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Microscopy provides traditionally optical images of two-dimensional objects. Imaging 
three-dimensional biological tissues raises several problems: Is it possible to select a 2D 
image slice at a given depth? Is it possible to overcome the disturbances of the surface layers, 
which creates scattering and aberrations ? 

OCT (Optical Coherence Tomography) is a technique using coherent light to obtain an 
optical "section" at a given depth, rejecting the scattered light from other depths. It provides 
therefore 2D or 3D tissue images with micrometer resolution up to depths of several hundred 
microns. 

However, the wavefront disturbances due to inhomogeneities of the tissue (at large scale 
compared to what induces scattering) disrupt the propagation of the optical wave and reduce 
the signal intensity, the resolution and the depth of imaging. Adaptive optics using an active 
deformable mirror is used in astronomy for 20 years to compensate for atmospheric 
disturbances of the wavefront on earth telescopes. 

As part of collaboration between the Biology Laboratory of ENS and ESPCI ParisTech, 
we are working since several years on the coupling between adaptive optics and microscopy. 
An OCT microscope equipped with a deformable mirror has recently been developed in our 
lab. 

The topic of the internship will be to study the influence of the deformable mirror on the 
OCT image quality (spatial frequencies of the images obtained, maximum depth of 
penetration into the tissue), and to implement optimization algorithms of the wavefront based 
on image quality (in particular genetic algorithms). Different biological tissues will be used, 
in particular slices of rodent cortex, for which we study the possibility of analyzing the 
content of myelinated fibers of large volumes of cortex. We are looking for student interested 
by optics and optical imaging, in its instrumental and applied aspects  
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