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Abstract In a CAD system for the detection of masses,
segmentation of mammograms yields regions of interest
(ROIs), which are not only true masses but also suspicious
normal tissues that result in false positives. We introduce a
new method for false-positive reduction in this paper. The
key idea of our approach is to exploit the textural properties
of mammograms and for texture description, to use Weber
law descriptor (WLD), which outperforms state-of-the-art
best texture descriptors. The basic WLD is a holistic
descriptor by its construction because it integrates the local
information content into a single histogram, which does not
take into account the spatial locality of micropatterns. We
extend it into a multiscale spatial WLD (MSWLD) that
better characterizes the texture micro structures of masses
by incorporating the spatial locality and scale of micro-
structures. The dimension of the feature space generated by
MSWLD becomes high; it is reduced by selecting features
based on their significance. Finally, support vector
machines are employed to classify ROIs as true masses or
normal parenchyma. The proposed approach is evaluated
using 1024 ROIs taken from digital database for screening
mammography and an accuracy of Az = 0.99 + 0.003
(area under receiver operating characteristic curve) is
obtained. A comparison reveals that the proposed method
has significant improvement over the state-of-the-art best
methods for false-positive reduction problem.
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1 Introduction

Breast cancer is one of the most common types of cancer
among women all over the world, and it is considered as
the second main cause of death among women [1].
According to a survey conducted by the American Cancer
Society, one out of 8—12 American women will suffer from
breast cancer during his lifetime [2]. Also, 19 % European
women out of those suffering from breast cancer die due to
this type of cancer [3]. Moreover, the World Health
Organization’s International Agency for Research on
Cancer (IARC) reported that 0.4 million women die every
year due to breast cancer out of more than one million
registered cases of breast cancer [4]. The detection of
breast cancer at an early stage can be effective in pre-
venting deaths due to breast cancer, but it is not an easy
task. Commonly used imaging modality for breast cancer is
mammogram, which has significantly enhanced the radi-
ologists’ ability to detect and diagnose cancer at an early
stage and take immediate precautions for its earliest pre-
vention [5].

The analysis of mammograms is a complicated task due
to its complex structure. The malignant abnormalities
found through mammogram screening are about 0.1-0.3 %
[6]. In addition, after follow-up mammograms, only
5-10 % of the suspected abnormalities are recommended
for surgical verification by biopsy [7] and about 60-80 %
biopsies result in false positives [8]. On the other hand,
retrospective analysis reveals false-negative rate of
1020 % [8]. It follows that a significant number of
abnormalities is missed by expert radiologists. Given the
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number of mammograms screened every year, a small
decrease in false negatives can save many lives and a small
decrease in false positives can result in significant reduc-
tion in unnecessary follow-ups and mental trauma.

Mammography provided an opportunity to introduce
computer-aided detection (CAD) systems in order to help
the radiologists for detecting and diagnosing the breast
cancer at an early stage [9-11]. In 2001, Freer and Ulissey
[12] evaluated a CAD system for 12,860 patients and
concluded that CAD system can improve the detection of
malignant cases in their early stages. However, this fact
became controversial in 2005 when Khoo et al. [13] pub-
lished their results for a database of 6111 women. Nis-
hikawa and Kallergi [12] argued that CAD in its present
form does not have significant impact on the detection of
breast cancer. The main reason for the mistrust of radiol-
ogists on the role of CAD system in breast cancer detection
is due to large number of false positives [8, 14].

In a CAD system for masses, mammograms are seg-
mented to detect masses; the segmentation yields regions
of interest (ROIs), which are not only masses but suspi-
cious normal tissues as well, which result in false positives.
The performance of a CAD system depends on how much
accurately the false positives are reduced. The reduction in
false positives is dependent on the description of ROIs.
Various descriptors based on texture, gray level, ICA [15,
21], PCA [16], 2DPCA [17, 18], morphology [19], wave-
lets [20], and LBP [21] have been used. Lladé et al. [21]
used spatially enhanced local binary pattern (LBP)
descriptor, which is basically a texture descriptor, to rep-
resent textural properties of masses and to reduce false
positives; this method achieved an overall accuracy of
Az = 0.94 £+ 0.02 (percentage area under receiver oper-
ating characteristic (ROC) curve) on digital database for
screening mammography (DDSM). This is the best of all
false-positive reduction methods published so far. But LBP
descriptor builds statistics on local micropatterns (dark/
bright spots, edges, and flat areas) without taking into
account the directional information of texture micropat-
terns; also, it is not robust against noise. Instead of LBP, we
use Weber law descriptor (WLD) [22] for representing the
textural properties of masses and to reduce the false posi-
tives. WLD builds statistics on salient micropatterns along
with gradient orientation of the current pixel and is robust
against noise and illumination changes. Chen et al. [22]
have shown that WLD outperforms LBP in texture recog-
nition. As such, WLD is a better choice for representing the
texture properties of masses and normal parenchyma.

The basic WLD is a histogram where differential exci-
tation values are integrated according to their gradient
orientations irrespective of their spatial location and so
WLD behaves like a holistic descriptor. We extend it to
enhance its discriminatory power by embedding the spatial

@ Springer

locality and the scale of micropatterns that better charac-
terize the spatial structures of masses; we call it multiscale
spatial WLD (MSWLD), initially employed in [30]. The
main contributions of the paper are as follows:

(i) Effective representation of mass and normal ROIs
using multiscale spatial WLD (MSWLD).

(i) Finding the best set of the values of the parameters of
MSWLD that results in the best representation of
masses and normal ROIs.

(iii) Selection of the significant features in MSWLD.

(iv) A false-positive reduction method for a CAD system of
masses based on MSWLD and support vector machine
(SVM) that significantly reduces false positives.

The organization of the rest of the paper is as follows.
Section 2 illustrates the main algorithms for false-positive
reduction problem. Section 3 presents the architecture of
the system for false-positive reduction and the description
of the database used for the validation of the system.
Results have been reported and discussed in Sect. 4. Sec-
tion 5 concludes the paper.

2 Materials and methods

In this section, first we give an overview of the basic WLD
[22] and its multiscale version. Then, we describe its
extensions—spatial WLD (SWLD) and multiscale spatial
WLD (MSWLD). This descriptor represents an image as a
histogram of differential excitations, according to the cor-
responding gradient orientations, and has several interest-
ing properties like robustness to noise and illumination
changes, elegant detection of edges, and powerful image
representation. These characteristics have made it suitable
for detection tasks involving complex texture patterns with
varying conditions.

Weber law descriptor is based on Weber’s Law.
According to this law, the ratio of the increment threshold
to the background intensity is constant. Inspired by this
law, Chen et al. [22] proposed WLD for texture represen-
tation. The computation of WLD involves three compo-
nents: calculating differential excitations, gradient
orientations, and building the histogram. In the following
sections, first we give an overview of these components
and then the detail of MSWLD is presented.

2.1 Differential excitation (DE)

The first step for WLD is the computation of the differ-
ential excitation (DE) of each pixel. To compute DE ¢&(x,)
of a pixel x. first intensity differences of x. with its
neighbors x;, i = 0, 1,2, ..., p — I (see Fig. 1a for the case
p = 8) are calculated as follows [22]:
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The differential excitation &(x.) may be positive or
negative. If the current pixel is darker than its background,
then its gray scale value [ is less than those (I;, i = 0, 1, 2,
..., P—1) of its neighbors and each Al is positive. As such,
the positive value of DE means that the current pixel is
darker than its background and the negative value of DE
indicates that the current pixel is lighter than its
background.

2.2 Gradient orientation (GO)

Next main component of WLD is gradient orientation. For
a pixel x., the gradient orientation is calculated as follows
[22]:

I
0(x.) = arctan {2] (4)
I5
where I;;3 = I; — I3 is the intensity difference of two pixels
on the left and right of the current pixel x., and I5; =
Is —I; is the intensity difference of two pixels directly
below and above the current pixel, see Fig. la. Note that
0e(-5.9.
The gradient orientations are quantized into 7 dominant
orientations as:

2t 0 1
o, 7 Wheret mod({zn/T—&—zJ, ) (5)
where 0’ € [0,27] and is obtained using the mapping f
0 — @ defined in terms of gradient orientation computed
by the Eq. (4) as follows:

Fig. 2 a Basic WLDr, b spatial WLD

0 = arctan2(l73,1s1) + 7
where
0 I3 >0and Is; >0

arctan 2(173’]51): n+ 0 I;3 >0and Is; >0

0—n I;3<0and s <0
0 I73<0 and I5; <0
In case T =28, the dominant orientations are

¢, =T,t=0,1,...,T — 1; all orientations located in the
interval [d), — (g), o, + (%)] are quantized as ¢,.

2.3 Basic WLD

The differential excitation and dominant orientation cal-
culated for each pixel form a WLD feature. Using these
features, WLD histogram 1is calculated, see Fig. 2a. First,
sub-histograms H,;: t =0, 1, 2, ..., T—1 of differential
excitations corresponding to each dominant orientation ¢,:
t=0, 1, 2, ..., T—1 are calculated; all pixels having
dominant direction, ¢,, contribute to sub-histogram H,.
Then, each sub-histogram H;: t =0, 1, 2, ..., T—1 is fur-
ther divided into M sub-histograms H,,: m =0, 1, 2, ...,
M—1, each with S bins. These sub-histograms form a
histogram matrix H,, ;. m =0, 1,2, ..., M—1,t=0, 1, 2,
..., T—1, where each column corresponds to a dominant
direction ¢,. Each row of this matrix is concatenated as a
sub-histogram H,, = {H,. t=0, 1, 2, ..., T—1}.
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Subsequently, sub-histograms H,,: m =0, 1, 2, ..., M—1
are concatenated into a histogram H = {H,,: m = 0, 1, 2,
..., M—1}. This histogram represents an image and is
referred to as WLD. This descriptor involves three free
parameters:

e T, the number of dominant orientations ¢, t = 0, 1, 2,
ceey T—1,

e M, the number of segments H,,, of each sub-histogram
H, corresponding to a dominant orientation ¢,, and

e S, the number of bins in each sub-histogram H,,, ,.

We represent basic WLD operator by WLD (7, M, S).
2.4 Multiscale WLD

The WLD reviewed in the previous sections uses fixed size
3 x 3 neighborhood, see Fig. la and is unable in charac-
terizing local salient patterns in different granularities. For
representing local salient patterns at different scales, it is
extended to multiscale WLD, which is computed using a
symmetric square neighborhood (P, R) of side (2R + 1)
centered at the current pixel and consisting of P pixels
along the sides of the square. The neighborhoods (P, R)—
R=1,2,3and P = 8, 16, 24—determine the scale of the
descriptor [22]. For multiscale analysis, histograms
obtained using WLD operators with varying (P, R) neigh-
borhoods are concatenated. We represent multiscale WLD
operator by MWLDp (T, M, S).

2.5 Spatial WLD

WLD feature is a local feature but WLD histogram is a
holistic descriptor that represents an image as a histo-
gram of differential excitations. In this histogram, dif-
ferential excitations are put into bins according to their
values and gradient orientations, irrespective of their
spatial location. In this way, locally salient patterns
might be lost when an image, such as a mammogram,
has different texture patterns at different locations. Spa-
tial location is also an important factor for better
description. For example, two similar structures occurring
in two different patterns having different spatial locations
will contribute to the same bins in the histogram and will
not be discriminated by WLD. To enhance the discrim-
inatory power of WLD, we incorporate spatial informa-
tion into the descriptor. Each image is divided into a
number of blocks B;, By, ..., B,, WLD histogram Hp; is
computed for each block and then these histograms are
concatenated to form a Spatial WLD (SWLD) H = {Hp;:
i=1, 2, ..., n}. SWLD not only encode gradient ori-
entation information but also the spatial locality of sali-
ent micropatterns.
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This descriptor has better discriminatory power because
it captures the spatial locality of micropatterns in a better
way, which is important for recognition purpose. This
extension introduces another parameter: the number of
blocks. The suitable choice of number of blocks can lead to
better recognition results. We specify SWLD operator by
SWLD (T, M, S, n), where n is the number of blocks.

2.6 Multiscale spatial WLD

Spatial WLD characterizes both directional and spatial
information at fixed granularity. For better representation
of an image, it is important to capture local micropatterns
at varying scales (P, R). To achieve this end, we introduce
MSWLD; in this case for each block of an image, a mul-
tiscale WLD histogram at a particular scale (P, R) is
computed and then these histograms are concatenated. The
final histogram is the MSWLD at scale (P, R). We repre-
sent multiscale spatial WLD operator by MSWLDp (T,
M, S, n).

Note that the multiscale WLD proposed in [22] is
realized with MWLDp (T, M, S) operator, whereas the
proposed MSWLD is computed using MSWLDp i (T, M, S,
n) operator.

2.7 Significance of features

The dimension of the feature space generated by MSWLD
becomes excessively high. All features are not significant.
The redundant features not only increase the dimension of
the feature space—curse of dimensionality—but also cre-
ate confusion for the classifier and result in the decrease in
classification accuracy. There is the need to select the most
significant features. Different methods can be used to
identify irrelevant features and select only the most sig-
nificant ones. We employ the method proposed by Sun
et al. [23]. This method is simple, powerful, and robust; its
detail is given below.

LetD = {(x;,y):i=1,2, ..., n} be a training dataset,
where x; € R" and y; € {£1} are the feature descriptor and
class label of ith training sample. Let w be an m-dimen-
sional nonnegative weight vector whose components rep-
resent the relevance of the corresponding m features of x;.
The problem of feature subset selection is to compute w so
that a margin-based error function in the weighted feature
space parameterized by w is minimized, which is an arbi-
trary nonlinear problem. This problem is solved iteratively
in two stages. First, by local learning, this problem is
decomposed into locally linear problems of learning mar-
gins (Steps 3 and 4 in the following pseudocode). Then,
w is learned within large margin framework based on
logistic regression formulation (Step 5 in the following
pseudocode).
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The pseudocode of the algorithm is given below [23].

SelectedF = SelectFeatures_SunMethed(D,oc, A);

1 Initialization: Set w® = 1, t=1;

2 Repeat

3 Compute |[x; — x,|,,e-1, VX, X, € D;

4 Compute P(x, = NM(x;)|w'™1) and
P(x, = NH(x)|w*™1);

5 Solve for v through gradient descent using

. exp(—zv:zmj

Ve v—1 ﬂ[—z
"= 1+exp(—2vkzzi(k)j
k

6 wi=vil<k<m

7 t=1t+1;

8 Until |[w' —w' | < 6;

9 w=wt

10 SelectedF = the features for which wy is not close to
Zero

z. |®v

i

In this algorithm,

zi= Y Plx, = NM(x;)|w)lx; — x,|
reM;

_ Z P(x, = NH(x;)|w)|x; — x|

reH;
where M; = {r: 1<r<n,y, #yi}, Hi={r: 1<r<n,y,

. exp( [lxi—x.[l,,/o
—yir £} Pl = NMGx)lw) = <Py
seEM; ! Sthw

exp(|lxi—x.|l,,/a
> (exp(uxifxsuz/o) VT € Hy
NM (x;) denotes the nearest neighbor of x; belonging to the
opposite class, NM(x;) represents the nearest neighbor of x;
belonging to its class, and the kernel width ¢ is a free
parameter that determines the resolution at which the data
are locally analyzed. The regularization parameter A con-
trols the sparseness of the solution and # is the learning
rate. For further detail, a reader is referred to [23].

This method has two free parameters: kernel width o
and regularization parameter 4. Though the authors claim
in [23] that the performance of the method does not depend
on a particular choice of the values of these parameters, our
experience is different, see Fig. 3; the proper choice of
these parameters is imperative for the best results. To find
the optimal values of ¢ and A, which help to select the
minimum number of the most significant features giving
the best classification result, we applied grid search, as
described below.

€M,

P(x, = NH(x;)|w) =

For o =0.1:0.2:2;
For A =0.1:0.2:2;
SelectedF = SelectFeatures_SunMethed(D, o, A);
Az = Classify_ with_ SVM(SelectedF);
End;
End;

0.995
(0.1.0.3). # Selected feawres : 337 _|

(0.1, 0.5), # Selected features : 261

0.99 -
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Fig. 3 Graph showing the effect of the parameters (o, 4) on
classification accuracy

Though Sun’s method is a filter method but we
employed it as a wrapper method for feature subset
selection.

2.8 Support vector machine (SVM)

For classification, support vector machines (SVM) [24] are
used; it is one of the most advanced classifier and outper-
forms other well-known classification methods in many
applications involving two-class problem, especially in
texture classification problem. The interesting aspect of
SVM is its better generalization ability that is achieved by
finding optimal hyperplane with maximum margin, see
Fig. 4. The optimal hyperplane is learned from training set.
More specifically, given the training samples {(x; y,):
i=1,2,...,n}, where x; and y; € {—1, 41} are the feature
descriptor and class label of ith training sample, the opti-
mal hyperplane is defined as follows:

fX)=wx+b=0

where w and b are obtained by solving the following
optimization problem:

A
e
@ (@
@0 O
o-btimal Hyperplane
A A
A A _ «Maxiﬁ"fuﬂ_j Margin

Fig. 4 SVM classifies by finding the optimal hyperplane that has
maximum margin
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Minimize Liwl?
Subject to the constraints y;(w.x; +b)>1,i=1,2,...,n

The solution of this problem ensures that the margin ﬁ

of the hyperplane is maximum. The training samples that
are on the canonical hyperplanes (w.x + b) = =1 are
known as support vectors. Note that y; = 1 for a normal
ROI and y; = —1 for a mass ROL

Support vector machines are basically a linear classifier
that classifies linearly separable data, but in general, the
feature vectors might not be linearly separable. To over-
come this issue, kernel trick is used. Using a kernel func-
tion that satisfies Mercer’s condition, the original input
space is mapped into a high-dimensional feature space
where it becomes linearly separable. Using kernel trick, the
general form of an SVM is

flx) = ZaiYiK(xaxi) +b
ieQ

where ac;s are Lagrange coefficients due to Lagrange for-
mulation of the optimization problem, € is the set of
indices of nonzero oc;s, which corresponds to the support
vectors, x is a testing sample, and K (x, x;) is a kernel
function. Classification decision is taken based on whether
f(x) as a value above or below a threshold. Different kernel
functions have been employed for different classification
tasks. As radial basis function (RBF) gives the best results
in most of the applications, we employ RBF for false-
positive reduction problem. SVM with RBF kernel
involves two parameters: C, the penalty parameter of the
error term and v, the kernel parameter. For optimal clas-
sification results, these parameters must be properly tuned.
We select the optimal values of these parameters using first
coarse and then fine grid search. For implementation of
SVM, we used LIBSVM [25].

3 False-positive reduction system

The block diagram of the false-positive reduction system is
shown in Fig. 5. There are four main components of the
system: preprocessing, feature extraction, feature selection,
and classification. Various existing approaches differ in the
choice of techniques for these components. Note that WLD
is robust against noise and illumination changes [22], so in

. | Feature Extraction

Feature Subset
Selection

Classification using | g
Normal / Mass € SVM

Fig. 5 Mass detection system
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our approach there is no need for preprocessing methods
for denoising and enhancement. For feature extraction, we
used MSWLD, which has been discussed in detail in Sect.
2. The method proposed by Sun et al. [23] is used for
selecting the most significant features, and SVM with RBF
is employed for classification. The novelty of the system is
to use a powerful discriminating MSWLD along with
feature selection for reducing the number of false positives.

3.1 Database

The proposed method is evaluated using DDSM [26]; this
database consists of more than 2000 cases and is commonly
used as a benchmark for testing new proposals dealing with
processing and analysis of mammograms for breast cancer
detection. The mammograms of the DDSM database were
digitized using different scanners: a DBA M2100 Image-
Clear (42 x 42 pm pixel resolution), a Howtek 960
(43.5 x 43.5 pm pixel resolution), a Lumisys 200 Laser
(50 x 50 pm pixel resolution), and a Howtek MultiRad850
(43.5 x 43.5 pm pixel resolution). All the images are 16
bits per pixel. Finally, we rescaled the images to have the
same resolution: 50 um. Each case in this database is
annotated by expert radiologists; the complete information
is provided as an overlay file. The locations of masses in
mammograms specified by experts are encoded as code
chains; in Fig. 6, the contours drawn using code chains
enclose the true masses. We randomly selected 250 mam-
mograms of the patients, which contain proven true masses,
and extracted 1024 ROIs (normal and mass) from these
mammograms, see Fig. 6. We extracted 256 ROIs, which
contain true masses using code chains; the sizes of these
ROIs vary depending on the sizes of the mass regions from
267 x 274 to 1197 x 1301 pixels. In addition, suspicious
normal ROIs, which look like masses and result in false
positives, were extracted. Some sample ROIs are shown in
Fig. 7. These ROIs are uvnsed for training and testing. In an
automatic system, it is assumed that these ROIs are
extracted by some detection and segmentation algorithm.
The role of the proposed algorithm is to identify whether an
ROI is a true mass or a normal tissue.

4 Experiments and discussion

In this section, we report and discuss the results of the pro-
posed method. For validation, we used DDSM database and
directly compared the proposed method with state-of-the-art
best similar mass detection method proposed by Llado et al.
[21] using the same hardware and software environment and
the dataset. In the following subsections, first we describe
evaluation strategy, then discuss the impact of the parameters
of MSWLD, and finally give the comparison.
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Fig. 6 Annotated mammogram images from DDSM database. Contours mark the boundaries of the mass regions. Squares represent the mass
and suspicious normal ROIs extracted for the validation of the proposed method

Fig. 7 Sample mass ROIs (top row) and suspicious normal ROIs (bottom row)

4.1 Evaluation strategy

For the evaluation of classification performance, we used
fivefold cross-validation. In particular, the dataset is ran-
domly partitioned into five nonoverlapping and mutually
exclusive subsets. For the experiment of fold i, subset i is
selected as testing set and the remaining four subsets are
used to train the classifier, i.e., 80 % of the dataset is used
for training the system and the remaining 20 % samples are
used to test the system. The experiments are repeated for
each fold and the mean performance is reported. Using

fivefold cross-validation, the performance of the method
can be confirmed against any kind of bias involved in the
selection of the samples for training and testing phases. It
also helps in determining the robustness of the method when
tested over different ratios of normal and abnormal ROIs
used as training and testing sets (due to random selection,
ratios will be different). To compute the best parameters (o,
L) of the Sun’s algorithm, we used fivefold cross-validation
and the wrapper approach described in Sect. 2.7.
Commonly used evaluation measures of the predictive
ability of a classification method are sensitivity (a measure
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of true-positive rate), specificity (a measure of true-nega-
tive rate), accuracy and area under ROC curve (AUC or
Az). The sensitivity is defined by

TP

SenSitiVity = m

where TN is the number of ROIs correctly classified as true
masses and FN is the number of ROIs, which are wrongly

classified as masses. The specificity is defined by
TN
Specificity — — N
pecificity = T Fp

where TN is the number of ROIs correctly classified as
normal and FP is the number of mass ROIs, which are
wrongly classified as normal ROIs. The accuracy is defined
by

TP + TN
TP + TN + FP + FN’

Accuracy =

it expresses the overall rate of correctly classified ROIs.
Another performance measure to evaluate the ability of a
classification system to differentiate normal ROIs from
mass ROIs is the area (Az) under the ROC curve. The ROC
curve describes the ability of the classifiers to correctly
differentiate the set of ROIs into two classes based on the
true-positive fraction (sensitivity) and false-positive frac-
tion (1 — specificity).

O = |
1 7 —— 7
o -
w N €2 o 7y 8 =
~HEN - HERC HER -1
Full 2x2 3x3 4x4 5x5

No. of Blocks ——M o

Fig. 8 The effect of the combinations (4, 4, 5) and (12, 4, 20), and
different number of blocks with MSWLD,, 5 (T, M, S, n) operator at
scale (24, 3). In each case, the dimension of the feature space is
shown on bars

Table 1 Effect of combinations of (7, M, S) and block sizes

Accuracy is a function of sensitivity and specificity, and
it is common trend to use this measure for overall perfor-
mance of a mass classification method, but a study by
Huang and Ling [27] showed that Az is a better measure
than accuracy. In view of this, our analysis of performance
will mainly be based on Az.

4.2 Optimization of parameters

The MSWLD operator—MSWLDpr (T, M, S, n)—
involves 6 parameters: T, M, S, the number of blocks n, and
the scale parameters (P, R). The recognition rate depends
on the proper tuning of these parameters. In this subsection,
we discuss the impact of these parameters and describe the
optimal combination that yield the best recognition accu-
racy in terms of Az.

4.2.1 Effect of T, M, and S

To assess the effect of T, M, S on the recognition accuracy,
we consider MSWLD operator—MSWLD,, 5 (T, M, S, n),
apply it with different combinations (7, M, S) of T = 4, 6,
8,12; M =4, 8; and S = 5, 10, 15, 20 on ROIs with dif-
ferent numbers of blocks and extract MSWLD at scale (24,
3) and use them for mass detection; why we have chosen
the scale (24, 3) will be made clear under the discussion of
scale parameters. Among different combinations, here we
present the results only for two best combinations: (4, 4, 5)
and (12, 4, 20); the obtained recognition rates (in terms of
Az) in these two cases are shown in Fig. 8 and Table 1. It
is obvious that there are no significant differences between
Az values obtained for different numbers of blocks. The Az
values for the case (4, 4, 5) are bit higher than those for (12,
4, 20). In the first case, the dimension of the feature space
is much smaller than that in the second case, look at the
bars in Fig. 8. It means that (4, 4, 5) is the best choice. In
all our experiments, we will use this combination.

4.2.2 Effect of scales (P, R)

Three scales are used for experiments: scale-1: (8, 1),
scale-2: (16, 2), and scale-3: (27, 3). Figures 6 and 7 show
the recognition rates with these three scales and their
fusion.

Number blocks (T, M, S) Sensitivity Specificity Accuracy Az

4 x4 4,4,5) 98.45 + 1.33 97.56 + 1.23 98.00 * 0.56 0.98 + 0.006
(12, 4, 20) 98.02 £ 1.59 96.68 £ 0.66 97.36 £ 0.74 0.97 £+ 0.009

5x5 4, 4,5) 98.25 £+ 0.85 97.45 £+ 0.83 97.85 £ 0.76 0.97 £+ 0.008
(12, 4, 20) 97.88 £ 2.17 96.28 + 2.24 97.07 £ 1.97 0.97 £ 0.02

Bold values indicate the best results
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The bar graphs in these figures indicate that scale-3
gives the best recognition performance in terms of Az.

4.2.3 Effect of number of blocks and feature selection

To find the optimal number of blocks, we performed
experiments by dividing each ROl into 1 x 1 (full), 2 x 2,
3x3,4x4,and 5 x 5 blocks, ie., 1, 4,9, 16, and 25
blocks. From Fig. 9, it is clear that 4 x 4 and 5 x 5 give
similar recognition rates, but in case of 5 x 5, the
dimension of the feature space becomes very big. It means
that the best choice is 4 x 4. It is also obvious from Fig. 9
and Table 2, the recognition rate is maximum (Az =
0.9827 &+ 0.006) when 16 (4 x 4) blocks are used. This is
the conclusion before feature selection. But after feature
selection, the situation is different; the best result
(Az = 0.9901 £ 0.003) is obtained when 25 (5 x 5)
blocks are used, see Fig. 10 and Table 2. In case of 4 x 4
blocks, the number of features before and after selection is
1280/220, whereas this number is 2000/261 when 5 x 5
blocks are used. Also compare the recognition rate before
and after feature selection; it is Az = 0.9827 + 0.006/
Az = 0.9891 £ 0.002, and Az = 0.97678 & 0.008/Az =
0.9901 + 0.003 before/after feature selection in case of
4 x 4 and 5 x 5 blocks, respectively. It indicates that
there is a large number of irrelevant features in the
descriptor, which cause confusion for the classifier; when
these features are removed by the feature selection algo-
rithm by selecting significant features, the recognition rate

T T

i i i i i i
Scale-2  Scale-3 Scale-142 Scale-1+3 Scale-2+3 Scale-1+2+3
Scale ——»

Scale-1

Fig. 9 The effect of scale-1: (8, 1), scale-2: (16, 2), scale-3: (27, 3),
and their fusion on the recognition rate before feature selection

has improved significantly. It follows from the above dis-
cussion that the best results are obtained with MSWLD,4 3
(4,4,5,5 x 5) and MSWLD,4 5 (4, 4, 5, 4 x 4) operators.

4.3 Discussion

The results reported in Table 2 indicate that the proposed
method for false-positive reduction problem achieved the
best recognition rate in terms of Az value, accuracy, and
specificity. This result was obtained using MSWLD,, 5 (4,
4,5,5 x 5), SVM with RBF, and feature subset selection.
Different parameters involved in the computation of
MSWLD, SVM, and Sun’s method for feature selection
have significant impact on the recognition accuracy. We
performed experiments with different choices of these
parameters and found the best set of these parameters. The
best parameter values for SVM and Sun’s FSS algorithm
are reported in Table 2.

4.4 Comparison

Finally, we give a quantitative comparison with state-of-
the-art best method proposed by Lladé et al. [21] in addi-
tion to basic WLD. There are two reasons for comparison
with this method. First, this method outperforms the most
representative state-of-the-art methods (see the comparison
given in [21]). Second, LBP histogram used in this method

=

3]
0.991 ‘ - ‘ :

P Az=0.990140.003 : 3
e S L I B s S St .
0.989

0.988

0.987

261 /2000
220/ 1280

Az

0.986

0.985

i i i i i
Scale-2  Scale-3 Scale-142 Scale-1+3 Scale-2+3 Scale-1+2+3
Scale ———

0.984

Scale-1

Fig. 10 The effect of scale-1: (8, 1), scale-2: (16, 2), scale-3: (24, 3),
and their fusion on the recognition rate after feature selection. The
numbers on two bars show the number of features (after/before)
selection

Table 2 Performance with 4 x 4 and 5 x 5 blocks before and after feature selection

Number blocks Number features Sensitivity Specificity Accuracy Az (o)) (o, 4)
4 x4 1280 98.45 + 1.33 97.56 + 1.23 98.00 + 0.56 0.98 £ 0.006 %, 271

220 (A. E. S.) 99.02 + 0.47 98.14 + 0.39 98.58 + 0.26 0.98 =+ 0.002 %, 271 0.3, 0.7)
5%x5 2000 98.25 + 0.85 97.45 + 0.83 97.85 + 0.76 0.97 =+ 0.008 %, 2717

261 (A. E. S.) 98.82 + 0.44 99.03 + 0.81 98.93 + (.56 0.99 + 0.003 2%, 271 (0.1, 0.5)
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Table 3 Comparison between

MSWLD, LBP. and basic WLD Sensitivity Specificity Accuracy Az
MSWLD 98.82 + 0.44 99.03  0.81 98.93 % 0.56 0.99 + 0.003
LBP 90.35 + 3.18 93.66 + 1.18 92.00 =+ 0.99 0.92 £ 0.016
Bold values indicate the best Basic WLD 75.62 £ 6.78 69.22 + 8.60 7229 + 2.39 0.72 + 0.024

results

is a texture descriptor like WLD. Table 3 shows the
comparison of three methods for false-positive reduction
based on MSWLD, LBP, and WLD. Each method was
implemented using the same hardware/software environ-
ment and was evaluated using the same database. Also note
that LBP method was implemented precisely using LBP
MATLAB code provided by Ojala et al. [28] and the
specifications given in [21], i.e., LBP feature descriptor,
were computed by applying LBPKS“Z1 operator on each of
5 x 5 blocks and LBP;ZRSize operator on each of central
3 x 3 blocks; according to Lladé et al. [21], this configu-
ration gives the best performance. We used MSWLD,, ;5 (4,
4,5, 5 x 5) operator for MSWLD feature descriptor and
WLD (12, 4, 20) operator for basic WLD feature descrip-
tor; WLD (12, 4, 20) gives the best performance among
different combinations of (7, M, S). This table indicates
that MSWLD-based method outperforms in the reduction
in false positives. Note that the difference between the
performance of LBP-based method (0.94 £ 0.02) reported
in the original work by Llad6 et al., and the one
(0.92 £+ 0.016) shown in Table 1 may be attributed to the
selection of ROIs and the evaluation technique; we have
used 256 ROIs of true masses and 256 ROIs of suspicious
normal tissues; Llado et al. also used the same number but
surely the ROIs are different; it is hardly possible for two
different persons to choose the same 256 + 256 cases from
a database consisting of more than 2000 cases. The com-
parison of our method with this method reveals that the
proposed method is a better choice for false-positive
reduction for a CAD system.

Now, the question is why MSWLD performs better. The
answer to this question is that it has better potential for
discrimination of texture microstructures occurring at dif-
ferent locations and with different orientations and scales
because it considers the locality, scale, and the orientation
of the texture microstructures. Though LBP descriptor
encodes the locality and scale of the micropatterns, it does
not take into account the orientation of micropatterns.

5 Conclusion
We addressed the problem of reducing the number of false
positives resulted from the segmentation of mammograms

in a CAD system for mass detection. As a solution to this
problem, a new method based on MSWLD is proposed;

@ Springer

this method recognizes with high accuracy mass and sus-
picious normal ROIs; in this way, it significantly reduces
the number of false positives. MSWLD involves a number
of parameters, which has significant impact on the recog-
nition accuracy; a suitable set of these parameters is nec-
essary for optimal recognition rate. We performed
experiments to analyze the effect of the parameters and to
find the best set of parameters. The best performance is
obtained using MSWLD,,3 (4, 4, 5, 5 x 5) operator and
feature selection. For classification, SVM with RBF was
employed, which gave very good detection accuracy. The
main credit of the success of the proposed system goes to
MSWLD because it encodes the locality, scale, and ori-
entation of texture micropatterns. The direct comparison
with a similar state-of-the-art best method based on LBP
[21] and indirect comparison with the methods compared
with LBP method in [21] show that the proposed method
outperforms for false-positive reduction problem. More
powerful classifiers like SEL weighted SVM [29] can
further improve the detection rate.

Acknowledgments This work is supported by the National Plan for
Science and Technology, King Saud University, Riyadh, Saudi Ara-
bia, under project number 08-INF325-02.

Open Access This article is distributed under the terms of the
Creative Commons Attribution License which permits any use, dis-
tribution, and reproduction in any medium, provided the original
author(s) and the source are credited.

References

1. Mu T, Nandi AK (2005) Detection of breast cancer using v-SVM
and RBF networks with self-organization selection of centers. In:
Third IEEE international seminar on medical applications of
signal processing

2. American Cancer Society (2003-2004) Breast cancer: facts and
figures. ACS

3. Esteve J, Kricker A, Ferlay J, Parkin D (1993) Facts and figures
of cancer in the European Community. In: Technical report on
international agency for research on cancer

4. Pal NR, Bhowmick B, Patel SK, Pal S, Das J (2008) A multi-
stage neural network aided system for detection of micro-calci-
fications in digitized mammograms. Neurocomputing 71:2625—
2634

5. Buseman S, Mouchawar J, Calonge N, Byers T (2003) Mam-
mography screening matters for young women with breast car-
cinoma. Cancer 97(2):352-358

6. Eurostat (2002) Health statistics atlas on mortality in European
Union, European Commission 2002 edition



Neural Comput & Applic (2014) 25:83-93

93

7.

10.

11.

12.

13.

14.

15.

16.

17.

18.

Brem RF, Rapelyea JA, Zisman G, Hoffmeister JW, DeSimio MP
(2005) Evaluation of breast cancer with a computer-aided
detection system by mammographic appearance and histopa-
thology. Cancer 104(5):931-935

. Cheng HD, Cai XP, Chen XW, Hu LM, Lou XL (2003) Com-

puter-aided detection and classification of microcalcifications in
mammograms: a survey. Pattern Recognit 36(12):2967-2991

. Birdwell RL, Tkeda DM, O’Shaughnessy KD, Sickles EA (2001)

Mammographic characteristics of 115 missed cancers later
detected with screening mammography and the potential utility of
computer-aided detection. Radiology 219:192-202

Freer TW, Ulissey MJ (2001) Screening mammography with
computer-aided detection: prospective study of 12860 patients in
a community breast center. Radiology 220:781-786

Zwiggelaar R, Astley SM, Boggis CRM, Taylor CJ (2004) Linear
structures in mammographic images: detection and classification.
IEEE Trans Med Imag 23(9):1077-1086

Khoo LAL, Taylor P, Given-Wilson RM (2005) Computer-aided
detection in the United Kingdom national breast screening pro-
gramme: prospective study. Radiology 237(2):444—449
Nishikawa RM, Kallergi M (2006) Computer-aided detection, in
its present form, is not an effective aid for screening mammog-
raphy. Med Phys 33:811-814

Taylor P, Champness J, Given-Wilson R, Johnston K, Potts H
(2005) Impact of computer-aided detection prompts on the sen-
sitivity and specificity of screening mammography. Health Tech
Assess 9(6):1-58

Christoyianni I, Koutras A, Dermatas E, Kokkinakis G (2002)
Computer aided of breast cancer in digitized mammograms.
Comp Med Imag Grap 26:309-319

Oliver A, Marti J, Marti R, Bosch A, Freixenet J (2006) A new
approach to the classification of mammographic masses and
normal breast tissue. IAPR Int Conf Pattern Recognit 4:707-710
Oliver A, Llad6 X, Marti J, Marti R, Freixenet J (2007) False
positive reduction in breast mass detection using two-dimensional
PCA. Lect Notes Comput Sci 4478:154-161

Yang J, Zhang D, Frangi AF, Yang J (2004) Two-dimensional
PCA: a new approach to appearance-based face representation

19.

20.

21.

22.

23.

24.
25.
26.

217.

28.

29.

30.

and recognition. IEEE Trans Pattern Anal Mach Intell
26(1):131-137

Varela C, Tahoces PG, Méndez AJ, Souto M, Vidal JJ (2007)
Computerized detection of breast masses in digitized mammo-
grams. Comput Biol Med 37(2):214-226

Angelini E, Campanini R, Iampieri E, Lanconelli N, Masotti M,
Roffilli M (2006) Testing the performances of different image
representations for mass classification in digital mammograms.
Int J Mod Phys 17(1):113-131

Lladé6 X, Oliver A, Freixenet J, Marti R, Marti J (2009) A textural
approach for mass false positive reduction in mammography.
Comput Med Imag Graph 33:415-422

Chen J, Shan S, He C, Zhao G, Pietikainen M, Chen X, Gao W
(2010) WLD: A robust local image descriptor. IEEE Trans Pat-
tern Anal Mach Intell 32(9):1705-1720

Sun Y, Todorovic S, Goodison S (2010) Local-Learning-Based
Feature Selection for High-Dimensional Data Analysis. IEEE
Trans Pattern Anal Mach Intell 32(9):1610-1626

Vapnik V (1998) Statistical learning theory. Wiley, New York
http://www.csie.ntu.edu.tw/ ~ cjlin/libsvm/

Heath M, Bowyer K, Kopans D, Moore R, Kegelmeyer PJ (2000)
The digital database for screening mammography. In: Proceed-
ings of the 5th International Workshop on Digital Mammogra-
phy, pp. 212-218. Toronto, Canada. June 11-14

Jin H, Ling CX (2005) Using AUC and accuracy in evaluating
learning algorithms. IEEE Trans Knowl Data Eng 17(3):299-310
Ojala T, Pietikainen M, Maenpaa T (2002) Multiresolution gray-
scale and rotation invariant texture classification with local binary
patterns. IEEE Trans Pattern Anal Machine Intell 27(7):971-987
Fatemeh M, Zohreh A, Reza B, Serajodin K (2010) Contourlet-
based mammography mass classification using the SVM family.
Comput Biol Med 40(4):373-383

Hussain M, Khan N (2012) Automatic mass detection in mam-
mograms using multiscale spatial weber local descriptor. In:
Proceedings of 19th IEEE IWSSIP 2012, pp. 288-291. Vienna,
Austria

@ Springer


http://www.csie.ntu.edu.tw/~cjlin/libsvm/

	False-positive reduction in mammography using multiscale spatial Weber law descriptor and support vector machines
	Abstract
	Introduction
	Materials and methods
	Differential excitation (DE)
	Gradient orientation (GO)
	Basic WLD
	Multiscale WLD
	Spatial WLD
	Multiscale spatial WLD
	Significance of features
	Support vector machine (SVM)

	False-positive reduction system
	Database

	Experiments and discussion
	Evaluation strategy
	Optimization of parameters
	Effect of T, M, and S
	Effect of scales (P, R)
	Effect of number of blocks and feature selection

	Discussion
	Comparison

	Conclusion
	Acknowledgments
	References


