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ABSTRACT of regions within the bounded open $etThese regions are
separated by smooth edgésThe model is formulated as a

mentation algorithm which identify nerves in ultrasounaiee Yariational problem to minimize the following functional :

The new region based variational PDE algorithm is proposed
using a modified Mumford-Shah model and prior informa-ii MS(u,I') = )\1/
tion. The region of the interests are extracted by using ta sof - &

stochastic numerical approximation of a piecewise constanynereH stands fortn — 1) dimensional Hausdorff measure,
Mumford-Shah model and prior information. The priorinfor- \ - ¢ (; = 1,2) are parameters which balances three terms
mation is incorporated with the distance function. The disi, the model. The first term reconstructs an original noisy im
tance funct_lqn consists (_)f the global rigid transformaaod ~agel tou closely. T is to be a closed subset 6f given by
local non-rigid deformation. The proposed model is appliedhe ynion of a finite number of curves. It represents the set
to neck ultrasound images of healthy patients. The nurﬂerlc_%f "edges” (i.e. boundaries of homogeneous regions) in the
results show the effectiveness of the suggested model Williyen imager. The second term minimizes the measurement
noise, artifact, and speckles. of the edgdl length. The piecewise smoothing of a recon-
Index Terms— Brachial Plexus, Image Segmentation, Mestructed image: within each region is the last term.
ric, Mumford Shah, Numerical PDE

2. DESCRIPTION OF THE PROPOSED MODEL

1. INTRODUCTION
2.1. The Proposed Model

Ultrasound has been shown to be an aid to peripheral nerye . . . . L .
) . n this section, the new region based variational PDE image
block. Amongstits advantages are higher success ratasesho

. A s%gmentation model is introduced. The segmentation is at-
onset times, a decreased incidence of vascular puncture an

a faster learning curve to master the techniques of region :iuned by using a modified Mumford-Shah model and the dis-

anesthesial,2,3,4. One of the skills necessary to condiuct anr%?r{il::iitilr?nihzhgnzlfdegljz(i:;nnesl'to findu, i, 1, andT
trasound guided nerve blocks is the ability to recognize theY 9 gy '
nerves, vessels, muscles and bones in sagittal and axgs cro

sections. E(¢,u,p, R, T) =
The Mumford-Shah model is reviewed briefly in this sec- 1 2 b vo )
tion. Mumford and Shah introduced the most celebrating AL /9{5(1 T arcmn(;))} (I(7) = 1)+
region based image segmentation model in 1989 Using this
model for a segmentation, an image is decomposed into a set {%(1 2 arctan(f))}g(l(j) —eo)2di+
™ €
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wherel is a given novel image is domain,\; > 0, i =
2,3,4,5 are parameters balancing the influences from the
five terms in the model is the distance function from the
given prior shape, andandel are positive parameters.
The first term force$ 2 (1 + 2 arctan(£))}?, towards0 if
1(z) is different fromc; and towards if I( ) is close tocy,
for everyz € Q. In a similar way,{$(1 — 2 arctan(%))}?,
towards0 if 1(z) is different fromcz and towardsl if 1 (Z)
is close tocs, for everyz € Q. The second term is an edge
detection term. In the theory a@f-convergence, the measur-
:;19 an edgd" length term in the Mumford-Shah model can Fig. 1. Left : A Novel Image/1 and Right : Smoothed Image
e approximated by a quadratic integral of an edge signature
functionp(z) such that

/dS / (e|Vp]® + ) )dz, e < 1

by Ambrosio and Tortorelli in 1990 This model is combined .
with double-well potential functioh’ (p) = p*(1—p)? which
is quadratic around its minima and is growing faster than lin ,
early at infinity, wherep € H'(Q). In the following model is
suggested :

/Q(9€|Vpi|2 + (pl(l Zpi))z )dff,

where for eaclp; € H'(Q),i = 1,2. Heree < 1 controls

the transition bandwidth. As — 0, the first term is to pe-
nalize unnecessary interfaces and the second term forees th
stable solution to take one of the two phase field values 1 or 0.
For the details of phase field models and double-well poten- -
tial functions, please refer In our model, the idea is fobov
from The geometric active contour which detects higher gra-

dientis in the last term as a level set form. ~

Fig. 2. Left: A Novel Imagel1 with Initial Contour and
Right : Segmented Contour as a White Solid Line

3. NUMERICAL RESULTS

Fig. 3. Left : Segmented Image and Right : Segmented Con-
Here are some preliminary numerical results of infraclavic tour as a White Solid Line

lar regions of healthy human neck ultrasound images. The nu-
merical results compared between original given images and

the smoothed given imaged.l = 20060730Evelnfl.tif and  somsmmmm 0 oo
12 =20060730Evelnf2.tif . Y
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vol.43, pp. 999-1036, 1990. Fig. 4. Left: Segmented Image of Smoothed Image and Right

: Segmented Image of Original Noisy Image




White Solid Line by Expert and Red Solid Line by Proposed Model

Fig. 5. Expert Result as a White Solid Line and Proposed - ‘ ‘
Model Result as a Red Solid Line . .

Fig. 9. Left: Segmented Image of Smoothed Image and Right
: Segmented Image of Original Noisy Image

White Solid Line by Expert and Red Solid Line by Proposed Model
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Fig. 7. Left : A Novel Imagel2 with Initial Contour and
Right : Segmented Contour as a White Solid Line

20|

250|

300|

‘Seqmented Image by Proposed Model ‘Segmented Contour a5 a White Solid Line by Proposed Model
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“ Fig. 10. Expert Result as a White Solid Line and Proposed
- Model Result as a Red Solid Line

Fig. 8. Left : Segmented Image and Right : Segmented Con-
tour as a White Solid Line



