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Abstract;: Objective To develop a computer-aided diagnosis(CAD) system with automatic contouring and morphologic and tex-

tural analysis to aid on the classification of breast nodules on ultrasound images. Methods A modified Level Set method was pro-
posed to automatically segment the breast nodules(46 malignant and 60 benign nodules). Following,16 morphologic features and 17
texture features from the extracted contour were calculated and principal component analysis(PCA)was applied to find the optimal
feature vector dimensions. Fuzzy C-means classifier was utilized to identify the breast nodule as benign or malignant with selected
principal vectors. Results The performance of morphologic features was 78. 30% for accuracy,67.39% for sensitivity and 86. 67 %

for specificity, while the latter was 72. 64 % ,58. 70% and 83. 33% , respectively. After the combination of the two features,the re-

sult was exactly the same with the morphologic performance. Conclusion

breast nodule from the benign breast nodule.

This system performs well in classifying the malignant
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Early diagnosis and treatment is the most effective way of
reducing mortality caused by breast cancer. Ultrasonic diagno-
sis is currently widely used in assisting examination of breast
nodule. The morphologic and textural variation between benign
and malignant nodules is deemed a useful characteristic for
their differentiation in ultrasound. Researchers have developed
many advanced algorithms to extract the morphologic and tex-
ture features from breast nodule on ultrasound images, but the
selection of the best features is still on debate. Therefore, it is
desirable to develop computer-based classification methods to
provide radiologists with a dependable second reading,hence to
reduce the number of misdiagnosis.

Computer-aided diagnosis (CAD) has been largely studied
in recent years. Joo et al''. designed a CAD algorithm identif-
ying breast nodule malignancy using multiple ultrasonography
features and artificial neural network classifier,53. 3% of biop-
sies on benign nodules can be avoided with 99. 3% sensitivity.
Kim KG et al. evaluated various spiculate and jagged margin
shape features and they achieved a result of sensitivity 95. 1%
and specificity 97. 2%, Huang et al®*!. presented a CAD sys-
tem to prove that textural features are valuable in nodule diag-
nosis. In this study, we aim at developing a CAD system with
automatic contouring and morphologic and textural analysis to
aid in the classification of breast nodules on ultrasound images.
16 morphologic features are calculated based on the nodule con-
tour, while 17 texture features are calculated based on nodule

region from the integrated spatial gray level co-occurrence ma-
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trix(GLCM). Then principal component analysis (PCA)is ap-
plied to reduce feature vector dimension and the principal vector
is employed to distinguish between benign and malignant le-
sions by means of Fuzzy C-means(FCM). The FCM is a reliable
choice due to its fast speed and excellent classification capabili-
ty.

1 MATERIALS AND METHODS

1.1 Materials

nodule images arbitrarily selected from Department of Ultra-

This study contains 106 ultrasonic breast

sonography in West China Hospital, where 46 malignant and 60
benign. Before quantitative analysis,we employ a modified Lev-

1) on ultrasound im-

el Set method to extract the breast nodule
age for morphologic and textural analysis.
1.2 Methods

1.2.1 Morphologic features analysis According to the clini-
cal diagnosis, the shape of the nodules and the regularity of
their contours are distinct in benign and malignant breast nod-
ulest® . A typical benign mass has an elliptical, smooth, and
well-circumscribed boundary, whereas a malignant nodule usu-
ally has a speculated, rough, and blurry boundary with taller-

[67) In addition,area is an important feature for

than-wide shape
diagnosing nodules as large nodules usually have higher possi-
bility to be malignant than small nodules. In the study,16 prac-
tical morphologic features are extracted to classifiy breast nod-
ules. These features are defined as follows 1%,

(1) Area, Area feature is the actual number of pixels in the

nodule region. Malignant nodules frequently have a larger area
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compared with benign ones.

(2) Perimeter, perimeter feature represents the length of
the nodule perimeter. As malignant nodules usually have irreg-
ular shapes,a large nodule perimeter is associated with the like-
lihood that a nodule is malignant.

dx XA
(3)Form_Factor = ”7}’6%
Perimeter®
When Form_Factor is close to 1,the nodule shape is nearly
round.

4 X Area

(4)Roundness = X Max_Diameter’

Where Max_Diameter denotes the length of the major axis
from the equivalent ellipse of a nodule.
L. Are
(5)Solidity :m
The Solidity feature represents the proportion of the pixels
in the convex hull that are also in the nodule region, where
Convex_Area is the area of the convex hull of a nodule. When

Solidity is close to 0,the nodule is malignant.

. . Convex_Perimeter
(6)Convexity =——F
Perimeter

Where Convex_ Perimeter is the perimeter of the convex
hull of a nodule.

Area
Bounding _Box

(7)Extent =

The Extent feature represents the proportion of the pixels
in the bounding box that are also in the nodule region, where
Bounding_Box is the smallest rectangle containing the nodule.

(8)TEP_Ratio. The TEP_Ratio is the perimeter ratio of a
nodule and the corresponding ellipse. The major and minor axes
of the corresponding ellipse are calculated based on the propor-
tion of width to depth of a nodule to acquire the same area for
the ellipse and nodule.

(9) TEP _ Difference, TEP _ Difference is defined as the
difference between nodule perimeter and the corresponding el-
lipse.

(10) TCP _Ratio, TCP_Ratio is the perimeter ratio of a
nodule and the corresponding circle which has the same area as
the nodule.

(11) TCP_Difference, TCP _Difference is defined as the
difference between the nodule perimeter and the corresponding
circle.

(12) AP_Ratio, AP_Ratio is the ratio of the area and the
perimeter of a nodule.

(13) Eccentricity . Eccentricity is the ratio of the distance
between the foci of the ellipse and its major axis length. The
value is between 0 and 1.

(14) Aspect_Ratio, Aspect_Ratio is the length ratio of a
nodule’ s depth and width., If a nodule’ s depth exceeds its
width, the Aspect_Ratio is greater than 1 and the nodule has a
high probability of being malignant.

(15)LS_Ratio, LS_Ratio is the length ratio of the major
axis and minor axis of the equivalent ellipse.

(16) Roughness, Roughness is represented by the entropy
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of the normalized radial length. A nodule with a larger value of
the entropy indicates the more complexity of its boundary.
Chang et al'' applied the Form_Factor, Roundness, As-
pect_Ratio, Solidity, Convexity and Extent features to diagnose
breast nodules. The other features are fundamental and clinical-
ly useful indicators for the classification of breast nodules.
1.2.2

ges have their own characteristics in image textures,so it can be

Texture features analysis Nodules on ultrasound ima-
viewed as criteria for discriminating between benign and malig-
nant breast nodules. Texture features are defined as a statistical
analysis of the spatial variation within adjacent pixel intensities
of an image. In the study, we apply the integrated GLCM to ex-
tract texture features.

GLCM reflects some comprehensive information about im-
age in the aspects of direction, interval, variation extent and
variation speed!'?), With respect to the relationship between ar-
bitrary two points,one should be concerned about the direction
and the distance of two points. In the study, we take distance as
one,and directions are 0°,45°,90° and 135° respectively,so that
each direction corresponds to a GLCM and also each texture
feature has four different values. In order to integrate texture
features in each direction into a comprehensive one, weighted
coefficients on each direction are calculated over contrast in that
contrast has the maximal correlation. Then an integrated GL-
CM is obtained by summing the weighted GLCM in four direc-
tions,and under which 17 texture features are calculated. How-
ever,six texture features are dismissed due to their incomplete-
ness and having little meaning for classification. The remaining
11 texture features are fl - angular second-moment, {2 - con-
trast,{3 - correlation, f4 - variance,f5 - sum variance, {6 - entro-
py.{7 - sum entropy, {8 - difference entropy, {9 - information
measure of correlation 1,{10 - information measure of correla-
tion 2,f11 - inverse difference moment. The equations defining
these features can be seen in"*!. According to their particular
properties they are sorted into three groups as follows, group
1.11,16,17,18,19 and {10 have the invariant property under
monotonic gray-tone transformation; group 2:{1,12.{3,{6 and
f11 have the maximal correlation;group 3:f4 and 5 have grea-
ter discrepancy as the texture of image are different. Therefore
these special texture features can be used as important indict
for categorizing breast nodules.
1.2.3 Principal component analysis Principal component a-
nalysis (PCA) for vector dimension reduction. Using the high-
dimensional vector directly is unsatisfactory when identifying
breast nodules. Furthermore, numerous morphologic and tex-
ture features may be co-dependent. Only independent features
should be utilized to attain reliable classification performance. It
is well kwon that PCA is a usually adopted statistical analytical
method that decreases redundancy by projecting the original da-
ta over an appropriate basis. PCA involves a mathematical pro-
cedure that transforms a number of possibly correlated varia-
bles into a smaller number of uncorrelated variables called prin-

cipal components. The idea behind the PCA is to create a more
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pertinent representation for reducing the dimensions of the o-
riginal vectors. According to the experiment, the ideal dimen-
sion is 4; thus, each original 16-dimensional morphologic and
11-dimensional texture feature vector is condensed by PCA into
a new 4-dimensional feature vector,hence to find the best clas-
sification performance.

1.2.4 Classification (Fuzzy C-means) The Fuzzy C-means
clustering algorithm is based on the minimization of an objec-

tive function called C-means functional"**’. It is defined by Dunn

as:
c N
J(X3U V=5 3 ()" Dyn” (D
i=1lk=1
where
Dia= Il xc-vi [l a=(x-vi)T A(xi-vi)

is a squared inner-product distance norm.

The minimization problem can be solved by means of La-
grange multipliers. If Dy, ? >0, Vi,k,and m>1, then(1) may
minimize only if

1

tl == = 5 2
U T 5 (Dys /Dyy Y70 )
where(1=<;<<C,1<<t<N)
and
N
;#,&'”T;
‘U':k,lvi’léigc o
S

where X={x; sx5 +***,x, }1s the data setc,is the number of
clusters,m &€ (1,c0) is a weighted index(which is usually as-
signed by 2).v; is the clustering center, yu; is the fuzzy mem-
bership of whose clustering center is v; , D; is the standard Eu-
clidean distance from x, to wv;.

2 RESULTS

2.1 Image segmentation The original and segmented breast
nodule images are presented in Fig. 1.

2.2 Classification results As for texture features, previous
experiments have demonstrated the effectiveness of correlation,
sum variance,information measurement of correlation 1 and in-
formation measurement of correlation 2 for classifying breast
nodules, producing a result of accuracy 72. 64% , sensitivity
58.70% and specificity 83. 33%. Both of information measure-
ment of correlation 1 and information measurement of correla-
tion 2 describe the linear dependency of the intensity. The cor-
relation reflects the correlation of local intensity in images,indi-
cating the textural directionality. The sum variance reflects the
variation speed and periodicity of the texture which varies
greatly with different texture of the image. So the four texture
features can be used as important indexes for discriminating
breast nodules.

According to the morphologic characteristic difference be-
tween benign and malignant nodules,in various combinations of
morphologic features, the one containing TEP _ Ratio, TEP _
Difference, AP_Ratio and Aspect_Ratio obtains the best result
with accuracy 78. 30%, sensitivity 67. 39% and specificity
86. 67 % ,which is slightly better than that of texture features.
TEP_Ratio and TEP_Difference are concerned about the ellip-
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ticity of the nodule contour which is the significant characteris-
tic of benign breast nodules, whereas Aspect_Ratio is the length
ratio of a nodule’s depth and width, corresponding to the typi-
cal characteristic of malignant breast nodules which usually has
taller-than-wide shape. In addition, AP _Ratio is related to a
nodule’s area and perimeter. Since large nodules usually have
higher possibility to be malignant, this parameter is also an im-
portant feature for diagnosing nodules. Nevertheless., taking the
combination of morphologic and texture features as input fea-
ture vector has not given any higher accuracy,and the best per-
formance is exactly the same with the morphologic features do.

All of the results are shown in Table 1.

A .B:the original image; C.D; the segmented image; E.F: the
nodule contour for calculating morphologic features; G, H: the nodule

region for calculating texture features.

Fig. 1 Tipical case diagram of the malignant breast nodule
(left) and the benign breast nodule(right).

Table 1 Performance of the proposed CAD system( %)
Feature Accuracy Sensitivity Specificity PPV NPV
Morphologic 78. 30 67.39 86. 67 79.49  77.61
Texture 72. 64 58. 70 83.33 72.97  72.46
Combination 78.30 67. 39 86. 67 79.49  77.61

Accuracy = (TP+TN)/(TP+TN+FP+FN) ; Sensitivity = TP/
(TP-+ FN); Specificity = TN/(TN + FP) ; Positive predictive value
(PPV)= TP/(TP-+FP) ;Negative predictive value(NPV)= TN/(TN
+FND.

FN.false negatives (no. malignant cases misdiagnosed) ; FP. false
positives(no. benign cases misdiagnosed) ; TN: true negatives (no. be-
nign cases diagnosed correctly) ; TP true positives(no. malignant cases

diagnosed correctly).
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3 DISCUSSION

We have presented in the study a CAD system with a com-
putationally quick procedure for segmenting the breast nodule
on ultrasound images, extracting morphologic and texture fea-
tures,and identifying the most effective features for categori-
zing the benign and the malignant breast nodules.

The results of 78. 30% accuracy rate for morphologic fea-
tures and 72. 64 % accuracy rate for texture features are prom-
ising . but the overall accuracy diagnosis is still not high enough
to rely on confidently which is ascribed to some limitations on
both features. As for morphologic features, some benign lesions
may have a speculated appearance or blurred periphery, and
round and well-defined malignant lesions do exist, which attrib-
utes to the misclassification of breast nodules. In addition, the
segmentation process may lead to inaccuracy in the boundary
detection, which causes the deteriorated performance of selected
features. On the other hand. texture feature calculation has sen-
sibility to nonlinear variations with ultrasound system setting,
the time-gain compensation and focal depth. Furthermore, tex-
ture features mainly describe internal echo structure and the ar-
chitecture of surrounding tissue, which leads to their highly
sensitivity to the noise in ultrasound images, so the classifica-
tion only relying on texture features are not reliable enough.

In the study, the false positive fraction in three groups is
lower than 30% ,and correspondingly, the true positive fraction
is higher than 70% , which can prevent unnecessary biopsies.
However the selected features may be tuned to the specific ca-
ses in the study, we need to integrate additional features, such
as clump thickness, uniformity of cell size, uniformity of cell
shape, bare nuclei, bland chromatin and mitosis. et al. , along
with additional patient history data,to further improve the ac-
curacy of diagnosis. Also,the proposed CAD system is required
to test on a larger data set.

In summary,an effective CAD system based on an optimal
feature selection proposed in the study, which can be used as
the “second opinion” for radiologists to make more accurate di-
agnosis of breast nodules. In the move toward more advanced
CAD system for breast cancer detection, many techniques have
to be improved: image processing algorithms, calculation of
morphologic and texture features with excellent discriminatory
ability and classification methods. Thus, enhancing the overall
performance of CAD system still remains to be a key issue for

future research and development.
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