7.3 5203 -B8.7 26 639 3.5 1 -48.7 18 -21.2 5.9 -1
7
* The diameter of the spot diagram containing the Encircled Energy
]

The peak-to-valley (P-V) of the surface reconstructed from the residuals for
Actual Quality (AQ), Potential Quality (PQ) and Residual Quality (RQ)

£ Microsoft Excel - Book1

@'] File Edit Miew Insert Format  Tools Data  Window Help  Adobe PDF

=R ua i,.gna Q)T BIS B S0 BE L WG - @ f e

_] ® ¥ | S | _é’j d_-| @_J | V"¢ Reply with Changes... End Review,.,
B36 - &

E cf | ez | eH | e | ¢ | ek [ e | em | eM | co | cP |
= . _ _ _ i [
|2 [Da0iA DBO{A) P A (Strehlid) A_coeff DSOIF) DB F'V(F')

| 3 | Yalue {mu) | “alue {mu) Rms (mu) Value (nm) | Rms (nm) | Yalue “alue (mu) | Value (mu) | Rms (mu) | “alue (nm)
» 4 | 30 4.68 3.32| 62.9 10 988 2 249 477 3_.2?_ 736
M 5 | ke 52 3.69| B4 108 0559 2 3.22 5.3 3.64 774
1B 3.3 5.19 3.68 B4 10 0932 2 3.2 524 3.63 B7.3

n

The calibration (reference) image used for the analysis
The collimation factor that will indicate if the test was done in parallel light

The Align x and y factors that will give the alignment of the lens vs.
reference

E3 Microsoft Excel - Book1
(2] Ble Edt Wiew Insert Format Tools Data  Window Help  Adobe POF
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4.3 Interpretation of Zernike coefficients

Zernike coefficients and their interpretation

Aberration Comment

Defocus Defocus is measured with respect to the reference image

Tilt Measured with respect to the center of the reference image

Coma Includes coma due to the shape of the optical elements, as well as due to
their misalignment. The correction achieved using the diagnostics from
Sensoft will correct the coma due to both effects

Spherical Can arise due to the use of the wrong focal plane or the wrong spacing

aberration between the elements. It can also be due to the wrong shapes of the optical
elements (conic coefficients). The software suggests by how much the
focal plane should be shifted to correct the observed SA. Temperature
effects can also play a role

Astigmatism | Astigmatism can be inherent in the optics. It can also be due to support
problems, as any imbalance in the forces applied by the supports will result
in astigmatism. The wavefront plot of RQ can be used to identify which
supportts are not correctly adjusted. The orientation of the optical elements
can be changed relative to each other to minimize this aberration

Triangular If this has a high value, look for problems with the 3 fixed points used for

coma supporting the optical element. Look also at the RQ wavefront map

Quadratic A high value indicates the presence of support problems with 4-fold

astigmatism

symmetry (like the 4 lateral fixed points)
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5.1 Basic concept of the Shack-Hartmann test

e Take a SH image (called fesZ image). The positions of the spots as recorded by the camera
depend on the aberrations of:

test element + SH system + auxiliary optical elements (like beam
expander)

e Take a second SH image (called reference image). The positions of the spots as recorded by
the camera depend on the aberrations of:

SH system + auxiliary optical elements

The difference between the two gives the aberrations of the test optical element.

5.2 Basic input parameters for Sensoft

Step 1: Create directory

Select/Create the directory for the results in [SH/Directories]

Step 2: Choose the appropriate Test setup
Identify the appropriate optical setup required (see chapter on test configurations) for your test.
e Select the [OPT/Ext. Illum. test] page if you illuminate the optical element with an external

light source

e Sclect [OPT/Int. Illum. test] page if you illuminate the optical element with the internal
llumination provided through the fiber entering Optino

Step 3: Enter the optical parameters

Enter the optical properties of the test element and collimator (if used) in the [OPT/Properties]
page

Step 4: Enter description of the test

Enter the description of the test in [OPT/Description]

Chapter 5: Using Sensoft: basic guide
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Step 5: Enter the calibration for coma and SA3 (for multi-element
optical systems)

Enter the calibration on the [OPT/Calibration] page if required (for multi-element optical
systems) for coma and SA correction

5.3 Get a good reference image and make sure
that it is collimated

How you get the reference image depends on the test setup (see chapter on Optino/Puntino test
configurations).

e In external illumination mode, use the pinhole light source PH50 (when using a
collimator) or parallel light source Cal25 (when testing the lens at its focus). Cal25 gives an
output beam of @=21mm for illuminating the test element. When using it for getting a

reference image, it is recommended that a diaphragm of @=06.9mm be put in front of Cal25
so that a circular image is obtained on the camera

¢ In internal illumination mode, use a flat or spherical mirror, according to the test
type

. In all cases, the reference image should include the light passing
through all the optical elements except the test element

e Once you have the image on display and it is well centered on the camera, adjust the
integration time and/or the light intensity to get a well-exposed image. Use the QAuto
command next to Live to find the optimum integration time

e Use the Coll command to collimate the reference image. Move the appropriate elements for
doing this (e.g. pinhole in external illumination mode, o the reference flat/sphetical mirror in
the internal illumination mode)

e Use the averaging option in [WFS/SH camera] page to get a high-quality image, by averaging
at least 20 images

e DPress the Ref button on the dialog on the top of your screen to acquire and analyze the
reference image. The prefix for the reference image will be assumed from the suggested setup
for the selected test configuration (REF_parallel, REF_flat, REF_spherical etc.)

o @ The current test configuration and the correct setup for the reference
are indicated by the software in the bar that is displayed on the bottom of
your screen when you launch Sensoft

| Test IFIatmierrf\nt.iIIume pass | Ref: IUsefIatm\err Flux Callimation Alignment

Chapter 5: Using Sensoft: basic guide
100



SpotOpti
° P Ics SENSOFT USER’'S MANUAL

The software people for optics

5.4 Testing a single optical element

5.4.1 Get a good image of the optical element being tested and
make sure that it is collimated

e According to the optical element being tested, choose the appropriate test method (see
chapter on Optino/Puntino test configurations)

e Make sure that the correct optical parameters are used in [OPT]

e Adjust the test element to get a SH image. The spots should be well separated

e Define the otientation of the image (Top, Bottom, Left and Right) in the [WFS/Orientation]
page by covering a part of the beam with say a pen and noting which part is obscured. These
directions are then shown on the wavefront plots

e Once you have the image on display and it is well centered on the camera, adjust the
integration time and/or the light intensity to get a well-exposed image. Use the QAuto
command next to Live to find the optimum integration time

e Use the Coll command to collimate the light. Move the appropriate elements for doing this
(e.g. pinhole, reference flat or spherical mirror)

e The tolerances for the Coll command can be changed by clicking the cross that appear close
to the Coll box in the dialog on the top of your screen highlighted by the arrows in the figure
below. The standard tolerance is 0.5, but you can also use a tolerance of 0.1-0.2.

efront sensor software for Optino

File Edit Toolbars Image arithmetic CCD Motor Simulation Utilities Window Help /_\
. [cofwralen]Easysspa] T | 1055 & Lve O] Auo Oteop®  Design Daign®| O con E O icon O meex
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5.4.2 The CALIGN procedure to align Reference or Mirror image with
the center of the camera

The command CAlign has been implemented in Sensoft to allow the centering of the
reference/test image with the center of the camera. The CAlign task can be selected by checking
the correspondent button in the Dialog bar that is displayed on the top of the PC screen when
Sensoft is launched.

During the CAlign procedure, the Shack-Hartmann image is displayed as usual with the
superposed indication about the alignment: “Left/Right and Up/Down” or “Aligned” if the
displacements 0x and dy (in microns) measured with respect to the center of the camera are
outside or inside the selected tolerances. However, some new features have been added to guide
the user in the alignment procedure (see examples given below).

i Sensoft - Shack-Hartmann wavefront sensor software for Opal

Filz Edit Toolbars Imageatithmetic CCOD Motor  Align  Simulabion  Utilities  Help

|om||WFs|l|Anaws.s||mm|T| 2232 | e Danuto (Do) [Rer Jrest][_ens mmpE(ngDwm Caien F 0
=gz A cHwur/esEovy + - [BEHE N =TT

Citest20091test loopl - - | REF _parallel000z fit

# [micrang)

Y [micronz)

Dizplay centroids
L £ :
[Calign . Align anly)]

a) Display of the centroids. The distribution of centroids found during the alignment can
be displayed and used for checking the correct centering of the image. The flag for
displaying the centroids can be selected in the Tolerances for alignment parameters (see
figure above). The centroiding algorithm has been improved by adding the computation
of three important couples of data. These data are explained in the next section and are
displayed in the centroid plot as well as in the Align toolbar.

b) Computation of the collimation factor. The collimation factor is computed during
alignment and its value is continuously updated in the Align toolbar. This is slowing a
little bit the Align procedure but gives the big advantage of reaching alignment and
collimation within the same procedure
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5.4.3 Definition of criteria for reaching a correct alignment

Four different set of parameters can now be used in order to check the correct alignment (see
examples below).

1. The displacements 8X and 8Y (in microns) with respect to the center of the image

2. The number of rows and columns of spots: in the Align toolbar these values are
displayed in the Hor/Ver field. The values of rows should be equal to the value of
columns in order to guarantee the symmetry in the image (green background in the
Align toolbar); when the values are different the background in the Hot/ver field of
the Align toolbar becomes red

3. The number of spots found in the first and last (left/right) columns: the difference
between the two values should be < 3 spots (green background)

4. 'The number of spots in the first and last (top/bottom) rows: the difference between
the two values should be < 3 spots (green background)

When one of the conditions above is not satisfied, the misalighment can be corrected by
centering the image in X/Y or tilt in o/

Once the alignment has been reached, the collimation factor can also be optimized keeping
the alignhment continuously under control.

The same criteria/parameters used for aligning the Shack-Hartmann image with
respect to the center of the camera can be used for the Align procedure to find the
alignment of the Mirror image with respect to the Reference image. Here again,
alignment and collimation can be checked within the same procedure.
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5.4.4 Examples of CAlign procedure

5.4.4.1 Bad misalignment of reference image wrt. center of the camera chip

1. The center of the camera is represented by the red cross
2. The center of the image is the center of the red circle

F\Ie Edit Toclbars Imageanmmetlc Motor Simulation Uflites  Window  Help

@leﬂl\_lmalym @”T I 1457 O uve O QAutD| mmﬁm O LDDD

EIEEE |
[C\Tests Men:ury [H[F) || Ref: [ REF_fiatnant fit |.\Last |Lnnp[|[|[|1 it
—1o| x| [B =10 x]
) 24 x 25 spots
Fpixels)  7:10,R:7) (T:7,B:2)
Right and U)
. S
° Y
. 3,
- o
- .g‘
. [ 3
¥ o
. :5
L eoss s 0 e .};
Allgn Lens vs. X w2
Binning S _—
X (}J.) - X (pixels)
ey |

e
o [
Left/Right 1017

[Top!Bot

| Gol factor | 70706 |

Condition 1: Not OK. 8X and 0Y outside the tolerances defined for alignment

Condition 2: Not OK. Number of rows # columns

Condition 3: OK. Difference in number of spots between first and last column
(Left/Right) is 3

Condition 4: Not OK. Difference in number of spots between first and last row
(Top/Bottom) is 5
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5.4.4.2 Towards alignment of reference image wrt center of the camera chip

ensoft - Shack-Hartmann wavefront sensor software for Opal = x|
Fle Edit Tookars Image arithmetic Motor Simulation  Utlides  Window  Help

(O] elferanaysis|Fio] | [NAREA 1 Live 0 Ao O Loop™
Bglzg I crlwurssmon+ - |BEEIENOQasuBEs | x0@BER@s | 2E « 28|

.... S h

Calign O] Glign O] Align ‘I:I call T meal |

‘C\Tests Mercury H H Ref |REFantEIEI[I1 fit | ‘ Last: |LnnpDDD1 fit | H Hl Info m
m oy m| il (:1centroids CAlign0001 .cen — |EI| X|
25 x 25 spots
T (pxels) - (1,:5,R:4) (T:4,B:5)
R A 4 A e
Tiiiiin
4 s es e s
m‘f: 26000600 ol
200y b, 90000000 o
*, 96000000 7
100 P
Binning R Yy
200 300 400 500

oX (M) - X {pixels)
8Y (W) :
Tot spots 470
HorfVer 25125
Left/Right 514
[TopiBot 415
Col factor 0.719

Condition 1: Not OK. 6X outside the tolerances defined for alignment, 6Y OK

Condition 2: OK. Number of rows = columns

Condition 3: OK. Difference in number of spots between first and last column (Left/Right) is 1
Condition 4: OK. Difference in number of spots between first and last row (Top/Bottom) is 1
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5.4.4.3 Reference image aligned wrt center of the camera chip

Sensoft - Shack-Hartmann wavefront sensor software for Opal =] x|
Fle Edit Toobars Image arthmetic Motor Simulation Utliies ‘Window Help

(Gt e sl [natysil[Pic] - [INERGHN (1 Lve ] Qéuto] O Loop™®

cAlign [0 oalign [ Align ‘I:I Call I:l MCall ‘

C\Tests Mercury [ [#] |[Ref: [ REF _fiatd001 fit B [Last [ Loopaoo fi =20 |[mra] | |
Centroids CAlign0001.cen i =153

25 x 25 spots
Tipaxels) 1.5 ,R:4) (T:4,B:5)

Binning
15 200

6X (p") X (pixels)
8Y | 1

Tot spots 472

HoriVer 25125

Left/Right] 514

[Top!Bot 415

Col factor] 0.662

Condition 1: OK. 8X and 8Y inside the tolerances defined for alignment

Condition 2: OK. Number of rows = columns

Condition 3: OK. Difference in number of spots between first and last column (Left/Right) is 1
Condition 4: OK. Difference in number of spots between first and last row (Top/Bottom) is 1
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5.4.5 Align the Test and Reference images

e Now use the Align command to align the image of the test element with that of the
reference image. The final accuracy of coma (and to a smaller extent astigmatism) that is
measured by Optino depends critically on this adjustment

e The tolerances for the Align command can be changed by pressing the cross that appear
close to the Align boxes in the dialog on the top of your screen highlighted by the blue
arrows in the figure below.

e The default value for alignment is 20 (the difference between the center of the
reference and test images). A smaller value should be used if you are making very
accurate measurements

Sensoft - Shack-Hartmann wavefront sensor software for Opal

Flle Edit Toolbars Image atithmetic CCD Motor  Align Simulation Ubilities Help

|Om||WFS||SH".-‘-\nal\,fSiS"F'IDtI 7| 2232 [ Live [Josute [ Dark][Rer][Test][ Lens | Loop E|' n
-@”a@ IsHvwupry/esEOM+ - |BEENR

Citestz00Mtest loop . | REF_paralleld0oz fit

# [micronz]
' [micranz]

Display centroids
W 2 :
[Caslign . Align only)

Chapter 5: Using Sensoft: basic guide
107



SpotC

S SENSOFT USER'S MANUAL
The software people for optics

5.4.6 Examples of Align procedure

5.4.6.1 Mirror image misaligned wrt center of the reference

The center of the reference is the center of the green circle
The center of the test image is the center of the red circle

==l

[::18ensoft - Shack-Hartmann wavefront sensor software for Opal
Fle Edit Teobars Image arithmetic Meotor Simulation Utliies Window Help

[opt]wrs]sH [analysis] Im”Tl 1487 O Live DQAutU‘ DLDop‘D calign O] @align A\ign‘D call F T meal |
mglzasasHvup/sesmoy: - |BEEENE Ofaccads ¢ x0eBROs ¢ oL ok

[ C\Tests Mercury [ |[ Ref [ REF_flatdon2 fit | [ Last [ Loop0001 fit | ] | [ Info
M=l ) centroids Alignoooi cen - o] x|
25 x 25 spots
Tebels) 1.8,R:10) (T:8,B:10)
Right and U
BB N
a8 . %
.. L3
! o b e b &
» ol 0 » | X .. :‘c,'
PR i
88 2 P [ B
5000 o
> 6000 o/
) ® P o
b & - . s
b ® 4 s g
*$ 8000 &
inni 200000080080
200 300 400 500
X (pixels)

Horfver 25125

Left/Right|  B8/10

[TopiBot g8/10

Col factor 0.927

Condition 1: Not OK. 86X and 8Y outside the tolerances defined for alignment

Condition 2: OK. Number of rows = columns

Condition 3: OK. Difference in number of spots between first and last column (Left/Right) is 2
Condition 4: OK. Difference in number of spots between first and last row (Top/Bottom) is 2
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5.4.6.2 Mirror image aligned wrt center of the reference

Sensoft - Shack-Hartmann wavefront sensor software for Opal
File Edt Toobars Image arithmetic Motor Simulation Utliies Window Help

== x|

@IWPS @I Analysis| @I ‘ T I

R

1437 uive O QAUID‘ mmﬁm O Lump.||:| Calign [ @align [ Align q||:| Call .I:I MCall ‘ -
sAs@EwupY[asEaM + - lﬁlllr\Drﬂ@a”m@HHx DEEH® s |»

‘C VTests Mercury

-[F] [ Ref. | REF_flat0002 fic

| [ Last [ Loopoot fit

[0

-0 il troids Align0001.cen —lal x|
25 x 25 spots
¥ipxels)  (1,:9,R:8) (T:9,B:9)
Aligned|
.6.0.6.68
%
k)
[ 3
, o
) % i
4 i
X KX i
» * &/
X » ® -4
X X L 2
X X £
-
£
Binning 2x2
5 500
6X (M) X (pixels)
BY (w) !
Tot spots 506
HorlVer 25125
LeftiRight] 9/8
[Top/Bot 919
Col factor| 0.896
T T f rirrar T Mum, - 5. pass - No BExp | Ret  [Use flatmimor | Pl Call | [ Align Combine
|eaL 4330 | 100% | Algrment wrt center of referer | [
i start| @ [ E. & [l 7|8 sensoft - shadk-... | & @‘ |3|‘,5 « W[ 105

Condition 1: OK. 8X and 0Y inside the tolerances defined for alignhment

Condition 2: OK. Number of rows = columns

Condition 3: OK. Difference in number of spots between first and last column
(Left/Right) is 1

Condition 4: OK. Difference in number of spots between first and last row (Top/Bottom)
150
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5.4.7 Cross on center of reference during Align/Coll/Live

A cross representing the center of the last analyzed reference image can be displayed on the

Shack-Hartmann image during the Live, Align, Collimate tasks. The cross can be

enabled/disabled by clicking on the green cross

Sensoft - Shack-Hartmann wavefront sensor software for, Optino
CCD arid  Motor  Simolation  Utilities  wWindow  Help

ont[wrs]igr](anasis|[Piot] T 819 |7 Live [Josute  [Dark] [Rer|[Test][_Lens |7 Loop ) Clamign (7 aian[F 7 el O meon

HEa BE CRAADr &< @H#HE+ x A
[Ret | REF_paralielnooe fi | b [Last [Loopooott .l | [0 |[mot][ceo

File Edit Toolbars Image arithmetic

[ Citest_2007est_bint |

t:j Sensoft - Shack-Hartmann wavefront sensor software for Optino
Fle Edit Toobars Image arithmetic CCD Grid Motor Simulation Utilties Window Help
On/Off to
7 IEEA ) e Donwo (D] [Rer] [Tosf] [ Lons | oo Show,/Hid
I
H®BE BE C R A ADOF |OrDer C ow 1de€ Cross
® &b MEET & o0 0.0

Ref. | REF_parallel0004.fit p [Last LoopO001.1it

Citest_2007new-r
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5.4.8 Do a Test analysis

Once above steps have been followed, click the Test button to obtain the
first results.

° @Cbec]{ the value of the normalized radius: it should be between
0.95-1.02.

ensoft - Shack-Hartmann wavefront sensor software for Optino

Fle Edit Toolbars Image arithmefic Tools Motor Simulaion Window Help

* [opt|pves]se][naysis[Pe] T | 1000 O tve O Auto O toop B Caaign DAI\QWMCDH
sHaslzsg sHEvs o BE I Op|[aac |/ x0@@s | 20 [« 00

[c\sensoft | [Rel [Refooozit | b [Last [ Testanoifc .@ MOT |

. If it is not, one or all of the following are true:

1. The light is not collimated (e.g. use the Coll command to
check this)

2. If the light is collimated, then the optical
parameters of the Test element entered in [OPT]
are not correct (aperture and focal length - or
distance to the image)

3. The focal length of the collimator has not been correctly
entered

® You will be presented with the following dialog box whete you can change the optical
parameters and recalculate the normalized radius. When you click OK to exit the dialog,
the new optical parameters are automatically saved. You will have to run off-line analysis
(ot redo Test) to get the output results
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Mormalized pupil computed with current parameters 0.523
F## computed with current parameters i

Fecommended F/# of optical system 13.50

Flease change the aperture and/orthe focal length(s) to getthe correct F/# indicated above

Aperture of test optic (rmrm) 9.00

Effective focal length/distance ta image plane (mm) 100.00

;

Focal length of collimator (mm) 100

’ Fecompute F/# and normalized pupil l

Use original values anyway ] [ Use updated values ] [ Cancel l
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® You can use the filename Test001 (it is continuously overwritten), or give the file the
name of your choice
® Check that the spots of the reference and test images have combined well (no obvious
double spots etc.)
® Tor highly aspherical elements or for elements with spurious spots (e.g. at the edges),
you may need to change the automatic threshold found by Sensoft, as well as the
ellipticity cutoff (lower it towards ~0.5) and the Combine factor (lower it from the
default value of 8. Minimum ~2) in case the combination is showing double spots or
other problems
® During the Test analysis, Sensoft will check if the test image:
O Has the correct flux
O Is taken in parallel light (Collimation)
O Is aligned with respect to the reference image

If the check is OK, the boxes Flux, Collimation and Alignment at the bottom of the screen
will turn green; otherwise, they will turn red.

‘ Test ISmgIe lens with collimatar - Ext. illum. - 5. pass | Ref: IUse pinhole Flusx _ _

5.4.9 Do a detailed analysis

e Once you are satisfied with the Test analysis, you can click the Analysis button to do a
more detailed analysis and see the different graphs that you have chosen in the
[SH/Graphics] section

® You can rename the file Test0001 in [SH/Directories] by selecting the Test0001 image
(ot the name that you have chosen) under Select Lens image, and do the analysis again

® During the analysis, Sensoft will check if the test image:

O Is taken in parallel light (Collimation)

O Is aligned with respect to the reference image
If the check is OK, the boxes Collimation and Alignment at the bottom of the screen
will turn green; otherwise, they will turn red.

e Note: unlike for on-line analysis under Test, the flux is not checked

‘ Test |Single lens with collimatar - Ext. illum. - 5. pass | Ref: |Use pinhole | Flux _ _

5.5 Off-line analysis

®  You can load old files and redo the analysis. Choose the Reference and Lens files under
[SH/Directories] and click Analysis

e You can also reload old results by loading the appropriate file with the .cof extension
from the File menu

® During the analysis, Sensoft will check:

Chapter 5: Using Sensoft: basic guide
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O Was taken in parallel light (Collimation)

O Was aligned with respect to the reference image
If the check is OK, the boxes Collimation and Alignment at the bottom of the screen
will turn green; otherwise, they will turn red.

e Note: unlike for on-line analysis under Test, the flux is not checked

‘ Test ISingIe lens with collimator - Ext. illum. - 3. pass | Ref: IUse pinhaole | Flux _ _

5.6 Testing a series of lenses

® You can test a series of lenses (or other optical elements) by using the Lens command. It
will take the prefix for the file that you have specified in [SH/Directoties]. This will
create a series of files with suffix file0001, file0002 etc.

e All the important results for the batch (like the Zernike coefficients) are stored in an
Excel file in the main working directory [WD]
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5.7 Computation of M? for laser

At the end of the Shack-Hartmann analysis the table containing the Zernike coefficients and
the wavefront analysis results is shown on the screen. The M” analysis can be done by
clicking on the MSquare button that is enabled on this table.

Sensoft - Shack-Hartmann wavefront sensor, software for, Optino - [Sensoft results HeNe laser with BE12-60
g File Edit Toolbars Image arithmetic Tools Motor  Simulation  Window Help

- [opt[wrs]en]znasis|[Piof] T | 40 | [ Live [ @Auto [ Lens |00 [ [

& iii] Oe
[ capacuments and Setingswal |: |Ref |rer_paraue| light_BE1 2-80.11t | b ‘Last: |HeNeIaserWith BE12-6
[ Details |[ AmMs/EE || Diagnostics || PQ-7zZemiketerms || Statistics || Maquare
Image Date | Time | Exp .time| Thresh.| EN
Test: HENE LASER WITHBE12-60 |2007-12-13 11:23:36 .001 sec  .073 70
Ref: REF_PARALLEL LIGHT _BE12-... | 2007-12-13 10:52:14 012 sec .178 A0 Click to
Standard Zemike coeficients launch/Display
Aber m n Cx(nm) ‘Cy(nm) ‘C(nm) ‘Angle ‘ MSquare analysis
Def 02 154
Tilt 11 8234.3 553.7 82529 38
Coma 13 04 0.0 04 -14
SA3 04 2.2
Ast3 22 4.2 -9.0 9.9 -64.9
TCom 33 49 -2.8 57 -29.6
QAst 4 4 2.3 -1.3 2.7 -28.4

es in nm)

Quality Ff=re ‘ il ‘A\ferage ‘ P-y ‘ Rms ‘ Strehl ‘
Residual 50.6 -35.6 -40.1 86.2 16.6 0.973
Actual * 62.5 -42.3 -58.1 1048 194 0.964
Potential 50.6 -35.6 -40.1 86.2 16.6 0.973

* Actual Quality: tilt and defocus subtracted
MNormalized pupil: 0.997 Mo of spots used: 239 Probakility of goodness of fit: 1.00

The results are oiven in numerical form in a dialog and as eraphs with the M computed after
te) te) te)
lens and before lens
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By clicking on the Close button the dialog is closed.

M2 from SH analysis

Parameters used for calculation:

Aperture (rm) 0E2
Beam expander

M agnification factor

Beam expander Lens1 Fl [mm)
Beam expander Lens2 Fl [mm)

Quantity Transformed beam Original beam

[after lens] (lazer]

x ¥ X ¥
‘whaist Loc [rmm] 10111 10111 284816 210.669
‘whaist Width [mm] ooz 0ma 0.589 0.557
Rayleigh [rm) 0.168 0168 14726 414726
Divergence [mrad) T0.EER B3.131 1.420 1.485
M2 1.04 1.03 1.04 1.03
Alpha 43752 42513

Cloze
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HeNe laser with BE12-60 - (laser)

X
Alpha 49.752
Waist Width (mm) 0.589
Rayleigh (mm) 414.726
Divergence (mrad) 1.420
M2 1.04

Y
42.513
0.557
414.726
1.485
1.03

2.0
-2000

-1000 0
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5.8 Using the loop command for seeing results
in real-time
You can see the results also in a loop. Not all options may be available for your version of

Sensoft.
See also chapter about on-line and off-line analysis.

Loop param

Range of alertwalues for aberration coefficients
Fram Tao

Defocus {nrm) fi 50

Tilt {nrn) i} 50

Coma, {nrm) 0 L]

a3 {nrm) 0 50

At {nm) 0 50

Tricoma. {nrn) 0 50

CiAst {nrm) 0 50

Comah {nrn) i} 50

SA5 {nrn) i} 50

Asth {nrn) 0 50
Selecttype of plotfor loop
(@) Contour 30 () Aberrations
() Align (Coma/Ast) () Spot diagram () Residuals O it
SHimage

? @) 22

| Displ Image stretching factor

isplay q d )3
Archive results of analysis

[ save cosfficients in log file
Serial communication of coefficients

- COM1
Without sending coefficients (@) Send coefficients to: o
() come
[ oK l [ Cancel l
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5.9 Make a comparison using the Excel file

e An Excel file is created in the Directory that you have chosen that contains the results for
all the lenses tested (except for the Test0001 image created with the Test command and the
file Loop0001 created with the LLoop command)

. MThis file can be accessed only when Sensoft is not analyzing any new image. Sensoft
will ask to close the file before starting a new analysis
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Chapter 6: On-line analysis and
adjustment of optical systems
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6.1 Using Sensoft for on-line analysis of an optical
system

= Enter the optical parameters in [Opt]

* Do the optical setup for taking the reference image

= Optimize the exposure time using [Live] and [QAuto]; take the reference image with [Ref]

® Do the optical setup for taking the Test image

* C(lick [Live] and align the Test image with the reference image, using the [Align] command

= (lick the [Test| button. This will take the image of the Test element, and do a full analysis with
the first 7 Zernike terms

*  Check the normalized pupil and the combination of the spots, as well as other parameters that
result from the analysis

* Click on the button close to the [LLoop| check box on the dialog bar. The Loop param
dialog will be displayed on the PC screen.

®  Select the graphics that you would like to display and the other parameters as described in
section 3.8.3

®  You are now ready to run the analysis in a Loop

*  Check the Loop box; the Shack-Hartmann image will be displayed on the PC screen together
with the graphics that you selected

6.2 Using Sensoft for checking the alignment

Sensoft computes the ellipticities of the spots and plots it as a 3D distribution or as a contour plot. If
the test system is not correctly aligned with respect to the fiber, then you will get a plot that will show
an asymmetry (see below). You should adjust the fiber until you get a symmetrical plot.

P-V=0.709, ave=0.553, rms=0.128 (Ellipticity)

Y(spots) — Left

LA

0 5 10 5 20
X(spots) — Down

Contour plot of ellipticity. Note the four read areas on the edges. These are due to the stress caused the
screws holding the fiber.
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6.3 On-line alignment of multi-component systems
using coma and astigmatism

Enter the optical parameters in [Opt]

Do the optical setup for taking the reference image

Optimize the exposure time and take and store the reference image, using [Live] and [QAuto]
and [Ref]

Do the optical setup for taking the Test image

Click [Live] and align the Test image with the reference image, using the [Align] command
See that you have chosen to fit the first seven terms (default) in the [SH/Zernike] section
Click the [Test] button. This will take the image of the Test element, and do a full analysis with
the first 7 Zernike terms

Check the normalized pupil and the combination of the spots, as well as other parameters that
result from the analysis

Click on , and select the Align (multi-component system) type of graphic

Now check [Loop] on the toolbar. This will start the analysis, and produce a real-time graph
with the total values of coma and astigmatism (and their x- and y-components)

The optical system can now be aligned using these graphs (reduce coma and astigmatism to
minimum)

Loop param |§|
Fange of alertwvalues for aberration coeflicients
Fram To
Defocus {nrn) 0 50
Tilt {nrm) 0 &0
Coma {nrm) 0 50
Sal {nrn) 0 50
Ast {nm) 0 50
Tticorma {nrm) 0 50
QAst {nrn) 0 50
Comab {nrm) 0 &0
SAB {nrm) 0 50
Asth {nrn) 0 50
Selecttype of plotfor loop
()ao () Aberrations
@Align (Comajhst) OSthdiagram OResiduals OMtf

Start the Loop from the dialog bar.

£%y Sensoft- Shack-Hartmann wavefront sens

¢ [opt]wreEH][analysig|[Fia] T 10.00 | Live [ Auto

[Lend | Mitoon™ [Yoaign aign® [ car BT meon [ meex
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= The analysis will start and you will see a graph shown below

Zemike coefficient (nm)

300 — — — — o e T T e

Real-time Alignment

Coma
Coma X
ComaY
Ast
AstX
AstY

On-line alignment
using coma and
astigmatism

You can choose to focus on the total coma and astigmatism and/or the components by clicking on the
Align toolbar that appears once the loop is started.

The align toolbar

If desired, you can also look at the spot diagram and the wavefront/contour plot. In that case, do not
fit coma and astigmatism in [SH/Zernikes.

| Directaries | Zemikes | Analysis parameters | Utiliies | Graphics|

Terms to fit (and subtract from) data:

Select from the following:

Extraterms to fit

=

| ~

H R& 02 Defocus
CEE T TR
FH 04 spherical 3rd
B3 3 triangular corma,
FH 44 gquadratic

Default

% Higher order Coma. »
4 Higher order Astigmar
f;& Higher order TriCame
& Higher order QuadAs

Igmat

igher order Foil
=R

i

ma.

-FE 22 aglgmatism

~

|

-

S‘& Default
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6.4 Adjustment of spacing between the elements
(SA3 and defocus)

You can use the measurement of SA3 and defocus to optimize the separation between the elements.

*  See that you have chosen to fit the first seven terms (default) in the [SH/Zernike] section
* In the Loop param dialog, choose the [Aberration] plot option

Loop param

Range of alertwalues for aberration coefficients

Fram To
Defocus {nrn) 0 &0
Tilt {nm} 1] 50
Corna (hr) 0 &0
Sal {nrn) 0 &0
Ast (nmm) il 50
Tricoma {nrn) 0 &0
Qhst (nrm) 0 a0
Comas (hr) 0 &0
S5A5 (nrm) i 50
Asth (nrm) il 50

Selecttype of plotfor loop

() Contour (@]

(O Align (Coma/Ast) () Spot diagram (_) Residuals () bt

= Start the Loop from the toolbar

Sensoft - Shack-Hartmann wavefront sensor software for Optino

Simulation Utlites

-

(opt]iwrel[Par]er]lanatvsillPiof T 10.00] [ Live [ Auto [Dark] [Ref][Test]

Loop [¥ign [ Coll O mcal

The analysis will start and you will see a graph shown below:

Real-time Zernike coefficients

On-line display
Zermike coefficient (nm) .
a0 of aberrations
- w You can choose
MJM\—_J*\ Def to focus on SA3
100 Tit

coma | and Defocus by

Sa3

‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ Ass | using the
o t t t f i TriC

wo o [ o T\ [ oast | Aberrations
w \ s ] \J Menu.
By clicking on
200 one aberration,
the

-300

correspondent
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line/aberration will disappear from the plot above.

File Edit Wiew Image arthmetic Motor Align  Simulation gtililjesfif Aberrations

Defocus
Tit
coma
Sa3
Ast3
Tricoma
QAst

Aberrations menu

The values of the default coefficient aberrations will be displayed on a toolbar that will appear on the
screen only during the loop. The values of the coefficient will appear on a red or green background,
depending if the value is outside or inside the tolerance defined in the Loop param dialog.

If desired, you can also look at the spot diagram and the wavefront/contour plot. In that case, do not
fit SA3 and defocus in [SH/Zernikes].
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6.5 Sending coefficients on the serial port

This task is in Sensoft Professional and Engineering version only.
When Sensoft is launched thete is no remote communication port predefined in the software.
Clicking on the cross close to the Loop box the communication port can be selected.

Lont]wrs]isH][anansis][Piof] T |
PRI EEERE
CaDocuments and Settingsiall

40| [ Lve [Josut  [Dark] [Rer|[Test][ Lens |1 Loop [(F] (Jeaign [ aiign [ (1 con [T
BvsurnBE NN rlaacafEi+ ~0@8OR®

ref_parallel light_BE12-60.fit HeMe laserwith BE12-60.1it

Loop param

Fiange af alert values for aberration coefficients

Defocus
Tilt
Coma
Sa3

At
Tricoma
QAst
Coma5
SA5
Asth

From

To

[nm)

[nm)

[nm)

[nm)

[nm)

[nm)

[nm]

[nm)

[nm)

[nm)

Select type of plot for loop

(%) Contaur

() Abemrations

() Spot diagram

SH image
Display

(@]
() Align [Comadtst)

) Residuals

Image stretching Factor

Archive results of analysis

[] 5ave coefficients in log file

Senial communication of cosfficients

‘without sending coefficients ()

Send coefficients b

[ Use constant P

&) 242
O3

@coMpor 8|
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On the receiving PC launch the HyperTerminal program

Set the parameters of the COM port
Baud rate 9600

8bit

Parity NONE

Handshaking Xon/Xoff

When the Analysis is launched in a loop in the HyperTerminal window the sequence of the coefficients

will be received at the end of every analysis.

In the present version of the software, the PC controlling the instrument is not working in close loop

with

the remote PC. In this case a maximum of 10 selected coefficients is sent every time the
continuous SH analysis loop is performed, without waiting for any acknowledgement message
from the remote computer.

For each generic message the protocol is as follows:

SEND

[STX] [String][ETX]

where

[STX] is the “start of data block” character "B

[ETX] is the “end of data block” character ~C

The message is as follows:

“C,nnn,rl,ml,clx,cly,cl,al,[Y/N],£2,m2,c2x,c2y,c2,a2,Y [N],£3,m3,c3x,c3y,c3,a3,[Y/

N ettt ,tn,mn cnx,cny,cn,an,[Y/N]”

where:

1. C is the message identifier (character)

2. nnn is the number of coefficients following in the message (integer)

3. r1,m1,clx,cly,cl,al,[Y/N]... rn,mn,cnx,cny,cn,an,[Y/N] is the sequence of nnn coefficients;
each coefficient:

1. rn radial dependence for nth coefficient (integer)

2. mn azimuthal dependence for nth coefficient (integer)

3. cnx, x component for nth coefficient (integer)

4. cny, y component for nth coefficient (integer)

5. cn, nth coefficient value from analysis (integer)

6. an, angle for nth coefficient .

7. The Y[/N] implying that the nth coefficient is [is not] inside the tolerance established by the
user in the Wfs folder.

In case of coefficients without azimuthal dependence (defocus, spherical, etc. where mn=0) the
angle is 0 and the cx and cy components of the coefficients are not evaluated.
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6.6 Using constant P-V value for displaying 3D and
contour of wavefront in a loop

When the Shack-Hartmann analysis is done in a loop the user can select to use a constant P-V interval
for displaying the 3D and contour of the wavefront. The P-V interval can be selected in the Loop

parameters dialog.

40 |D Live [] @Auto

Loptwrs]sH][anatysis|Piat] T |

&~
(Dark ] [ Ret |[Test][ Lens |7 Loop [F] CJamign

] aiign [F]

EEEIEERFERL EETEIET T RENEEE R K

CADocuments and Settingsiall

ref_parallel light_BE12-60.fit

Loop param

Flange of alert values for aberration coefficients

Defocus
Tilt
Coma
Sa3

Ast
Tricoma
(st
Comab
SAB
Asth

p | Last

From

To

HeMe laserwith BE12-60.1it

[rm]

[nm]

[rm]

[rm]

[rm]

[rm]

[rm]

[rm]

[riri)

olololoololool oo

[rm]

Select tppe of plot for loop

(%3 Contour

() Aberations

() Spot diagram

5H image
Display

(@]
() Align [Comadtst)

() Residuals

Image stretching factor

Archive results of analyziz

[1 5ave coeflicients in log file

Serial communication of coefficients

‘Without sending cosfficients (O

Send coefficients to:

[JUse constant P

) 22
[ Rx}

(%) COM port l:l
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When the ‘Use constant P-V” is checked the dialog with the P-V selection is displayed

~ D e

Loop param

Fiange of alert values for aberration coefficients

Fram To
Defocus [rim] 0 50
Tilt [rrin) 0 50
Coma [rrin) 0 =0
Sald [rim] 1] a0 Ty
At frm) i 50 QISIAL L
Tricoma [nm] 0 ] () Fiw P4 value of first analysis in the loop
(et [ 0 50
Comas 16l 0 0 () Uszer selected P value
SAS frm] 0 50 Enter minimum and maximurn lewel for
30 and contour graphics
Azt [rm] 1] 50
tdin R [rirn]
|-1nun | |1unu |

Select type of plat for loop

(=) Contour (30 Lze constant P-4 Select P
() &berations () &lign [Comadést) TS

() Spot diagram () Residuals

SH image ® 22
Display Image stretching factar O3

Archive resulks of analysiz
[[] Save coefficients in log file

Sernial communication of coefficients
ithout sending coefficients ()

Send coefficients to; (%) COM port D

There are two possible choices:
® The P-V scale can be fixed on the P-V value of the first image analysed in the loop

=  The P-V interval can be user selected

The entered values will be stored in the computer memory and used until the ‘Use constant P-V’ is
unchecked
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Chapter 7: Zonal and Modal Wavefront
reconstruction in Sensoft
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7.1 How Sensoft is reconstructing of Zonal and
modal wavefront

7.1.1 Zonal wavefront computation

O What is measured is the displacement on the CCD after it passes through the
lenslet (let us call it dx, dy - called [ x and [y in the paper as they are partial
derivatives)

O dx and dy are the derivatives of the WF

0 So if you numerically integrate the derivates of the WF (i.e. dx, dy for all the
spots) you get back the WF

O Sensoft uses sophisticated algorithms for the numerical integration to give
detailed structure on the WF

O The algorithm also increases the effective sampling by about a factor of 3. So
instead of 50x50 spots, you effectively get 150x150 spots.

Note that we have not talked about the Zernikes at all. For Zernikes we go as
follows:

7.1.2 Modal (or sum of the Zernikes) wavefront computation

0 We measure (dx,dy) like above

0 We mathematically express the wavefront WEF_Zer in terms of Zernike
polynomials WF(x,y)=a0 + al x Tilt + a2 x defocus + a3 x coma + a4 x Sa3 + a5
x Ast3 + other higher order terms (Eqn. 1)

0 We find MATHEMATICALLY the derivatives of the WF_Zer on Eqn. 1. Theyt
should be connected with the measured (dx,dy) for all spots

0 We fit the derivatives to the real data (dx,dy) and compute al, a2, a3 etc.

O By adding al, a2 etc. with the correct phase for each aberration, we get the
WF_Zer

O Itis very important to note that this is only valid if you can express the WFI in
terms of Zernikes. However, any WF will have some part which is WF_Zer and
some part which is not

O This is called modal WF and is given by most people

The computation of the Modal Wavefront is mathematically easier and thus the computation is
faster than in the case of the Zonal Wavefront.

The computation of the Zonal Wavefront is mathematically heavy and very difficult to compute
accurately. The computation takes longer than the Modal Wavefront one but gives much more
information on the real detailed structure of the test element. This is very clear in the example
given in the next section.

The Modal wavefront is to be preferred when the interest is in fast computation and in
the aberration coefficients only
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The Zonal wavefront is to be preferred when the interest is in the detailed structure of the
test elements and its support/mounting system

7.2 Examples of Modal and Zonal Wavefronts

The aberration coefficient, modal and zonal wavefront computed from the Shack-Hartmann
analysis for a test lens is given in this section

Aberration coefficients of test lens

Aber m n Cx(nm) | Cy(nm) | C(nm) Angle
Def 02 -11.8

Tilt 11 -5835.1 | 1003.0 | 5920.7 | 170.2
Coma 13 15 -2.0 25 -52.2
SA3 04 -7.7

Ast3 22 6.6 22.2 23.1 | 73.6

TCom 33 1.0 14 1.8 54.3

QAst 4 4 3.4 14 3.7 21.9
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7.3 Examples of Modal Wavefront

Contour of Modal Wavefromt - Tilt subtracted
Wavelength = 632.0 nm

(.

0.0 | | | | | |
0.0 0.2 04 0.7 0.9 1.1 1.3

X(mm) — Dots

>utation of

Chapter 7: Zonal and Modal Wavefront reconstruction134
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7.4 Examples of Zonal Wavefront

Zonal wavefront for Actual Quality of test lens

Contour of Wavefront: A} - Tilt and Defocus subtracted
Yavelength = 633.0 nm

S MW M e

W e

0.0 | | | |
0.0 0.3 0.5 0.8 1.0 1.3

X(mm) — Dots

The Zonal wavefront for Actual Quality (tilt and defocus contributions mathematically subtracted from the
derivatives dx,dy) is also dominated by 34 order astigmatism, but it shows some asymmetrical structures (in the
black circle). The Zonal Wavefront for Residual Quality (contributions from all of the fitted aberration
subtracted from the derivatives dx,dy) confirms that the structures are real. They are due to effects that cannot
be represented in terms of Zernike coefficients.

Chapter 7: Zonal and Modal Wavefront reconstruction135
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Zonal wavefront for Residual Quality of test lens

Contour of Wavefront: R 9 terms subtracted
Wavelength = 633.0 nm

0.0 | | | |
0.0 0.3 0.5 0.8 1.0 1.3

X(mm) — Dots

The Zonal Wavefront for Residual Quality (contributions from all of the fitted aberration subtracted from the
detivatives dx,dy) confirms that the structures (in the black citcle) are real. They are due to effects that cannot be
represented in terms of Zernike coefficients. This information cannot be obtained from the Modal
Wavefront.

Chapter 7: Zonal and Modal Wavefront reconstruction136
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8.1 Introduction

All the computations done by Sensoft (computation of surface, computation of Zernike coefficients
etc.) are based on the computations of the centroids of the spots. However, the shape of the
centroids themselves can be used to obtain information on the surface of the optical system from
which they are reflected.

= An irregular shape will give rise to an elongated spot, while a regular shape will give a spot
that is almost circular (see Section 1.2.11 for the mathematical definition of ellipticity

= Round spots have ellipticity €=0, and elongated ones £=1

* A surface that has less reflectivity will give spots with lower intensity

An elliptical spot (left) and a regular spot (right). The intensity of the elliptical spot is lower,
indicating that the area of diameter 300u - (that of one lenslet array) from which it was
reflected had a lower reflectivity compared to that on the right

Of course, not only can individual spots be studied, but the distribution over the whole surface can
also be studied.

O while this chapter explains the use of the centroids for understanding the surface quality
of the optical system, it is to be noted that these parameters have also a role to play in the
analysis of the images. For example, in general, for a good SH analysis, all spots with
ellipticity €>0.7 are rejected. Thus, if you wish to see the distribution of ellipticity for the

very highly elongated spots also, set the rejection limit for €=1 and retry the analysis. If the
combination of the spots from the reference and optical system fails, lower the rejection

limit of € and try again. Please see Chapters 1 and 4 for more details.

8.2 The various plots available

8.2.1 Distribution of the individual centroids over the pupil
The following graphs are available both for the reference and for the lens image:

* Distribution of the centroids of the spots (used for computing the shape of the surface and
the coefficients of the Zernike terms)
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» Ellipticity distribution of the spots (used for identifying irregular shape of the area (200-
300w according to the lenslet array D(iameter) parameter) from which the spot originates)

= Intensity distribution of the spots (used for measuring reflectivity)

* S/N (Signal-to-Noise) ratio distribution of the spots (same as intensity distribution, but
takes into account also the noise of the camera)

8.2.2 3D and contour plots

The intensity and ellipticity distribution better represent the form of 3D and contour plots. They
can be plotted to look for any variation.

Furthermore, after the combination of the lapping plate vs. reference centroids (the second step in
the Shack-Hartmann analysis), a 3D and contour of intensity of the spots normalized with respect
to the image assumed as reference for the analysis. The normalization takes into account any non-
uniformity in the calibration light source and Optino.

8.3 Choice of plots to display

The first step of the analysis of the Shack-Hartmann image consists in computing the center of
gravity of the spots in the image. At the end of this analysis, Sensoft creates a file with extension
.cen that contains information about the position of the spots, their ellipticity, intensity,
Signal/Noise (called S/N) ratio.

In Sensoft you can select among these different graphs in the [SH/Utilities] page.

Shack-Hartmann

_Diredories_:-Zernikes__-Analysis parameters | Utilities !.Graphics.- /\

N

Centroids centroids

Reference centroids anly D Reference |:| hirrar

Relax cantrals on reference threshald D \
Mirror centroids anky ws, spot On pupil

Felax controls on mirror threshald Ellipticity ] P

Skip reference centroiding Irtensity ] F

Start from combined spots SN ratio D D

3D and contour plots of centroids
Ellipticity 30

Ellipticity contour

Intensity 30

Intensity contaur

Marmalized Intensity 30

KK KX OO
N

rrmalized Intensity contour
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Note: The plots for the reference image are shown only if the ‘Reference’ box is checked,
and that for the lens image only if the ‘Lens’ box is checked.

8.4 On-Line and off-line display of the plots

The graphs selected in [SH/Utilities] are automatically displayed in one of the two following ways:

* On-Line: at the end of the analysis (when the [Ref], [Test], [Lens] or [Analysis] buttons are
clicked)

* Off-line: by opening the centroid file (file with .cen extension) of am image that has been
already analyzed from the File Menu and clicking the Plot button in the dialog bar.

#1 Sensoft - Shack-Hartmann wavefront sensor software for Optino
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8.5 Examples of the various plots

8.5.1 Positions of the centroids

This graph gives the computed position of the center of gravity of the spots in the image. An
example is given below for a reference image. For the absolute reference image these points have a
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regular distribution on a grid, while for the image of the optical system under test, their positions
are on an irregular grid due to the aberrations of the optical surface (see section 6.1).

8.5.2 Distribution of intensity of the spots over the image

This graph gives the total intensity of each of the spots displayed in the centroid graph. The
variation of intensity is due either to the illumination/optical setup or to defects in a certain region
of the optical surface under test. Ideally, the distribution of intensity should be uniform over all the
spots. This is mostly true for the reference image. For the image of the optical system under test,
the distribution is not uniform due to vatiation in the reflectivity of the surface.

If the same pronounced effect is present in the same area in the distribution of intensity for both
reference and lapping plate image, it is possible that the calibration light source is not giving a
uniform illumination (e.g. if the fiber is not inserted correctly).

If the non-uniformity condition in the image of the lapping plate persists despite these precautions,
or it is not present in the reference image, it means that there is a real variation in reflectivity over
the area of the lapping plate being tested.

O We recommend that you use the normalized 3D and contour plots of the intensity
distribution. In these plots, the non-uniformity in the reference image has been corrected
using software by normalization, thus the variation that you see is due to the lapping plate
only.

The average values for the ellipticity €, intensity and the S/N ratio ate shown in the graphs in the

following pages, with their respective standard deviation o; these values give already an indication
of the quality of the image.

A low value for the ellipticity € indicates that the spots are regular and rounded. A reasonable value
of © for the intensity means that there is little variation over the image

A high S/N ratio (~100) means that the centroid intensity is sufficient to compute the vatious
parameters of the spots accurately

8.5.3 Distribution of ellipticity ¢ of the spots over the image

This graph gives the ellipticity € of each spot displayed in the centroid graph. As mentioned eatlier,
some of spots may be elongated due to the irregularity of the surface being tested. However, a low
intensity of the spots can also cause elongation of the spots. Thus, if it is found that the S/N ratio

of the spot is high enough (>~50), then the elongation of the spot is due to an irregular surface.
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8.5.4 Distribution of Signal-to-Noise (S/N) ratio of the spots over the
image

See the discussion for the distribution of the intensity above. The Signal-to-Noise ratio takes into
account the vatious sources of noise in the camera. A S/N ratio of >100 is required for an accurate
computation of the centroid parameters.

- Image :REF0001 - 2003-12-11 11:15:19
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Plot of signal to noise distribution over the image of a reference

The spots with higher S/N are displayed with dots of increasing diameter. A S/N ratio of at least
100 is required for obtaining good results. If you have a low S/N ratio, increase the exposute time
up to about 50ms. Alternatively, increase the light intensity of the fiber-optic light source.
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Plot of centroids for the reference image shown on top. As expected, the average value and

the rms value of the ellipticity € are small. The Signal/Noise (per spot) ratio is > 100
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8.6 Examples of 3D and contour plots of distribution of
centroids

This graph gives the total intensity of each of the spots displayed in the centroid graph in a contour form.
An example is given in the figure below for a reference image.

When the distribution of intensity should is uniform on the image, the value of the contour levels on the
graphs are very close.

P-V=1847, rms=367 (counts)
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Intensity distribution: 3D (bottom) and contours (top) over the reference image. The variation in
intensity is small. The edges are affected by the presence of weak spots due to diffraction effects.
In the analysis of the image of the optical system under test, the software automatically
compensates for this variation

P-V=0.473, rms=0.063 (Ellipticity)
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Ellipticity: 3D distribution (bottom) and contour plot over the reference image. Except for the
edges, where the ellipticity is high due to diffraction effects (see contour map of the intensity
distribution above), there is a very small variation in ellipticity
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1. I am not getting enough flux for the tests (e.g. when
testing uncoated surfaces)

Try the one or more of the following:
1. Use a fiber of shorter length. The standard fiber has a length of 91cm. A
shotter fiber of 61cm is available
2. Increase the gain of the camera. This will increase the noise slightly
3. Use a brighter source. The standard illuminator comes with a light source of
150W. Light sources of up to 250W are available
4. Use a cooled camera. Please ask Spot-optics

2. How do | recompute the Reference centroids?

It can happen that you choose an old reference image and want to do the tests
against this reference image. In the property page [SH/Directories], choose the
reference image that you wish to use. Then go to the [SH/Utilities] page, and check
the Compute Reference centroids only box. The new centroids are computed and
used for the subsequent analysis.

3. Where are all the results stored?

1. The images, the output analysis file (“.sha’ extension) and the Excel file are
stored in the main working directory [WD] specified in [SH/Directories]

2. All the results are stored in [WD]/single subdirectory

All the log files are stored in [WD]/log subdirectory

4. All the results for the average files are stored in [WD]/average subdirectory

Nl

4. How do | see the results in off-line mode?

You can see the results for any analysis by opening the appropriate file with the
“.cof’ extension in [WD]/single subdirectory from the File menu

5. Are the results available in text format?

You can see the results for any analysis by opening the appropriate file with the
‘.sha extension in main directory [WD)]

6. How do | print the results?

You can see the results for any analysis by opening any coefficient file with the
“.cof’ extension in [WD]/single subdirectory. Then use the Print command to print
the file. You can also use the Print Preview command to see the file
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7. How do | see the graphs for the analysis in off-line
mode?

You can see the graphs for any analysis by opening any file with the “.sha’ extension
in [WD]/single subditectory. Then click the Plot button on the toolbar. It will show
all the graphs that have been selected in [SH/Graphics]

8. How do | see the graphs for the centroids?

You can see the graphs for the centroids by opening any file with the ‘.cen’
extension in the working directory under the WD /single subdirectory

9. How do | use the Loop command?

You can use the Loop command to see a number of graphs in a loop. The
parameters are set by clicking the + sign next to the loop.

10. What is the difference between QAlign and Align?

QAlign uses a weighted mean of all the pixels for the alignhment, and is fast. Align is
more precise and uses the centroids. It is recommended that Align be used in most
cases. QAlign is particularly suited for the large-format cooled cameras

11. What is normalized radius?

e Sensoft measures the radius of the image on the camera
e It then divides this by the radius entered by the user

e If additional elements are used in the optical train (like a collimator or beam
expander), Sensoft takes their effect into account

J It is strongly recommended that the correct parameters be entered to
get a normalized radius between 0.95-1.02.

12. | am not getting a normalized radius between 0.98-1.02.
What should | change?

If it is not, one or all of the following are true:

O The light is not collimated (e.g. use the Coll command to check this)

O If the light is collimated, then the optical parameters of the test element
entered in [OPT] are not correct (aperture and focal length — or distance
to the image)

O The focal length of the collimator has not been correctly entered




*
spot @%E@S USER MANUAL OF SENSOFT

The software people for optics

13. What is the precision that | can expect from the
analysis?

e The repeatability (taking two images in continuation — first the reference image
and then the test image) of the rms value of the wavefront is better than 3-4nm.
The standard Zernike coefficients are determined to better than 2-3nm (expect
tilt)

e If the alignment between the reference and the test image is not perfect (which
is the case in reality), the rms is of the order of 7-8nm, and the Zernike
coefficients of the order of 5nm

14. What are AQ, PQ and RQ?

e AQ: Actual Quality. The quality of the wavefront after the subtraction of
tilt (or tilt and defocus) from the data. This is chosen in [SH/Zernikes]

e PQ: Potential Quality. The quality of the wavefront after the subtraction
of 7 Zernike terms (tilt, defocus, coma, SA3, Ast3, TComa and QAst) from the
data. This applies also the computation of the Strehl ratio, spot diagram,
Encircled Energy, and residuals.

¢ RQ: Residual Quality. The quality of the wavefront after the subtraction
of the uset- selected Zernike terms. This is chosen in [SH/Zernikes]. This
applies also the computation of the Strehl ratio, spot diagram, Encircled
Energy, and residuals

J The program will display the wavefront corresponding to these three
cases after Analysis or Test or Lens. However, the wavefront, spot diagram
and the residuals shown during the computations in a loop correspond to

RQ

15. Which Zernike polynomials should | use?

J It is strongly recommended that Seidel polynomials not be used because
of non-orthogonality issues. Please use any of the Zernike polynomials
(Annular, Standard or Fringe) according to the element being tested

16. Where are the parameters for the Loop, Align and Coll
defined?

They are found under the cross sign next to the respective buttons:

Sensoft- Shack-Hartmant

- [opt]pwrs]en]Bnavsis][Piat] T | 100 7] e [ Auto DLDUpDQAIign DAIigD col
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17. The Info toolbar

A useful feature of Sensoft is the Info toolbar where all the relevant information
about the settings used for the test element are reported

Info @

Test Lens D | lllum. Internal
D {(mm) 9.50 | FL {(mm) 100.00
CFL (mm) 100.00 || F# -
Ref Th. 0.16 || Ref EL 1.00
Lens Th. 0.19 | Lens ELI 1.00
Comb. F. 8.0 | Annulus Full

e D: Diameter (or free aperture) of test element (mm)

e T'L: Focal length of test element (mm)

e CFL: Collimator focal length (mm)

e F#: Focal ratio or F-number of test element

e Ref Th.: Threshold for Reference spots found by Sensoft. It can be overridden
by the user under [SH/ Analysis parameters]

e Ref ElL: Ellipticity cutoff for Reference spots. Parameter used for rejecting
elliptical spots. Specified in [SH/Analysis parameters]. Default value: 0.7

e Lens Th.: Threshold for Lens spots found by Sensoft. It can be overridden by
the user under [SH/Analysis parameters]

e Lens El: Ellipticity cutoff for Lens spots. Parameter used for rejecting elliptical
spots of test element. Specified in [SH/Analysis patametets]. Default value: 0.7

e Comb. IF.: Combination factor for Lens and Reference spots. The default value
is 8. A lower value may be required if you have difficulty in combining the
Reference and Lens centroids. Specified in [SH/Analysis parameters]

e Annulus: If the full or part of the pupil is used in the analysis (range 0->1.0).
Specified in [SH/ Analysis parameters]. Not to be confused with the central
obscuration of the pupil due to obscuration in the optical system

18. How do | save the optical parameters that | have used
for a particular test?

The user-defined parameters can be saved and reloaded later by using the
Save/Load configuration option under the File menu.
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10.1 Wavefront and spot diagrams

In this section, we give examples of the various figures obtained using Sensoft for an /14
system. For the six aberrations, the figures were obtained by fitting six of the seven default
terms, excluding the aberration of interest. Thus, it is possible to see the effect of that
particular aberration. Defocus is not shown, as its value was insignificant for this particular
image. Note that since these figures were obtained from real data, and they include the
effects of higher order aberrations, as well as noise due to air turbulence.

The angle and peak of the wavefront correspond to the aberration coefficient obtained from
the SH analysis for the Seidel polynomials. This is true except for coma, where fitting higher
order coma (along with third order coma) gives the correct wavefront. This underscores the
fact that the analysis has to be done carefully, especially if it is suspected that higher order
aberrations are present.

The mirror sutface is also shown for tilt. Note that the mirror surface is half the wavefront,
with the opposite sign. By the convention, when the wavefront is retarded with respect to
the ideal wavefront, it is positive.

See Zernike polynomials - explanation and theoretical examples of wavefronts, spot
diagrams and residuals.

The coefficients for the Annular Zernike polynomials, as well as the total coefficient for the
Seidel polynomials are shown in the plots. The diameter containing the 100% Encircled
Energy is also shown (in arcsec).

Wavefront | Residuals and spot diagrams | Mirror surface

Examples with following aberrations removed from data

Only tilt removed | Only tilt removed |

Examples with following aberrations left in the data (all other terms removed)
Tilt Tilt Tilt

Coma Coma

Coma higher order

3rd spherical aberration 3rd spherical aberration
Astigmatism Astigmatism

Triangular coma Triangular coma
Quadratic astigmatism Quadratic astigmatism

After subtraction of 7 terms After subtraction of 7 terms

Note: Along with the aberrations left in the data, the wavefront will also show the presence
of higher-order aberrations and other sources of noise
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10.1.1 Only tilt removed (wavefront)
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The effect of the dominant aberration, astigmatism, is seen here.

10.1.2 Only tilt removed (spot diagram and residuals)
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The effect of the dominant aberrations, coma and astigmatism, is seen here.
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10.1.3 Tilt (wavefront)

Zernike coefficients: Annular: Cx=2087nm, Cy=1250nm, C=2433nm
Seidel: 4868nm

Angle=31°

Frame :MTR4 - 22/05/97 23:37 Frame :MIR4 - 22/05/97 23:37:53-Wavefront

3958
. 3257
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-37585 nm

T T T T T T T
] 3 1% 15 20
¥ [ North)

P-Vv=7713 nm

The single peak and single trough (marked by numbers) corresponding to the nature of this
aberration (since it has a COS¢ dependence) are cleatly seen (see section on Zernike
polynomials).

Also, see the plot of the mirror surface.
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10.1.4 Tilt (mirror surface)

Zernike coefficients: Annular: Cx=2087nm, Cy=1250nm, C=2433nm
Seidel: 4868nm

Angle=31°

Frame :MIR4 - 22/05/97 23:37 Frame :MIR4 - 22/05/97 23:37:53-Surface
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The single peak and single trough (marked by numbers) corresponding to the nature of this
aberration (since it has a COS¢ dependence) are cleatly seen (see section on Zernike
polynomials).

Since this is the mirror surface, the peak and trough are half that for the wavefront, and of
the opposite sign.
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10.1.5 Tilt (spot diagram and residuals)

Zernike coefficients: Annular: Cx=2087nm, Cy=1250nm, C=2433nm
Seidel: 4868nm

Angle=31°
Y{arcsec) b4

4 1.

0.

0.

4 -3 -2 -0.

-1.

-1.0 0.0 1.0
-4 1
X

The spot diagram is shifted in the direction of the tilt (31°). The residuals also show the
same effect.
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10.1.6 Coma (wavefront)

Zernike coefficients: Annular: Cx=-74nm, Cy =133nm, C=152nm
Seidel: C=1278nm

Angle=119°

Frame :MIRA - 22/05/97 23:37 Frame :MIR4 - 22/05/97 23:37:53-Wavefront
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The single peak and single trough (marked by numbers) corresponding to the nature of this
aberration (since it has a COS¢ dependence) are clearly seen (see section on Zernike
polynomials).

Note that the peak of the wavefront does not correspond to the angle of 119°, but is found

to be at (119+180)°. This is due to the presence of higher order coma, which when
removed, gives the correct orientation.
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10.1.7 Coma (spot diagrams and residuals)

Zernike coefficients: Annular: Cx=-74nm, Cy=133nm, C=152nm;
Seidel: C=1278nm

Angle=119°
D100=1.06"
Y{arcsec) b 4
1.
0.
0.
sal -0.
1 * X{arcsec -1
-1.0 0.0 1.0
X

The spot diagram at left shows that the point of the spot diagram is aligned along a line with
an angle of approximately 119°, with the coma flare in the 2nd quadrant (see section on

Zernike polynomials).
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10.1.8 Coma (wavefront, with higher order fit)

Zernike coefficients: Annular: Cx=-74nm, Cy=133nm, C=152nm
Seidel: C=1278nm

Angle=119°
Frame :MIE4d - 22/05/97 23:37] Frame :MIR4 - 22/05/97 23:37:53-wWavefront
- 1441
20 1172
_ 903
15 - ; 634
i _ .
-~ v R, %o 364
¥ 4000 N A ‘ag,
M6 o !!ﬁ‘ﬁﬁf&“\‘ ‘t\\l&,g.é’ S [ -174
PO e "{3&:‘?‘“\““‘\ A R -443
B -t gt e -713
A % -982
| -1251
o . -1520 nm
0 5 % 15 =0

a
¥ { North) P-V=2962 nm

The single peak and single trough (marked by numbers) corresponding to the nature of this
aberration (since it has a COS¢ dependence) are clearly seen (see section on Zernike
polynomials).

Note how the angle coincides with the peak of the wavefront (red). This was not the case
when only 3" order coma is fitted to the data. In addition, the Seidel coefficient is closer to
that shown by the peak of the wavefront.
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10.1.9 Spherical aberration (wavefront)

Zernike coefficients: Annular: C=-35nm
Seidel: C=-487nm

Frame :MIR4 - 22/05/97 23:37 Frame :MIR4 - 22/05/97 23:37:53-Wavefront
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o} 5 19 14 20
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300
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=307 nm
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The wavefront is not that one would expect for pure spherical aberration due to support

errors. Also, see Wavefront after subtraction of 7 terms.
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10.1.10 Spherical aberration (spot diagram and residuals)
Zernike coefficients: Annular C=-35nm
Seidel: C=-487nm
D100=0.27"

Y{arcsec) Y
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10.1.11 Astigmatism (wavefront)

Zernike coefficients: Annular: Cx=276nm, Cy= 363nm, C=347nm,;
Seidel=881nm

Angle=49°

Frame :MTR4d - 22/05/97 23:37 Frame :MIR4 - 22/05/97 23:37:53-Wavefront
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The two peaks and two troughs (marked by numbers) corresponding to the nature of this
aberration (since it has a C0S2¢ dependence) are cleatly seen ( see section on Zernike
polynomials).

The wavefront after subtraction of the first 7 Zernike terms shows that the peak here
corresponds to one of the supports of the optical element.
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10.1.12 Astigmatism (spot diagram and residuals)

Zernike coefficients: Annular: Cx=276nm, Cy= 363nm, C=347nm
Seidel=881nm

Angle=49°
D100=0.98"
T{arcsec) Y
1.
0.
0.
-0 .
-1,
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10.1.13 Triangular coma (wavefront)

Zernike coefficients: Annular: Cx=68nm, Cy=91nm, C=114nm
Seidel=318nm

Angle=53°
Frame :MTR4 - 22/05/97 23:37 Frame :MIR4 - 22/05/97 23:37:53-Wavefront
- S

SR,
o,
dﬁ&?#*ﬁﬁﬂaﬂﬁ?
R\ g
i

<

% { North)

361
200

120

40

-41
-121
-202
-282
-362
-443
=523 nm

P-v=884 nm

The three peaks and three troughs (marked by numbers) corresponding to the triangular
nature of this aberration (since it has a C0S3¢ dependence) are cleatly seen (see section on

Zernike polynomials).
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10.1.14 Triangular coma: spot diagram and residuals

Zernike coefficients: Annular: Cx=68nm, Cy=91nm, C=114nm
Seidel=318nm

Angle=53°
D100=0.53"

Y{arcsec) Y

-17 X{axrcsec

The triangular nature of the image is cleatly seen.
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10.1.15 Quadratic astigmatism (wavefront)

Zernike coefficients: Annular: Cx=24nm, Cy=9nm, C=26nm
Seidel=81.4nm.

Angle=20°

Frame :MIR4 - 22/05/97 23:37 Frame :MIR4 - 22/05/97 23:37:53-Wavefront

314
209

157

104

52

']

-53
-105
-158
-210
-262 nm

T
ul 5} 14 ] 20
¥ [ North)

P-V=576 nm

Higher order terms (in this case support problems - see Wavefront after subtraction of 7
terms and astigmatism). These cause a local the four peaks and four troughs (marked by

numbers), 45° apart, corresponding to the quadratic nature of this aberration (since it has a
cos4e dependence) are cleatly seen (see section on Zernike polynomials).

Note:

e Number 1 does not correspond exactly to the angle of 20° found from the analysis.
e Number 3, which should actually have been a peak, is here seen to be a trough.

Recall that the wavefront seen here is that due to quadratic astigmatism plus the effect of
deformation of the mirror surface, and mask some of the features of quadratic astigmatism.

This conclusion is also supported by the fact that unlike for the other aberrations (for
example coma) the Seidel coefficient is not half the P-V of the wavefront, indicating that
support problems are distorting the wavefront.
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10.1.16 Quadratic astigmatism (spot diagram and residuals)

Zernike coefficients: Annular: Cx=24nm, Cy=9nm, C=26nm
Seidel=81.4nm.

Angle=20°
D100=0.18"
Y{arcsec) Y
27 1.
! [+ I
Sy
0.
2 -0,
=17 X{arcsec -1.
-1.0 0.0 1.0
-2 7T
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10.1.17 7 terms removed (wavefront)

Frame :MIR4 - 22/05/97 23:37 Frame :MIR4 - 22/05/97 23:37:53-Wavefront
313
£
203
o 148
4"" i
—~ SR 93
"'ﬂ{““\ L &
% i 2 38
= 0 "' e -
p j‘,‘ 72 o 17
- , il -
” - AR I
K o R
EI LTRSS NGRS -127
- 24 Ao .
ey -182
5
3 Ao -237
o » . -292 nm
0 5 18 15 20

¥ { North) ? P-v¥=605 nm

See the correspondence with the wavefront for astigmatism.

10.1.18 7 terms removed (spot diagram and residuals)
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10.2 The problem of air turbulence in a
telescope

A plot of the residuals at the points where the mirtror wavefront is sampled by the SH grid for a 1.2m
telescope

The plot at left show the residuals after the mathematical removal of two Zernike terms:
defocus and tilt, while that at right after the removal of 7 Zernike terms. In both cases, it is
evident that hot air on the mirror was funneling up, leading to the formation of a vortex on
the mirror, as the hot air wrapped itself around the cooler baffle of the primary mirror. The
coefficient of SA in this case was 83.8£4.7 nm, or equivalently, 0.8920.05 "

Same as above, but with the telescope pointing in a different direction

There was a strong wind blowing into the dome. This cleatly had the effect of blowing away
the hot air on the mirror, as the residuals are more randomly distributed now. The
coefficient of SA in this case was 73.714.7 nm, or 0.78+0.05"", similar to the case above.
This shows that it is possible to obtain reliable estimates for the aberration coefficients
despite the present of air turbulence.
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10.3 Mirror support problems

1lz4

L)

.5 5 7.5 10 1z.5 15 17.5
P-T = 2ZB& mm

The figure at left shows the mirror surface of a 1.5m telescope after the removal of
the first 7 Zernike terms. The imprints of the primary mirror supports are clearly
seen (down to a level of about 10nm). This can be confirmed from the figure at
right, which shows the layout of the supports.

The SH image also had a very high astigmatism, which clearly was due to these
supports not being well adjusted.
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11.1 General comments on the optical setup
for testing with Optino, OMI, Puntino Lentino,
Sfera, Stella and Opal

The general principle of the SH method consists of forming an image of the exit pupil of

the optical element (or system) being tested on the SH grid. Puntino, Optino, OMI,
Lentino, Sfera, Stella and Opal follow this design constraint for a standard optical setup.

Strictly speaking, this condition is generally required only when imaging an off-axis object. If
it is important for your application, special optical attachments can be provided for

reimaging the pupil exactly on the SH grid.

Various configurations which can be used for the SH test are described in this section. The
two modes of illuminating the test element are:

e External illumination: Optino/OMI/Lentino/Puntino/Sfera/Stella/Opal
e Internal illumination: Optino/Opal

We have made every effort to cover all the possible test setups, but the user may wish to use
other setups (e.g., for diverging and cylindrical lenses). Special setups can also be devised for
elements that cannot be tested using the setups described here.

Please contact SpotOptics if you require any clarification.

A whole range of accessories (including mountings) is available form SpotOptics. Some of
them are mentioned in this manual

The reference flat RF and reference sphere RS define the ultimate accuracy achieved

Chapter 11: Test configurations
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11.2 Terminology

Principal plane P,
DtCSt
__ OPTICAL BEL
AXIS EFL Focus
F

\ 4

1. The above figure shows patrallel light falling on a lens of free aperture D It comes to a

test -
focus F

2. 'The effective focal ratio is defined as Fyy = D,y / f , where Dy is the free aperture, and
f the effective focal length

3. When the optical element is illuminated with the object at a finite distance 0 the image is
formed at a distance i, and Fy = Dy /i

4. Itis also possible to use the diameter of the exit pupil instead of the aperture. Then f or

i are measured from the position of the exit pupil




s OtOPtlcs SENSOFT USER’'S MANUAL

The software people for optics

11.3 Tests using external illumination

Setup 1: Test of telescope at Cassegrain focus

Parallel light Puntino/Optino/OMI
D 4 To SH
f \ AN sH I\ system
Focus F C2 \L
Finder
Setup A/

The telescope is illuminated with parallel light (Cal25 or ECM25), which comes to focus at
F. C2 collimates this light which is used for analysis. The collimator C2 can be changed to
match the focal ratio of the telescope.

In the case of an astronomical telescope, a natural star is used, with the aberrations due to
the earth’s atmosphere being removed by integrating the SH image for at least 30 seconds.

It is not necessary to use parallel light for the test. The measured aberrations will then no
longer refer to those for parallel light, but to one particular optical configuration that is used
for the test.

In Puntino, a beam-splitter is used to divert part of the parallel light to a camera lens and a
second camera. This is used to acquire the star, as well as to get out-of-focus images of the
telescope pupil. It gives additional information on the telescope quality (like zones on the
mirror surface) and seeing.

In Optino, the filter holder can be replaced with an optional camera.

Instrument
Puntino/Optino/OMI

Calibration

The aberrations of the Optino/OMI and the collimator C2 are removed by using PH50
placed at the focus of C2. With Puntino, the calibration is done with a remotely controlled
calibration unit inside the instrument.
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Input values for wavefront analysis

D, (free aperture of primary mirror), fl,g (focal length of telescope), fl,, (focal length of

collimator). If the aperture stop is defined by the secondary mirror, then the size and

distance of the exit pupil should substitute Dy and fl

tes test

Other input values

f: The back focal distance in units of the focal length of the primary mirror (used in the
computations for the coma correction).

K,: Conic coefficient of the secondary mirror. Used in the computation of coma and

spherical aberration correction.

For the sake of completeness, other values of the telescope are also requested. They are not
used in the analysis of the wavefront.

Output information

Along with the Zernike coetficients, the wavefront and optical quality, Sensoft gives
diagnostics for correcting defocus (by changing the separation between the mirrors), coma
(alignment of the two elements) and spherical aberration (by changing the separation
between the mirrors and shifting the focal plane). These corrections can be based on
analytical formulae, or on a lookup table provided by the user for any optical element in the
system.

Defocus and spherical aberration are corrected by moving the secondary mirror. The
spherical aberration measured by Sensoft refers to the best focal plane.

Information can be obtained of dome and mirror seeing by examining the plot of the
residuals.

Single or double pass
Single pass. Note that since reflection doubles the aberrations, the mirror surface is half the
wavefront computed by Sensoft, and has opposite sign.

Components required

Test telescope

Cal25 or ECM2S5 for illuminating telescope in lab or a natural star
Collimator C2 to match focal ratio of telescope

Optino/OMI: PH50 for calibration of collimator C2

Puntino: Internal calibration light source for calibration of collimator C2
Mountings

AN
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Setup 2: Telescope at Prime/Newtonian focus

Parallel light Puntino/ Optino /OMI
/ 5 ¥ TosH
f AN SH *'; system
Focus F C2 \[
Finder
/ CCD

Setup

The telescope is illuminated with parallel light (Cal25 or ECM25), which comes to focus at
F. C2 collimates this light which is used for analysis. The collimator C2 can be changed to
match the focal ratio of the telescope.

In the case of an astronomical telescope, a natural star is used, with the aberrations due to
the earth’s atmosphere being removed by integrating the SH image for at least 30 seconds.

It is not necessary to use parallel light for the test. The measured aberrations will then no
longer refer to those for parallel light, but to one particular optical configuration that is used
for the test.

In Puntino, a beam-splitter is used to divert part of the parallel light to a camera lens and a
second camera. This is used to acquire the star, as well as to get out-of-focus images of the
telescope pupil. It gives additional information on the telescope quality (like zones on the
mirror surface) and seeing,.

In Optino, the filter holder can be replaced with an optional camera.

Instruments
Puntino/Optino/OMI

Calibration

The aberrations of the Optino/OMI and the collimator C2 are removed by using PH50
placed at the focus of C2. With Puntino, the calibration is done with the remotely
controlled calibration unit inside the instrument.

Input values for wavefront analysis
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D, (free aperture of primary mirror), fl. g (focal length of test element), fl., (focal length

col
of collimator).

Output information

Along with the Zernike coefficients, the wavefront and optical quality, Sensoft gives
diagnostics for correcting defocus and spherical aberration (by moving M2 and shifting the
focal plane). These corrections can be based on analytical formulae, or on a lookup table
provided by the user for any optical element in the system.

Information can be obtained of dome and mirror seeing by examining the plot of the
residuals.

Single or double pass
Single pass. Note that since reflection doubles the aberrations, the mirror surface is half the
wavefront computed by Sensoft, and has opposite sign.

Components required

Test telescope

Cal25 or ECM25 for illuminating telescope in lab or a natural star
Collimator C2 to match focal ratio of telescope

Optino/OMI: PH50 for calibration of collimator C2

Puntino: Internal calibration light source for calibration of collimator C2
Mountings

SR A S
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Setup 3: Single lens in parallel light (infinite-finite conjugates)

Parallel light from
Cal25 or ECM25 Optino/OMI/Lentino
L
>
D, ! » ToSH
f ¢ , system

Focus F C2

Setup
Parallel light from Cal25 or ECM25 falls on the lens L being tested, and comes to a focus
at F. After passing through the focus, it is made parallel by the collimator C2 (which can be

changed to match the focal ratio of the lens L) and falls on
Optino/OMI/Lentino/Stella/Sfera/Opal.

It is not necessary to use parallel light for the test. The measured aberrations will then no
longer refer to those for parallel light, but to the particular optical configuration that is used
for the test. See next section.

Instruments
Optino/OMI/Lentino/Stella/Sfera/Opal

Calibration

The aberrations of the Optino/ OMI/Lentino/Stella/Sfera/Opal together with that of
the collimator C2 are removed by using PH50 placed at the focus of C2.

Input values for wavefront analysis

D, (free aperture of test element), fl, (focal length of test element), fl, (focal length of

collimator).

Output information

Along with the Zernike coefficients, the wavefront and optical quality, Sensoft gives
diagnostics for correcting defocus and spherical aberration (shift of focal plane of the lens).
These corrections are based on analytical formulae, or on a lookup table provided by the
user.

Single or double pass
Single pass

Components required

1. Testlens

2. Cal25 or ECM25 for illuminating test lens

3. Collimator C2 to match focal ratio of lens

4. PHS50 for calibration of collimator C2 and Optino/ OMI
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5. Mountings
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Setup 4: Single lens in diverging light (finite-finite conjugates)

Optino/OMI/Lentino
L
ﬁ
D, ! » ToSH
\ f ¢ R system
PH50 Image 1 Cc2

Setup
PH50 is placed at a finite distance from the lens, which forms an image £ This is also the
focus of the collimator C2, which illuminates Optino/OMI/Lentino/Stella/Sfera/Opal

with parallel light. C2 can be changed to match the effective focal ratio F of the lens L

Instruments
Optino/OMI/Lentino/Stella/Sfera/Opal

Calibration

The aberrations of the Optino/OMI/Lentino/Stella/Sfera/Opal and the collimator C2
are removed by using PH50 placed at the focus of C2.

Input values for wavefront analysis

D, (free aperture of test element), i (image distance — measured from principal plane), fl

(focal length of collimator).

Output information

Along with the Zernike coefficients, the wavefront and optical quality, Sensoft gives
diagnostics for correcting defocus and spherical aberration (which is minimized by shifting
the focal plane). These corrections can be based on analytical formulae, or on a lookup table
provided by the user.

Single or double pass
Single pass

Components required
Test lens
PH50 for illuminating test lens

Collimator C2 to match the effective focal ratio F g = Dy / i of lens

PH50 for calibration of collimator C2 together with Optino/ OMI/Lentino
Mountings

AR
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Setup 5: Single lens at its focus (finite-infinite conjugates)

L Optino/OMI/Lentino
>
D, +» ToSH
| tem
f v, syste
PH 50 at focus F
Setup

PH50 is placed at the focus of the lens L, which then illuminates
Optino/OMI/Lentino/Stella/Sfera/Opal with parallel light.

Instrument
Optino/OMI/Lentino/Stella/Sfera/Opal

Calibration

The aberrations of Optino/OMI/Lentino/Stella/Sfera/Opal ate removed by taking a
calibration image with Cal25 or ECM25.

Input values for wavefront analysis

D, (free aperture of test element), i (image distance — measured from principal plane), fl,

(focal length of collimator).

Output information

Along with the Zernike coefficients, the wavefront and optical quality, Sensoft gives
diagnostics for correcting defocus and spherical aberration (minimized by shifting the focal
plane). These corrections can be based on analytical formulae, or on a lookup table provided
by the user.

Single or double pass
Single pass

Components required

1. Testlens

2. PHB50 for illuminating test lens

3. Cal25 or ECM2S5 for calibration of Optino/ OMI/Lentino/Stella/Sfera/Opal
4. Mountings
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Setup 6: Multi-component lens in parallel light (infinite-finite
conjugates)

Parallel light from
Cal25 or ECM25
L Optino/OMI/Lentino
\ﬂ P
D I » ToSH
T system
/ I
Focus F C2

Setup

Cal25 or ECM25 is used to illuminate the two-lens system L with parallel light. The image
is formed at the focus at the focus F, which is also the focus of the collimator C2, giving
parallel light that illuminates Optino/OMI/Lentino/Stella/Sfera/Opal. Any number of
elements that form a converging system can be tested together. The collimator C2 can be

changed to match the effective focal ratio F4 of the lens L.

It is not necessary to use parallel light for the test. The measured aberrations will then no
longer refer to those for parallel light, but to one particular optical configuration that is used
for the test. See next section.

Instrument
Optino/OMI/Lentino/Stella/Sfera/Opal

Calibration

The aberrations of the Optino/ OMI/Lentino/Stella/Sfera/Opal together with that of
the collimator C2 are removed by using PH50 placed at the focus of C2.

Input values for wavefront analysis

(free aperture of test element), fl,, (focal length of test element), fl , (focal length of

test test col

collimator).

Output information

Along with the Zernike coefficients, wavefront and the optical quality, Sensoft gives
diagnostics for correcting defocus, coma (by aligning the elements) and spherical aberration
(by changing the separation between the elements and using a new focal plane). These
corrections can be based on analytical formulae, or on a lookup table provided by the user
for any optical element in the system.

Single or double pass
Single pass
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Components required

Test lens

Cal25 or ECM2S5 for illuminating test lens

Collimator C2 to match focal ratio of lens

PHS50 for calibration of C2 and Optino/OMI/Lentino/Stella/Sfera/Opal
Mountings

RARE ol e
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Setup 7: Multi-component lens in diverging light (finite-finite
conjugates)

L Optino/OMI/Lentino

\ﬂ *_»
DSII : » TO SH
| system
/ y , Y

PH50 Image i c2

Setup

PH50 is placed at a finite distance from the two-lens system L, which forms an image 7
This is also the focus of the collimator C2, which illuminates
Optino/OMI/Lentino/Stella/Sfera/Opal with parallel light. C2 can be changed to

match the effective focal ratio Fy of the lens L

Any number of elements that form a converging system can be tested together.

Instrument
Optino/OMI/Lentino/Stella/Sfera/Opal

Calibration

The aberrations of the Optino/OMI/Lentino/Stella/Sfera/Opal and the collimator C2
are removed by using PH50 placed at the focus of C2.

Input values for wavefront analysis
D, (free aperture of test element), i (image distance — measured from principal plane), fl

(focal length of collimator).

Output information

Along with the Zernike coefficients, wavefront and the optical quality, Sensoft gives
diagnostics for correcting defocus, coma (by aligning the elements) and spherical aberration
(by changing the separation between the elements and using a new focal plane). These
corrections can be based on analytical formulae, or on a lookup table provided by the user
for any optical element in the system.

Single or double pass
Single pass

Components required

1. Testlens

2. PH50 for illuminating test lens

3. Collimator C2 to match focal ratio of test lens
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4. PHS50 for calibration of C2 along with Optino/OMI/Lentino/Stella/Sfera/Opal
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Setup 8: Multi-component lens at its focus (finite-infinite
conjugates)

Optino/OMI/Lentino

*—V
DSII —» TO SH

|

I

| system
\ v 7

PH50 at focus F

=

Setup

PHS50 is placed at the focus of the two-lens system L, which then illuminates
Optino/OMI/Lentino/Stella/Sfera/Opal with parallel light. Any number of elements
that form a converging system can be tested together.

Instrument
Optino/OMI/Lentino/Stella/Sfera/Opal

Calibration

The aberrations of Optino/OMI/Lentino/Stella/Sfera/Opal are removed by taking a
calibration image with Cal25 or ECM25.

Input values for wavefront analysis

D, (free aperture of test element), i (image distance — measured from principal plane), fl

(focal length of collimator).

Output information

Along with the Zernike coefficients, wavefront and the optical quality, Sensoft gives
diagnostics for correcting defocus, coma (by aligning the elements) and spherical aberration
(by changing the separation between the elements and using a new focal plane). These
corrections can be based on analytical formulae, or on a lookup table provided by the user
for any optical element in the system.

Single or double pass

Single pass
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Components required
1. Testlens
PH50 for illuminating test lens

2.
3. Cal25 or ECM2S5 for calibration of Optino/OMI/Lentino/Stella/Sfera/Opal
4. Mountings
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Setup 9: Parallel light (provided by user)

Optino/OMI/Lentino
Parallel light >
A Iug
Do B> Lo SH
' o system
v v,

Setup
Parallel light provided by the user is used to illuminate
Optino/OMI/Lentino/Stella/Sfera/Opal

Instrument
Optino/OMI/Lentino/Stella/Sfera/Opal

Beam expander

BE25 or BEGO can be used to expand (or compress) the size of the output beam for
optimum spot sampling (Optino and OMI only).

Calibration
Cal25 or ECM25 is used to illuminate Optino/ OMI/Lentino/Stella/Sfera/Opal.

Input values for wavefront analysis

D,y (diameter of test beam)

Output information

Along with the Zernike coefficients, wavefront and the optical quality, Sensoft gives
diagnostics for correcting defocus.

Single or double pass
Single pass

Components required

1. User supplied parallel light

2. Cal25 or ECM2S5 for calibration of Optino/ OMI/Lentino/Stella/Sfera/Opal
3. Mountings
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Setup 10: Filters, optical windows and wedges (single pass)

Parallel light from Upiitno)/ @Y LEmag
Cal25 or ECM25
X I
Dt —— B> ToSH
| system
v v, y
Filter
or
wedge

Setup
Cal25 or ECM25 illuminate Optino/OMI/Lentino. Optical elements like filters, optical
windows and wedges can be tested by inserting them in the parallel optical beam.

Instrument
Optino/OMI

Beam expander

BE25 or BE60 can be used to expand (or compress) the size of the input beam for
optimum spot sampling (Optino and OMI only).

Calibration
Cal25 or ECM2S5 is used to illuminate Optino/ OMI/Lentino directly.

Input values for wavefront analysis

D, (diameter of test beam)

Output information

Along with the Zernike coefficients, wavefront and the optical quality, Sensoft gives
diagnostics for correcting defocus.

Components required
1. Cal25 or ECM2S5 for illumination/calibration of Optino/OMI/Lentino
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Setup 11: Lasers

Optino/OMI/Lentino
K I
I ~ | ToSH
*test | gy T 7
| system
v v,

Setup
A laser beam, appropriately attenuated, is fed into Optino/ OMI/Lentino.

Instrument
Optino/OMI/Lentino

Beam expander

BE25 or BEGO can be used to expand (or compress) the size of the laser.

Calibration
Cal25 or ECM25 is used to illuminate Optino/ OMI directly.

Input values for wavefront analysis

D, (diameter of laser beam), @ (angle of divergence), M (magnification or compression

factor of beam expander, if used).

Output information

Along with the Zernike coetficients, wavefront and the optical quality, Sensoft gives
diagnostics for correcting defocus. Other output: M? and 8.

Single or double pass
Single pass

Components required
1. User supplied laser
2. Cal25 or ECM25 for calibration of Optino/ OMI and BE25/BEGO (if used)
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11.4 Tests with internal illumination

All the tests done in double pass require the use of any of the models of Optino
(OptinoUno, OptinoPro or OptinoEE)

Setup 12: Concave mirror

Optino
ﬁ
B To SH
= N\ O™ l system
Radius of D
curvature F  C2 I
Spherical mirror Of.
spherical
mirror Light source
/ with pinhole

Setup

Parallel light from Optino/Opal passes through the collimator C2 and comes to a focus at
F, which is also the radius of curvature of the test spherical mirror. The focal ratio of the
collimator C2 should be twice that of the focal ratio of the spherical mirror, as it is being
tested at its radius of curvature.

Instrument
Optino/Opal

Calibration

The aberrations of the collimator C2 and Optino are removed by taking a reference image
with the reference sphere RS.

Input values for wavefront analysis

D, (free aperture of spherical mirror), fl (focal length of test element), fl , (focal length
of collimator C2).

Output information

Along with the Zernike coefficients, the wavefront and optical quality, Sensoft gives
diagnostics for correcting defocus and spherical aberration (which is minimized by shifting
the focal plane). These corrections can be based on analytical formulae, or on a lookup table
provided by the user.
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The test can also be used to derive the conic coefficient K from the measured ASA. The
spherical aberration of a mirror at its center of curvature is given by:

ASA=—K ——
2R

Here ASA is the angular spherical aberration (diameter of image at best focus — in radians),
K'the conic coefficient of the mirror, rthe ray height on the mirror, and R the radius of
curvature. Spherical mirrors have zero ASA (K =0), while parabolic (K'=-1) and hyperbolic
(K <-1) mirrors have large positive spherical aberration. However, Sensoft is capable of
testing mirrors with hundreds of wavelengths of aberrations.

Single or double pass
Single pass

Components required
1. Test mirror

2. Collimator C2

3. Reference sphere RS
4. Mountings
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Setup 13: Flat mirror (single pass)

Optino
A 7
Flat mirror = N D : To SH
L N v system
Di hput
‘4_ ——

Light source

Setup
Parallel light from Optino/Opal illuminates the test flat mitror, which reflects it back into

Optino/Opal.

Instrument
Optino/Opal

Beam expander

BE25 or BE60 can be used to expand (or compress) the size of the output beam for
optimum spot sampling.

Calibration

The aberrations of Optino/BE or Opal are removed using the reference flat RF instead of
the test mirror.

Input values for wavefront analysis

Dinpu (input diameter of beam from Optino), Dy (diameter of test element),

M (magnification or compression factor of beam expander, if used).

Output information

Sensoft gives the Zernike coefficient, the wavefront and optical quality of the flat mirror.

Single or double pass

Single pass

Components required

1. Test mirror

2. Reference flat RF

3. Beam expander BE25 or BE60




SpotOptics

The software people for optics

4. Mountings
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Setup 14: Flat mirror (double pass)

Optino
. > N 5
Test mirror «— D, l To SH
R \\ v system
A A Dipu
4___

Reference flat

Light source
fe— g

Setup

Parallel light from Optino/Opal illuminates the test mirror mounted at 45°. Subsequently,
the light falls on the flat mirror and is reflected back into Optino/Opal.

Instrument
Optino/Opal

Beam expander

BE25 or BE60 can be used to expand (or compress) the size of the output beam for
optimum spot sampling.

Calibration

The aberrations of Optino/BE or Opal are removed by using the reference flat RF. In
principle, a standard flat mirror can also be used, as it is used for both the test and reference
image. However, there is a greater chance that it will give a lower accuracy due to the same
area not being exactly illuminated in both the images.

Input values for wavefront analysis

Dinput (input diameter of beam from Optino), Dy (diameter of test element),

M (magnification or compression factor of beam expander, if used).

Output information

Sensoft gives the Zernike coefficient, the wavefront and optical quality of the flat mirror.

Single or double pass
Double pass

Components required

1. Test mirror

2. Reference flat RF

3. Beam expander BE25 or BE60
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4. Mountings




s OtOPtlcs SENSOFT USER’'S MANUAL

The software people for optics

Setup 15: Filters, optical windows and wedges (double pass)

Optino
'<_> +
Reference N Dy : TOtSH
ﬂat RF —> AN * Sys em
Di hput
Filter or P, e

wedge

/ Light source

Setup
Parallel light from Optino/Opal illuminates the reference flat RF, which reflects it back
into Optino/Opal.

The test element (filter, optical window or wedge) is inserted before the flat mirror.

Instrument
Optino/Opal

Beam expander

BE25 or BE60 can be used to expand (or compress) the size of the output beam for
optimum spot sampling.

Calibration

The reference image is taken with the reference flat RF (without the test element).

Input values for wavefront analysis

Dinpu (input diameter of beam from Optino), Dy (diameter of test element),

M (magnification or compression factor of beam expander, if used).

Output information

Sensoft gives the Zernike coefficient, the wavefront and optical quality of the flat mirror.

Single or double pass

Single pass

Components required

1. Test element
2. Reference flat RF




S otOptics

The software people for optics

3. Beam expander BE25 or BE60
4. Mountings
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Setup 16: Small single lens using collimator and flat mirror
(finite-infinite conjugates)

Optino
Reference flat RF
L
\ / 5 Y tosm
\ SH |
/4 . - system
> F F Din}:ut
ocus C2

Light source

Setup

Parallel light from Optino/Opal passes through the collimator C2 and comes to a focus at
F, which is also the focus of the test lens L. Collimated light from L falls on the reference
flat RF, and is reflected back into Optino/Opal. RF should have a minimum diameter

equal to the aperture of the lens L, and the focal ratio of the collimator C2 should match
that of the lens L.

Instrument
Optino/Opal

Calibration

The aberrations of Optino/Opal as well as the collimator C2 are removed by using the
reference sphere RS.

Input values for wavefront analysis

Dinput (input diameter of beam from Optino), Dy (diameter of test element), flg (focal

length of test element), fl , (focal length of collimator C2).

Output information

Along with the Zernike coefficients, the wavefront and optical quality, Sensoft gives
diagnostics for correcting defocus and spherical aberration (which is minimized by shifting
the focal plane). These corrections can be based on analytical formulae, or on a lookup table
provided by the user.

Single or double pass
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Double pass

Components required

1.

2.
3.
4

Test lens

Collimator C2
Reference flat RF
Reference sphere RS

SENSOFT USER’'S MANUAL
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Setup 17: Single lens using collimator and spherical mirror
(finite-finite conjugates)

Optino

Reference sphere S

//“\ / T To SH

Dsu
7 N\ . ., System
D,
Im i Focus F ingut
age L C2 «
/ Light source
Setup

Parallel light from Optino/Opal passes through the collimator C2 and comes to a focus at
its focus F, which is at an object distance o from the test lens L. The lens L forms an image
at a distance 7 The light then falls on the reference sphere RS, and is reflected back into
Optino/Opal. The focal ratio of the collimator C2 should match the effective focal ratio of
the lens L used at a finite conjugate.

Instrument
Optino/Opal

Calibration

The aberrations of Optino/Opal and the collimator C2 are removed by using the reference
sphere RS.

Input values for wavefront analysis

D;pu (input diameter of beam from Optino), Dy (diameter of test element), 0 (object

distance from principal plane), i (image distance from principal plane), fl, (focal length of
collimator C2).

Output information

Along with the Zernike coefficients, the wavefront and optical quality, Sensoft gives
diagnostics for correcting defocus and spherical aberration (which is minimized by shifting
the focal plane). These corrections can be based on analytical formulae, or on a lookup table
provided by the user.

Single or double pass
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Double pass

Components required

1.

2.
3.
4

Test lens

Collimator C2
Reference sphere RS
Mountings

SENSOFT USER’'S MANUAL
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Setup 18: Multiple-component lens using collimator and flat
mirror (finite-infinite conjugates)

Reference flat RM Optino
ﬂ \ n T To SH
N system
L Focus F C2 Dyl

Light source

Y

Setup

Parallel light from Optino/Opal passes through the collimator C2 and comes to a focus at
F, which is also the focus of the multi-component test lens L. Collimated light from L falls
on the reference flat RF, and is reflected back into Optino/Opal. RF should have a
minimum diameter equal to the aperture of the lens L, and the focal ratio of the collimator
C2 should match that of the lens L.

Instrument
Optino/Opal

Calibration

The aberrations of Optino/Opal along with the collimator C2 are removed by using the
reference sphere RS.

Input values for wavefront analysis

(input diameter of beam from Optino), Dy, (diameter of test element), fl,, (focal

|nput test test

length of test element), fl , (focal length of collimator C2).

col

Output information

Along with the Zernike coefficients, wavefront and the optical quality, Sensoft gives
diagnostics for correcting defocus, coma (by aligning the elements) and spherical aberration
(by changing the separation between the elements). These corrections can be based on
analytical formulae, or on a lookup table provided by the user for any optical element in the
system.
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Single or double pass
Double pass

Components required
Test lens

Collimator C2
Reference flat RF
Reference sphere RS
Mountings

RAREE S e
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Setup 19: Multiple-component lens using collimator and spherical
mirror (finite-finite conjugates)

Optino

Reference sphere RS

/

To SH
system

Image i
L Focus F C2

Light source

"4
Setup

Parallel light from Optino/Opal passes through the collimator C2 and comes to a focus at
its focus F, which is at an object distance o from the multi-component test lens L. The lens
L forms an image at a distance £ The light then falls on the reference sphere RS, and is
reflected back into Optino/Opal. The focal ratio of the collimator C2 should match the
effective focal ratio of the lens L used at a finite conjugate.

Instrument
Optino/Opal

Calibration

The aberrations of Optino/Opal as well as the collimator C2 are removed by using the
reference sphere RS.

Input values for wavefront analysis

D;pue (input diameter of beam from Optino), Dy (diameter of test element), 0 (object

distance from principal plane), i (image distance from principal plane), fl, (focal length of
collimator C2).

It is also possible to use the diameter and position of the exit pupil. The object and image
distances are then measured from the position of the exit pupil.

Output information

Along with the Zernike coefficients, wavefront and the optical quality, Sensoft gives
diagnostics for correcting defocus, coma (by aligning the elements) and spherical aberration
(by changing the separation between the elements). These corrections can be based on
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analytical formulae, or on a lookup table provided by the user for any optical element in the
system.

Single or double pass
Double pass

Components required
1. Testlens

2. Collimator C2

3. Reference sphere RS
4. Mountings
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Setup 20: Single lens in parallel light using a spherical mirror
(infinite-finite conjugates)

Optino
Reference sphere RS
X
H—1 To SH
T \\ s L system
Focus F L D, /..

Light source

Setup
Parallel light from Optino/Opal passes through the test lens L. and comes to a focus at F,
which is also the focus of the reference sphere RS, and is reflected back into Optino/Opal.

Instrument

Optino/Opal

Beam expander

BE25 or BEGO can be used to expand (or compress) the size of the output beam for
optimum spot sampling.

Calibration
The reference image is taken with Optino/Opal and the reference flat RF.

Input values for wavefront analysis
D

length of test element), M (magnification or compression factor of beam expandert, if used).

input (input diameter of beam from Optino), Dy (diameter of test element), flyy (focal

Output information

Along with the Zernike coefficients, the wavefront and optical quality, Sensoft gives
diagnostics for correcting defocus and spherical aberration (which is minimized by shifting
the focal plane). These corrections can be based on analytical formulae, or on a lookup table
provided by the user.

Single or double pass
Double pass
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Components required
1. Testlens

2. Reference flat RF

3. Reference sphere RS
4. Mountings
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Setup 21: Multi-component lens in parallel light using a spherical
mirror (infinite-finite conjugates)

Optino
Reference sphere RS L
A ;
©/ b i To SH
\ SH |
T . . system
F Dir put
ocus F Jet
Light source
Setup

Parallel light from Optino/Opal passes through the multi-component test lens L and
comes to a focus at F, which is also the radius of curvature of the reference sphere RS, and

is reflected back into Optino/Opal.

Instrument

Optino/Opal

Beam expander

BE25 or BEGO can be used to expand (or compress) the size of the output beam for
optimum spot sampling.

Calibration
The reference image is taken with Optino/Opal and the reference flat RF.

Input values for wavefront analysis

Dinput (input diameter of beam from Optino), Dy (diameter of test element), fly (focal

length of test element), M (magnification or compression factor of beam expander, if used).

Output information

Along with the Zernike coefficients, wavefront and the optical quality, Sensoft gives
diagnostics for correcting defocus, coma (by aligning the elements) and spherical aberration
(by changing the separation between the elements). These corrections can be based on
analytical formulae, or on a lookup table provided by the user for any optical element in the
system.
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Single or double pass
Double pass

Components required
1. Testlens

2. Reference flat RF

3. Reference sphere RS
4. Mountings
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Setup 22: Human eye

Eye Lens Optino
Retina
M T/
By To SH
¢ System
Focus F
Cornea

Light source

'

Setup

For testing the eye, the basic configuration is the same as that for the test of a test of single
lens in parallel light. Note that in this situation, the eye acts as the optical element being
tested and the collimator. Thus, the focal length of the collimator and optical element to be
entered in the [Opt] section atre the same.

Furthermore, if the diameter of the returning parallel beam from the eye is changed using
additional optics, the factor (called the reduction factor) by which the beam is reduced (or
enlarged) should be also entered in the [Opt] section. The value of reduction factor is 1 for
no change in beam diameter, less than 1 for a reduced beam, and more than 1 for an
enlarged beam.

Instrument
Optino

Calibration

The reference image is taken with Optino and the reference flat RF.

Input values for wavefront analysis
D

length of eye), fl ., (focal length of collimator C2=focal length of eye).

input (input diameter of beam from Optino), Dy (diameter of test element), flyy (focal

Output information

Sensoft gives the Zernike coefficient, the wavefront and optical quality of the flat mirror.
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Single or double pass
Double pass

Components required
1. Eye

2. Reference flat RF
3. Mountings
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Setup 23: Flat mirror in Ritchey-Common setup

Optino
Flat mirror under
test
N
4 N T To SH
9
F SH | system
Radius of
curvature of C2
spherical mirror
J
) Light source
Spherical mirror S
Setup

The Ritchey-Common configuration is used for testing a flat mirror, in conjunction with a
spherical mirror.

Parallel light from Optino/Opal passes through the collimator C2 and comes to a focus at
its focus F (which is also the radius of curvature of the spherical mirror S). It strikes the test
and spherical mirrors, and is reflected back into Optino/Opal. The focal ratio of the
collimator C2 should match that of the radius of curvature of the spherical mirror.

In the above configuration, the spherical mirror has been placed at an angle of 90 degrees.
Other angles can be also used.

Multiple measurements of the flat mirror are required after rotation to remove the effect of
the astigmatism due to its curvature.

Instrument
Optino/Opal

Calibration

The reference image is obtained by illuminating the spherical mirror directly. Clearly, since
the aberrations of the spherical mirror are removed by the calibration process, it does not
need to be of a very high quality. A careful alignment is required to achieve this.
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Input values for wavefront analysis

Dinput (input diameter of beam from Optino), Dy (diameter of test element), fl (focal

length of test element), fl  (focal length of collimator C2).

Output information

Sensoft gives the Zernike coefficient, the wavefront and optical quality of the flat mirror.

The conic coefficient of the test mirror can also be computed: the spherical aberration of a

mirror at its center of curvature is given by:

r3

2R°®

Here ASA is the angular spherical aberration (diameter of image at best focus — in radians),
K'the conic coefficient of the mirror, rthe ray height on the mirror, and R the radius of
curvature. Spherical mirrors have zero ASA (K =0), while parabolic (K'=-1) and hyperbolic
(K <-1) mirrors have large positive spherical aberration. However, Sensoft is capable of
testing mirrors with hundreds of wavelengths of aberrations.

ASA=-K

Single or double pass
Double pass

Components required
1. Test flat

2. Collimator C2

3. Spherical mirror S
4. Mountings
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11.5 Table of configurations: external

illumination
Test type Calibration Limit on Def SA Coma
Setup aperture
1 Cassegrain Telescope At focus of C2 None. Y Y Y
with PH50 F#(Tel)=F#(col)
2 Newtonian Telescope At focus of C2 None. Y Y N
with PH50 F# (mir)=F#(col)
3 Single lens in parallel At focus of C2 Limit set by size Y Y N
light (infinite-finite with PH50 of parallel beam
conjugates)
4 Single lens in At focus of C2 None Y Y N
diverging light (finite-  with PH50
finite conjugates)
5 Single lens at its focus  Parallel light 6.9mm Y Y Y
(finite-infinite with Cal25 or
conjugates) ECM25
6 Multi-component lens At focus of C2 Limit set by size Y Y Y
in parallel light with PH50 of parallel beam
(infinite-finite
conjugates)
7 Multi-component lens At focus of C2 None
in diverging light with PH50
(finite-finite
conjugates)
8 Multi-component lens  Parallel light 6.9mm
at its focus (finite- with Cal25 or
infinite conjugates) ECM25
9 Parallel light Parallel light 6.9mm Y Y N
with Cal25 or
ECM25
10 Filters, optical Parallel light 6.9mm Y Y N
windows and wedges with Cal25 or
(single pass) ECM25t
11 Laser Parallel light 6.9mm Y Y N
with Cal25 or
ECM25
Notes

All tests are done in single pass.

Chapter 11: Test configurations

218
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11.6 Table of configurations: internal illumination

Setup Test type Calibration  Limit on aperture D/S Def SA Coma
12 Concave mirror at R.C.  Sphere None S Y Y N
2F# (mir)=F#(col)
13 Flat mirror (single pass) Flat 6.9mm 58.5mm S - - -
with BEGO
14 Flat mirror (double Flat 6.9mm 58.5mm D - - -
pass) with BE6O
15 Filters, optical windows  Flat 6.9mm 58.5mm D - - -
and wedges (double with BE6O
pass)
16 Single lens using Sphere None D Y Y N
collimator and flat F#(lens)= F#(col)

mirror (finite-infinite
conjugates)
17 Single lens using Sphere None F#(lens)= D Y Y N
collimator and flat F#(col)
mirror (finite-finite
conjugates)
18 Multiple-component  Sphere None F# D Y Y Y
lens using collimator (lens)= F#(col)
and flat mirror (finite-
infinite conjugates)
19 Multiple-component Sphere None F# D Y Y Y
lens using collimator (lens)= F#(col)
and flat mirror (finite-
finite conjugates)

20 Single lens in parallel Flat 6.9mm 58.5mm D Y Y N
light using a spherical with BE60

mirror (infinite-finite
conjugates)

21 Multiple-lens in parallel ~ Flat 6.9mm 58.5mm D Y Y N
light using a spherical with BE60

mirror (infinite-finite
conjugates)

22 Human eye Sphere 6.9mm F# D Y Y N
(eye)= F#(col)
23 Flat mirror in Ritchey-  Sphere None F# D Y Y N
Common setup (lens)= F#(col)
Notes

= Without the beam-expander, the maximum diameter tested (6.9mm) refers to the standard
camera. It can go up to 24mm with the large format camera.

»  Using special beam expanders, the maximum aperture tested is 400mm

= For flat mirrors, a collimator focal length of 100mm is assumed.

* F# denotes effective focal ratio

* D/S:S: Single pass. Wavefront is multiplied by a factor of 1. D: Double pass. Wavefront is
multiplied by a factor of 0.5

= The last three columns refer to the correction for the calibration of the defocus, 3rd order
spherical aberration and coma

Chapter 11: Test configurations
219
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Chapter 12: The equations of Shack-
Hartmann analysis
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The following is based on the paper presented at SPIE (Vol. 1994, 1993) (see References)

The deflection in the x-direction, or the x-derivative at any point (r,¢) , can be written as,

s _W(rp) oW o W dp
" X o X dp OX

or,

5 = AN(r,p) _ aWCOS _ M sing
X a ap r
Similarly, in the y-direction
s oW (r,p) AW ﬂr+ﬁ\N op
’ 2l ax o  dp by
or
r .
Oy = W) _ aNsm¢>+ﬂ—COS(p
XN a ap r

For any optical element, & and &, are the measured deviations on the CCD, and the parameters F,fi,. and f,, are
known. If we fix the form of W(r¢), then the coefficients of the this aberration function can be computed using a least-
squares fit. It is usual to express the wavefront aberration in terms of the Zernike coefficients.?

It is important to emphasize that & and & contain all the information regarding the telescope, i.e. not only the effects of
low-order aberrations, but also other effects, e.g. due to air currents, mirror deformation etc. Once the dominant effects
of lower order aberrations are removed, it is possible to see the other effects.
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There are a number of excellent references in the literature. The following table lists

USER MANUAL OF SENSOFT

References

some books that will be useful. It clearly is not a complete list.

Author Title Publisher Comment

Born & Wolf  Principles of Pergamon Standard reference
Optics Press

Hecht Optics Addison

Wesley

Mahajan Aberration SPIE Optical ~ For Annular Zernike
theory made Engineering polynomials. See also the
simple Press references to the original

papers

Malacara Optical Shop  John Wiley The standard book for
testing optical testing.

Schroeder Astronomical  John Wiley Good reference for
Optics astronomical optics

Smith, Warren  Modern McGraw Hill Excellent explanation of
Optical many optical concepts
Engineering

Welford Aberrations of  Adam Hilger
Optical
Systems
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Noise of a camera - 139, 143, 144
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