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Introduction
In the proposed approach, Hough transform
(HT) is used for detecting vessel cross-sections
as circles, so the diameters detected can be used
as vessel diameters along the tracking. Unlike
previous tracking approaches [2], our approach
substitutes the multiscale scheme for the HT in
order to detect vessel diameters.

Vessel Tracking Method
The goal of the proposed vessel tracking is
to construct a vessel skeleton based on the
extracted centerlines on several slices [3].

CTA and MRA images show vessels as high in-
tensity profiles, with a maxima near their cen-
ters.

Initialization and Preprocessing
An extraction plane orthogonal to a given
vessel is selected from a 3D image to start the
tracking process. The preprocessing step con-
sists in applying an Anisotropic diffusion filter,
Morphological opening and subtraction opera-
tors and Canny filter.

Vessel Detection by Hough Transform
Once the edge image is obtained, the HT is
computed to identify circle centers and their es-
timated diameters as scale.

Vessel Tangent Estimation
Based on this centerline and on the detected ra-
dius taken as a vessel scale, eigenvalues (λ1, λ2,
λ3) and eigenvectors (~e1, ~e2, ~e3) are computed
from a Hessian matrix computed at the center-
line location. The eigenvector corresponding
to the eigenvalue closer to 0 (λ1) indicates the
vessel direction (~e1).

~ti = signal(~e1 · ~ti−1)~e1 (1)

The direction ~ti defines the normal to the next
extraction plane in the 3D image. According to
Aylward [1] it is necessary recover from local
discontinuities.

Results – Real Images
The methodology was implemented using C++ language and auxiliary libraries such as Visualiza-
tion Toolkit and Insight Toolkit. Both synthetic images and a real CTA and MRA image was used
in order to assess whether the centerlines and vessel tangent directions are correctly extracted.

Input Anisotropic filter Opening Top-hat Canny edges Circle detection

Sequence of 2D cross-sections extracted during the tracking of the thoracic aorta

Thoracic aorta trajectory in CTA image Carotid artery trajectory in MRA image

Results – Synthetic Images

Original image Noise 5% Noise 10% Noise 15%

Sinusoids used as synthetic data. From left to right, sinusoids 1 to 6.

For our set of
sinusoids synthetic
images, the average
distance to the
ground-truth cen-
terlines, is 1.5
mm.

Discussion and Conclusions
In the present study, we have proposed a semi-automated method to detect and track vessel cen-
terlines in CTA and MRA images. The methodology has shown to work well under significant
amounts of noise. The main contribution of this work is the use of HT to define the seed point for
tracking and detecting the vessel scale without resorting to multiscale analysis techniques. Future
work will focus on treat the bifurcation problem.
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