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Blockwise Processing Applied to Brain
Microvascular Network Study

C@line Fouard*, Gr@goire Malandain, Steffen Prohaska, and Malte Westerhoff

Abstract—The study of cerebral microvascular networks re-
quires high-resolution images. However, to obtain statistically
relevant results, a large area of the brain (several square millime-
ters) must be analyzed. This leads us to consider huge images,
too large to be loaded and processed at once in the memory of a
standard computer. To consider a large area, a compact represen-
tation of the vessels is required. The medial axis is the preferred
tool for this application. To extract it, a dedicated skeletonization
algorithm is proposed. Numerous approaches already exist which
focus on computational efficiency. However, they all implicitly as-
sume that the image can be completely processed in the computer
memory, which is not realistic with the large images considered
here. We present in this paper a skeletonization algorithm that
processes data locally (in subimages) while preserving global
properties (i.e., homotopy). We then show some results obtained
on a mosaic of three-dimensional images acquired by confocal
microscopy.

Index Terms—Chamfer map, digital topology, image mosaic, me-
dial axis, skeleton, topological thinning.

. INTRODUCTION

HE STUDY of the brain microvascular network is cru-

cial to understanding brain behavior. Indeed, microvas-
cular blood ow affects not only macrocirculation [1], but also
neuronal nutrition and development. A topological and mor-
phometric study of the brain vascular network is thus neces-
sary to develop models for a better understanding of functional
imagery such as positron emission tomography (PET) or func-
tional magnetic resonance imaging (fMRI). These imaging tech-
niques, promising great progress in knowledge of brain cogni-
tive function, are actually based on a relationship between mi-
crocirculation and neural activity [2]. Some authors showed that
fMRI signal intensity strongly depends on microvascular den-
sity [3], [4]. To facilitate understanding of the underlying mech-
anisms, a quanti cation of microvascular features, as for ex-
ample the number or the diameter of vessels, is needed. This
could provide geometrical models to represent and/or simulate
functional imaging modalities. The study of microvasculariza-
tion can also characterize some brain tissues, and determine
whether or not they are healthy [5], [6].
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Our project aims to provide tools for anatomists and neu-
roanatomists to better study brain microvascular networks [7].
It turns out that extracting the vessel centerlines is an ef cient
method to achieve this goal. Indeed, centerlines are compact
representations of data and allow one to compute vessel lengths
and junctions. With an additional distance map, they also give
vessel diameters and densities.

The above mentioned tools (centerline detection, distance
map computation) have been widely studied in the literature.
However, for this particular application, we have a practical
problem, namely the size of the data to be processed, that
prevents us to use existing methods, and that requires us to
design dedicated methods.

Indeed, the study of a single microscopic image provides
useful qualitative results that can hardly be extrapolated to the
whole brain because of the small size of the imaged area. For
statistically relevant quantitative results, a suf ciently large area
(several square millimeters) of the brain has to be analyzed.
Moreover, the small diameter of microvessels (about 3 ;zm) re-
quires high resolution images. To deal with this issue, we sub-
divide the area to be studied creating an image mosaic: several
images (to cover a large part of the brain) are acquired with a
confocal microscope (for its high three-dimensional (3-D) res-
olution capacity). We obtain a large amount of data, up to 4
GB in size, which cannot be loaded and processed at once in
the memory of a standard computer. Datasets have to be stored
out-of-core and can only be partially loaded into main memory
for processing.

External memory algorithms and data structures [8] aim at
redesigning algorithms to run with minimal performance loss
due to out-of-core data storage. The portions of an image loaded
for processing will be called blocks in the following.

Some image processing algorithms might easily be applied
block-wise without further dif culties (for example algebraic
operations, morphological operators, ltering, etc.). This is not
the case for skeletonization, because we must ensure that both
global (i.e., homotopy) and regional (i.e., being located at the
center of the global object) properties of a skeleton are preserved
while applying local operators.

This paper is an extended version of one presented at a con-
ference [9]. In Section I, we present our data, the imaging pro-
tocol, and the preprocessing steps that result in a binary image.
Next, a distance map based skeletonization algorithm is de-
scribed. Section 1V presents how to ef ciently compute vessel
centerlines on image mosaics, which is the main methodolog-
ical contribution of this paper. Section V presents samples of
result obtained on synthetic data, as well as real data. Finally,
we discuss the validity of our results.
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Fig. 1. Left: Brain section captured with an optical microscope (about
cm? wide). Right: Enlargement showing a sulcus (about cm? wide).

Fig. 2. Left: Image mosaic corresponding to the sulcus area of Fig. 1 (about
mm  wide). Right: MIP view of one confocal image (
m  wide).

Il. MICROVASCULAR DATA

The imaged material comes from Duvernoy s collection of
samples [10]. Brie y, a human brain has been injected with In-
dian ink and then cut in thin sections to be observed with a tradi-
tional microscope (see Fig. 1). The visual (and tedious) inspec-
tion of several slices yields useful qualitative observations about
the cerebral microvasculature, but the extraction of quantitative
measures on a large area is unrealistic.

A. Confocal Microscope Observation

These sections can also be observed with a confocal micro-

scope. The mean size of a confocal microscope image is about

pm stored in a voxels image

(see Fig. 2, right). Each voxel is stored using 8 bits so the image
memory size is 32 Mb.

The resolution of such images is pm and this
allows us to study small veins and arteries, as well as the capil-
lary bed (indeed, the smallest vessels have a diameter of about
3 1m, so the Nyquist criterion is satis ed). Quantitative param-
eters can be computed, but should carefully be extrapolated to
larger portion of the section. Indeed, a large number of vessels
are only partially imaged.

To image wider areas, an image mosaic has to be built (see
Fig. 2, left). The section is located on a table which can be trans-
lated with a micrometric screw. Once an image is acquired, the
section is translated, the acquisition of the next image is per-
formed, and so on. The size of the area that can be so imaged is
virtually unlimited. However, since the acquisition time is rather
long (between 10 and 20 min per image), we limit ourselves
to mosaics of about 100 images that represent several square
millimeters of the section and are suf cient to cover a whole
sulcus. Fig. 2 (left) shows a mosaic of 118 images covering
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Fig. 3. MIP views of a part of a confocal image (left), after median Itering
(center), and after Gaussian ltering (right).

about mm of the brain section and corresponding
to an image of approximately voxels and
4 GB.

To obtain a workable binary large image containing all the
vessels in white and the background in black, we rst perform
some Itering on each small image to improve their quality (Sec-
tion 11-B). We then nd the correct alignment between each
image and build a single large image (Section 11-C). We nally
perform a segmentation to separate vessels from the background
(Section 11-D).

B. Filtering
We rst perform a median Itering kernel step
to remove salt and pepper noise, then a Gaussian Itering (

kernel, voxel) step to smooth borders (see Fig. 3).
Filter parameters have been set empirically by experts.

C. Mosaic Creation

Building a mosaic from several images requires the knowl-
edge of their relative position from each other. This position is
given by a micrometric screw when displacing the imaged sec-
tion under the microscope. However, some imprecision occurs
between the real displacement and the value indicated by the
screw, and moreover, the induced errors are cumulative. Thus,
an automated in-plane repositioning is required.

To achieve a precise relative positioning of the mosaic
images, we design the acquisition protocol so that there is
an overlap of about 50 voxels along the overlap direction
(i.e., voxels in total) between two adjacent
mosaic images. This overlap allows to use standard registration
methods [11].

The in-plane (along and  directions) translation is com-
puted by optimizing a similarity measure on the overlapping
area. In our case, a simple sum of squared differences (SSD) ap-
pears to be enough. We perform this step by considering two-di-
mensional (2-D) images, i.e., the maximum intensity projec-
tion (MIP) views of the images, for computational purposes.
In addition to this in-plane translation (16 voxels in average),
an in-depth (along  direction) mislocation (three voxels in av-
erage) may occur when the imaged section is not perfectly or-
thogonal to the optical axis of the microscope. This is subse-
quently corrected by maximizing the SSD criterion on over-
lapping 3-D parts of the images. Decoupling both in-plane and
in-depth corrections allows to reduce the time needed to com-
pute them.

The mosaic of confocal image stacks is then merged into one
large dataset comprising the whole examination volume. The
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