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Fig. 1. Dermoscopy images containing incomplete lesion objects.

images may not always capture entire lesions, as shown
in Fig. 1. Local features can be used to deal with the com-
plex situations. Situet al. [15] extracted local features from
16× 16 image patches using wavelets and Gabor-like Þlters,
then analyzed the responses using a bag-of-features (BoF)
model to recognize MM. In [16], Barataet al.extracted texture
and color features, then used a BoF model to code these
features to classify lesions. They then improved classiÞcation
performance by imposing a color constancy constraint [17].
The features in [16] and [17] were extracted from image
patches, in order to better cope with incomplete lesions.
However, border features were ignored, which are important
for lesion diagnosis. Here, we proposed a dermoscopy tumor
classiÞcation model that aims to handle incomplete tumor
presentations. The model utilizes a set of tumor border features
along with other tumor-descriptive features, which are fed
to a neural network meta-ensemble model that is trained to
differentiate malignant lesions from benign lesions.

The remainder of the paper is organized as follows.
Section II describes preprocessing and segmentation.
In Section III, feature extraction is presented. Section IV
introduces the neural network ensemble model. In Section V
and Section VI, we present and discuss the experimental
results. Finally, Section VII gives concluding remarks.

II. PREPROCESSING AND SEGMENTATION

Hair removal is the purpose of the preprocessing stage.
Dermoscopy image analysiscan be greatly complicated by
the presence of hair. For these images, hairs are detected and
removed using the partial differential equation (PDE)-based
image repair method presented in [18].

The accuracy of the segmentation process greatly affects
subsequent feature extraction and classiÞcation. Although a
number of automatic segmentation methods for dermoscopy
images have been proposed, segmentation is usually achieved
via a semi-automatic method involving manual interaction, or
by completely manual segmentation [13], [17]. In our earlier
work [19], an automatic method based on a self-generating
neural network (SGNN) model was developed to segment der-
moscopy images, and was able to obtain more accurate results
under complex conditions than OtsuÕs threshold [20], k-means,
fuzzy c-means and statistical region merging (SRM) [21].
Here, we use a SGNN model to segment the images as a
proxy for either fully automatic or semi-automatic segmenta-
tion. Figure 2shows two segmentation results obtained using
the SGNN model of [19]. Since some of the experimental
images were not accurately segmented by the SGNN method
(for example Fig. 2(b)), we manually segmented these to
obtain more accurate borders.

Fig. 2. Segmentation instances on two dermoscopy images (yellow line:
SGNN, blue line: manual).

Fig. 3. Generation of two lesion regions. (a) Original lesion image.
(b) Segmentation result on (a) Using SGNN. (c) Using SGNN followed
by OtsuÕs threshold.

III. FEATURE EXTRACTION

The most common features mentioned in the literature on
dermoscopic lesion classiÞcation involve color, texture, and
shape [13], [22], [23]. Border features are less well-described
[12], [24]. Since we are interested in handling images contain-
ing incomplete lesion objects in our dataset, shape features are
abandoned in our model. In the following, we describe a set
of widely used color and texture features as well as a set of
lesion border features that are effective on incomplete lesions.
These features are used in our classiÞcation method.

A. Region Division on Dermoscopy Images

In [13], Celebiet al. computed features over three regions:
lesion, inner periphery, and outer periphery. However, on
images containing incomplete lesions, some color and struc-
tural asymmetry features cannot be calculated correctly using
the division proposed in [13]. Therefore, we instead divide
the lesion object into two regions: a diffusion region and
an inner lesion region. First, each lesion object is separated
from the background skin using a combination of the SGNN
method and manual interaction, as described in Section II.
Then, OtsuÕs threshold [20] is used to automatically segment
the lesion into these two region types.Figure 3is an example
showing generation of these two regions. In our method,
features are extracted on both individual regions, as well as
over the entire lesion region.

B. Description of Color and Texture Features

The color and texture features used in our model are the
same as those described by Celebiet al. in [13]. We brießy
summarize these features.
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Fig. 7. ROC curves of different border features on xanthous race dataset.
(a) using only border features; (b) border features combined with
color&texture features.

TABLE II
AUC VALUES USING DIFFERENT BORDER FEATURES

ON XANTHOUS RACE DATASET

TABLE III
CLASSIFICATION ACCURACY USING DIFFERENT BORDER

FEATURES ON XANTHOUS RACE DATASET

It can be seen that our border feature vector achieves the
highest AUC values for only border features or for border
features combined with 50 C&T features.

Table III gives the classiÞcation accuracy statistics for
incomplete lesions, complete lesions and all the lesions
(including incomplete lesions and complete lesions). It can
be seen that incomplete lesions indeed decreased the
classiÞcation performance. When classifying the lesions
using only border features, our features achieved the best
classiÞcation accuracy forboth incomplete lesions and
complete lesions. The classiÞcation results using only
50-D C&T features are also given inTable III. It can be seen
that, when combining C&T features with these border features,
the classiÞcation accuracy is improved, and the increase from
using our border features is the most obvious. Therefore, our
border features outperform the other border features.

Table IV shows the classiÞcation results using different
feature sets on the caucasian race dataset. In the caucasian
dataset, there are 80 images with incomplete lesions, and these
generally have more severe border loss than the incomplete
lesions in the xanthous dataset. It can be seen that FeatureSet 1
and FeatureSet 2, which are based on the normalized intensity
or gradient values of the lesion border, were easily inßuenced
by lesion border loss, and when lesion borders were severely

TABLE IV
CLASSIFICATION ACCURACY USING DIFFERENT BORDER

FEATURES ON CAUCASIAN RACE DATASET

lost, combining them reduced the classiÞcation accuracy of the
50-D C&T features on the incomplete lesions. However, the
features in FeatureSet 3 and FeatureSet 4 are based on fractal
dimension, the convex hull or the difference between inner
and outer borders, which are more robust. When combined
with the 50-D C&T features, the classiÞcation accuracy was
increased on both the incomplete lesions and the complete
lesions. Among the four feature sets, our border feature set
achieved the highest overall accuracy on the lesions in the
caucasian dataset. Our border features efÞciently described the
lesion border irregularities.

B. Experiment 2: Effectiveness of Feature
Dimensionality Reduction Using PCA

Our model deploys 57 features to differentiate malignant
from benign skin lesions. Since not all features are equally
valuable for the classiÞcation task, PCA was employed to
remove feature redundancy and noise and to improve the
classiÞcation accuracy. In this experiment, we studied the
relative efÞciency of using all 57 original features against
using the reduced feature sets obtained via the PCA method,
and selected the optimal reduced feature set for the subsequent
classiÞcation. The classiÞer used was a single BP network,
with the same parameters settings as in Section V-A. For
each of the two datasets including the xanthous race and
the caucasian race, 1/2 of the images were used as training
samples to determine the optimal reduced feature set, and the
remaining 1/2 of the images were used as test samples to verify
the classiÞer performance in Sections V-C and V-D.

To obtain a reasonable way to reduce the dimensionality, a
series of experiments was carried out by varying the number
of principle components (NPCs) or the accumulated variance
contribution rate (AVCR). Again, 10 times 10-fold cross-
validation was used.Table Vpresents the classiÞcation results
on the xanthous race dataset.

It can be seen that the two feature sets with 12 principle
components (AVCR of 96.07%) and 15 principle components
(AVCR of 97.46%) obtained the best accuracy among the
reduced feature sets and the original 57-D feature vector. The
reduced feature set with 15 principle components achieved
a balance between sensitivity and speciÞcity, with better
performance than with 12 principle components. Therefore,
the reduced feature set with 15 principle components was
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TABLE V
CLASSIFICATION RESULTS OF REDUCED FEATURE SETS WITH

DIFFERENT DIMENSIONS AND 57-D FEATURE VECTOR

ON XANTHOUS RACE DATASET

adopted as the Þnal input of the BP individuals in the designed
classiÞer for the xanthous race dataset.

The accuracy value in the last line ofTable V is different
from that in the last line ofTable III (both used the single BP
classiÞer with theN-N-1 structure) because their experimental
images are different.

As for the caucasian race dataset, the same experimental
protocol as on the xanthous race dataset was adopted, and the
reduced feature set with 22 principle components obtained
the best classiÞcation result.The caucasian race dataset has
different dimensions of the optimal reduced feature set than
the xanthous race dataset, perhaps caused by different skin col-
ors, different lesion characteristics, and even different image
datasets.

C. Experiment 3: Generalization Ability
of Different Ensembles

An artiÞcial neural network ensemble has better general-
ization ability and stability than a single network. Here, we
combined BP networks with FNNs, yielding a BP+ fuzzy
network meta-ensemble model.In a neural network ensemble,
weak classiÞer individuals are permitted to increase individual
diversity, therefore for BP individuals in the proposed model,
the expected error was set to 0.05, which is looser than on the
single BP classiÞer used in Sections V-A and V-B. In ensem-
ble 3 of our model, BP individuals have two hidden layers
and the numbers of the two hidden layers must be determined.
Following the method described in Section IV-B, for each of
the BP individuals, 70 percent of the training samples were
randomly selected to train it while the remaining 30 percent
were used to determine the optimal parameterH1 and H2.

Unlike traditional neural network ensemble models which
have only one level of prediction, our designed meta-ensemble
model, with three ensembles of different network structures/
types, has two level of prediction. In order to verify the
generalization ability of the proposed meta-ensemble model,
the classiÞcation performances of the single BP, the three
ensembles in our model, and the Þnal meta-ensemble model,
were compared on the test images.Table VI and Table VII

TABLE VI
CLASSIFICATION RESULTS OF DIFFERENT ENSEMBLES

ON XANTHOUS RACE DATASET

TABLE VII
CLASSIFICATION RESULTS OF DIFFERENT ENSEMBLES

ON CAUCASIAN RACE DATASET

give the classiÞcation results using the optimal reduced feature
sets for the xanthous race dataset and the caucasian race
dataset, respectively. InTable VI, the classiÞcation result for
the single BP with accuracy of 90% is different from the
result obtained with the optimal reduced feature set with
15 principle components shown inTable V(which also used a
single BP), because of the different experimental images used.
FromTables VIandVII , it can be seen that all three ensembles
improved the classiÞcation accuracy relative to single BP to
some degree, although one of the speciÞcity metrics decreased.
When integrating the three ensembles together (the proposed
classiÞer model), the classiÞcation performance was improved
signiÞcantly relative to the single BP network. Therefore, the
designed meta-ensemble model achieved better generalization
ability than the three single ensembles.

D. Experiment 4: Performance Analysis
of Lesion ClassiÞcation

In this experiment, our meta-ensemble classiÞer model was
compared with six common classiÞer models, including Ran-
dom forests, FNN, KNN, structural SVM [43], SVM with the
radial basis kernel function (RBF), and Gentle Adaboost [44],
to verify the performance of the proposed classiÞer model. At
the same time, two lesion classiÞcation systems using the BoF
model [16], [17] were also tested to verify the performance
of our lesion classiÞcation framework. All of these classiÞer
models, including our model and the compared six common
models were carried out using the optimal reduced feature sets
on the two datasets. For the KNN classiÞer, we used the K= 3
nearest neighbors using the Euclidean distance. For the SVM
classiÞer, the LIBSVM software package [45] was used. With
the training images, the optimal parameters C and r obtained
for the SVM with RBF were 2048 and 0.0313 for the xanthous
race dataset, and 64 and 0.25 for the caucasian race dataset,
respectively, using the grid search method.

Table VIII gives the classiÞcation results of the nine meth-
ods (our method, six common classiÞer methods, and two
reference methods [16], [17] on the xanthous race dataset.
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