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In microscopy, the in-focus image of a 3D fluorescence sample suffers from out-of-focus blur due to the light coming
from the specimen above and below the focal plane. This out-of-focus fluorescence degrades the contrast of the image
and may hinder the visualization of in-focus sample features.
Recently, it has been suggested in the framework of Structured Illumination Microscopy that an appropriate threedimensional deconvolution could be used to remove the out-of-focus fluorescence [1]. In this approach, the twodimensional (2D) image is deconvolved using the three-dimensional (3D) point spread function of the microscope.
In other words, one defines an investigation volume in which a three-dimensional sample is reconstructed so that
its 3D convolution restricted to the focal plane best matches the recorded image. To improve the reconstruction, the
deconvolution is performed under positivity constraint. Of course, the sample estimate outside the focal plane is not
accurate, due to the lack of constraining data, but it is expected to carry out some of the out-of-focus fluorescence.
The algorithm presented in [1] was developed for blind-Structured Illumination Fluorescence Microscopy and it
estimates alternatively the unknown illuminations and the sample. Here, the algorithm is significantly simplified,
following [2], so that only the product of the illumination times the sample is reconstructed.
We first checked our algorithm on brightfield fluorescence microscopy data. It was shown that, in addition to the
removal of out-of-focus fluorescence, the 3D deconvolution approach improves significantly the transverse resolution
of the image. It yields significantly better results than the two-dimensional deconvolution that is usually performed on
these images (with minimal additional computational costs), see Fig. 1.
Then we investigated its interest on fluorescence microscopy using speckle illumination.
Once again, both the out-of-focus blur and the
resolution were significantly improved compared
to a two-dimensional reconstruction approach.
In conclusion, three-dimensional deconvolution should be preferred to two-dimensional deconvolution even when the data are restricted to a
single plane image. It dims the out-of-focus fluo(c)
(b)
(a)
rescence and significantly ameliorates the resoluFig. 1: (a) Widefield image of podosomes. (b) Two-dimensional
tion. It is a simple data processing which can be
deconvolution. (c) Three-dimensional deconvolution.
used on most microscopy configurations.
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