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Region Extraction with Cooperative Active Contours

Takatoshi MURMAMATSU 1

1. Introduction

The active contour (Snake, AC) [1] has been widely used for
extracting object regions from images, because it can be applied
to the various types of object regions by using appropriate energy
functions, and user’s intention can be reflected on extraction pro-
cess by setting an initial contour.

For improving the region extraction accuracy with an AC,
the methods applying multiple ACs to an image have been pro-
posed [2,3]. These methods make each AC extract a subregion
of uniform image properties (e.g., colors, textures, etc.), and ob-
tain the entire region of an object as a set of extracted subregions.
This approach is effectual for complicated scene images, espe-
cially if the object region has uneven image properties (e.g., an
object composed of various materials, illuminated unevenly, etc.).
To enhance this effect, multiple ACs are applied not only to the
target object region but also to the background, and made to com-
pete among themselves. In this case, as shown in Fig, 1, a whole
image is paved with multiple ACs and partitioned into subregions.
However, unlike image segmentation, target region extraction re-
quires only the boundary between the target region and the back-
ground, therefore partitioning of a whole image strays from the
target region extraction and includes redundant processing.

To overcome this problem, a common goal, target region ex-
traction, should be shared by all ACs, and ACs’ processes should
be integrated. For this purpose, we propose a cooperative active
contour, which is an AC structured as an agent, and present a
method for extracting a target region with multiple cooperative
ACs. The proposed method applies multiple cooperative ACs to
a target region and its background separately, makes them expand
to the target region boundary, and determines the target region
boundary as the borders between the ACs in the target region side
and in the background side. Through the cooperation with others,
each AC in one side controls its initial position and deformation
direction so that its contour approaches the ACs in the other side
rapidly. As a result, the proposed method can prevent redundant
processing and reduce the processing time to determine the target
region boundary.

2. Region extraction with multiple active contours
To improve the efficiency and the effectiveness in the target re-
gion extraction (i.e., boundary determination) with multiple ACs,
several issues should be considered.
i. Position of initial contour
Every AC requires initial contours set by a user. These initial
contours are not always set close to the target region bound-
ary. If an initial contour is set away from the target region
boundary, the AC needs many deformation steps and pro-
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Fig. 1 Region extraction with multiple active contours.
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cessing time to make it reach the target region boundary.
Direction of contour deformation

Every AC deforms its own contour to extract a subregion of
uniform image properties. However, deformation away from
the target region boundary has little effect in determining the
target region boundary, and consequently this type deforma-
tion is redundant.

The number of contours

In determining the target region boundary, an appropriate
number of ACs should be applied, because too many ACs
increase the processing time and too few ACs decrease the
extraction accuracy. However, it is difficult to determine the
appropriate number of ACs in advance.

Places bordering on more than two subregions

At a place bordering on more than two subregions, each sub-
region tends to form a corner. These corners are difficult to
extract accurately with ACs, and they impede accurate deter-
mination of the target region boundary.

To resolve these issues, a common goal, target region extraction,
should be shared by all ACs, and ACs should be made to cooper-
ate among themselves for achieving the goal. For this purpose, a
multiagent-based approach is suitable, and several methods have
been proposed for image segmentation [4,5]. However, those
methods are designed for partitioning a whole image, and they
are not effectual for extracting a user specified target region.

The above-mentioned issues are classified into two types: one
is the problems of efficiency (i, ii, iii), and the other is the prob-
lems of effectiveness (iii, iv). By using ACs structured as agents,
the method proposed in this paper aims to deal with the problems
of efficiency (i, ii) in target region extraction.
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iii.

iv.

3. Cooperative active contours

In the proposed method, a user sets initial curves in a target re-
gion and its background separately. Each initial curve is divided
into segments, and initial contours are made from them. These
initial contours are structured as agents and activated as cooper-
ative ACs individually. The cooperative ACs estimate the user’s
intention of region extraction, and to determine the target region
boundary efficiently, they control their initial positions and defor-
mation directions through the cooperation among themselves.

3.1 Generating cooperative active contours

To achieve effective region extraction with multiple ACs, each
initial contour should be set in a subregion of uniform image prop-
erties. In the proposed method, for every initial curve, the num-
ber of segments is given by the user, and by using the discrimi-
nant analysis method [6], an initial curve is divided into segments
at the locations that minimize the total within-segment scatter of
image properties (R, G, and B intensities). As shown in Fig. 2, an
initial contour is made from each segment by shortening it at both
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Fig.2 Generating cooperative active contours.
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ends and dilating it to a definite width.

An agent is assigned to every initial contour. Each agent holds
a set of nodes composing the contour, and has functions for
exchanging messages with other agents and managing its own
nodes. These agents are activated as cooperative ACs. In the
following, cooperative ACs generated from the initial curves in
the target region and the background are denoted by C'{Y) (m =

., M) and C,(,b) (n=1,2,...,N), where m and n repre-

sent the order of segments in each initial curve, and the centroids
of C“) and C(b) are denoted by g(t) and gﬁlb), respectively.
3.2 Cooperation 1: Cooperation for contour shifting

To determine the target region boundary efficiently, coopera-
tive ACs estimate the user’s intention, and shift their own initial
contours toward the target region boundary. In the target region,
as shown in Fig. 3 (a), every C’S,? sets the destination of contour
shifting through the following cooperation (in the background,
every C(b) also sets its destination similarly to Cﬁ,t,)).

(1) Every C(t) sends g( ) as a'message to all C(b)
@) Each C® compares g to the received messages, and sends
gn ) as the response message to the nearest C,. (),

(3) If C) receives the response messages, C*) compares g
to the received messages, and it sets the destmatlon at the

nearest g( ) in the received messages. If Cﬁ,ﬁ) receives no re-

sponse messages, C(t) inquires of the adjacent ACs (C:,';) 1
5,?+1) and C{¥) sets its destination at the nearer AC’s one.
Each cooperative AC shifts toward its destination for S pixels, and
then sets the destination again. The iteration of contour shifting
in each AC stops when the scatter of image properties increases

within its contour or the contour touches another contour.

3.3 Cooperation 2: Cooperation for contour deforming

Each cooperative AC controls the nodes of its own contour to
minimize the energy E = Egnp + Wedg Pedg + Wset Fosct + Ecp-
The shape energy is defined as Fgnp, = 3, off|v} || + Bllvill +
Y(Zry) — yx}), where a node of the contour is denoted by
v = (Zk,Yx), and the Ist and the 2nd derivations are de-
noted by ' and ”, respectively. The edge energy is defined as
Eedg = Zk Z,‘:R,G,B ”VIi(Uk)|]2s where Ii ('l = R) G) B) rep-
resent R, G, and B intensities. The scatter energy Fg is defined
by the scatter of Ir, Ig, and Iy within the contour. The coopera-
tion energy is defined as Ecp, = >, wa1d1(vi)+wq2d2(vy), and
determined through the cooperation among ACs. In these equa-
tions, &, 3, 7, Wedg » Wsct, Wd1, and wqy are weighting factors.

To promote contour deformation effective in determining the

Bl

Fig. 3 Cooperation for contour shifting and deforming.
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target region boundary, in the target region, each C(t) expands to
the adjacent cooperative ACs (Cf,tz)_l, Si)_H) through the min-
imization of d1 in E.p,, and expands to the background through
the minimization of d2.

¢ To determine d1 for v

()

. of C%) in the target region, every

C(t) inquires g,,” ; and g£,?+1 of the adjacent ACs, and clas-

sifies its own nodes v( ) i into the C’( ) __, side and the CSL)H

side by using the blsector of ég,(,,? 1 gﬁ? g(t) () r inthe

CY | side, as shown in Fig. 3 (b), C inquires of C( ),
(t )

. Forv,,

to the distance between v,
C( )

m—1>

in the C’En)ﬂ side, C*) inquires of C,(n),,,l and sets d1(v,, (t) )
(t)

 and the nearest node vm 1 in

()

and sets this dlstance to dl( ) Similarly, for v,

To determine d2 for v, , of C(t) in the target region, ev-

()

ery Cﬁ,tl) makes pcrpendlcular line outward from v,,;, and

as shown in Fig. 3 (c), Cf;) inquires of other ACs whether this
line intersects them or not, and determines the nearest cross-
ing. If the nearest crossing is an intersection with an AC in
the background, Cﬁ,"l) sets the distance between v,(,;) r and this

nearest crossing to d2('v,(;), &) If the perpendicular line does
not intersect any ACs or the nearest crossing is an intersection
with an AC in the target region, Cﬁ,tz) sets a fixed value (default
distance) d2 to d2(v,; (t)

In the background, every C S,b) determines d1 and d2 similarly.

4. Target region extraction experiments

To confirm the effectiveness of the proposed method, we car-
ried out target region extraction experiments on synthetic images.
4.1 Experimental environment

A prototype system was implemented on a PC (Pentium 4
3.2GHz, 1GB memory, Fedora Core 2), and the cooperative ACs
were actualized as agents in DASH framework [7]. As shown in
Fig. 4, each agent in the DASH framework consists of a com-
munication module CM, knowledge module KM, action module
AM, and base process BP [8]. To cooperate with other agents,
an agent exchanges messages with others by using the CM, and
to perform assigned tasks, the agent controls its own BP through
the AM. The KM holds rule sets used for exchanging messages
and controlling BP. In the prototype system, the BP is an active
contour program implemented in Java, and it exchanges the state
of its contour with other agents’ BPs through the AM and CM.

To demonstrate the fundamental feature of the cooperative AC
(the effect on the efficiency of target region extraction with mul-
tiple ACs), we used simple synthetic images in the experiments.
Examples of image (Image 1 and 2) are shown in Fig. 5 and 6.
Each image was 640 x 480 pixels in size and consisted of sev-
eral subregions. The target regions in the Image 1 and 2 were the
circular region composed of four subregions and the U-shaped re-
gion composed of ten subregions, respectively. Each initial curve
set by a user was divided into the segments (the number of seg-
ments was given by the user), and each segment was shorten by
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Fig. 4 Structure of an agent in the DASH framework.
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Fig. 5 Results of target region extraction (Image 1):
(a) initial curves and initial contours, (b) initial contours
shifted by the Cooperation 1, (c) extraction result with-
out the Cooperation 1 and 2, (d) with 1 and without 2,
(e) without 1 and with 2, (f) with 1 and 2.

20 pixels at both ends. Initial contours were made by dilating seg-
ments to 20 pixels in width. The shift unit in the Cooperation 1
was set as S = 5 pixels, and the default distance value for d2 in
the Cooperation 2 was set as d2 = 5 pixels. The weighting fac-
torsin E weresetas a=1, 8=2, y= —3, Wedg = —5, Wsct =
1, wg1 = wqz = 10, respectively. Target region extraction finished
when E converged at all cooperative ACs.

4.2 Experimental results

Experimental results of target region extraction (boundary de-
termination) are shown in Fig. 5 and 6, and processing time and
steps for the target region extractions are listed in Table. 1. In
these figures, (a) shows initial curves set by the user and initial
contours made from the initial curves, and (b) shows the initial
contours shifted by the Cooperation 1.

In each figure, (c) is the target region extraction result without
the Cooperation 1 (the cooperation for contour shifting) and the
Cooperation 2 (the cooperation for contour deforming), and (d)
is the result with the Cooperation 1 and without the Cooperation
2. Without the Cooperation 2, every subregion of uniform image
properties was extracted entirely by a cooperative AC, and thus
a whole image was paved with multiple ACs and partitioned into
multiple subregions. In these cases, the Cooperation 1 could not
improve the efficiency in target region extraction. Since initial
contours were shifted to the boundaries of subregions by the Co-
operation 1, the processing time and steps for extracting an entire
subregion of uniform image properties were increased, and the
efficiency in target region extraction was lowered.

In the figures, (e) shows the result without the Cooperation 1
and with the Cooperation 2, and (f) shows the result with the Co-
operation 1 and 2. Compared to the resuits without the Coop-
eration 2, subregions extracted by the cooperative ACs were re-
stricted to the neighborhood of the target region boundary, and
then the processing time and steps for target region extraction
could be decreased. Especially, by applying the Cooperation 2
with the Cooperation 1, the extracted subregions were restricted
tightly to the neighborhood of the target region boundary, and the
efficiency in target region extraction was considerably improved.

These experimental results illustrate that the cooperative ACs
can improve the efficiency in target region extraction through the
cooperation for contour shifting and deforming.

217

without Cooperation 1 with Cooperation 1

initial curves &
initial contours

without
Cooperation 2

Cooperation 2

with

Fig. 6 Results of target region extraction (Image 2).

Table. 1 Processing time and steps for target region extraction.
Image 1

without Cooperation 1
(c) 102s (150steps)
(e) 66s (70steps)

with Cooperation 1
(d) 115s (175steps)
(f) Sls (40steps)

without Cooperation 2

with Cooperation 2

Image 2

without Cooperation 1
(c) 138s  (93steps)
(e) 126s  (58steps)

with Cooperation 1
(d) 130s (124steps)
(f) 81s (3Ssteps)

without Cooperation 2

with Cooperation 2

5. Conclusion

In this paper, we have proposed the cooperative AC, which is
an AC structured as an agent, and presented a region extraction
method with multiple cooperative ACs. To determine the target
region boundary efficiently, each cooperative AC controls its own
initial position and deformation direction by the cooperation with
other cooperative ACs. Through the experiments on synthetic im-
ages, we illustrated the effectiveness of the proposed method in
improving the efficiency of target region extraction.

As mentioned in Section 2, the cooperation of multiple ACs is
necessary not only to improve the efficiency but also to increase
the effectiveness of target region extraction. In future work, we
plan to investigate cooperation methods for improving the accu-
racy in target region extraction.
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