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Figure 1  (Color online) (a) The refractive index mismatch aberrations; (b) the refractive index variations introduced aberrations; (c) the principle of

aberration correction in illumination path.
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Figure 2 By using SHWFS and DM to compensate the wavefront aberrations in wide-field microscopy [18].
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wavefront aberrations point by point in confocal microscopy [26].
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Figure 4 (Color online) By using SLM to compensate the excitation
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excitation path aberrations in two-photon microscopy [33].
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Figure 8 (Color online) By using DM and SLM to compensate all of
the three path aberrations in STED microscopy [45].
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Figure 9 (Color online) By using SHWFS and DM to compensate the
imaging path aberrations in SMS microscopy [46].

084204-10



sk SE . pE R AR T R

20174 (478 58l

F2 EEREDEMRIER SR
Table 2 The summary of adaptive optics biological microscopic imaging system
Microscopy type Imaging mode Correction path WEFS WEC
Wide-field WF Em +/— DM/SLM
Confocal PS Ex, Em +/— DM
Two-photon PS Ex +/— DM/SLM
Three-photon PS Ex - SLM
Lightsheet WF Em +/— DM
SIM WF Ex, Em - DM
STED PS Ex, Em, De - DM/SLM
SMS WF Em +/— DM

a) WFS: wavefront sensor; WFC: wavefront corrector; WF: wide-field; PS: point scanning; +: wavefront sensor; —: wavefront sensorless; Ex:

excitation path; Em: emission path; De: depletion path; DM: deformable mirror; SLM: spatial light modulator
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Microscopy is an essential means for the Life Sciences research under the sub-micron scale. Because of the advantage
in specific marking, dynamic indication, high contrast and non-destructive style, the biological fluorescence microscopy
plays an important role in in-vivo imaging. When propagating in the non-transparent, non-homogeneous, anisotropic
biological tissue, the excitation and emission light both will be distorted by refraction, scattering, absorption and other
unknown effects and the point spread function (PSF) in each path will be consequently degraded. In order to improve the
spatial resolution of fluorescence microscopy and increase the imaging depth, the adaptive optical technology has been
employed in the microscope system to detect and correct the above aberrations in real-time. In this paper, aberrations in
fluorescence microscope have been specified in different sources, both aberration sensing and correction methods have
been introduced, and the characteristics of aberration correction in different imaging modes of fluorescence microscopy
have been summarized. Then the latest applications of adaptive optics in different types of fluorescence microscopy have
been discussed here and the further development trend is concluded.

in-vivo imaging, fluorescence microscopy, adaptive optics, wavefront aberration, wavefront correction
PACS: 87.85.Pq, 87.64.M-, 87.64.mk, 87.64.mn, 87.64.kv, 95.75.Qr
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