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Abstract: This research analyses the Chromosome image segmentation obtamed using Discrete Cosine
Transform based Gradient Vector Flow Active Contours, a segmentation tool for chromosome spread images,
which have hitherto been established as an efficient segmentation tool for chromosome spread images.
Extensive research has been performed on Discrete Cosine Transform based Gradient Vector Flow Active
Contours for segmentation of chromosome spread images. This study is an extended analysis in the same area.

This study has observed novel findings, which gives more msight on chromosome 1mage segmentation using
Discrete Cosine Transform based gradient vector flow active contours.
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INTRODUCTION

Active contours are used extensively in computer
vision and image processing applications, particularly to
locate object boumdaries.

The main advantage of Active Contours 1s the ability
to generate closed parametric curves from images.
Problems associated with mitialization and poor
convergence to concave boundaries, however, have
limited their utility.

To overcome these difficulties in initialization and
poor convergence to object boundaries, a new external
force model was suggested that used a convex
combination of the usual external force and a new force
derived from an estimate of the local curvature of the
object boundary. This force simultaneously pulled the
snake toward the boundary and mto the concave region
(Prince and Xu, 1996).

This was later improved by Xu and Prince to form the
Gradient Vector Flow (GVF) field The resulting
formulation produces external force fields that had both
irrotational and solenoidal components (Xu and Prince,
1998), which had a large capture range overcoming the
difficulty associated with initialization of Active Contours
and 1t was also able to provide good convergence to
concave boundaries. Tang and Acton (2004) have given
an improved form of the GVF field, called the Discrete
Cosine Transform (DCT) based GVF.

The  authors  have  performed  extensive
experimentation and analysis on the chromosome spread

image segmentation performance of DCT based GVF

Active Contours (Britto and Ravindran, 2005a, b,
20064a, b, ¢, d).
In this research, the authors analyze the

segmentation obtained using Discrete Cosine Transform
based Gradient Vector Flow Active Contowrs in
chromosome spread images, which have hitherto been
established as an efficient segmentation tool for
chromosome spread images. Novel findings have been
observed and this paper discusses it.

ACTIVE CONTOUR MODELS

Active Contours also called as Snakes or Deformable
Curves, first proposed by Kass et al. (1987) are energy
minimizing contours that apply information about the
boundaries as part of an optimization procedure.

They are generally mitialized by automatic or manual
process around the object of interest. The contour then
deforms itself iteratively from its imutial position in
conformity with the nearest dominant edge feature, by
minimizing the energy composed of the Internal and
External forces, converging to the boundary of the object
of interest.

The Internal forces computed from within the Active
Contour enforce smoothness of the curve and External
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forces that are derived from the image help to drive the
curve toward the desired features of interest during the
course of the iterative process. The energy minimization
process can be viewed as a dynamic problem where the
active contour model 1s governed by the laws of elasticity
and lagrangian dynamics (Rueckert, 1997) and the model
evolves until equilibrium of all forces 1s reached, which 1s
equivalent to a minimum of the energy function. The
energy function is thus minimized, making the model
active.

FORMULATION OF ACTIVE CONTOUR MODELS

An Active Contour Model can be represented by a
curve ¢, as a function of its arc length T,
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with T = [0...1]. To define a closed curve, c(0) 1s set to
equal c(1). A discrete model can be expressed as an
ordered set of n vertices as v, = (x,y;)" with v=(v,,...,v,).

The large number of vertices required to achieve any
predetermined accuracy could lead to high computational
complexity and numerical instability (Rueckert, 1997).

Mathematically, an active contour model can be
defined in discrete form as acurve x(s) = [x(s), y(s)],
se[0, 1] that moves through the spatial domain of an image
to minimize the energy functional

1
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where ¢ and [} are weighting parameters that control the
active contour’s tension and nigidity, respectively
(Xu and Prince, 1997). The first order derivative
discourages stretching while the second order derivative
discourages bending.

The weighting parameters of tension and rigidity
govern the effect of the derivatives on the snake.

The external energy function E,, is derived from the
image so that it takes on smaller values at the features of
mterest such as boundaries and guides the active contour
towards the boundaries. The external energy 1s defined by

Eext:K|Gc(X=Y)*I(X=Y)| 3

where, G,(x.y) i3 a two-dimensional Gaussian function
with standard deviation @, I(x,y) represents the image and

K is the external force weight. This external energy is
specified for a line drawing (black on white) and positive
K is used.

A motivation for applying some Gaussian filtering to
the underlying image is to reduce noise. An active
contour that mimimizes E must satisfy the Euler Equation

ax"(s)—Px""(s)-VE,,, =0 )

where F; =ox"(s)—px""(s) and

F.. = —VE,, comprise the components of a force balance
equation such that

F,+F.,.=0 &)

nt

The mternal force F,, discourages stretching and
bending while the external potential force F, drives the
active contour towards the desired image boundary.
Eq. 4 is solved by making the active contour dynamic by
treating x as a function of time t as well as s.

Then the partial derivative of x with respect to t is
then set equal to the left hand side of Eq. 4 as follows

X (8, D=0x"(s, 1) - PBx""(5, 1) - VE .y ©)

A solution to Eq. 6 can be obtamed by discretizing
the equation and solving the discrete system iteratively
(Kass et al., 1987). When the solution x(s,t) stabilizes, the
term x{s,t) vanishes and a solution of Eq. 4 is achieved.

Traditional active contour models suffer from a few
drawbacks. Boundary concavities leave the contour split
across the boundary. Capture range 1s also limited. Hence
anew external force was developed (Prince and Xu, 1596).

Three guiding principles led to the development of
the new external force.

¢ The first aim was the ability to add the new force to
the existing force. Since the existing force was the
gradient of a scalar function (the energy E_,), it was
an irrotational (curl-free field). According to the
Helmholtz theorem, the other fundamental field
component was a solenoidal (divergence-free) field.
Therefore, the new field was chosen to be solenoidal.

»  The second aim was that the new field should not
disturb the equilibrium contours of the external
energy in the absence of internal forces. Therefore,
the new field should be zero whenever the field
-VE.,, 1s zero.

¢ The third aim wanted the field to point toward the
apex of concave boundary regions, a feature defined
by the object boundary curvature. Therefore, the
new field was made to use a measure of boundary
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curvature in its definition (Prince and Xu, 1996). This
was later improved by Xu and Prince to form the
Gradient Vector Flow (GVF) field Xu and Prince
(1997) presented a new external force, called Gradient
Vector Flow (GVF), which was computed as a
diffusion of the gradient vectors of a gray-level or
binary edge map derived from the image. The
resultant field had a large capture range and forces
the active contours into concave regions (Xu and
Prince, 1998, 2000).

The overall approach was to define a new non-
irrotational external force field, called as the GVF field. The
earlier idea of constructing a separate solenocidal field from
an image and adding it to a standard irrotational field was
improved and a more natural approach was designed in
which the external force field 1s designed to have the
desired properties of both large capture range and
presence of forces that point inte boundary concavities.
The resulting formulation produces external force fields
that had both irrotational and solencidal components
(Xu and Prince, 1998).

GRADIENT VECTOR FLOW (GVF) ACTIVE
CONTOURS

Gradient Vector Flow (GVF) Active Contours use
Gradient Vector Flow fields obtained by solving a vector
diffusion equation that diffuses the gradient vectors of a
gray-level edge map computed from the image. The GVF
active contour model cannot be written as the negative
gradient of a potential function. Hence it is directly
specified from a dynamic force equation, instead of the
standard energy minimization network.

The external forces arising out of GVF fields are non-
conservative forces as they cannot be written as
gradients of scalar potential functions. The usage of non-
conservative forces as external forces show improved
performance of Gradient Vector Flow field Active
Contours compared to traditional energy minimizing active
contours (Xu and Prince, 1998, 2000).

The GVF field points towards the object boundary
when very near to the boundary, but varies smoothly over
homogeneous image regions extending to the image
border. Hence the GVF field can capture an active contour
from long range from either side of the object boundary
and can force it into the object boundary.

The GVF active contour model thus has a large
capture range and is insensitive to the initialization of the
contour. Hence the contour mnitialization 1s flexible.

The gradient vectors are normal to the boundary
surface but by combining Laplacian and Gradient the
result 1s not the normal vectors to the boundary surface.
As aresult of thus, the GVF field yields vectors that pomt

into boundary concavities so that the active contour is
driven through the concavities. Information regarding
whether the initial contour should expand or contract
need not be given to the GVF active contour model.

The GVF is very useful when there are boundary
gaps, because 1t preserves the perceptual edge property
of active contours (Kass et al., 1987, Xu and Prince, 1998).

The GVF field 1s defined as the equilibrium solution
to the following wvector diffusion equation (Xu and
Prince, 20003,

u, = g (| VEDV? u=h(|VE])(u-VD) (7a)
u(x.0) = VI &) {7b)

where, u, denotes the partial derivative of u(x,t) with
respect to t, V* is the Laplacian operator (applied to each
spatial component of u separately) and f is an edge map
that has a higher value at the desired object boundary.

The functions in g and h control the amount of
diffusion in GVF. In Eq. 7, g(|VI])¥"u produces a
smoothly varying vector field and hence called as the
smoothing term, while h(|Vf|)(u-Vf) encourages the
vector field u to be close to VI computed from the image
data and hence called as the data term.

The weighting functions g(-) and h(-) apply to the
smoothing and data terms, respectively and they are
chosen' as g(|Vf]) = p and h(|Vf]) = | V| g(*) is constant
here and smoothing occurs everywhere, while h() grows
larger near strong edges and dominates at boundaries.

Hence, the Gradient Vector Flow field 1s defined as
the vector field v(x,y)=[u(x,y).v(x,y)] that mimmizes the
energy functional

s:-‘-jp(ui+u§,+v)2( +v}2,)+

Vf‘z‘vaf‘zdxd (8)

The effect of this variational formulation is that the
result is made smooth when there is no data.

When the gradient of the edge map is large, it keeps
the external field nearly equal to the gradient, but keeps
field to be slowly varying in homogeneous regions where
the gradient of the edge map is small, i.e., the gradient of
an edge map Vf has vectors point toward the edges,
which are normal to the edges at the edges and have
magnitudes only in the immediate vicimty of the edges
and in homogeneous regions VI is nearly zero.

K is a regularization parameter that governs the
tradeoff between the first and the second term in the
integrand mn Eq. 8. The solution of Eq. 8 can be done
using the Calculus of Variations and further by treating u
and v as functions of time, solving them as generalized
diffusion equations (Xu and Prince, 1998).



Inform. Techrol 1., 6 (1): 1-7, 2007

DISCRETE COSINE TRANSFORM (DCT) BASED
GVF ACTIVE CONTOURS

The transform of an Image yields more insight into
the properties of the image. The Discrete Cosine
Transform has excellent energy compaction. Hence, the
Discrete Cosine Transform promises better description of
the image properties.

The Discrete Cosine Transform is embedded into the
GVF Active Contours. When the image property
description 1s significantly low, tlus helps the contour
model to give significantly better performance by utihzing
the energy compaction property of the DCT.

The 2D DCT 1s defined as

N-1N-1
Cluv=atwamP D I yeos 55 oo

x=0y=0
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The local contrast of the Tmage at the given pixel location
(k1) 1s given by

2{2n+1)-1
Wt Et (1 0)
plely=—"=
dgg
where,
d
Z “sY‘ (1)
Et _ utv=t
N
and
1 2n+1
N:{tzJE2n+1)—t :;Zﬁil (12)

Here, w, denotes the weights used to select the DCT
coefficients. The local contrast P(k,1) is then used to
generate a DCT contrast enhanced Image (Tang and
Acton, 2004), which 13 then subject to selective
segmentation by the energy compact gradient vector
flow active contour model using Eq. 8.

RESULTS AND DISCUSSION

The characterized standardized parameters (Britto
and Ravindran, 2005b, 2006a) of the DCT based GVF
Active Contours are used in the DCT based GVF Active
Contowr formulation that was used to segment the

chromosome spread images obtained from the Genomic
Center for Cancer Research and Diagnosis (GCCRD).

The segmentation was successful without any
preprocessing or enhancement procedures. Therefore
no preprocessing or enhancement techniques was
implemented on the images obtained from the GCCRD
unlike the images that were obtained from other sources
that required limited preprocessing and enhancement
techniques to be implemented prior to segmentation using
DCT based GVF Active Contours.

A few graphical results are shown in Fig. 1 to 15. In
course of the experiments, a few special cases were noted.
Those special segmentation results are presented in
Fig. 16to 21.

In Fig. 16a, the sample of mterest 15 very close in
proximity to two other chromosomes, which could
influence the segmentation process. In Fig. 16b, it 1s
observed that the segmentation has been very good and
has boundary mapped only the chromosome of interest
and the segmentation has not been nfluenced by the
other two chromosomes.

In Fig. 17a, the chromosome sample of mterest 1s
almost touching another chromosome. In this case also,
1t 1s found that the segmentation has been good (Fig. 17b)

The case of Fig. 18a and b is similar to Fig. 16aand b.

In Fig. 19a, the chromosome sample of mnterest 1s not
touching the nearest chromosome, but there is some
background connecting the chromosomes, which can
influence the segmentation process. But it is found that
segmentation has been very good (Fig. 19b), mspite of
this difficulty.

Figure 20a and b are similar to the case of Fig. 19a
and b. The case of Fig. 21a and b are also the same.

Thus, it is observed that the DCT based GVF Active
Contours have been able to successfully segment a
chromosome even when

»  Itis very close to another chromosome

s Tt is touching another chromosome

» It can be mfluenced by some background existing
between it and another chromosome present very
close toit.

These cases are actually theoretical limitations to this
segmentation process using DCT based GVF Active
Contours. But, results obtained in Fig. 16 to 21 seem to
indicate that DCT based GVF Active Contours do not
seem to have these limitations at all. These results are
novel findings in this perspective and hence need to be
explored and experimented more carefully, as they seem to
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Fig. 1: Segmented samplel

Fig. 4: Segmented sample 4
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Fig. 13: Segmented sample 13
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Fig. 8: Segmented sample 8

Fig. 11: Segmented sample 11
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Fig. 9: Segmented sample 9
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Fig. 12: Segmented sample 12
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Fig. 15: Segmented sample 15
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Fig. 20a: Sample 20
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Fig. 21a: Sample 21
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Fig. 16b: Segmented sample 16
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Fig. 20b: Segmented sample 20

Fig. 21: Segmented sample 21
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be capable of overcoming these theoretical limitations of
close proximity to other chromosomes and presence of
background between the close chromosomes. The
authors are continuing their experiments in this direction
to explore this special phenomenon exhibited by these
novel findings of overcoming certain theoretical
limitations, which were obtamned in experimentations on
Chromosome spread image segmentation using DCT

based GVF Active Contours.
ACKNOWLEDGMENT

The authors express their thanks to Dr. Michael
Difilippantonio (Staff Scientist at the Section of Cancer
Genomics, Jenetics Branch/CCR/NCI/NIH, Bethesda
MD), Prof. Ekaterina Detcheva (Artificial Intelligence
Department, Institute of Mathematics and Informatics,
Sofia, Bulgaria), Prof. Ken Castleman and Prof.Qiang Wu
(Advanced Digital Imaging Research, Texas), Wisconsin
State Laboratory of Hygiene (http://worms.zoology. wisc.
eduw/zooweb/Phelps/karyotype html) and the Genomic
Center for Cancer Research and Diagnosis (GCCRD)
(http://www . umanitoba.ca/institutes/manitoba_institute
_cell biology/GCCRD/GCCRD Homepage.htm) for
providing chromosome spread images.

REFERENCES

Britto, AP. and G. Ravindran, 2005a. A review of

deformable curves from the perspective of
chromosome image segmentation. J. Med. Sci,
5:363-370.

Britto, AP. and G. Ravindran, 2005b. Comparison of
boundary mapping efficiency of gradient vector

and their

chromosome spread 1images. T

5:1452-1460.

variants on
Applied Sci.,

flow active contours

Britto, A.P. and G. Ravindran, 2006a. Boundary mapping
of chromosome spread images using optimal set of
parameter values m discrete cosine transform based
gradient vector flow active contours. J. Applied Sci.,
6:1351-1361.

Britto, A.P. and G. Ravindran, 2006b. Detection of specific
human chromosomal abnormalities using discrete
cosine transform based gradient vector flow active
contours. Biotechnology, 5: 111-117.

Britto, AP. and G. Ravindran, 2006¢c. Evaluation of
standardization of curve evolution based boundary
mapping techmique for chromosome spread images.
Inform. Technol. T, 5: 94-107.

Britto, AP. and G. Ravindran, 2006d. Segmentation of
chromosome spread images using discrete cosine
transform  based gradient vector flow active
contours-an analysis. J. Med. Sci., 6: 117-124.

Kass, M., A. Witkin and D. Terzopoulos, 1987. Snakes:
Active Contour Medels. Intl. I. Comp., 1: 321-331.

Prince, I L. and C. Xu, 1996. A New External Force Model
for Snakes. In: Image and Multidimensional Signal
Processing Workshop, pp: 30-31.

Rueckert, D., 1997. Segmentation and tracking in
cardiovascular MR images using geometrically
deformable models and templates, Ph.D Thesis,
Imperial College of Science, Technology and
Medicine, London .

Tang, Tinshan and S.T. Acton, 2004. A DCT based
gradient vector flow snake for object boundary
detection, Tmage Analysis and Interpretation, 2004.
6th IEEE Southwest Symp., pp: 157-161

Xu, C. and I.L. Prince, 1997. Gradient Vector Flow: A New
External Force for Snakes, [EEE Proc. Conf. Comp.
Vis. Patt. Recog., (CVPR'97), pp: 66-71.

Xu, C. and I.L.. Prince, 1998. Snakes, shapes and gradient
vector flow, TEEE Trans. Tmage Proc., 7. 359-369.

Xu, C. and JL. Prince, 2000. Gradient Vector Flow
Deformable Models. In: Handbook of Medical
Imaging, Academic Press, pp: 159-170.



	ITJ.pdf
	Page 1


