
Fast and Automatic Reconstruction of Structured Illumination
Microscopy Images with Multiscale Products

Clovis Tauber1, Pedro Felipe Gardeazábal Rodŕıguez2, Vincent Loriette2,
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Abstract

In this paper, we propose a new method to re-
construct high resolution images from structured il-
lumination microscopy. It consists of estimating
the illumination pattern parameters with a multi-
scale analysis in the Fourier domain and filtering
the significative features with a statistical test. Our
method is fast and automatic, aiming at being com-
putationally effective for in vivo biomedical applica-
tions.

1. Introduction

Structured illumination microscopy (SIM) is a
technique that enables to go beyond the resolution
limit imposed by the phenomenon of diffraction [1].
It has the advantage of being a full field method
that can be implemented as an add-on to a standard
fluorescence microscope.

The method consists in illuminating the sam-
ple with a spatially structured light, generally sinu-
soidal stripes, to create moiré fringes and acquiring
three images by shifting the pattern twice by 2π/3.
The fringes display information originating from
the frequency region outside the cutoff of the mi-
croscope. Such images are actually the sum of three
information components that can be computation-
ally separated. The reconstruction of the high res-
olution image consists in repeating this process for
several orientations of the illumination, and repo-

sitioning the information to its proper position in
the reciprocal space. This is generally done by com-
paring the different information components where
they overlap [3]; the translations are estimated by
registering data in the Fourier domain.

As described in [2], the overall process is under
the supervision of an operator that has to find the
optimal settings by balancing between ringing arte-
facts and gain in resolution. This process is time
consuming and not easily amenable to automati-
zation, which limits its use in modern biological
applications that require fast dynamic imaging.

In this paper, we propose a new method for au-
tomatic reconstruction of the SIM high resolution
images which is fast and computationally effective.
Our approach consists in precisely localizing the
Dirac spots associated with the illumination pat-
tern with a wavelet product and a statistical hy-
pothesis testing based on a Bessel function.

The paper is organized as follows. Section 2 de-
tails how the reconstruction parameters can be esti-
mated from the localization of Dirac spots. In sec-
tion 3, we present the proposed multiscale wavelet
product for spot detection and the associated sta-
tistical hypothesis test. Finally, experimentations
are described in section 4.

2. Reconstruction from structured il-
lumination parameters

Considering a horizontal orientation of the illu-
mination pattern, the intensity in the plane of the
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Figure 3. Automatic localization of the
Dirac spots (zoomed areas).

As can be seen, the unique spot in figure 4a has
been clearly resolved into two different spots in the
reconstructed image, illustrating the gain in sepa-
ration ability.

Finally, figure 5 shows the point spread function
in an image obtained with the proposed SIM re-
construction method, and the PSF corresponding
to the observation with a conventional microscope.
The width of the SIM PSF at mid-height is smaller
by a factor of 1.807, thus quantitating the gain in
resolution.
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(b) Zoomed area

Figure 4. Resolution comparison.

Figure 5. PSF comparison.

5 Conclusion

We have presented a new method to recon-
struct high resolution images in SIM. Our approach
aims at improving the computational time for re-
constructing SIM images and increasing the effec-
tiveness of the system for biological applications.
Rather than registering data in the Fourier domain,
we proposed to estimate the reconstruction param-
eters by localizing the Dirac spots associated with
the illumination pattern in the reciprocal space.
We increase the robustness of the method thanks
to selective filtering of features given by a wavelet
transform. It is automatic and fast compared to
the current reconstruction method. The effective-
ness of the method was assessed on real data and
proved its promising use for biological applications.
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