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Purpose: Improve the lateral resolution and achieve optical sectioning with an
Adaptive Optics Flood lllumination Ophthalmoscope (AOFIO) by means of
tailored Structured Illlumination Microscopy (SIM) instrument and algorithms.
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SIM-assisted optically sectioned
Bayesian reconstruction for retinal imaging

Traditional approach (static object, sinusoid phase ¢ = 0, 120 and 240) can’t be used: eye motion
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Gofas-Salas et al. [1]

Top : Individual SIM image (left) and average
(50 images) conventional image (right).
Scale bar 50 um.

Bottom : Spectrum of the top images. The
fringe spacing is about 22 um in the retina.

v Demonstration of incoherent fringe pattern
projection onto live retina

v’ Current work: Improvement of illumination
module to avoid illumination fluctuations
(DMD).

v' Future work: Reconstruction on retinal
images
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Proposed approach: Project a static fringe pattern (one per orientation) and take advantage of the
eye motion to obtain sinusoid phase diversity as suggested by [2]. Within the Bayesian framework
[3], reconstruct the in-focus layer, the out-of-focus layers’ contribution and the retinal shifts, while
minimizing noise amplification. This method yields both optical sectioning and super resolution.

Multi-layer image formation model [4]:

L-th acquired image i; = z h, * [m;. (0, * s))] +n; = Z i, +n Contribution of each
Z object layer

z
0,: 2D layer of the retina at a distance z from the object focal plane
s1(x,¥) = 8(x — x;, ¥y — y;): shifts due to eye motion
my(x,y) = t(x,y) X [1 + ¢;.cos(2m(ky,x + ky,y) + ¢)]: illumination pattern (bell + modulation )
h,: 2D PSF with a defocus corresponding to a distance z from the object focal plane
n,;: Gaussian noise

*: convolution operator; : Fourier Transform ho By ke
. 1 /i - _
i; = hy * [m,. (0, * 5,)] + z h, «[my. (0, *s)l+nw, L 00 0 LB e
z#0 Spectrum of the contribution of each layer
. Out-of-focus modulated contribution negligible [5]
i = hg * [my. (00 * )] + z h, «[t.(0, *s)] +m
z#0

i =\ho * [my. (0 * 5] Hhy * [. (0deroc * Sl)][* ny = M (00, 0gefoc, 51 ) + 1y

In-focus modulated layer  Out-of-focus non modulated contribution

Our reconstruction method:

* Calibrates the instrumental parameters (hg, hy)

 Estimates the bell ¢, the shifts {s;} [6] and the illumination patterns {m;} from the data {i;}

¢ Estimates the Power Spectral Density (PSD) of the object and of the noise for regularization [7]

e Within the Bayesian framework, estimates jointly the in-focus layer 04 and the out-of-focus
contribution 0ge50c by minimizing numerically the following cost function:

1.
F(OOrodefoc) = Z ||ﬁ [ll - M(OOrodefowsl)] | + R(OO) + R(Odefoc)
[] 2

SCF)|2
where R(0) = Ef%
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v’ Accurate
reconstruction of the
in-focus section 0,

v’ Super resolution +
optical sectioning

Widefield image iy and its FFT

Experimental microscope data* provided by [8] (3 orientations x 5 phases)
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