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ABSTRACT

Ultrasound medical image has drawn extensive dtiaatfor clinical monitoring and pharmaceutics detéation,
and the quality of image plays essential role foecwate information interpretation. In order to imgyve the
contrast of the ultrasound medical image, algoritbased on modified wavelet transformation methaosl theen
established and optimized in this article. The nieslmaximum criterion is proposed for segmentingesdrom the
blurring background, though many pseudo-edges appgatinition on the continuous of the edge accogdio the
amount as P of the connected pixels implies thathiigher coefficient P has induced the preservatbhonger
edges, and shorter segmented edges with fewesiggk been erased. Entropy calculation indicédtas the lower
P has arisen out more decrease entropy deviatiod, @ptimal threshold of P coefficient is definedtlz¢ 10%
entropy deviation from the original ultrasound ineagConsequently, the ultrasound image has beenesggthout
with more essential edges by the combined critermhmodules maximum, edge continuous and optintebyzy.
The obtained algorithm can be integrated into theical evaluation software for ultrasound imagedrpretation
to enhance the diagnostics and pharmacology acgurac

Keywords: Ultrasound medical image, wavelet transformationaximmum modulus, entropy threshold,
pharmacology accuracy

INTRODUCTION

Information detection and recognition on the hurb@&mg body plays important roles in clinical patigt and
pharmacology [1], which can not only be obtainestigh the sample reports such as auscultationapafpand
thermometric analysis, but also by the multi-madsdges derived from X-rays, CT (Computerized Torapdy),
MR (Magnetic Resonance), US (Ultrasound) and sf?eB]. Since the inner structure of the body canrdealed
without severe damages, the medical images have heeepted as the major diagnostics supports inemod
clinical activity [4]. For all kinds of medical inggs, there have the same inherent technical clesisiitt as the
untouched energy ray scanning for image acquisitieough the ray wavelength is different for dategdifferent
body structures. For example, the X-Ray can b&etllto detect the skeleton, MR to display the pelnigma, and
the US responding to the viscus [5]. Though all meldmages have unique meaning for acquiring thgogical
change information, the ultrasound technique canvidely generalized at low cost, especially in theveloping
countries. Ultrasound approach has been incregsirsgld as first aid response for emergency cajes [6

Due to the complex composition of human body orgamd air bubble environments, the ultrasound images
inevitably deteriorated by noises derived from et sources to generate the echo texture, spaukbk edges
and so on [7-8]. In order to heighten the diagnasisuracy, many algorithms have been investigateldpaacticed.
Mateoet al. review the general filters for speckle raieduction in the ultrasound images, including iaedilter,
adaptive weighted median filtefourier filter as well as wavelet filter. It presents thhé best quality images are
obtained withFourier filter, and the others only provide some definitgree of improvement [9Chenet al. report
two algorithms, one as the discrete region cormipatiand the other of the weak edge enhancemerih, thvé
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proposed new approaches been implemented andededifi clinical ultrasound images [18urnazet al. obtain an
incremental neural network (INeN) for the segmaatabf tissues in ultrasound images. Compared éd<tthonen
network (KN), INeN automatically produces a topglagccording to the patterns in the input featuracsep and
achieves segmentation of the ultrasound image®uiithny expert experience [11].

From morphology viewpoint, the ultrasound imageasstructed by pixels with varied gray levels. Tddge of
image is obviously formed by continuous pixels,hatihe noise points usually as discrete variabpitels. Image
morphological segmentation is important to pamitibe image into regions with medical meanings.[12]

In this article, the modified wavelet transformaiighm is proposed by judging the validity of tregsented edges,
and extracting the ultrasound information from meoismckground. The proposed algorithm can be intedrato
expert system for ultrasound information analyzifigis article is organized as follows. Section gants a basis of
the wavelet algorithm. The modified wavelet tramsfation is proposed in Section 3, with the ultragbimage
segmentation effect displayed and evaluated. asteskction concludes this article.

2. Wavelet algorithm application in medical image transfor mation
Representations of multi-resolution image basedvavelet transformation have become very importawing to
their effectiveness to capture image featuresdbetir at different frequency scales.

The wavelet transformation is defined as the camiah between the original signi@t) and the wavelets as [13]
1 b-t
Wi(a,b) == (Pt @

In which, thep((b-t)/a) is the wavelet arrays after dilating and shiftthg core functiom(t) by the spatial constants
of a andb. Wf is the wavelet-transformed coefficients. The watveld) has the properties that its amplitude is
started at zero, then increased, and finally deeaaack to zero, with the total integral of zero.

The wavelet transformation has been introducegrfocessing two-dimensional (2D) medical images.

For the 2D digital medical image, the discrete vietvieansform (DWT) [14] is applied to decompose image into
superposition of wavelets, and the transformedfimoeriits can be displayed as Fig. 1.
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Fig. 1 Wavelet decomposed structuresat different levelsfor 2D medical image
These coefficients are arranged in differghtesolution levels, which can be considered asofreration of low-
pass and high-pass filters on the original imadg.[The approximate information in low frequencylscand the
detail information in the high frequency scalelwf fmage have been obtained.
Overall, the wavelet core functiait) is important for such 2D convolution wavelet degmsition.

RESULTSAND DISCUSSION

In this article, the 22-weeks embryo in uteruscamned by ultrasound, as shown in Fig. 2. Suclsdund-based
medical image has widely been applied to moniter ithternal tissues in uterus, in order to captinertsize,
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structure and any pathological lesions for low rmlegnancies. Since the image is sourced from ¢fiected
ultrasound signal, extra noise signal would alsstenned. In Fig. 2, gray speckles have distribinetie whole
image. Such a phenomenon is universal, and sheultbtribed to the noise or defect from ultrasomstiiment or
the air bubble environment in uterus.
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Fig. 2 (a) USimage of the embryo in uterus, and (b) its corresponding pixel gray level distribution

The selected US image is quantitatively evaluatethb pixel gray level distribution in Fig. 2b. Thighest peak at
gray level of 16 is discretely appeared from theticmous distribution profile with peak at gray éwf 60. Major

part of the pixels is black and gray in color. Ahi obvious that the most important informatidrtiee US image is
embedded in the edges.

In this paper, the modified wavelet algorithm isigeed and utilized to segment the image for aagihe clinical
meaning edges.

3.1 Wavelet function definition and transfor mation

The waveletp(x, y) is defined through the first order differentiglavation on certain core functioh(x, y), and
shown as follows.

b.(x,y) = W

2
o@(X,
aix.y) = 225
y
Such cored(x, y) in EQ.(2) is set as the two-dimensional smdd#ussfunction in
pix y) = exp- 1Y) ®
' N2m 8

For the two-dimensional medical image, its pixebrehinated aty, y) is present as matrix elemdiy, y), with f of
the gray level intensity. Then wavelet transfornajplied in two directions through convoluting thé, y) by the
respective normalized wavelefx, y) in its matrix form as follows.

WIF(x Y] =f(xy) Op, (X y)
W,[f(x y)]=f(x,y)00,(x,y)

Consequently, the two-dimensional wavelet transé&iom coefficients have been obtained, which aop@rtional
to the gradient value dix, y) at respectivex andy direction in mathematical meanings. Such coeffitseare
imaged in Fig. 3. There have the horizontal andicarfeatures respectively extracted from the ioagimages. But
the image edges are too faint to discriminate lo@itctinical information.

(4)
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(b)

Fig. 3 Thetwo-dimensional presentation of (a) W, coefficients and (b) W, coefficients

3.2 Maximum modulus oper ation on the transfor med coefficients

In order to enhance the image edges, the moduilasthe wavelet transformation coefficieMf(x, y)] is defined
in Eq.(5), and is proportionally related to the mitgde of gradient. The phase angle of such gradiector is also
computed from the inverse tangent between the otg;[f(x,y)] andW[f(x, y)] in Eq.(6).

M = W[ (% Y)1% +W,[ (%, )]2 (5)
g= arctanvM (6)
W[ f (%, y)]

In general, edge pixel of an image is correspondiingapid variance of gradient in its neighborhaadle. Edge
pixels in the medical image are detected accortingaximum modulus criterion along the respectikiage angle
directions, just as follows.

Criterion 1 Pixel f(xo, Yo) is on the image edge, only M[f(x, Y)]|<|M[f(xo, Yo)]| in the neighborhood of(xq,
Vo) at given phase angle direction.

The wavelet transformed modules are calculatedrdoapto Eq.(5) and shown in Fig. 4a. There hawgs-edges
appeared. To judge out the wavelet coefficientateel to the image edges, the maximum modulus angihase
angle directions has been obtained after travetbi@gvhole modulus matrix. Result is shown in Big.

(b)

Fig. 4 (a) Modulusimage. (b)Maximum modulustreated Fig.4a according to Criterion 1

After maximum modulus criterion operated, some fgseedges have been attenuated, and the embrydepasfi
well as most of the details in the body has beesgmved.

To enhance the original image, the maximum modolagipulated image of Fig. 4b is segmented ontthgnal
one as red color edges to generate the Fig. 5.edbe structure of the embryo has been distinctbciipd, and
high contrast is achieved between the microstractund the artificially enhanced edges. But it &hdne noticed
that there have too many edges to disturb the immaggrehension.
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Fig. 5 USimage segmented by red-color edges selected from the maximum modulus criterion

3.3 Edge discrimination based on the threshold of continuous pixels and entropy
Due to the too many edges, the US image in Figasbrhore textures to deteriorate the clinical aagurbn order to
discriminate out the important edges, the judgeian is defined as follows.

Criterion 2 Important edge possesses continuous pixels, otheipixel amount is larger than P, in which P
is a number lower than the image size.

The neighborhood traversing algorithm is estabtisteeremoves all edges in the segmented imagehthag pixels
with the amount fewer than P.

Different results have been obtained in Fig. 6.r&heas a contradiction that more edges can enhdectcal
contrast and deteriorate the whole image qualityigy. 6a, when the continuous criterion on edgeetsat P of 10,
many edges have segmented the image, but too niorestnuctures have also been outlined. The higer is,
the longer the edges have been preserved. Anceslaaiges with few pixels have been erased.

In Fig. 6f, only embryo outer profile is approximdtand much edge information disappears when tle1B80.
There should establish some method to evaluateetpamentation effect on the US image.

To do this, the segmented edges are converteavimte color with the pixel gray level of 255, ankaenpled in Fig.
7 for the images processed at P=10 and 70. Theréeixt the segmented images is statistically meashby entropy,
which is defined as

255

E=-> p log(p,) )
i=0

In which, p; is the probability of the pixels with gray levelidn themxn sized image as
m,n
2 (f(xy)==i)
%y

mxn

®)

p =
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Fig. 6 USimage segmented by red-color edges selected by the Criterion 1 and 2 with the pixel amount set asP
(a) P=10; (b) P=30; (c) P=50; (d) P=70; (e) P=100; (f) P=150

(b)

Fig. 7 USimage segmented by white color edge selected by the Criterion land 2 with the pixel number threshold set asP. (a) P=10; (b)
P=70

The entropy of Fig. 7a is calculated as 7.28729, that in Fig. 7b is 7.68768. The higher P has @edularger
entropy. Such a phenomenon is ascribed that to@ sioort edges have enlarged the probability oflpiae gray
level of 255, but the whole entropy is weakened ttuéhe decreased probability of the pixels subd by the
short edges. Contrarily, when only the longer edges discriminated out from the edge arrays, theelpi
distributions in the segmented microstructuresnateremarkably influenced as shown in Fig. 7b, #redentropy is
increased.
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The entropy is calculated at different P value, prabsent in Fig. 8. A monotonically increasing ttexppears. When
the edges are evaluated by too higher P valueimbge without segmentation effect has been regbisince
there have no such longer edges. And the entropgady constant at higher P values.
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Fig. 8 Entropy variance of the ssgmented ultrasound image ver susthe P value

Then the judge criterion on favorite segmented eniaglefined as follows.

Criterion 3 The favorite segmented image is at the optimabRly if the R value is corresponding to the
image with 10% entropy deviation from the origimahge.

Consequently, the optima} s calculated as 79 by processing the entropyamag curve. At such a selected value,
the segmented ultrasound image is present. Theewirofile of the embryo image has been outlineBign 9a, and
the main structures in the body are discriminatetdwithout too many minor microstructures circl@there has
some degree of improvement achieved.

(b)

Fig. 9 (a) The segmented ultrasound image processed at the optimal P value of 79, and (b) the original ultrasound image putted as
reference

CONCLUSION

Ultrasound image has been widely utilized for daidiagnosis at low cost. Due to the body bublblgrenment
and the low energy of the ultrasound, there havsenteteriorated the clinical accuracy of the imagee modified
wavelet transformation method based on maximum musdudgment is proposed to segment the medicaéna
order to heighten its contrast. But too many pseetiiyes have disturbed the interpretation on theeated image.
Then two criterions are emphasized on remediatieglisturbance. One is the longer edge discrinindtased on
the edge continuous property. The other is thendiefh about the optimal continuous coefficient édon the
image entropy. Results indicate that the higheffiodent P, which is corresponding to the pixel rven threshold
in a continuous edge, has induced the preservafidmnger edges, and shorter segmented edges itti¢ghplixels
have been erased. In order to evaluate the seggffent at different P coefficients, the entropytioé segmented
image is calculated. It finds that the lower thes,Rthe higher the deviation becomes between thmested image
and the original one. The optimal image is defim¢dhe P coefficient corresponding to 10% entropyiation.
Ultrasound image with more essential edges have bptmally segmented out.
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The combined algorithm can be directly integratetb ithe clinical evaluation software for ultrasouimdage
interpretation to enhance the accuracy of diagoestnd pharmacology.
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