Author’s Accepted Manuscript

»:\"'i
Ean )

Computers in Biology

Segmentation of retinal vessels by means of and Medicine

directional response vector similarity and region

growing
EI3 T3
Istvan Lazéar, Andras Hajdu E?i £¥
www.elsevier.comvlocate/cbm
PII: S0010-4825(15)00316-9
DOI: http://dx.doi.org/10.1016/j.compbiomed.2015.09.008

Reference: CBM2234
To appear in:  Computers in Biology and Medicine

Received date: 3 May 2015
Revised date: 8 September 2015
Accepted date: 9 September 2015

Cite this article as: Istvdn Lazar and Andrds Hajdu, Segmentation of retina
vessels by means of directional response vector similarity and region growing
Computers in Biology and Medlicine
http://dx.do1.org/10.1016/j.compbiomed.2015.09.008

This is a PDF file of an unedited manuscript that has been accepted fo
publication. As a service to our customers we are providing this early version o
the manuscript. The manuscript will undergo copyediting, typesetting, an
review of the resulting galley proof before it is published in its final citable forn
Please note that during the production process errors may be discovered whic
could affect the content, and all legal disclaimers that apply to the journal pertain


http://www.elsevier.com/locate/cbm
http://dx.doi.org/10.1016/j.compbiomed.2015.09.008
http://dx.doi.org/10.1016/j.compbiomed.2015.09.008

Segmentation of retinal vessels by means of directional response vector
similarity and region growing

Istvan Lé&zar,? Andras Hajdu,”

& corresponding author, Faculty of Informatics, University of Debrecen, 4010 Debrecen, Hungary, e-mail:
lazar.istvan@inf.unideb.hu

® Faculty of Informatics, University of Debrecen, 4010 Debrecen, Hungary, e-mail:

hajdu.andras@inf.unideb.hu

Abstract. This paper presents a novel retinal vessel segmentation method. Opposed to the general approach in
similar directional methods, where only the maximal or summed responses of a pixel are used, here, the
directional responses of a pixel are considered as a vector. The segmentation method is a unique region
growing procedure which combines a hysteresis thresholding scheme with the response vector similarity of
adjacent pixels. A vessel score map is constructed as the combination of the statistical measures of the
response vectors and its local maxima to provide the seeds for the region growing procedure. A nearest
neighbor classifier based on a rotation invariant response vector similarity measure is used to filter the seed
points. Many techniques in the literature that capture the Gaussian-like cross-section of vessels suffer from
the drawback of giving false high responses to the steep intensity transitions at the boundary of the optic disc
and bright lesions. To overcome this issue, we also propose a symmetry constrained multiscale matched
filtering technique. The proposed vessel segmentation method has been tested on three publicly available
image sets, where its performance proved to be competitive with the state-of-the-art and comparable to the

accuracy of a human observer, as well.
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