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Abstract

Segmenting objects in images is an important problem of image processing and computer vision. There
have been various level set methods applied on gray scale images. However, in practice, these methods
will give negative effects to color images such as the distortion when using its gray-scale gradient
information. In this paper, object segmentation based on a modification of a new type of level set
method named distance regularized level set evolution (DRLSE) in color images is proposed. The speed
function here will be designed to use color gradient information of the image. Finally, experimental
results are provided to show the accuracy of this method when applying to different color images.
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1. Introduction

In recent research of image processing and
computer vision, segmentation via the level set
method becomes an important problem applied
widely to many applications using both
gray-scale images and color images. The level
set method was introduced by Osher and Sethian
[1] in 1988 as the first time. For segmenting
dynamic shapes of objects in an image, Kass,
Witkins, and Terzopoulos [2] introduced active
contours in 1987. Its basic idea is to describe an
active contour as the zero level set of a level set
function (LSF) to control the evolution of this
contour for reaching the final boundary of
objects by various external forces, such as

gradient or gradient vector flow of the image,
embedded in a speed function [3,4,5,6,7,8].
There are two active contour models classified as
parametric active contour models and geometric
active contour models.

There are expected advantages of active
contours implemented through level set methods.
One of them is to be suitable for handling
complex and changeable topology, such as
splitting and merging a contour. Another is its
ability to perform numerical computations on
Cartesian  grid  without concerning the
parameterization of points on a contour. For
these reasons, our work here also uses an active
contour applied in level set framework shown by
a new method called distance regularized level
set evolution (DRLSE) developed in [9].
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The segmentation of these methods into
meaningful areas of images can be driven by
various criteria, such as edge, color, texture, or
motion information. Among these criteria, edge
information is used the most by computing many
types of gradient value of both gray-scale images
and color images to identify the intensity
changes appearing at edges or corners in images.
The original DRLSE method is only proposed to
segment objects in gray-scale images. To apply
this method into color images, there will be some
effects on not only slowing down processing
time if the size of general images is large but also
decreasing computing accuracy if the intensity of
pixels is converted to gray value as well as the
way to calculate gradient value is chosen.

In this paper, we suggest a modification of
speed function of DRLSE method to improve the
segmenting results on color images. Its speed
function in level set equation is changed to use
color gradient information rather than traditional
gray-scale gradient. The image can also be
subsampled during its implementation to speed
up the program. So, the paper is organized as
follows. In Section |1, a necessary background of
level set method is provided. In section I, we
briefly introduce distance regularized level set
evolution (DRLSE) method as well as our
improvement based on color gradient function.
The experimental results of applying our
proposed method to different color images are
given in section IV. Finally, section V is our
conclusions to remark our improvement.

2. Background

Early active contours (or fronts) are modeled as a
dynamic parametric active contour
Cls,t):[01]x[0,0)>%2  with a  spatial
parameter s which describes the points in the
contour, and a temporal parameter t.

The basic idea of level set method is
represented by formulating a contour C(s,t) on
the plane as the zero level set of a higher
dimensional function ¢(>?,t), called level set

function, in the space of ®%. Its evolution
equation can be described as

o¢
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The function F is called a speed function and
controls the motion of the contour. For image
segmentation, the speed function can be
separated into two terms, an external term which
forces the contour toward the desired object
boundaries based on image data and an internal
term which smooths out the contour in areas of
high curvature. To improve the highly inaccurate
computation made by some problems of the
traditional level set methods during the evolution
[5,6], the function ¢ is initialized as a signed
distance function

—d(x) insideC
gx,t)=1 0 onC @)
d(X) outsideC

where d(¥)=min(x-%|) for all % on the
contour C. Although this scheme gives good
results due to its main property [V =1, it still

has weak points such as the periodically
complicated reinitialization process of the signed
distance function as well as an undesirable side
effect of moving the zero level set away from its
original location [6,11].

3. Distance regularized level set
evolution applied in color images

3.1 Color gradient

Color space is the way in which colors are
expressed. In digital images, RGB color space is
widely used the most. However, converting RGB
color images into grayscale ones would usually
lead to negative effects. Using only gray gradient
information can appear the distortion in color
images. Some information to distinguish
different colors can also be lost if they have the
same gray value. In this case, sometimes the
boundary between objects and background
cannot be separated clearly. Moreover,
converting RBG color space into others (such as
HSV, Lab, etc.) is usually time-consuming if the
image has large size due to its complex
computation. In order to apply the original
DRLSE method, which uses gray gradient
information to control the movement of the
contour, in color images, we use the color
gradient information itself because of its richness
of information in RGB color space directly.
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Before extracting color gradient information,
the color image | is convolved with a Gaussian
kernel G with a specific standard deviation ¢ as

ls=Gs* 1 3)

After that, the color gradient components in X
and Y direction are computed by choosing the
maximum gradient value among three color
channels of convolved image |, in each direction
respectively. Therefore, the edge indicator
function is defined by

1
1+‘rmx(VI(i;]2 “)

for all color channels i=13.

g:

3.2 DRLSE

The proposed distance regularized level set
evolution (DRLSE) by Li etal. in [11] introduces
the following energy functional

&)= 1Ry () + £ext () (5)

where Ry(¢) is the level set regularization term to
characterize how close the level set function ¢ is
to a signed distance function, x is a constant
controlling this deviation, and &y(¢) is a certain
external term depending on the desired image
feature.

Let Q be the image domain. The regularization
term is defined as

Rp(#)=], p(V4)dx (6)

where p is chosen as a double-well potential
function [11] provided by the below
construction

1
——(L-cos(2)) if s<1
p(s)= (12”) @
E(S _1)2 ifs>1

The external term in (5) is defined as
fen (#)=A[, 95| Vdx+v [, gH(=g)ix  (8)

where g is the edge indicator function described
by (4), A > 0 and ve®R, H is the Heaviside
function, and ¢ is the univariate Dirac function
defined by d(¢) = H'(¢). In this term, the first
component computes the length of the zero level
contour of ¢. This energy is minimized when the
zero level contour of ¢ is located at the object
boundaries. And the second component
computes the weighted area of the region inside

the contour ¢ as well as is able to speed up the
motion of the zero level contour of ¢.

By taking the derivative of the level set
function with respect to t, the energy functional
& ¢) can be minimized by solving the following
gradient flow

% :ﬂ[A¢—di V—"ﬁl]}rﬂ&(qﬁ)div{g %}Wﬁ(cﬁ)
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©

To implement this equation in numerical
scheme, the univariate Dirac function and
Heaviside function in (9) are approximated by
the following smooth functions

1 X
5,(x)= Z{h co{?ﬂ [X<e (10)

0 |X|>g
1 1+5+£sin =
2 & £ |X|33
H,(x)= 1 x> (11)
0 X<—¢

where ¢ is a constant chosen by implementing
experiment. Moreover, the narrow band
algorithm [9, 12] is also chosen to reduce
complexity cost during the implementation since
it only computes pixels around the zero level set
of contour, not whole images.

4. Experimental results

Our implementation of DRLSE method in color
images has been carried out by using various
types of images. A PC of Core™?2 6700 2.67GHz
and 2GB RAM is used to run Matlab 2011a. In
numerical implementation, all experiments are
tested based on two different approaches, a full
domain and a narrow band algorithm [11].

The initial function ¢, can be a signed distance
function or a binary step function defined by

%(X):{_CO ifXGRO

Cy otherwise (12)

where Ry is a region in image domain and ¢, > 0
is a constant. Then, the discretization of
evolution equation (9) is followed by the
difference equation

A=+l (13)
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where L(q&,‘fj) is the approximation of the right

hand side in (9) by the spatial difference scheme
approximated by the central difference for partial
derivatives and the forward difference for
temporal derivative.

Fig. 1 shows the result of our improvement of
DRLSE applied in a color image by narrow band
implementation, with parameters 1 =5.0, x =0.02,
v =3.0, and time step ¢ =10. Fig. 1(a) describes
the original image whose size is 480 x 320. After
500 iterations, the computing time to segment the
object is nearly 92.5 seconds.

(a) Original image (b) Initial contour

(e) Contour at 300
iterations

(d) Contour at 150
iterations

(f) Final contour at 500
iterations

Fig. 1. Evolution of the zero level set and the
final extracted result for a color image

(a) Converted (b) Final contour at
gray-scale image 500 iterations

Fig. 2. The final zero level set of contour for a
converted gray-scale image

(g) Extracted object

In fig. 2, the picture used in fig. 1 is converted
to gray-scale value before evolving the zero level
set of contour. Compared with the final result in

fig. 1, we see that the final contour in fig. 2 is not
quite fit as fig. 1(f) and has some small distortion
(shown by orange circles).

Fig. 3 is given by trying our improvement of
DRLSE in different type of color images. The
zero level set of contour is described by a red
curve bounding the object. The last two fig. 3
(e,f) shows weak points of our method. All color
images should be assumed that color intensity of
the background is at least nearly homogeneous.
Moreover, the difference of color intensity
between segmented object and others in images
should also be large enough to be able to
distinguish mutually. Finally, in this paper, the
contour has to be initialized completely inside or
outside segmented objects.

Original image | Final contour

—

(e) ®

Fig. 3. Results of DRLSE in different images

Table 1 compares the computation time (in
seconds) taken by narrow band algorithm and the
full domain approach with or without
subsampling color images. We can remark that
the narrow band implemetation runs faster than
the full domain approach. Thus, using more and
more image subsampling can speed up the
evolution. However, it may cause errors in the
boundary location if the size of original images is
decreased too much. There should be a tradeoff
between subsampling image and accuracy in
boundary location.
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Table 1.Comparison of computation time two
implemeting approaches with different size of images

Narrow Band Full Domain

#lters | 100%size | 80%size | 100%size | 80% size

50 8.8 5.6 14.3 8.2

200 34.7 22.6 53.5 32.7

400 70.6 44.5 107.3 65.3

500 925 53.8 130.9 81.5

5. Conclusions

In this paper, we modified the edge indicator
function used in DRLSE method based on the
color gradient aiming to color images to replace
the original method based on gray gradient. The
experiments show that the resulting contour in
color images can be fit mostly the boundary of an
object more than in gray-scale images. Besides,
this method with narrow band implementation
and subsampling method decreases its
computation time. So, it has acceptable
performance in terms of accuracy and efficiency.
Besides, there are disadvantages of this method
which should be improved as mentioned in
section V. Our future research is to continue
focusing on general color images. Not only the
final zero level set of contour is able to fit the
boundary of objects more exactly even if there
exists the presence of weak boundaries, but also
the contour is initialized more flexibly.

References

[1] S. Osher and J. Sethian, “Fronts
propagating  with  curvature-dependent
speed: Algorithms based on
Hamilton-Jacobi formulations,” in Journal
of Computational Physics, Vol. 79, No. 1,
pp- 12-49, Nov. 1988.

[2] M. Kass, A. Witkin, and D. Terzopoulos,
“Snakes: active contour models,” in
International Journal of Computer Vision,
Vol. 1, pp. 321-331, 1987.

[3] V. Caselles, R. Kimmel, and G. Sapiro,
“Geodesic active contours,” in
International Journal of Computer Vision,
pp- 61-79, 1997.

[4] Chenyang Xu and Jerry L. Prince,
“Gradient vector flow: A new external force
for snakes,” in IEEE Proc. Conference on
Computer Vision and Pattern Recognition,

CVPR’97, pp. 66-71, 1997.

[5] S. Osher and R. Fedkiw, “Level set methods
and dynamic implicit surfaces,” in Springer,
New York, 2003.

[6] J. A. Sethian, “Level set methods and Fast
marching  methods,” in  Cambridge
University Press, Cambridge, 1999.

[7] Tony F. Chan and Luminita A. Vese,
“Active contours without edges,” in IEEE
Transactions on Image Processing, Vol. 10,
No. 2, pp. 266-277, Feb. 2001.

[8] Wei-gang Chen, “Gradient vector flow
using an implicit method,” in International
Journal of Information Technology, Vol. 12,
No. 2, pp. 14-23, 2006.

[9] Chunming Li, Chenyang Xu, Changfeng
Gui, and Martin D. Fox, ‘“Distance
regularized level set evolution and its
application to image segmentation,” in
IEEE Transactions on Image processing,
Vol. 19, No. 12, pp. 3243-3254, December
2010.

[10] Xu Jing, Wu lJian, Ye Feng, and Cui
Zhi-ming, “A level set method for color
image segmentation based on Bayesian
classifier,” in [EEE  International
conference on Computer Science and
Software Engineering, pp. 886-890, 2008.

[11] T. Brox, A. Bruhn, and J. Weickert,
“Variational motion segmentation with
level sets,” in Computer Vision — ECCV
2006, pp. 471-483, Springer.

[12] Chunming Li, Chenyang Xu, Kishori M.
Konwar, and Martin D. Fox, “Fast distance
preserving level set evolution for Medical
image segmentation, ” in [EEE
International Conference on Control,
Automation, Robotics and Vision, ICARCV
2006, pp. 1-7.

[13] http://www.engr.uconn.edu/~cmli/DRLSE/



http://www.engr.uconn.edu/~cmli/DRLSE/

