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Abstract. Ultrasound scans have many important clinical applicationrmedi-
cal imaging. One of clinical applications is to nd nervesélgoal of this paper
is to acquire an ef cient image segmentation algorithm \higenti es nerves
in ultrasound scans. A new region based variational modgtaposed using a
modi ed Mumford-Shah model and prior information. The regiof interests
are extracted by using-approximation to a piecewise constant Mumford-Shah
model. However, this method only is not able to accommodatgpes of imag-
ing dif culties including noise, artifacts, and loss of orination. Therefore, the
prior knowledge is necessary to obtain an ef cient imagensegtation result.
The prior information is incorporated with the distancedtion. The distance
function consists of the global rigid transformation andalonon-rigid deforma-
tion. The proposed model is applied to healthy human necksdtind images.
The preliminary numerical results show the effectivendgb® suggested algo-
rithm and is compared to existing piecewise constant Mudafginah models and
the expert result.

1 Introduction

Diagnostic medical imaging has been developed rapidlyérdhkt three decades. One
widely used method in medical imaging is ultrasound, sin@oes not use ionizing
radiation which imposes potential hazards. Ultrasoursktiamaging techniques are
used to recognize muscles, tendons, and other internah®rgith many clinical ap-
plications. One application is the conduction nerve blodiserefore, it is important
to develop an ef cient algorithm which recognizes the netvweessels, muscles, and
bones. In this paper, the problem to solve identifying neeggons in ultrasound scans
is considered. Hence the region based image segmentagioritaim is developed.

The most celebrating region based image segmentation nmedieiroduced by
Mumford and Shah [20]. An image is decomposed into a set abmsgwithin the
bounded open set and these regions are separated by smooth edgeshis model.
Due to the dif culties in numerical computation of the MuméaShah model, several
numerical approximation methods have been developed. @hdrivese proposed a
piecewise constant Mumford-Shah model in [5, 6] by usingrallset formulation [21].
Developments of variational level set implementation téghes are followed by [13,
14,18]. Another approach has been developed by Ambrosida@nmalrelli [1]. The mea-
surement of an edge length term in the Mumford-Shah model by a quadratic integra
of an edge signature function [1]. The segmentation is spred by characteristics



functions using phase elds in [13, 18]. The details of phadé theory can be found
in[2,3,13,19,23-25].

However, these algorithms have a limit to obtain an ef cisagmentation result
on images with noise, artifacts, or loss of information. h®r shape information
has been incorporated into the segmentation process toamerthese problems [2, 4,
7-12,15-17,22].

The proposed model is motivated by [2,11, 23, 24]. Usingpproximation to a
piecewise constant Mumford-Shah model is similar to [2223, But prior informa-
tion is incorporated in our model. The combination of piesaaconstant Mumford-
Shah model and prior shape information in segmentationgsing is similar to [11],
but our model uses -approximation to piecewise constant Mumford-Shah moddl a
non-rigid deformation for incorporating prior informatioThis paper is organized as
follows: In section 2, a new region based variational mosl@roposed. The suggested
model uses -approximation to a piecewise Mumford-Shah model and wfi@pe in-
formation. Experimental results of the presented modetiwvhiere applied to healthy
human neck ultrasound images are shown in section 3. The nzaheesults com-
pared to existing piecewise constant Mumford-Shah modwedstlae expert result are
also shown in this section. Finally, the conclusion folloavel future work is stated in
section 4.

2 Description of the Proposed Model

2.1 The Proposed Model

In this section, a new region based variational image setatien model is introduced.
The segmentation is attained using a modi ed Mumford-Shald@hand the prior in-
formation. The model is aimed to nd, u, , R, andT by minimizing the energy

functional:
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wherel is a given image, is domain, ; > 0; i = 1;2;3;4;5 are parameters
balancing the in uences from the ve terms in the modelis the distance function
from the given prior shape, arfdand"; are positive parameters. For the numerical
computationH-( ) =[ (1 + 2 arctan(=))]?> and -( ) = H( ) are used.

The rst term forcesH?( ), towardsQ if | (x) is different fromc; and towardsl
if 1 (x) is close toc, for everyx 2 : In a similar way,(1 H-( ))?, towards0 if
I (x) is different fromc, and towarddl if | (x) is close toc,, for everyx 2 : The
second term is for measuring an edge length term ushagproximation. In the theory



of -convergence, the measuring an edgiength term in the Mumford-Shah model
can be approximated by a quadratic integral of an edge sigm&inction which was
proposed by Ambrosio and Tortorelli [1]. This model is comdd with double-well po-
tential function which is quadratic around its minima angdriswing faster than linearly
at in nity in [13, 23, 24]. Here"; 1 controls the transition bandwidth. As ! 0O,
the rstterm is to penalize unnecessary interfaces andehersd term forces the stable
solution to take one of the two phase eld values 1 or 0. Fordéils of phase eld
models and double-well potential functions, please reif@r 23—25]. Prior information
incorporated with the distance function is in the third teifhe distance function is
consisted of the global transformation and non-rigid defation. Minimizing the mag-
nitude of the non-rigid deformation termis in the fourth term. Final term is smoothing
the non-rigid termu is in the term.

2.2 Euler-Lagrange of the Proposed Model

The evolution equations associated with the Euler-Laggaogiations in Equation (2.1)
are
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whereR is a rotation matrix with respect to



3 Numerical Methods and Experimental Results

In this section, numerical methods to solve the Equatioh)(@re explained and the
experimental results of applications to the human neclasttund images are shown.
The Equation (2.1) was solved by nding a steady state sohutif the evolution equa-
tions. The evolution equations are associated with theridgrange equation. A nite
difference scheme and the gradient descent method is dypliiiscretize the evolving
equations. During the numerical experiments,= 0:05, ; = 1 withi = 2;3;4;5,
"=1,"1=0:0LH-()=[31+ 2arctan(=))]? and -( ) = HO( ) are used.

To demonstrate an image with noise, artifacts, and lossfofrimation, the neck
ultrasound scans with zoomed images are shown in Figureid dif cult to nd the
location of nerves without prior knowledge. The prior infaation is incorporated with
the distance function which consists of the global tramsfition and local non-rigid
deformation. The prior shape is also used as an initial aordaring experiments.

In Figure 2, the proposed model segmentation result is cosdp® Chan-Vese
model [5] and the suggested model without prior informaf@jnwhich is ; = 0 for
i = 3;4;5in Equation (2.1). The rst one is given image with an init@ntour, the
second one is segmented result by Chan-Vese model as aictirsmhnd comparison
to an expert result as a white solid line, the third one is saged result without prior
information as a red solid line and comparison to an expstilt@as a white solid line,
and the fourth one is segmented result of the proposed madelrad solid line and
comparison to an expert result as a white solid line.

In Figure 3, experimental results are shown with and witmaunt-rigid deformation
term in prior information. The rst one is given original irge, the second one is given
image with an initial contour, the third one is segmenteditegithout non-rigid defor-
mation term in prior information as a red solid line and congzan to an expert result
as a white solid line, and the fourth one is segmented rebtiieqroposed model as a
red solid line and comparison to an expert result as a whiie koe.

From Figure 4 and Figure 5, numerical results are shown veigmented image.
Segmented image is created by heaviside function. The netis given image with an
initial contour, the second one is segmented image restiéhyiside function, the third
one is segmented contour result as a white solid line, anébtim¢h one is segmented
result of the proposed model as a red solid line and compatisan expert result as a
white solid line.

4 Conclusions and Future Work

A new region based image segmentation model is proposedjelm@gmentation is
obtained using -approximation to a piecewise constant Mumford-Shah fonei and

prior information. The prior information is incorporateg the distance function which
consists of global rigid transformation and non-rigid defation. The model is applied
to healthy human neck ultrasound images and compared tingMqBecewise constant
Mumford-Shah models. The preliminary numerical resultswedd the effectiveness
of the presented model against noise, artifact, and losafofmation. Even though
experiments were done on 2D ultrasound images, the propoedd| can be applied
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Fig. 1. First : An example of ultrasound image, Second : zoomed iniBigied : another example
of ultrasound image, and Fourth : zoomed image. It is easitjcad in zoomed images that
ultrasound scans are full of noise, artifacts, and lossfofination

o ©

Fig. 2. First : Given image with an initial contour, Second : segrednesult by Chan-Vese model
as a red solid line and comparison to an expert result as & wadlid line, Third : segmented result
without prior information as a red solid line and comparisoran expert result as a white solid
line, and Fourth : segmented result of the proposed modeted solid line and comparison to
an expert result as a white solid line

Fig. 3. First : Given original image, Second : given image with atiahicontour, Third : seg-
mented result without non-rigid deformation term in priafarmation as a red solid line and
comparison to an expert result as a white solid line, andtRausegmented result of the pro-
posed model as a red solid line and comparison to an expeit white solid line
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Fig. 4. First : Given image with an initial contour, Second : segradritnage result by heaviside
function, Third : segmented contour result as a white safig, land Fourth : segmented result of
the proposed model as a red solid line and comparison to artexgsult as a white solid line

Fig. 5. First : Given image with an initial contour, Second : segradritnage result by heaviside
function, Third : segmented contour result as a white satig, land Fourth : segmented result of
the proposed model as a red solid line and comparison to artexgsult as a white solid line

to any types of images and dimension. However, the numenésallt depends on an
initial choice of contour. Developing the algorithm whichindependent of the choice
of initial contour and automatic parameter estimation wél continued in the future
work. In addition, more numerical experiments will be dond an extension to 3D is
going to be considered.
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