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Abstract: The aberrations induced by the sample and/or by the sample holder limit the resolution
of optical microscopes. Wavefront correction can be achieved using a deformable mirror with
wavefront sensorless optimization algorithms but, despite the complexity of these systems, the
level of correction is often limited to a small area in the field of view of the microscope. In
this work, we present a plug and play module for aberration measurement and correction. The
wavefront correction is performed through direct wavefront reconstruction using the spinning-
pupil aberration measurement and controlling a deformable lens in closed loop. The lens corrects
the aberrations in the center of the field of view, leaving residual aberrations at the margins,
that are removed by anisoplanatic deconvolution. We present experimental results obtained in
fluorescence microscopy, with a wide field and a light sheet fluorescence microscope. These
results indicate that detection and correction over the full field of view can be achieved with a
compact transmissive module placed in the detection path of the fluorescence microscope.
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1. Introduction

Adaptive Optics is a technology used to improve image quality when the optical system is subject
to phase aberrations. In optical microscopy the aberrations can be induced by imperfections and
misalignments of the illumination or detection optics. This becomes particularly relevant when
considering the continuous development of new microscopy configurations and measurement
protocols, such as clearing methods [1,2] or customized sample holders [3,4]. On the other
hand, the inhomogeneities in the refractive index of the sample itself, can induce aberrations and
reduce the contrast of the formed image. In order to perform high resolution and super-resolution
imaging, a good knowledge of these aberrations and their correction are required.

Recently, many techniques have been developed to compensate for optical aberrations in
microscopy [5,6]. They either rely on the use of a deformable mirror or on the use of a liquid
crystal spatial light modulator placed in the pupil, or in its image plane. An approach similar
to astronomical adaptive optics with a closed loop control is not convenient in microscopy,
because the samples might not have bright point sources for the wavefront sensor. For this
reason, wavefront sensorless control has become a standard for AO in microscopy. Remarkable
achievements have been obtained with two techniques: image sharpening [6,7] and pupil
segmentation [8,9]. Image sharpening uses a merit function that displays a maximum when the
aberrations are minimized. With this assumption, it is easy to apply some bias aberrations to
estimate the wavefront error using an optimization algorithm and then to compensate for them.
Pupil segmentation is based on a different approach: by means of a liquid crystal panel, the pupil
is segmented, and the phase of each segment is tuned, maximizing the constructive interference,
thus resulting in an increased signal intensity.
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