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Description : 
La microscopie permet d’obtenir traditionnellement des images optiques d’objets bidimensionnels. 
Mais lorsque l’on veut imager un tissu biologique tridimensionnel, plusieurs problèmes se posent : 
comment sélectionner une image 2D, une tranche, en profondeur, et comment s’affranchir des 
perturbations dues aux couches superficielles sur la lumière (diffusion et aberrations) ?  
 
L’OCT (Tomographie de Cohérence Optique) est une technique utilisant la cohérence de la lumière 
pour obtenir une « section » à une profondeur donnée, en s’affranchissant de la lumière diffusée 
venant des autres profondeurs. On peut ainsi obtenir des images 2D ou 3D de tissus, avec des 
résolutions du micron environ, jusqu’à des profondeurs de quelques centaines de microns. 
 
Cependant les perturbations du front d’onde dues aux inhomogénéités des tissus (à grande échelle par 
rapport à ce qui crée la diffusion) perturbent la propagation de l’onde optique et viennent diminuer le 
signal, la résolution et la profondeur des images OCT. L’optique adaptative, utilisant un miroir 
déformable actif et permettant de compenser les perturbations du front l’onde, est utilisée depuis 20 
ans en astronomie pour compenser les perturbations de l’atmosphère sur les télescopes terrestres.  
 
 
Dans le cadre d’une collaboration 
entre le laboratoire de Biologie de 
l’ENS et l’ESPCI ParisTech, nous 
travaillons depuis plusieurs années 
sur le couplage entre optique 
adaptative et microscopie. Un 
montage d’OCT avec miroir 
déformable a récemment été mis au 
point.  
 
 
 
 
 
Le sujet du stage visera à étudier l’influence du miroir déformable sur la qualité des images OCT 
(fréquences spatiales des images obtenues, profondeur maximale de pénétration dans le tissu), et à 
implémenter des algorithmes d’optimisation du front d’onde basé sur la qualité des images 
(algorithmes génétiques en particulier). Différents tissus biologiques seront utilisés, en particulier des 
tranches de cortex de rongeurs, pour lesquelles nous analyserons la possibilité d’analyser le contenu en 
fibres myélinisées sur de larges volumes de cortex. Nous cherchons un(e) étudiant(e) motivé(e) par 
l’optique et l’imagerie, dans ses aspects instrumentaux et appliqués.	
  

microscope in the Linnik configuration, i.e., a bulk
Michelson interferometer with identical microscope
objectives in both arms (see [7] for a detailed setup).
For this study we used a pair of Olympus,
10! /0.3 W, 3.3 mm working distance, providing a
theoretical transverse !x–y" resolution of #1.4 "m at
the mean wavelength #0=750 nm. A halogen lamp is
used as a spatially and temporally incoherent light
source. A low reflectivity surface (#2% in water) is
placed at the focal plane of the microscope objective
of the reference arm in order to maximize the con-
trast. The object to be imaged is placed in the other
arm of the interferometer. The image of the reference
mirror and the image of the object are projected with
an achromatic doublet lens onto a CCD camera
(DALSA 1M15, 15 Hz, 12 bit digitization, 1024
!1024 pixels). Owing to the source spectrum, the
spectral response of the CCD camera, and the optical
elements of the experimental setup, the useful
wavelengths range from approximately 600 nm
to 900 nm, giving an axial sectioning of less than
1 "m. To eliminate all the background and to keep
only the interferometric signal, the path difference is
modulated by a piczoelectric transducer actuator.

To correct for defocus around a depth of interest,
we have adapted an approach that was proposed by
Debarre et al. [9] to our en face FF-OCT method. This
approach relies on Fourier-transform image analysis.
In essence, the spatial frequency spectrum of an OCT
image comprises several regions. The zero-frequency
region corresponds to the mean image intensity. The
highest-frequency region corresponds to noises from
different origins (speckle, camera noise, photon
noise). The intermediary frequency range corre-
sponds mainly to the image itself and contains all the
informations about the sharp details. When defocus
is present, the amount of energy in this intermediary
region decreases owing to the loss of details induced
by the broadening of the point-spread function (PSF).
Biological samples exhibit multiscale textures and
structures observable down to the resolution limit of
the optical microscope. In the presence of aberra-
tions, the spatial-frequency spectrum of most
samples (that expand from zero spatial frequency to
the objective cutoff) is affected by the filtering linked
to the PSF degradation. As a metric of the focusing
quality, we therefore monitored the total energy in
the intermediary region of the Fourier-transformed
image. This energy is maximum when the aberration
is minimized. Around the optimal position, this met-
ric shows a well-behaved quadratic shape, while far-
ther from the optimum position we found it best fit-
ted by a Lorentzian. By adding a known aberration,
we can try several values of the defocus and measure
the image quality for each of them. This way, we can
reconstruct the metric shape (with a minimum of
three measurements [9]) and infer the optimal value
to add to compensate the initial aberration. Note that
we applied this criterion only to defocus but that this
image-based optimization method can be used to cor-
rect for any kind of aberration, provided it is possible
to add a known quantity to a single aberration mode
(for instance, with a deformable mirror).

The experimental procedure was the following. The
setup is prealigned to ensure focusing of both the ref-
erence and the sample arm and that the two arms’
optical paths are matched in water, i.e., that the sys-
tem is correctly aligned for imaging at the surface of
a sample. We then remove the mirror from the
sample arm and move the sample toward the micro-
scope objective in order to image in-depth. In our ex-
periment, we went up to 200 "m deep in various tis-
sues samples. Here we describe the results obtained
with a sentinel lymph node. Since the index n! of the
sample is larger than the index n of water, defocus
starts to degrade the image quality. We change the
length of the reference arm in order to move the co-
herence plane relative to the focus of the microscope
objective. However, in order to use the metric, it is
necessary to always image the same plane in the
sample. Thus, when changing the reference arm
length by $z (in air), we need to move the sample in
the same direction by a quantity $z /n so that the po-
sition of the coherence plane in the sample is un-
changed.

For each position of the defocus, we acquired an
image and made a fast-Fourier transform on it. We
determine the upper and lower frequencies of the in-
tegration domain to maximize the signal-to-noise ra-
tio. The results obtained are summarized in Figs. 2
and 3. z=0 corresponds to the matched arm lengths
in water. We find that for our sample, at a depth
z=60 "m, we can evaluate from the fit the optimal
defocus to be $z=37 "m (well above the depth of field
of ±8 "m). The best image obtained is for $z
$30 "m, within the focus range, and we see that we
are able to recover much more signal and much
sharper details. Note that this allows us to directly
estimate in situ the refractive index of the sample,

Fig. 2. FF-OCT image for four different values of added
defocus $. The sample is a sentinel lymph node, and the
width of the field of view is 500 "m. The optimal image (for
$= +30 "m) is both brighter and sharper.
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