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IT^ST 

Wavefront sensing experiments using an optimised common j 
interferometer 

Jesper Gluckstad and Paul Mogensen 
Phone: +45 46 77 45 22 Fax: +45 46 77 45 ( 

Optics and Fluid Dynamics Department Risoe National 
LaboratoryP.O. Box 49 DK-4000 Roskilde Denmark 
We have developed a new general approach that can be applied to 
analysis and optimisation of a wavefront sensing scheme based or 
spatial frequency filtering in a common path interferometer (CPI) 
configuration. In a CPI, a part of the incoming wavefront is extrac 
and perturbed to generate a so-called synthetic reference beam for 
interference with the remainder of the wavefront. We demonstrate 
experimentally the application of the algorithms, generated in our 
theoretical treatment, to the optimisation of a CPI and explain ho\ 
this can be applied to the generic class of such interferometers. 
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Innovative Low Cost Adaptive Optics Programs-A New M 
Set Emerges 

Jeffrey T. Baker, Isabelle Percheron, Sergi Restaino and Don Pa 
and Gary C. Loos 

Phone: 505-853-1758    Fax: 505-846-7824 

Gone are the days of unfettered government spending. An 
affordable, high performance alternative to multi-million dollar 
adaptive optics systems is required by the scientific and industri 
communities. We have constructed and now give early perform, 
specificationsfor the 1st of three low cost Adaptive Optics syste 
for the University of Puerto Rico Imaging Interferometer. Built 
months, not years, our in-house subsystem developments includ 
(1) aphoton counting ICCD Shack-Hartmann wavefront sensor; 
a zero latency analog wavefront reconstructor; (3) a precision 21 
geometry interpolator; (4) a 700Hz bandwidth beamsteering mil 
system with photon counting tracker; and (5) a data acquisition, 
monitoring and deformable mirror control computer. Key to the 
control system is a 37-element MEM electrostatic membrane 
deformable mirror purchased from OKO Technologies. Every 
element of this system is innovative in the sense of exceptionall 
high performance at low cost. We will discuss the applicability < 
using several unique 2D liquid crystal spatial light modulators a 
correcting elements. We will discuss feedback vs. feed-forward 
implementations of control law, as well as many practical 
considerations of full implementation. Other possible medical, 
industrial, and scientific applications of this affordable, high 
performance AO technology will be presented. 

-.st'si^ 

Title Experimentation with curvature sensing 

Name Erez Ribak 
Email Phone: (972)4 829 2776 Fax: (972)4 822 1 
Address Department of Physics Technion Haifa 32000 Israel 
Abstract To apply the transport of intensity to wave front sensing in the 

laboratory. Strong limitations on the accuracy of the m ethod res 
from basic constraints. 
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dstatman@alleg.edu 

Department of Physics 
Allegheny College 
Meadville, PA 16335 USA 

Demonstration of One-way Image Reconstruction Using 
Photorefractive BaTi03:Rh. 

David Statman, Jason C. Puth, Martin A. Schlosser 

8M-332-2799 ^x: 814-332-27 

Bruce W. Liby 
Department of Physics 
Manhatten College 
Riverside, NY USA 

We have demonstrated image reconstruction via four-wave mixing 
the case of a signal making a single pass through a turbulent mediui 
Both the signal and the reference originate from the same source an 
propagate through the same turbulent medium. In the four-wave 
mixing process, phase aberrations are subtracted out. A read beam 
from a second source reconstructs the undistorted image. Good 
reconstructed image fidelity is demonstrated for both static and 
dynamic distortions. This technique is also used to measure the 
correlation length of the turbulence by varyingthe angle between tb 
signal and the reference in the four-wave mixing scheme. 
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Name 

Email 

Address 

Abstract 

Wave-front sensing in the multi-reference scheme and 
field-of-view-widening problem. 

Natalia A. Iaitskova 

/ +i^i A i -1 ^ Phone:(7-095) (ntl@lado3.ilc.msu.su) _.„ -»^ Fax:(7-095)939-: 

International Laser Centre, Physics Dept, Moscow State 
University,Vorobievy Gory, 119899 Moscow, Russia 
It is well established that adaptive optics is strictly limited by the 
anisoplanatic effect. The single wave-front reference provides the 
index-of-refraction-destribution information only along the 
on-axis-direction, that leads to the narrow isoplanatic patch. We 
develope an advanced correction method aimed at field-of-veiw 
widening. The method is based on the multireference scheme and 
utilizes the far-correlated statistical properties of the random medi 
The feasibility and the application of the method require the 
modification of the wave-front sensoring algorithm, that would 
provide independent determination of wave-front distortions from 
spatially separated guide stars. The wave propagation from the 
different point-like sources through an irregular medium and the 
corresponding wave-front distorting was numerically simulated ar 
the special computer code was developed for that purpose. Using i 
program we demonstrate that the described correction method alle 
to significantly widen the effective field-of-view of the adaptive 
optical system. 
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Modal wavefront sensing adapted to segmeted primary mil 
telescopes. 

C. Dolores Bello, Nicholas Devaney, Javier Castro 

Modern astronomical telescopes rely on active optics to contro 
shape and position of the primary and secondary mirrors in rea 
time. This ensures that the image quality provided by the telesc 
will be maximized, whatever the telescope orientation or 
environmental conditions. Wavefront sensing is an integral par 
all active optics schemes. The largest existing and planned 
telescopes employ segmented primary mirrors, which may 
complicate the wavefront sensing. We study the possibility of 
employing Shack-Hartmann arrays with lenslet geometries ada 
to the segment shapes, and compare the performance of severa 
such geometries. We also develop an optimal scheme for mode 
wavefront reconstruction. 

J±. 

Dual wavelength dynamic holography 
Vladimir Yu.Venediktov, Vladimir A.Berenberg, Alexey 
A.Leshchev, Michael V.Vasil'ev 
Mark Gruneisen, Air Force Research Laboratory, AFB Kirtland, 
Albuquerque,NM, USA, E-mail: gruneism@plk.af.mil 
vened@ilph.spb.su Phone: (812) 328-10-93 Fax:(812) 328-58- 
199034, Research Institute for Laser Physics, Birzhevaya, 12, 
St.-Petersburg, Russia. 
Dual wavelength holography, when the thin (plain) hologram is 
recorded at one wavelength and reconstructed at some shifted 
wavelength, is an efficient tool for many applications. Optically 
addressed liquid crystal spatial light modulators are very conveni 
for recording thin dynamic hologram and, in particular, for recon 
the dynamic dual wavelength holograms. On such a basis one cai 
realize the dynamic interferometer, providing the arbitrary scalin. 
the wave front distortions. Such an interferometer can be rather 
helpful for many tasks of the adaptive optics, in particular: the 
simplification of the procedure of the measuring of the robust 
wavefront distortions (in this case one can analyse the interferes 
pattern with the much less fine structure); the record of the dynar 
holographic correctors, working in spectral ranges, where laser 
sources for holographic record are unavailable, in particular, in 
mid-IR range of spectrum; the extension of the range of distortio 
which can be corrected by means of the phase valve, mounted in 
negative optical feedback loop. 
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Analogous correction for distortions using dynamic hologra 
in optically addressed liquid crystal modulators 

Vladimir Yu.Venediktov, Vladimir A.Berenberg, Alexey 
A.Leshchev,Michael V.Vasil'ev 

, „.. ,     , Phone: (812) 
vened@ilph.spb.su    -_g 1Q_^3 Fax:(812)328-58 

199034, Research Institute for Laser Physics, Birzhevaya, 12, 
St.-Petersburg, Russia 
Optically addressed liquid crystal spatial light modulators (OAI 
SLM) present a very good tool for recording the thin dynamic 
holograms with the short response time and high diffraction 
efficiency. Such holograms can be, in particular, used for correc 
for distortions in various kinds of imaging and beam directing 
systems, including microscopes, microlithography lenses etc. Tb 
thin nature of such holograms (which are thus free of spectral an 
angular selectivity of volume holograms) makes it possible to 
correct for distortions in a rather wide spectral band. The paper 
presents the results of several years of theoretical and experimerj 
study of OA LC SLM elements for the dynamic holography 
applications and their use for correction for distortions in severa 
kinds of optical systems. 
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Title 

Name 

Position and displacement sensing with low-cost Shack-Hartmai 
wavefront sensors. 

Jorge Ares, Teresa Mancebo,Justo Arines, Susana Rios and Salvador 
Bara. 

Email     bara@uscmail.usc.es Phone:34-981-563100(xl3525) Fax:34-981-59( 

Address Universidade de Santiago de Compostela, Departamento de Fisica 
Aplicada, Area de Optica. Campus Universitario Sur, E-15706 Santiaj 
de Compostela, Galicia (Spain) 

Abstract Besides specialized applications in the field of adaptive optics, 
Shack-Hartmann wavefront sensors are finding their way as versatile 1 
in laboratory and industrial environments. A certain increase in their 
market share can be expected in the following years, led by those 
applications in which they can compete successfully with traditional 
interferometric setups. Here we report the use of a low-cost wavefront 
sensor made with inexpensive diffractive microlenses and off-the-shel 
CCD optics for position and displacement measurements of incoheren 
sources (LEDs). The position estimation algoritms as well as the requi 
calibration procedures are described. 
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Title Wavefront slope filtering by spatial averaging in Hartmann sens 
of random phase fields. 

Name      Salvador Bara (1), Julian Mayor (1), Susana Rios (1) and Valerii 
V.Voitsekhovich (2). 

Email     bara@uscmail.usc.es Phone:34-981 -563100(xl 3525) Fax:34-981-59( 

Address (1) Universidade de Santiago de Compostela, Departamento de Fisica 
Aplicada, Area de Optica. Campus Universitario Sur, E-15706 Santiaj 
de Compostela, Galicia (Spain) 

(2) Instiruto de Astronomia, Universidad Nacional Autonoma de Mexi 
Apartado Postal 70-264, Ciudad Universitaria, Mexico City D.F, 0451 
Mexico. 

Abstract Shack-Hartmann wavefront sensors working in low irradiance conditi< 
require the use of microlens arrays with maximum sized and closely 
packaged subpupils, in order to get the best signal-to-noise ratio from 
available photons. There is yet another basic phenomenon by which 
bigger subpupils contribute to increase the accuracy of low-order mod, 
wavefront estimation after turbulence: the spatial averaging of the 
wavefront slope taking place at each microlens. This effect is purely 
related to the geometrical properties of the sampling array and the 
statistics of the phase fluctuations, holding even in the limit of high 
photon fluxes. Here we describe the influence of averaging on the Zen 
modal reconstruction errors both for Kolmogorov and non-Kolmogorc 
phase statistics with general-exponent power spectrum laws. 
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Performance Study for In-Situ Calibration Methods of an Act 
Optical Control for a Segmented Aperture Optical System 

Timothy P, Murphy Richard G. Lyon, John E. Dorband Jan M. Ho 

murphy@albert.gsfc.nasa.gov 
Center of Excellence in Space Data and Information Sciences 
NASA/Goddard Space Flight Center Greenbelt, MD 20771 
Future large space based optical systems will most likely employ a 
segmented primary mirror in an active optical control system with 
wavefront sensing and reconstruction. We represent the wavefront 
this system by a linear combination of actuator influence functions. 
Errors are introduced if the influence functions drift due to 
environmental changes. For example, a space-based system may 
change due to gravity release. Furthermore, the linear theory is onb 
approximation to the true system response. For operation outside it 
original calibrated region, a new linear approximation is required. ( 
method of in-situ calibration is the controls methodology "system 
identification". We investigate the performance of active optical 
system identification algorithms for both problems and, as time 
permits, investigate algorithm performance with dynamical system 
disturbances such as jitter. 
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Modal Wavefront reconstruction techniques 
Clelia ROBERT, Jean Marc CONAN, Laurent MUGNIER, Vincent 
MICHAU and Gerard ROUSSET. 

ONERA,BP 72, 92322 Chatillon Cedex, FRANCE 
Modal Wavefront reconstruction techniques - A comparison The mc 
sensor is a key component of an adaptive optics system, which prov 
a real time correction of the turbulent wavefronts. Wavefront sensin 
also useful for the image post-processing techniques such as 
deconvolution from wavefront sensing (DFWFS). This paper sets oi 
comparative study of various modal wavefront reconstructions for tl 
Shack-Hartmann in the negligible scintillation regime. The Least 
Squares estimator has been shown to be equivalent to Maximum 
Likelihood (ML) for Gaussian noise and leads to an unbounded nois 
amplification. This drawback is usually overcome by restricting the 
modes to be reconstructed to an ad hoc 'small' subspace. It is equiva 
to a regularization but the choice of the number of modes is critical 
difficult. A Maximum A Posteriori (MAP) estimator outperforms th< 
ML estimator by taking benefit of a priori knowledge of the statistic 
fluctuations of the phase. All these methods are compared on extens 
simulations particularly in terms of noise amplification and aliasing. 
DFWFS algorithm is presented that incorporates the wavefront MA 
estimator. 
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Title        Wave-front phase estimation from intensity measurements: Need 
perimetermeasurement 
Eva Acosta(l), Marcos Soto(l), Susana Rios(l) and Valerii 
V.Voitsekhovich 
fagoeva@uscmail.usc.es Phone: Fax:34-981-5904J 

34-981-563100(xl3511) 

Address   (1) Universidade de Santiago de Compostela, Departamento de 
FisicaAplicada, Area de Optica. Campus Universitario Sur, E-15706 
Santiago deCompostela, Galicia (Spain) 

(2) Instituto de Astronomia, Universidad Nacional Autonoma de 
Mexico,Apartado Postal 70-264, Ciudad Universitaria, Mexico City I 
04510 Mexico. 

Abstract A means to directly calculate modal coefficients of a wavefront phase 
given irradiance measurements, with the Transport of Intensity Equat 
(TIE) is presented. This is done by use of basis functions called moda 
projectors obtained through the application of the generalized Green's 
Theorem to the TIE. The need of boundary conditions for the estimal 
of each mode component for uniform and non-uniform illumination i: 
analyzed. Although the method is quite general, the discussions is 
primarily oriented for circular apertures, rotationally symmetric 
illumination and Zernike polynomials. 

.(KÜ 

Title 
Name 
Email 
Address 
Abstract 

Phase retrieval of wave packets 
Ulf Leonhardt, KTH, Stockholm, Sweden 

Quite often, the spatial phase profile of a wave is not directly 
observable, for fundamental or practical reasons (in quantum 
mechanics or optics, respectively). However, the spatial variation < 
the phase governs the wave dynamics. Therefore, one can infer tht 
phase structure from the knowledge of the wave propagation. The 
paper discusses one general method [Leonhardt and Raymer, Phys 
Rev. Lett. 76,1985 (1996)] of state reconstruction and generalizes 
this technique to situations when waves travel in time-dependent 
potentials. 
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Liquid-crystal Hartmann Wavefront Scanne 
Vincent Laude, Segolene Olivier, Carine Dirson and Jean-Pierre 
Huignard 
laude@lcr.thomson-csf.com Phone: (33-1) 69     Fax: (33-1) 69: 

33 90 32 08 66 

Laboratoire Optique et Traitement du Signal Thomson-CSF, 
Laboratoire Central de Recherches Domaine de Corbeville, F-914 
Orsay cedex, France 
The original Hartmann wavefront sensing principle is implemente 
using a programmable liquid-crystal display (LCD) that is used to 
scan an incoming wavefront. The LCD displays sequentially the 
sampling aperture at many positions, say 32 by 32, across the 
wavefront pupil, and the position of the diffraction pattern behind 
lens is measured and memorized throughout this scanning process 
From these data, the wavefront can be estimated in a modal or zoi 
way, much like with a Hartmann-Shack sensor. Compared with th 
former, the wavefront scanner is much slower and assumes a stati 
wavefront, but its sampling characteristics can be programmed ah 
arbitrarily. A first experimental demonstration of this principle wi 
be presented and commented. 
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Title 
Name 

Email 

Address 

Abstract 

Fast phase FLC light modulator 
Eugene P.Pozhidaev, Igor N.Kompanets, Alexander L.Andreev, Sei 
A.Shevchenko 
kompan@sci.lebedev.ru Phone: Fax: 

07-(095) 132-5484 07-(095) 135-7880 
P.N. Lebedev Physical Institute, 53 Leninsky pr., Moscow 117924 
Russia 
FLC based high speed phase light modulator was designed and stud 
The effective phase light modulation is achieved due to DHF-effect 
(Deformed Helix Ferroelectrics) in conditions when the amplitude 
modulation is negligible. Then the birefringence magnitude change 
0-p during 400 ms under driving voltage not more than 5 V at the 
temperature interval of-20...+55 C is provided. Since the electroopi 
response depends on a frequency of supplied alternating electrical 
voltage it is possible to increase the light phase modulation rate up 1 
kHz without essential decreasing the birefringence modulation dept 
Such modulators including spatial ones can be used for the wave fix 
correction in systems of adaptive optics, image formation and pattei 
recognition. 
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Indirect wavefront sensing by dithering 
Gordon Love, Nathan Doble, David Buscher and Richard Myc 

Phone: 0191-374-7496 Fax: 0191-374-37 

University of Durham, Dept. of Physics, South Road, Durham 
DH13LE 
It is not always necessary to determine the wavefront errors 
directly with the use of a wavefront sensor. Indirect methods 
involve monitoring the resultant image as the applied correctk 
varying and searching for an optimum PSF. We will discuss tl 
technique of dithering with reference to the correction of 
non-common path errors in the ELECTRA astronomical adapl 
optics system. 
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Title 
Name 
Email 
Address 
Abstract 

Malcolm Northcott 

University of Hawaii. 
The curvature wavefront sensing technique has been successful 
employed both for adaptive optics, and for high spatial resolutii 
wavefront measurement. At the University of Hawaii we have i 
curvature wavefront sensing as the basis of the Hokupaa adapti 
optics system. We have also used curvature sensing to measure 
optics of the UH88 inch, IRTF telescopes as part of successful 
secondary upgrade projects. The simplicity of the curvature sen 
its absolute wavefront measurement, and its ability to operate o 
a wide dynamic range are crucial to both applications. The SNI 
achieved with curvature sensing is similar to that of the classic 
Shack Hartman and other "ray tracing" techniques. 
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RECONSTRUCTION OF SINGULAR PHASE FROM THE 
MEASUREMENTS OF WAVE-FRONT SLOPES 

V.P. Aksenov and O.V. Tikhomirova 

Institute of Atmospheric Optics of Siberian Branch of the Russi 
Academy of Sciences, 1 Akademicheskii av., Tomsk 634055, 
Russia 
An analytical expression connecting the optical beam phase wit 
the valuesof its partial derivatives is proposed to solve a probler 
the phase reconstruction from the measurements of wave front 
slopes by Hartman sensor, shearing interferometer, and from tht 
interference measurements of Noks-Thompson. This relationshi 
a consequence of the statement of a task to reconstruct the phas< 
from the wavefront slopes as a boundary problem of mathematii 
physics and allows an analytical presentation of the coefficients 
the phase expansion on a prescribed system of functions to be 
written. The derived analytical representations for the phase and 
mode components are used for numerical reconstruction of the 
singular phase characteristic of the optical speckle fields. The 
reconstructed phase consists of the regularized approximation 
which makes it possible to detect the positionand orientation of 
wavefront dislocations and the singular part obtained from the 
measured wavefront slopes with allowance for the vortex prope 
of the phase gradient. 
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Wavefront reconstruction with phase-diversity method and it 
application to measurement of telescope aberration 
Naoshi Baba and Kohta Mutoh 
Phone: +81-11-706-6718 Fax: +81-11-727-8608 
Hokkaido University Graduate School of Engineering Departmen 
Applied Physics Kita-13 Nishi-8 Sapporo, 060-8628 JAPAN 
We conduct computer simulations on reconstruction of wavefront 
telescope pupil with phase-diversity method. An instantaneous 
wavefront is reconstructed from an on-focus and its defocus sped 
images of a point star. In the wavefront reconstruction we do not 1 
the wavefront to Zernike polynomials, but retrieve the phase with 
phase unwrapping procedure. Averaging over many atmospherica 
perturbed wavefronts leads to the residual phase error, namely the 
aberration of the telescope. 
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SLMs AS THE SMART DEVICES OF MODERN OPTICS 
SYSTEMS 

M.G.Tomilin 

S.I.Vavilov State Optical Institute, Birzhevaya Line 12, 
StPetersburg, 199034, Russia. 
The spatial light modulator (SLM) based on photoconductor - liqi 
crystal (LC) structure consists of number of thin film layers 
sandwiched between two glass substrates: a photoconductor, LC 
layers, alignment layers, transparent electrodes. When used in the 
reflection mode SLM incorporates an internal dielectric mirror wl 
effectively separates the laser writing space from the projection sr. 
thereby allowing simultaneous writing and projection. LC is well 
known as smart material that changes its properties under the 
influence of external influence. Usually they used to visualize the 
distribution of not uniform thermal, electrical, magnetic, acoustic 
fields or for chemical and radiation detection. In this paper a uniq 
application of LC for mapping the light radiation distribution on 
photoconductor surface is described. If voltage is applied to the 
electrodes, it is divided between the photoconductor and LC 
according to the exposure. This enables the optical activity of the 
layer to be modulated to form an image. The SLMs are the key sn 
elements of modern optical systems. Applications of the SLM are 
based on the device capability to convert images from incoherent 
conherent light, to convert wavelength, to control the phase of ligl 
wave, to amplify light intensity and to enhance image contrast. In 
these systems the SLMs can be used as both input devices and as 
real-time holographic device. The application of SLMs covers the 
wide field of optical data processing:- wave front correlation in 
adaptive optical systems;- identification systems;- image correlati 
systems;- signal and hybrid electro-optical processing systems;- re 
vision systems;- projection systems;- image brightness and contra 
intensifier;- laser systems (FLC array for intracavity laser beam 
steering);- fast switching devices;- linear polarizers;- electrically 
controlled LC diffraction grating;- transmissive FLC optically 
addressed SLMs;- optical neural networks.The main characteristu 
SLM based on different types of LC and photoconductor material: 
and with special control are discussed. 
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Shack-Hartmann sensor with high dynamical range for 
aspherical surface testing 

Johannes Pfund 
Phone: ++49/9131/8528399 Fax: ++49/9131/13508 
Universität Erlangen-Nürnberg, Lehrstuhl für Optik, Staudtstr.7/E 
D-91058 Erlangen, Germany 
A feature of the Shack-Hartmann sensor is its capability for the 
measurement of steep wave-front slopes. A technique for testing 
aspherical surfaces without the use of a null-corrector is describee 
For this application a Shack-Hartmann sensor has been developed 
which has a significantly expanded range of measurable wave-fro 
slopes. The optical testing set-up, the developed algorithm for the 
dynamic range expansion and experimentalresults are presented ii 
this paper. 

r^sK- 

Title Comparative Analysis of Phase Retrieval and 
Shack-HartmannWavefront Sensing for Space Based 

Segmented Optical Control System 
Name Richard G. Lyon, John E. Dorband, Timothy P. Murphy, Jan IV 

Hollis 
Email lyon@jansky.gsfc.nasa.gov 
Address Center of Excellence in Space and Information Systems 

NASA/Goddard Space Flight Center Code 930.5 Greenbelt, M 
20771 

Abstract It is likely that future large scale (> 6 meter) space telescopes i 
utilize an actuated segmented primary mirror with an active op 
control system. The control system could consist of one or mor 
wavefront sensors, actuators on the primary, secondary and 
possibly a deformable mirror. In this paper we discuss our 
analytical and computational models for both a phase retrieval 
a Shack-Hartmann based optical control systems. We discuss tl 
advantages and disadvantage of each and compare and contrast 
them with our via computer studies. As time permits we will al 
discuss the use of extended scene phase diversity for in-situ 
monitoring of wavefront quality. 
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Optical Axis Position Detection for Shack-Hartmann 
Wavefront Sensor Fabrication using a Diffractive Optic 

Justin D. Mansell, Daniel R. Nea, Edward L 

Ginzton Laboratory 445 Via Palou St. Stanford, CA 94305 , 
Stanford University, Wavefront Sciences Inc. 
The distance from a lens array to the imaging detector is critical 
high accuracy measurements with a Shack-Hartmann wavefront 
sensor. This distance is often difficult to determine with large f/ 
lenses because their focal spot diameter does not change 
substantially for small displacements on either side of the focal 
plane. This paper describes a method for using an array of off-a: 
lens segments to determine the location of the focal plane. Beca 
the lenses are off-axis, changes in the distance from the optic to 
CCD result in focal spot position changes. By analyzing the foe 
spot pattern on a CCD, we were able to achieve 12 microns RM 
error in axial position measurement over a 1mm range with a 4r 
focal length optic made up of 100 micron square lenses. 

IT 

Title 
Name 
Email 

Address 

Abstract 

ALFA - Modal control topics 

Markus Kasper 
Tel: +49 6221 528335 Fax: +49 6221 525 

Max-Planck Institut, Koenigstuhl 17, 69117 Heidelberg, 
Germany 
Adaptive optics with laser guide stars system ALFA uses a 
Shack-Hartmann sensor with various hexagonal lenslets and i 
deformable mirror with 97 actuators. Topics related to calibra 
the system, reconstructing and compensating the turbulent 
wave-fronts are discussed. The main focus is a comparison 
between Zernike polynomials and the Karhunen-Loeve functi 
not only in terms of a better adaptation to atmospheric 
turbulence, but the effects on observability and aliasing 
characteristics. Additionally we consider issues related to 
compensation in the feedback loop. 

14 of 22 08/22/2000 10:38 AM 



New Page file:///C|/TEMP/Final Abs.htm 

'JÜK^'Ü 

Title 
Name 

Email 

Address 
Abstract 

Fax: +49 6221 52* 

The ALFA system - a status report 
Stefan Hippler 

Tel: +49 6221 
528265 

MPIA/MPE, Koenigstuhl 17, 69117 Heidelberg, Germany 

The Max-Planck Institut for Astronomy (MPIA) and the 
Max-Planck Institut for Extraterrestial Physics (MPE) have 
recently installed the adaptive optics system ALFA, which us 
laser guide star at the 3.5-m-telescope on Calar Alto, Spain. 1 
AO system consists of a Shack-Hartmann sensor, a deformab 
mirror with 97 actuators, and runs up to loop frequencies of 1 
Hz. We give a status report including the current performanci 
the system and a short overview of the scientific results. 
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Separating the wavefront aberrations of high and low altit 
turbulent layers 

Thomas Berkefeld 

Fax: Germany-6221-528 Phone: 
Germany-6221-528328 

Max-Planck-Institut fuer Astronomie, Koenigstuhl 17 D-6911' 
Heidelberg 
The small corrected field of view of present Adaptive Optics (. 
systems can be enlarged by correcting the individual turbulent 
layers instead of the integrated wavefront distortion. This 
so-called multi-conjugate adaptive optics setup however requii 
separating the influence of the different turbulent layers. We 
present a new approach of measuring the individual wavefront 
distortion of two layers with only one Shack-Hartmann-Sensoi 
situated in the conjugate plane of the upper turbulent layer. Ba 
on a formula connecting the amount of scintillation with the 
C_nA2-profile and the telescope aperture, this simple optical s< 
distinguishes the wavefront distortions of the two layers using 
intensity fluctuations caused by the low altitude layer. The 
separation error is calculated as a function of the $C_nA2$-pro 
the light level and the telescope-and AO-parameters. It is sho\* 
that the separation error is small for typical cases. 
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Self calibrating wavefront sensing and automated wavefr 
compensation systems 

B. Martin Levine, Allan Wirth, Clive Standley 
marty@aoainc.com        Phone: (617)864-0201 

Adaptive Optics Associates, 54 CambridgePark Drive, Cambridge, MA 
02140-2308 

Real-time adaptive optics systems can now be commercially b 
using commercial electronic and optical components. We hav 
implemented a self-calibrating Shack-Hartmann wavefront sei 
with the ability to change sensitivity, and dynamic range with 
quick change of its lenslet array. The detection camera can be 
interchanged to customize its spectral response, frame rate, an 
digitization. Also, the subsequent wavefront reconstructor can 
chosen interactively according to a specific application. We w 
show some examples from our work in adaptive optics system 
wavefront control, and deformable mirror calibration. 
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Object-independent wavewfront estimation from focal plai 
data 

Stuart M. Jefferies, Julian C. Christou, E. Keith Hege 

Stuart M. Jefferies, 
National Solar 
Observatory, 950 N. 
Cherry Ave., Tucson, AZ 
85726, USA 

Julian C. Christou,Starfire   E. Keith Hege, Center 
Optical Range, Air Force    Astronomical Adaptiv 
Research Laboratory, 3550 Optics, Steward 
Aberdeen Ave. SE, Observatory, The 
Kirtland AFB, NM 87117, University of Arizona 
USA Tucson, AZ 85721, U 

We demonstrate the recovery, without a priori object knowledge, 
the unknown wavefronts from multi-frame focal-plane data by u: 
of a modified blind deconvolution algorithm. By modeling the 
object Fourier spectrum as an unprejudiced linear combination o 
the cross-spectra of the measurements and the power spectra oft 
complex pupil, we have reduced an under-determined problem t( 
one which is exactly determined. The linear model of the object 
spectrum also produces a band-limited object estimate by Fourie 
inversion. 
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verinaud@obs-azur.fr Fax: 33+4.93.40.4 

Development of a curvature Adaptive Optics system for ti 
GI2T Interferometer. 

Christophe VERINAUD 
Tel: 
33+4.93.40.54.96 

Observatoire de la cote d'Azur, Plateau de Calern 06460 ST 
VALUER DE THIEY, FRANCE 
We will present the status of the developement of the Curvature 
Wavefront Sensor at Observatoire de la cote dAzur and the stu< 
of the implantation of a complete system, one for each telescopi 
the REGAIN recombinator table of GI2T. A test bench is currei 
under integration. Its purpose is to qualify, by the end of 1999,1 
Wavefront Sensor together with the Deformable Mirror and the 
Real Time control system; this bench will also be used for the f 
test on the sky at thel.52 m telescope of Observatoire de 
Haute-Provence. Some simulation results will show the expecte 
improvement of the Signal to Noise ratio of the visibilities 
measured with the GI2T equipped with Adaptive Optics. 
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Development of a curvature Adaptive Optics system for tl 
GI2T Interferometer. 

Christophe VERINAUD 
TP1- 

verinaud@obs-azur.fr 33+4,93.40.54.96       Fax: 33+4.93.40.44 

Observatoire de la cote dAzur, Plateau de Calern 06460 ST 
VALUER DE THIEY, FRANCE 
We will present the status of the developement of the Curvature 
Wavefront Sensor at Observatoire de la cote dAzur and the stud 
the implantation of a complete system, one for each telescope, ir 
REGAIN recombinator table of GI2T. A test bench is currently 
under integration. Its purpose is to qualify, by the end of 1999, tl 
Wavefront Sensor together with the Deformable Mirror and the: 
Time control system; this bench will also be used for the first tes 
the sky at the 1.52 m telescope of Observatoire de Haute-Proven 
Some simulation results will show the expected improvement oi 
Signal to Noise ratio of the visibilities measured with the GI2T 
equipped with Adaptive Optics. 
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OCT with Feedback to Compensate for the Curvature of 
Wavefront at the Back of the Eye 

Adrian Gh. Podoleanu, John A. Rogers and David A. Jackson 

D.A.Jackson@ukc.ac.uk        Tel:(ol227) 823772 
A.G.H.Podoleanu@ukc.ac.uk Or (01227) 823762 

School of Physical Sciences, University of Kent, Canterbury, C 
7NR, UK, 
Due to the limited aperture of the eye, the wavefront at the bac 
the eye is curved. A feedback loop is added to the OCT system 
synchronously correct the reference path length while transvers 
scanning the retina. The device needed to correct the reference 
path needs to work at twice the frequency of the ramp applied i 
the galvanometer scanner which does the transversal scanning, 
original fast scanning system was devised based on two 
galvanometer scanners. The technique is proved on images tak 
from an eye model scanned at 500 Hz. Larger size images are 
sampled by the OCT when the loop is closed, due to the 
planarisation of the wavefront. 

NsKjti ~~„ „.,„.... .....Z, _ ZZ, '■ - 1 : 

OPTIMAL COMPENSATION AND IMPLEMENT ATI 
FOR ADAPTIVE OPTICS SYSTEMS 

Douglas P. Looze* and Orhan Beker 
Markus Kasper and Stefan Hippler 

looze@ecs.umass.edu 
kasper@mpia-hd.mpg.de 
Dept. Electrical and Computer Engrg. University of 
Massachusetts Amherst, MA 01003 
Max Planck Institut für Astronomie, Heidelberg, Germany 
The purpose of this paper is to develop a compensation 
algorithm based on optimal control system design, and 
implement the compensator on the ALFA adaptive optics sys 
that operates on the 3.5 meter telescope at the Calar Alto 
observatory, (operated by the Max-Planck Institut für 
Astronomie (MPIA) in Spain). The compensation design 
problem is formulated as an optimal disturbance rejection 
problem in discrete-time, with the objective of minimizing tib 
RMS wavefront phase error orthogonal to the piston mode. 
Because the ALFA system uses a modal compensation 
architecture, the optimal disturbance rejection problem 
decomposes into parallel SISO modal disturbance rejection 
problems. The modal disturbances are modeled as white nois 
passed through a finite dimensional filter. The parameters of 
shaping filters are identified from open -loop data. Each mod 
disturbance problem is then a LQG optimal control problem 
no weighting on the cost. These can be solved in closed form 
i _..J_.. j:_i--..i J :--   Tt-   A Ai-_A  
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Interferometric Measurement, Analysis and 
Improvement of the 

Wavefront Quality of the VULCAN Laser Facili 
C. Hernandez-Gomez , J. Collier, C.N. Danson, C.B. Edward; 
Hawkes, D.A. Pepler, I.N. Ross and T. B. Winstone. 

chernandez-gomez @ Td. +44 (0)1235 445110 
rl.ac.uk 
Central Laser Facility, Rutherford Appleton Laboratory 
Chilton, Didcot, Oxon, 0X11 OQX, UK 
The VULCAN Nd:glass laser system amplification genei 
ultra-high intensities with sub-picosecond pulses. A measurei 
of the wavefront quality of the 200 mm diameter beam line 
carried out using a radial shear interferometer to investiga 
possible reduction of the three times the diffraction limit i 
spot size. 
We present the results of this investigation showing whethei 
wavefront errors  were  static  (optics),  dynamic (thermal 
transient (shot related) in origin, and identify ways of 
correction. 
Furthermore, we present of the results of the installation < 
Static Astigmatic Corrector (SAC) on the CPA beamline thai 
improved the focusability of the Vulcan system to less thari 
times the diffraction limit. 
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A novel wavefront sensor for confocal microscopy 

Martin Booth 
Phone: +44 1865 273 097  Fax: +44 1865 273 905 

Dept of Engineering Science President 
University of Oxford Graduate Common Room 
Parks Rd Jesus College 
Oxford 0X1 3PJ Oxford 0X1 3DW 
UK 
A confocal microscope permits 3-D imaging of volume objec 
by the inclusion of a pinhole in the detector path which 
eliminates out of focus light. This configuration is however \ 
sensitive to aberrations induced by the specimen or the optic; 
system and would therefore benefit from an adaptive optics 
approach. We present a wavefront sensor capable of measuri; 
directly the Zernike components of an aberrated wavefront ai 
show that it is particularly applicable to the confocal microsc 
since only those wavefronts originating in the focal region 
contribute to the measured aberration. 

r^TEi ~ .Z^~7_ : 

WAVEFRONT SENSING BY PHASE DIVERSITY: A TUTORIA 

Robert A. Gonsalves 
bobg@eecs.tufts.edu 
Tufts University 
Medford, MA 02155 
USA 
Phase diversity implies that an aberrated image is observed 
through two 
optical channels. One channel has an abberating wavefront su< 
as that 
caused by a turbulent medium and the second channel has an 
additional, 
diverse phase. Usually the diverse phase is quadratic, which is 
easily 
induced by defocussing the observed image. In this tutorial w< 
review the 
math, show how the wavefront can be extracted even if the ob 
is 
extended, and show the results of experiments and simulation: 

******************************************** 
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WAVEFRONT SENSING FOR SPARSE APERTURES 

Robert A. Gonsalves 
bobg@eecs.tufts.edu 

Tufts University 
Medford, MA 02155 
USA 
A sparse aperture uses many small apertures separated by larg 
distances. Such an aperture is lightweight when compared to i 
large, one-aperture system but it has the same high-frequency 
resolution. In this paper we show how a distorting wavefront ( 
be sensed by phase diversity imaging, where the recorded date 
an in-focus and an out-of-focus image. We present the theory 
show computer simulations of wavefront sensing and imaging 
extended objects for randomly positioned apertures and for an 
array with three-fold symmetry. 

V¥^En. ~     Z7~I~Z"~~7~~~ 

A SIMULATOR OF DECONVOLUTION FROM 
WAVEFRONT SENSING SYSTEMS 
Justo Arines and Salvador Bara 
fajap@uscmail.usc.es Phone:34-981-563100  Fax:34-981-59048 
Universidade de Santiago de Compostela, Departamento de 
FisicaAplicada, Area de Optica. Campus Universitario Sur, 
E-15706 Santiago de Compostela, Galicia (Spain) 
We have developed a software tool to simulate image restoratii 
systems using deconvolution from wavefront sensing to overcc 
the degradation effects produced by a turbulent atmosphere. A 
Shack-Hartmann wavefront sensor is assumed to be used for tl 
estimation of the instantaneous atmospheric OTF. A particular 
feature of this tool is the simulation of the wavefront sensor 
measurements: the lenslet focal plane fields for each distorted 
wavefront are evaluated by the Hopkins' integral algorithm, an 
photon noise as well as the effects of focal plane pixelization a 
taken into account. Preliminary results of this simulator are 
presented, for a low-dimension Shack-Hartmann sensor workii 
under different levels of photon flux and turbulence strength, u 
an optimum minimum variance reconstruction algorithm. 
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Blazed Holographic Optical Aberration Compensation 
Isabelle Percheron, Jeff Baker, Mark Gruneisen, Ty Martinez 
,David Wick 
percheri@flash.net      Phone: (505) 853 1758 Fax: (505) 846 782 
Dr Isabelle Percheron 
Boeing North American Inc 
PO Box 5670 
Kirtland Air Force Base, NM, 87185 
Conventional Deformable Mirrors have a limited throw and to 
compensate the many waves of aberrations of a large aperture 
membrane mirror we need to use holographic correction. Opti< 
addressed Spatial Light Modulators (SLM) have been used in 
laboratory demonstrations to remove up to 200 waves dynamic 
aberrations (ref Gruneisen). 

The next step is to use blazed holographic dynamic correctors 
more efficiently transform the aberrated beam into a well 
compensated one, eliminating all other diffractive orders . We 
going to report the results obtained using a combination of an 
optically addressed, parallel aligned nematic liquid Crystal SL 
and an electrically addressed SLM. Using these SLMs in 
conjunction with a CCD video camera and a computer we wer 
able to introduce and then correct for first order aberrations (ti 
defocus, astigmatism) with up to 50 waves @ 543 nm, we alsc 
used the blazed holographic correction technique to correct foi 
around 20 waves of aberrations on a 2" area of a membrane mi 
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