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Abstract

An OpenCL implementation of the Active Con-
tours Without Edges (ACWE) algorithm is pre-
sented. The proposed algorithm uses the Gen-
eral Purpose Computing on Graphics Process-
ing Units (GPGPU) to accelerate the original
model by parallelizing the two main steps of
the segmentation process, the computation of
the Signed Distance Function (SDF) and the
evolution of the segmented curve. This work
is being done as an open source software that,
being programmed in OpenCL, can be used in
different platforms allowing a broad number of
final users and can be applied in different ar-
eas of computer vision, like medical imaging,
tracking, robotics, etc. This work uses OpenGL
to visualize the algorithm results in real time.

Active Contours without Edges

The ACWE algorithm, introduced by Chan and
Vese[2], is a segmentation method that evolves
an initial curve until the image is partitioned
into two regions with assumed piece-wise con-
stant intensities. The segmentation process is
carried out by minimizing the functional:
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Where (' is the boundary of the segmentation,
uo 1s the image and the functions length and
area are regularizing terms of the functional.
The constants c¢; and cy are the average val-
ues of the image inside and outside the con-
tour and A, A2, u and v are parameters used to
weight each of the functional terms. Equation
1 is solved by the level set method [5] and the
solution is given by:
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Where ¢ is the level set and div (%) is the

image curvature for the 2D case.
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Signed Distance Function

The ACWE algorithm requires an initialization contour that is the zero value of a level set. The start
function of the level set is commonly a SDF. In this work the algorithm introduced by Maurer et
al. [1] is used to compute the SDF; this algorithm obtains the exact Euclidean distance of binary
images in any dimension. Maurer et al. proposed that, rather than computing the distance directly,
they treat every feature pixel (pixel with value of 1) as a Voronoi site and find the discrete Voronoi
diagram of the image. The next figure shows the results of every step in Maurer et al. algorithm.
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Step 1. Assign to each pixel that represents a Voronoi site its corresponding index on the image.
Step 2. Compute a 1D partial Voronoi diagram; each pixel is assigned the index of its closest Voronoi
site considering only one dimension.

Step 3. Compute the 2D partial Voronoi diagram.

Results

The OpenCL implementation of the ACWE was compared with the Matlab version developed by
Shawn Lankton [4], which is an equivalent sequential version of the work currently presented. The
proposed GPGPU implementation of the Chan and Vese algorithm can segment images 10 times
faster than its Matlab equivalent using images sizes of 1024 x 1024.

GPU vs. Matlab runtime

—S— Matlab
OpenCL

GPU vs. Matlab Speedup

1024 X 1024 128 255 a1e 1024 128 256 a1e

Image Resolution Image Resolution

ACWE Speedup

128 x 128

256 x 256 512 x 512

ACWE Example ACWE Performance test

The SDF algorithm was compared with the Matlab function bwdist which uses the second algorithm
proposed by Breu et al. in [3]. The SDF OpenCL program runs 3.5 times faster than the Matlab
implementation of the Breu et al. algorithm for image resolutions of 2048 x 2048.
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Conclusion and future work

The ACWE algorithm can be applied in different areas like medical images, tracking, and pattern
recognition. The next figure shows some useful examples achieved with the previously described
OpenCL implementation.
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This work can be extended to perform 3D volume segmentation which would be very usetul for
many medical image applications and, due to the added dimension, a fast implementation is desir-
able. Another possible future work is to extend the ACWE algorithm to its multiphase version [6],
this algorithm segments the image in more than two regions expanding its area ot application and
could be greatly benefited from the parallel architecture of the GPU.




