Photometric Stereo Processing
for Microscopy

How to get a 3D model of the sample in the scanning electron microscope? Without
special equipment? From a single scan of the specimen? Photometric stereo!
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1. Reflectance maps estimation

Reflectance maps answer the fundamental question of the algorithm. What
inclination of the surface could this shade of grey represent? It can be
imagined as a topdown view of a sphere, as seen by the detector. Internally,
the normal maps are represented with superellipses, parameters of which
are estimated from the current settings of the microscope.

2. Creation of the map of the normals

After the shades of grey have been assigned possible
inclinations, the next step is to determine the angle in
a point. A sample from the same place is taken from
each of the images. Parameters of the superellipses
are estimated according to values in the points, and
the inclination is calculated as a point where the
superellipses intersect.

3. Surface reconstruction

Reconstruction of the surface from normal maps is a non-trivial problem for
which many algorithms exist. This work used an algorithm by Wuyuan Xie,
Yunbo Zhang, Charlie C. L. Wang, and Ronald C.-K. Chung based on discrete

digital processing. The algorithm was modified to better fit this application

in @ way where normal vectors representing greater inclinations are
assigned lower trustworthiness.

32 Samuel Repka




