The KSS lidar data taken inside the condi-
nental shelf is shown in Figures 3 and 4. The
data obtained from the anpolarized channel is
shown in Figure 3, while both the cross-
polarized and copolarized components are
shown sepatately n Figure 4 (the copolarized
component was calculated by subtracting the
cross-polarized data from the unpolarized
data).
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tained from the nupolarized receiver channel in-
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ClI4  Tig. 4. Copolavized und cross-polarized
components ol the lidar returm signal obtained
inside the continental shell.
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CrI4  Tig. 5, Dala obtained from the a-Beta

instrument. The diffuse attenuation, K, is shown
by triangles, the absorplion cocllicient, a, is
shown by crosses, and the backseatler coclficient,
by, 1s shown by squares. Average values of the
coctiicients are shown above the data points.
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CHPI4 Fig. 6. Deam attenuation and absorp-
lien data obtained from the AC-9 at A=532 nnu.
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CEI4  Pig. 7. KSS lidar data from the unpolar-

ized veceiver channel taken oatside the conlinen-
tal shelf.,
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CEI4  Vig. 8. Copoluarized and cross-polarized
components of the KSS lidar data taken outside

the continental shelf.

The system attenuation coefflicient for the
total lid;u‘lrctm‘n signal in Vigure 3is K, =
0.188 i ', which lies between the measured
value ol the absorption coclficient (a, . —
0.16) and the diffuse attenuation coefticient
(K e = 0:25 07 1) This 1:cs.1|lt is dlue l()ﬁl\c
fact that the receiver field of view and surface
viewing area were twice the trausmitter beam

divergeuce and spot size. Thus, virtually all of

the scattered light was delected and the attenu-
ation was due primarily to absorbed photons.

In Figure 4, the attenuation of the copolar-
ized return signat is identical to that of Figure 3
(K, = 0.188 m "), while the cross-polarized
attenuation is reduced (K, = 0.129 m’ .
This difference in slope between copolarized
and cross-polarized returns is expected when
the receiver Geld of view is large and e water
is highly scaltering,

The occanographic data taken outside the
coutinental shell is shown in Figures 5 and 6.
The scattering coefticient was calcutated to be
b = 0.54 m ! The diffuse attenuation coeli-
cient, K == 0.13 m Y, classifies this water as
Jeclov T'ype LT
DERA Malvern, UK
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Adaptive optics based on analog parallel
stochastic optimization technique

Mikhail A. Vorontsov, Gary W. Carhart,
Mare Cohen,* Crert Cauwenberghs® Aruy
Res. Lab., tnformation Seieiee and Tech,
Direcloraite, Adelphi, MID) 20783

In this paper we consider both theoretical and
experimental aspects of adaplive wavefront
phase distortion compensation using direct
systemn performance metric optimization, A
brief review of model-free optimization tech-
niques in adaptive optics, with an cmphasis on
gradient descent methods based on stochastic

approximation of the true gradient is pre-
sented. The method is extended to inchude dif-
ferent requirements (or wavelront control, as
well ay information from different wavetront
sensor types. L0 is shown (hat both can be in-
corporated into a more general pradient de-
scent optimization paradigm, giving rise to a
variety of new conlrol system architectures.
We report on he first experiments with
adaptive wavefronl correction systems based
on simultancous perturbation stochastic ap-
proximation oplimization using a VESI adap-
tive controbler, T'he VLSE sysiem was used in
two difterent adaptive system configurations:
one with a 127-clement liguid-crystal phase
modulator, and the other with bea stecring
acl 37-channel micromachined deformable
mirrors. The sub-millisccond response time of
the beanr steering and micromachined de-
formable mirrors, alang with fast (up Lo 1500
iterative steps per second} parallel analog con-
trolsignal computation using the VI.S1 system,
altowed for adaptive compensation of dynamni-
cal laser beam phase aberrations under condi-
tions ol strong iutensity scintillations.
Johits Ilopkins Univ., USA; H-mail: voromisov@
fol.arlmil
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A hybrid curvature /Shack-Hartmann
wavefront sensor for adaptive optics

C. Paterson, .C. Dainty, The Slackeit Lab.,
Imperial College, Prince Consori Road,
London, SW7 287, U.K.; l-muil:
carlp@ic.ac ik

The growing availability and relalive low-cost
of continuons surface delormable mirrors
such as bumorph and clectrostatic MEMS
nembrane mirrors! miakes them increasingly
attractive for adaptive optics (AO) systens,
particulatly low-cost systems. Both of these
nirror lypes arce curvature devices: cach actua-
tor input direcily controls the curvature of the
mirror’s sarfuce in front of that actuator. Cur-
vature wavefront sensing? is suited to AQ sys-
tems gsing these devices, where it can consid-
erably simplily the spatial control of the
system, cnabling the construction of very effi-
cient systems,

Conventional curvature sensing relies on
mcasuring the intensity in two planes asually
at either side of the tocal plane®: curvatare at a
posilion in (he wavelront results in difterences
between the measured intensities at the cotre-
sponding positions in the two planes. We pro-
pose a method ol curvature sensing for AQ
shich relies onmneasuring the intensity distri-
bulion in a single planc. A leuslet arvay, with
cach lenslet having an astigmatic component
in its phase given by

hartcos(20 - 0y, (1}

is used to produce a set of astigmatic foci. The
structure ofeach focal spot is dependenton the
curvature ol the wave at the lenslet aperture,
which can be used to give a curvature signal
from a quad-cell detector placed at the focust
(sce figure 1), The curvature signal is
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