JULICH

Forschungszentrum

Human Brain Project J

3D Reconstruction of Nerve Fibers
in the Human, the Monkey and the Rodent Brain

Oliver Biicker! Andreas Miiller?. Anna Liihrs?, Sascha I\/I'L'mzing3, Stefan Kéhnen3.
Philipp Schlomer?, Martin Schober®, Nicole Schubert?, Daniel Schmitz®, Markus Axer’

I Institute for Advanced Simulation, Jiilich Supercomputing Centre (JSC), Mathematics and Education, Forschungszentrum Jilich, Germany
2 Institute for Advanced Simulation, Jiilich Supercomputing Centre (JSC), Simulation Laboratory Neuroscience, Forschungszentrum Jiilich, Germany
3 |nstitute of Neuroscience and Medicine (INM-1), Forschungszentrum Jilich, Germany

> Cutting > Sectionwise Analysis> > 3D Reconstruction > 3D Brain Model

- 3D-Polarized Light Imaging (3D-PLI) is a neuroimaging
technique that has opened up new avenues to study the complex
architecture of nerve fibers in post mortem brains.

« [ his technique allows reconstructing three-dimensional pathways
of nerve fibers with a resolution of a few micrometers by means
of birefringence measurements of the brain tissue.

JijS

Direction Ana]

« In this project we analyze the birefringence measurements
(images) of thousands of unstained histological brain sections
obtained from different species (human, monkey, rodents).

« [ he computations are completely data driven and depend on the
number and size of sections scanned at a few microns resolution.
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Reconstruction

" Creating a reference volume for
reconstruction of histological sections

= Polarizing microscope
- Automatic detection of ARTag
markers using ARToolkitPlus library
- Estimation of linear transformation
between detected markers

= 1.33 x 1.33 yum pixel size
= 750 GB per section

3D-PLI-Analysis
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- Linear + Non-linear :
_ Registration i

® Discrete harmonic fourier analysis

® Extraction of fiber direction and
inclination from phase and amplitude

& " Registration of Transmittance section :
to Blockface section i),

Segmentation
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- Linear registration e
(flip,rigid,affine transformation)
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= Neighborhood based region growing

- Subsequent non-linear registration
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} ® Differentiation between brain and
background

- Simultaneous
Registration

ation_map = Purpose:
: ; - Reduction of data
StItChmg “ 7%l - Acceleration of registration process
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® Simultaneous spatial fusion of consecutive
PLI parameter maps (Transmittance,
Retardation)

\S‘( - lterative approach based on the

® Automatic image feature extraction and

matching in overlap region Re-orientation

® Grid technology middleware m Optimization of tile positions by solving

- large linear equation system non-linear mapping _ _ o
® Can manage this workflow 8 o q _ y Q . . : : ® Re-orientation of 'direction maps’
_ o _ _ ® Combination of different approaches for ( 'S - Outlier detection and smoothing via
" Allowing scientists without knowledge in feature extraction and matching y/ constraints over consecutive sections - Decomposition of the deformation
supercomputers to start the processing O
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™ Summarize the predominant directions
of the gradient in a specified
neighborhood of a point
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\F{om rodents to humans
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= Combining orientation information

= Bridging different resolutions
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From rodents to humans

_ - - : - 3D fiber orientation model
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http://www.fz-juelich.de/inm/inm-1/EN/Forschung/Fibre%20Architecture/Fibre%20Architecture_node.html

