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Adaptive Optics
Spatially Filtered 
Wave-Front Sensor for
High-Order Adaptive Optics
Lisa A. Poyneer and Bruce Macintosh

One of the most significant future
advances in the study of other solar

systems will be the direct imaging detec-
tion of planets orbiting other stars by
either space-based telescopes or ground-
based telescopes equipped with adaptive
optics (AO). Such detection methods
could allow characterization of giant
Jovian planets in solar systems resem-
bling our own and lead ultimately to the
detection of earthlike worlds. Imaging 
a planet requires detection of a point
source less than an arcsecond from a 
star that is 106 to 1010 times brighter.
To achieve this result, we must remove
nearly all sources of scattered light,
including light scattered by residual
wave-front errors. If we can reduce
wave-front errors over the controllable
spatial frequency range of the AO sys-
tem, we can create an image with a 
dark hole in which planets can be 
seen [see Fig. 1].

Aliasing is a phenomenon associated
with sampling that causes high fre-
quency signals to be measured as low
frequency signals. Because of aliasing,
conventional AO systems do not pro-
duce point-spread functions (PSF) with
dark holes. In AO systems, aliasing
occurs when the wave-front sensor
(WFS) takes sampled measurements.
A well-known way to prevent aliasing 
is to low-pass filter the input signal
before the sampling stage. We optically
implement a non-ideal low-pass filter
on the wave-front phase by using a 
field stop at a focal plane before the
WFS.1 To second-order terms, the PSF 
of the field is nearly equivalent to the
power-spectral density of its phase
aberration in the pupil plane.2 This
means that the field stop will act as a
low-pass filter by blocking out the parts
of the PSF beyond a certain cutoff spa-
tial-frequency. Detailed simulations
show that this spatially filtered wave-
front sensor (SFWFS) can reduce 

high-spatial-frequency phase power by
factors of 106.

Prevention of aliasing means that the
AO system will do a much better job 
correcting the phase errors within its
controllable spatial frequency range,
producing our desired dark hole region.
The SFWFS was included in an end-to-
end AO simulation to evaluate the per-
formance improvement. In closed-loop,
noise-free simulations on a static atmo-
spheric turbulence input, the SFWFS
produced a region in the PSF that had
100 times less intensity than in regular
AO operation with aliasing. Such an
increase will enable an AO system to 
be two to three orders of magnitude
more sensitive to planets than any 
current system. Such a system will be 
capable of detecting a significant popu-
lation of warm giant planets orbiting
nearby stars.3
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Figure 1. Simulated AO image of bright star and planet using AO with the spatially 
filtered wave-front sensor. 
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