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Abstract: Active contour is an effective technique for object boundary extradtidoiomedical images such as blood vessel tracing
or optic disc extraction in retinal images. The traditional serial realizatiamonfour finding needs considerable processing time. This
paper presents a parallel realization of the active contour model tal speéhe contour convergence process. The initially drawn
contour is split into two or more independently controlled sub-contouid,each sub-contour converges independently in parallel.
The final true contour is detected by combing results of all convergeadsntours. Compared with the serial realization, the contour
convergence in the parallel version is more efficient, and in contrastatliter parallel algorithms, the proposed method requires
minimal coordination between parallel threads and thus more efficient.

Keywords: Active contour, boundary extraction, converge, sub-contoursjlpbthreads.

1 Introduction emphasis on the problems of short capture range and
inability to track at boundary concavity. Improvements
Active contour D_], also known as snake is an effective have been tried on the original GVF snakes performance.
technique for object boundary extraction in biomedical Xu et al. [8] computed the GVF using a polar coordinate
images such as blood vessel tracing or optic discrepresentation instead of Cartesian coordinate, and this
extraction in retinal images. The contours are defined a§&>VF snake can perform better than the original one in
elastic curves which will converge under the influence ofareas of long thin boundary concavities and boundary
internal and external forces. The internal forces dependaps. Jinyong Cheng et a8j[improves GVF snake based
on the curve and the external forces are computed fronPn wavelet analysis, and particular advantages of the
the image. Energy is computed by minimizing a function WVF snake over the GVF snake are robust against image
of the two forces. noise and the ability to segment the complicated structure

Kass, Witkin, and Terzopoulosijintroduced the ©f medical images. All the improvements really help the
concept of an active contour model like Snakes to better capture the object boundaries, which also
energy-minimizing spline guided by external constraint, "equire a considerable time for processing.
internal and image forces. Due to the problems of Parallelism is an effective way to speed up the
initialization, poor convergence to object boundaries andconvergence of the contour. Florence Kussentd] [
high time of convergence, a number of methods haveproposed a genetic algorithm to optimize the energy
been proposed to improve the performance of snakes [ minimization of the snake, and used parallel computing to
3]. Cohen B,5] introduced a balloon model and enlarged optimize time of computation. R.M.Curwen, A.Blake and
the capture range of snakes. Xu et &} fnd Xu and R.Cipolla [L1] used B-Spline with_ spans to describe the
Prince [7] proposed a new deformable model called the snake, and processédspans in parallel on a network of
‘gradient vector flow snake’ (GVF). The GVF snake puts transputers, yet the spans need to communicate the effects
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of the feature to the rest of the snake. Akiy oshi W akatani  The snake exhibits dynamic behavior as it always

[12] divided the contour into parts that contdircontrol minimizes its energy function. A simple snake which is

points each and allocated them to different processorglastic can be defined as

which can converge in parallel. It skewed the generation .

of the DP table and localized the backtrace of the contour, AA set of n points.

and achieved obvious speed up, yet the parts on differentB'ﬁn internal Ielzstlcbenergy term

processors are not independent from each other, they neeac' n external edge based energy term

communications between the processors which will delay  To find the contour of the object in an image, we need

the convergence process. Fekir A and Benamrand §J. [ to initialize the contour near the object and it will

proposed a multi-agent system based on NetlLogdteratively converge to the object boundary. Suppose the

platform, in which mobile agents move over a grid of active contour is defined by a parametric curve

stationary agents, each agent represents a point of snak¥u,t) = [x(u,t),y(u,t)], u € [0,1] where,t determines

and it minimizes in parallel with other mobile agents, the the temporal position of a point in the sequence, moving

set of these agents needs to be supervised by Observer. through the spatial domain of an image. The energy
The main objective of this paper is to propose afunction of the snake to be minimized can be defined by

simple, efficient and yet effective parallel implementatio (1).

for the active contour models, which is capable of

achieving an accuracy (Ac) similar to the serial version, 1

while providing a faster processing. Developing

multithreaded algorithms is a complex problem due to the Esnake:/Eint(C(u))+Eimage(c(u))+Eext(C(u)) du (1)

difficulty of managing and balancing the workload among 0

a large number of threads, as well as synchronizing them

[14. The challenge of deploying a parallel

implementation of the active contour model is to keep the

amount of communication low. As mentioned itZ], in

this paper, the initial contour is also subdivided into

sub-contours, yet unlikelp], the sub-contours in our

paper are independent from each other, so only a minimal

coordination is needed at the final stage of convergence to : _ "2 N2

the object boundary. Our approach assumes a similar Bin(C(U)) = 1/2(alC (WI"+ BIC (W) )

intensity _ distribution  pattern across the  region C’(u) is the first-order term controls the tension along

surrounding a target boundary. Our experimental result - . PN
showed that the method improves the converging time%he curve which is weighted by andC (u) is the second-

without compromising the algorithm Ac order term controls the rigidity of the curve weighted by
This paper is organized as follows. In Section 2 weB' Set to zero at a point allows the snake to develop a

briefly describe the active contour model we used in Ourcorner.Eim intends to pull or push the curve towards the

implementation.  Section 3 outines the paraliel edg‘?ﬁéexternalener consists of potential forces defined
implementation process. Section 4 discusses further 9y P

smoothness of the contour by B-Spline. Section 5|n(3),\_NhereEimageisdefined by the negative gradient of a
presents an evaluation of the parallel implementation'omem.Ial fu_nct|on.The energy 1S ger_lerallyyhe|m_ageforce
performance compared with the serial version. Finally,as defined in{) wherel denotes the image intensity.

Section 6 concludes with discussion and future work.

Where, Ejnt, Eimage @and Eext are internal, image and
external energy, respectively.

The internal energy defined bg)(depends only on the
curve itself, which represents the properties of the qualit
of the contour: stretching and bending.

Eextemalz/uEimage(C(U))du (3

2 Active Contour Algorithm EimagdXY) = — |01 (x.Y) % (4)

By variational calculus and the Euler-Lagrange
The active contour model is an approach to extract thedifferential equation, equatiori) can be solved, and the
boundary of an object from a 2D image. It tries to final contour position can be defined ) (
minimize the energy of the current contour which is
computed as the sum of the internal and external energy. aCy — BCuy — UEimage= 0 (5)
When the contour converges to the object boundary, its
internal energy is minimized, and the most usual
approach is to assign low values when the gradien3 Parallel | mplementation of Active Contour
reaches its peak value. When the snake has a shape
similar to the object, its external energy should beAs mentioned above, a number of improvements have
minimal. The simplest approach is to assign high energybeen made on the active contour model, which also needs
to elongated contours and to high curvature contours.  more computation time. To accelerate the computation
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process, in the paper, we proposed a parallel method to n—n .
converge the active contour. The method can be combined f/r |
with most of the active contour approaches mentioned in

the literature, because it is independent of how the active !

contour is modeled and how the minimization process is \\

carried out. Our experimental results with real world ]
images demonstrate that our parallel method can speed up ]
the convergence process.

3.1 Initial Contour Splitting

Fig. 1. Splitting the initial contour into two sub-contours by

For the active contour algorithm to find the object creating a black line through the center of the rectangle

boundaries, an initial contour needs to be defined first. As
the initial contour is drawn, the region where the object

lies in is determined, and we call this region our Region If the obiect in the i s | h |
of Interest (ROI). Instead of subdividing the image, we € opject in the Image 1S large or have compiex
shape, to increase the parallelism, the contour may be

split the contour into two or more sub-contours depending> =F. .
0?1 the shape and complexity of the object H%re fO?Spht into four parts. Just as described above, the contour

simplicity of the discussion, we split the contour into two 'S _dvided into two sub-contours first, then divide the
sub-contours, and then the two sub-contours start tgontour vertically by creating another black line from top
converge in parallel. It is easy to extend the discussion t bottom, with the start point

four or more sub-contours. The ideal situation is that the' start — (leftX + (rightX.— leftX)/2,topY), and the end
two  sub-contours complete their convergencepOInt Pend = (Ie'ftx+ (rightX — Ieftx)/2, bpt'tomY.). By
simultaneously, so they should have similar sizes. the two black lines, the contour is now divided into four

After the initial contour is drawn, its four coordinates fg%ﬁ?gﬁginﬁhsrgzgg tI(;] rEIr?riXVh;Crgllglay be assigned
is selected, including the most left, top, right and bottom P :

[

position, where we denote thecoordinate of the most
andbottomY. With these four parameters, four poirsg \
P, P3Py, are created, whereP; = (leftX,topY),
P, = (rightX,topY), Ps = (leftX,bottomyY),
Py = (rightX, bottomY). P, P, Ps, P define a rectangle j
surrounding the initial contour, then we split the rectang|
into two sub-rectangles with equal size by creating a
black line through the center of the rectangle, as a result,
object boundary, they must be end to end to form a loop, . » _ _
so we used the black line as part of the two sub-contourg'g' 2: Spll_ttlng the contour into four sub-contours by creating
to help them to form a loop as shown in Fig. wo black lines

Now we need to get the points of the two sub-contours
so that to compute their energies and to converge. When
drawing the initial contour, the points are recorded, yet
the points on the black line should be extracted to form a
Pstart= (leftX,topY + (bottomY —topY)/2), and the end  The initial contour is now divided into two sub-contours,
point Peng = (rightX,topY + (bottomY — topY)/2). As  which are independent from each other. Then the two
shown in Fig.1, according to the positions &%t and  sub-contours can converge in parallel. As shown in Ejg.
Peng: We can find the nearest points above and below theéhe object on the image is also divided into two
black line as the cutting points, then the points of thesub-objects by the black line. On each sub-contour, the
contour are divided into two sets with each set belongingpoints move to the sub-object boundary iteratively, and at
to one sub-contour, and by adding the points sampledtach iteration process, all the points are tested one by one.

left and right position asleftX and rightX, the y

coordinate of the most top and bottom positiontagY f/,.(

the contour is also split into two sub-contours with similar

size. In order to make the sub-contours converge to the

loop. The start and end point of the black line can be3.2 Parallel Implementation

computed from P, P,, P3,P;. The start point

from the black line with equal distance, we finally get two A point will move to a new position if the new position
sub-contours. makes the computed energy decrease. So the sub-contour
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will converge towards the direction of the energy As mentioned before, the contour is divided into two

decreasing. For the points on the black line, because wsub-contours by creating a black line. As a result, more

take the black line as the imaginary boundary of thepoints are added which seems that it will consequently

sub-object, which means that they are already on thecost more convergence time. Yet, since the points selected

boundary, so in our method, we don’'t move these pointsfrom the line don't move at all during the convergence

at all to save the convergence time. The iteration will endprocess, therefore the added points have no effect on the

when the energy is minimized, i.e. the sub-contoursconvergence time.

converge at the sub-object boundaries. Multi-core

processors are becoming main stream in computer market

due to their high performance, low cost and less power3 3 Combine Sub-Contours into the Whole

consumption characteristics1q. We implement the Contour

parallelism by Java multithread on a multi-core platform.

Each sub-contour is assigned to one thread which ther\ﬁN_

runs in parallel to converge towards the object boundaryVith the two converged sub-contours, we can get the

Fig. 3 shows the sub-contours during the convergingW,hO|e contour of the object by combining them together.

process. Fig. 4 shows the completely converged First we need to_delete the points of the two sub-contours

sub-contours. from the black I|ne_ and combine them, then remove the
black line from the image.

A.The pseudo-code to delete the points on the black line
and combine the sub-contours is shown in Big.

Ensure: delete the points on the black line, combne the
sub-contours into the whole contour.
for i=0to Plsize()-1
p=Plgeti};
if pis onthe black line,
put p into Pi;
delete pfrom P1;

end if:

end for;

for i=0to Plsee()-1
r=FPlgedi);

if pis onthe black line,
put p into Pl
delete pfrom P2

end if;
end for;
for i=0to PAsize)—1
Fig. 3: The Sub-contours during the converging process. The select the mostleftpoint plisf :
top 2 images show the contours after 10 iterations, the bottom df“ﬂemhe mostright point plright
end for;

2 images show the contours after 20 iterations. for i=0to P.szeq—1

select the mostleft point p2/gft:
select the mostright point p2right ;
end for;
for i=0to Plsize()-1
select the closest neighbour pomts of pllgft and
plright in Pl written as pallsft, prlright
end for;
for i=0to Plseze()-1
select the closest neighbour pomts of plleft and
plright in P2 written as pdieft , prlrigh ;

Fig. 5: the pseudo-code to delete the points on the black line and
combine the sub-contours

. B.Remove the black line
_ As mentioned before, when splitting the initial
Fig. 4: The two sub-contours after convergence contour, a black line is created in the way as described
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in the following. The pixels of the image containing
the object can be extracted and stored in an array
imageArray, through the start poirs¢ and the end
point Pspg, @ line can be defined, and the pixels on the
line are stored in an arragixArray, then we set the
pixels on the line to be black, as a result, a black line
is created.

When the object contour is found, the black line
should be removed, i.e. the colour of the pixels on the
black line should be restored to the original values. So
we just copy the colour values fromixArray to the
corresponding part of themageArray determined by
PstartandPepg. Finally we get the contour surrounding
the object. Fig. 6 shows the results after the
combination.

Fig. 7: The contour of the optic disc in a retinal image

Give m real values tj, called knots, with
tp <tg <...<tpn1 A B-Spline of degreen is a
parametric curve composed of a linear combination of
basis B-Splines;  of degreen

m—n—2

St) = Zo PBin(t),t € [tn, tm_n_1].

The pointsP, € RY are called control points. There are
m—n—1 control points.

In our case, the contour is transformed into a cubic B-
Spline whose control points are the points on the contour.

) ) ) The cubic B-Spline curve segment is determined@)y (
Fig. 6: The Contours after removing the black bine

14 10][R
1 _
Roa(t) = gl | 2 G S TR | ey ©
13 -31] |Py

4 B-spline Adjustment

After combining the sub-contours, now we get the whole Where Ry, P1, P, Py are control points on the contour.
contour of the object. The main application of our method _By transforming the contour sh_own in Fig.into B-
is on the processing of the retinal images. The detectior‘ﬁp“ne’ we get the result as shown in Fag.
of accurate boundary of the optic disc is important for the
detection and diagnosis of Glaucoma where the variation
in the shape and size of the optic disk is used to detect
and measure the severity of diseadé][ As shown in
Fig. 7, in retinal images, the optic disc (OD) segmentation
is a challenging task mainly due to blood vessel
occlusions, illdefined boundaries, image variations near
disk boundaries due to pathological changes and variable
imaging conditions 17]. The contour is often not as
closely to the object boundary as shown in the above
figures.

From Fig.7 we find that only a small segment of the
contour is apart from the object boundary. So we only Fig. 8 B-Spline generated from the contour
need to adjust this segment while leaving the others
unchanged. B-Spline is a perfect choice for local
adjustment. The term “B-spline” was coined by Isaac  As shown in Fig.8, the segments at the left side of
Jacob Schoenberg and is short for basis spli&. [In the optic disc are apart from its boundary, so we just need
this paper, we take advantage of its locality propertyto move the control points of these segments to adjust the
which indicates that moving a control vertex will change Spline to the boundary. The final contour after adjustment
at mostK curve segments, whekeis the order. is shown in Fig9:
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Fig. 10: The left is the 6 images containing typical objects. The
right is the retinal image on which the contour of the optic disc

Fig. 9: The final B-Spline contour after local adjustment is to be located

Table 1: Execution times (in seconds) of serial and parallel

5 Evaluation implementation

Image  Serial Parallel  Speedup
Modern CPUs integrate multiple cores and provide Verson Version
hardware support for parallel processiri@][ Multicore Imgl 1.885 1.094 1.723
and manycore processors have become the standard Img2 2.347 1.418 1.674
building block for desktop and scalable compute26] [ Img3  2.239 1.564 1.432
So our parallel implementation was developed and tested Img4  3.078 1.896 1.623
on Windows 7 platform, with Intel(R) Core(TM)2 Duo Imgs  2.842 1.787 1.590
CPU E7600 @3.06GHZ 3.06GHZ and 4GB RAM. The Imgé  2.478 1.422 1.743
parallelism of active contour model is based on Java Img7 2713 1.696 1.600

multithread.  However, developing  multithreaded Img8 1975  1.113 1774

algorithms is a complex problem due to the difficulty of
managing and balancing the workload among a large
number of threads, as well as synchronizing th&ii. .
Because the sub-contours are t)clntally inde[?endfﬁt [from From tablel, we find that the convergence has been
each other, and the splitting process ensures the similgiccelerated by a speedup of 1.645 on average as the
size of the sub-contours, so the difficulty of multithreaded CONtour splitinto two sub-contours.

algorithms is solved. Depending on the shape and
complexity of the object, the initial contour can be
divided into two, four or even more sub-contours, by
taking advantage of the multithread-based parallel
computing in Java, each sub-contour is assigned to a
thread which can run in parallel on a different core, and
then these sub-contours can converge to the sub-object
boundaries simultaneously.

The previous serial implementation was developed by
Java language. The initial contour converges iteratively t
the object boundary by moving one point each time.
While in the parallel version, the sub-contours convergeFig. 11: The final contour of the optic disc in retinal image. The
simultaneously (as described in Section 3). The challengéeft image shows the contour converged by the software itself.
of deploying a parallel implementation is to keep the The rightimage shows the B-Spline contour adjusted by user.
amount of communication low. In this paper, the
sub-contours are completely independent from each other,
so they don't need any communication. When the two
sub-contours end their convergence, they need to be
combined to form the whole contour, which is the only 6 Conclusion
reason for delay.

We selected 8 retinal images as our test images tdrhis paper introduced a parallel algorithm for the active
evaluate the serial and parallel active contourcontour finding algorithm. The implementation is based
implementation. The 8 images are shown in FiQ.We  on the contour splitting, which achieves a faster
tried to find the contour of the optic disc. Talleshows  convergence of the target contour. Depending on the
the execution time performance of the serial and paralleshape and complexity of the object, the contour can be
version. Fig.11 shows the contour of the optic disc in split into two, four or even more sub-contours. The
Img8. In order to make the result easy to show, we cutsub-contours are assigned to different threads which can
Img8 so as to focus on the optic disc. run in parallel, and then these sub-contours can converge

© 2014 NSP
Natural Sciences Publishing Cor.



Appl. Math. Inf. Sci.8, No. 1L, 253-260 (2014) www.naturalspublishing.com/Journals.asp NS 2 259

to the sub-object boundaries simultaneously. Finally the[13] Fekir A, Benamrane N. Segmentation of medical image
converged sub-contours are combined together to get the sequence by parallel active contour. In Adv Exp Med Biol,

whole contour of the object. Our further study will 696, 515-22 (2011).

generalize the method to the detection of contour with[14] Carlos Ordonez, Mario Navas and Carlos Garcia-Alvarado.
significant variability of image intensity distribution aie Parallel multithreaded processing for data set summarization
the target boundary. on multicore CPUs. In JCSB, 111-120 (2011).

[15] Benhai zhou, Jianzhong Qiao, Shukuan Lin, Research on
parallel real-time scheduling algorithm of hybrid parameter
tasks on multi-core platform, Applied Mathematics &
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