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Fig. 1. Dermoscopy images containing incomplete lesion objects. (a) (b)

Fig. 2. Segmentation instances on two dermoscopy images (yellow line:

. . . SGNN, blue line: manual).
images may not always capture entire lesions, as shown

in Fig. 1 Local features can be used to deal with the com-
plex situations. Sitwet al. [15] extracted local features from
16x 16 image patches using wavelets and Gabor-like blters,
then analyzed the responses using a bag-of-features (BoF)
model to recognize MM. In [16], Baratet al. extracted texture
and color features, then used a BoF model to code these Diffusion <]
features to classify lesions. They then improved classibcation lesion
performance by imposing a color constancy constraint [17]. I—
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
classibcation model that aims to handle incomplete tumor
. o (a) (b) (c)
presentations. The model utilizes a set of tumor border features
along with other tumor-descriptive features, which are feflg. 3. Generation of two lesion regions. (a) Original lesion image.
to a neural network meta-ensemble model that is trained é@ggﬂggqﬁg%&smt on (a) Using SGNN. (c) Using SGNN followed
differentiate malignant lesions from benign lesions. '

Q—

Inner

The remainder of the paper is organized as follows. 1. FEATURE EXTRACTION
ISe(glon' I ”Idefscrlbes preprocessing and dsesgzjm(a_ntatllonThe most common features mentioned in the literature on
n Section lll, feature extraction is presented. Section Mo mqascopic lesion classibcation involve color, texture, and

mtroduces the neural network ensemble model. In Sec_:tlonsﬁape [13], [22], [23]. Border features are less well-described
and Section VI, we present and discuss the experimenigd) 1541 since we are interested in handling images contain-
results. Finally, Section VIl gives concluding remarks. ing incomplete lesion objects in our dataset, shape features are
abandoned in our model. In the following, we describe a set
Il. PREPROCESSING AND SEGMENTATION of widely used color and texture features as well as a set of
lesion border features that are effective on incomplete lesions.
Hair removal is the purpose of the preprocessing stagenese features are used in our classibPcation method.
Dermoscopy image analyssan be greatly complicated by
the presence of hair. For these images, hairs are detected ,ﬂ_”(ﬁ?egion Division on Dermoscopy Images
removed using the partial differential equation (PDE)-based . .
In [13], Celebiet al. computed features over three regions:

image repair method presented in [18]. lesi ; oh d out oh H
The accuracy of the segmetitan process greatly affects ©5'0N: INNET Periphery, and outer periphery. However, on

subsequent feature extraction and classibcation. Althougﬁn}fges containing incomplete lesions, some color and strgc-
number of automatic segmentation methods for dermoscd ral asymmetry features cannot be calculated correctly using

images have been proposed, segmentation is usually achie ddivision proposed in [13]. Therefore, we instead divide

via a semi-automatic method involving manual interaction,(B € lesion object into o regions: a diffusion region and

: . an inner lesion region. First, each lesion object is separated
by completely manual segmentation [13], [17]. In our earheg . . L
work [19], an automatic method based on a self-generati ﬁm the background skin using a combination of the SGNN

neural network (SGNN) model was developed to segment d ethod and manual interaction, as described in Section 1.

moscopy images, and was able to obtain more accurate res RS”= OtsuQs threshold [20] is used to automatically segment

under complex conditions than €dOs threshold [20], k-meand® Ie_S|0n Into th‘?se two region typé‘sgu_re 3is an example
howing generation of these two regions. In our method,

fuzzy c-means and statistical region merging (SRM) [le. S .
Here, we use a SGNN model to segment the images a eatures are extra_cted on both individual regions, as well as
proxy for either fully automatic or semi-automatic segmentg—ver the entire lesion region.

tion. Figure 2shows two segmentation results obtained usin o

the SGNN model of [19]. Since some of the experiment&l: Description of Color and Texture Features

images were not accurately segmented by the SGNN method’he color and texture features used in our model are the
(for exampleFig. 2(b), we manually segmented these t@same as those described by Celebial. in [13]. We briel3y
obtain more accurate borders. summarize these features.
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TABLE IV
CLASSIFICATION ACCURACY USING DIFFERENT BORDER
FEATURES ON CAUCASIAN RACE DATASET
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False positive rate

False positive rate
(@)

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.

Feature Set Incomplete  Complete All the
lesions(%)  lesions(%)  lesions(%)

FeatureSet1 63.75 81.79 77.78
FeatureSet2 31.25 68.57 60.28
FeatureSet3 62.50 79.29 75.56
FeatureSet4 73.75 85.71 83.06
C&T 80.00 87.14 85.56
FeatureSet1+C&T 77.50 89.64 86.94
FeatureSet2+C&T 78.75 86.79 85.00
FeatureSet3+C&T 82.50 87.50 86.39
FeatureSetd+C&T 86.25 90.00 89.17

TABLE Il
AUC VALUES USING DIFFERENT BORDER FEATURES

lost, combining them reducedaltlassipcation accuracy of the
ON XANTHOUS RACE DATASET

50-D C&T features on the incomplete lesions. However, the
features in FeatureSet 3 anddtureSet 4 are based on fractal

C&T Setl Set2 Set3 Set4
Only border features — 07484 08434 07771 09152 dimension, the convex hull or the difference between inner
Combined with C&T ~ 0.9559 09610 09548 09568  0.9698

and outer borders, which are more robust. When combined
with the 50-D C&T features, the classibcation 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 efpbciently described the

Note: Setn stands for FeatureSetn.

TABLE Il
CLASSIFICATION ACCURACY USING DIFFERENT BORDER
FEATURES ON XANTHOUS RACE DATASET

Incomplete  Complete All the . . "
Feature Set lesions(%)  lesions(%) lesions(%) lesion border irregularities.
FeatureSet1 73.33 78.67 76.67
FeatureSet2 70.00 86.00 80.00
geatureSSeB“ ;iii gg.gg 57;2}15; B. Experiment 2: Effectiveness of Feature
eatureSet: X X K : : f : :
C&T 9 . 873 Dimensionality Reduction Using PCA
FeatureSet1+C&T 86.67 91.33 89.58 Our model deploys 57 features to differentiate malignant
FeatureSet2+C&T 83.33 94.67 90.42 : ) ; .
FeatureSet3+C&T 8333 9333 8958 from benign skin lesions. Since not all features are equally
FeatureSetd4+C&T 87.78 94.00 91.67 valuable for the classibcation task, PCA was employed to

remove feature redundancy and noise and to improve the
classibcation accuracy. In thiexperiment, we studied the

It can be seen that our border feature vector achieves tietative efbciency of using all 57 original features against
highest AUC values for only border features or for bordersing the reduced feature sets obtained via the PCA method,
features combined with 50 C&T features. and selected the optimal reduced feature set for the subsequent

Table Il gives the classibcation accuracy statistics falassibcation. The classibesad was a single BP network,
incomplete lesions, complete lesions and all the lesiomsth the same parameters settings as in Section V-A. For
(including incomplete lesions and complete lesions). It carach of the two datasets including the xanthous race and
be seen that incomplete siens indeed decreased thdhe caucasian race, 1/2 of the images were used as training
classibcation performance. When classifying the lesiosamples to determine the optireduced feature set, and the
using only border features, our features achieved the besinaining 1/2 of the images were used as test samples to verify
classibcation accuracy foboth incomplete lesions andthe classiber performance in Sections V-C and V-D.
complete lesions. The classibcation results using onlyTo obtain a reasonable way to reduce the dimensionality, a
50-D C&T features are also given ifable Ill. It can be seen series of experiments was carried out by varying the number
that, when combining C&T features with these border featureasf, principle components (NPCs) or the accumulated variance
the classibcation accuracy ispnoved, and the increase fromcontribution rate (AVCR). Again, 10 times 10-fold cross-
using our border features is the most obvious. Therefore, aialidation was usedlable V presents the classibcation results
border features outperform the other border features. on the xanthous race dataset.

Table IV shows the classibcation results using different It can be seen that the two feature sets with 12 principle
feature sets on the caucasian race dataset. In the caucastnponents (AVCR of 96.07%) and 15 principle components
dataset, there are 80 images with incomplete lesions, and th@®¢CR of 97.46%) obtainedhe best accuracy among the
generally have more severe border loss than the incompletduced feature sets and the original 57-D feature vector. The
lesions in the xanthous dataset. It can be seen that FeatureSetluced feature set with 15 principle components achieved
and FeatureSet 2, which are based on the normalized intensitypalance between sensitivity and specibcity, with better
or gradient values of the lesidorder, were easily inBuencedperformance than with 12 principle components. Therefore,
by lesion border loss, and when lesion borders were severtig reduced feature set with 15 principle components was



856 IEEE TRANSACTIONS ON MEDICAL IMAGING, VOL. 36, NO. 3, MARCH 2017

TABLE V TABLE VI
CLASSIFICATION RESULTS OF REDUCED FEATURE SETS WITH CLASSIFICATION RESULTS OF DIFFERENT ENSEMBLES
DIFFERENT DIMENSIONS AND 57-D FEATURE VECTOR ON XANTHOUS RACE DATASET

ON XANTHOUS RACE DATASET

Ensemble sen(%) spe(%) acc(%)

NPCs(AVCR%) sen(%) spe(%) acc(%) Single BP 90.00 90.00 90.00
4 (30.01) 77.50 92.50 87.50 Ensemblel 90.00 93.75 92.50
5 (84.58) 85.00 92.50 90.00 Ensemble2 92.50 91.25 91.67
6 (88.07) 77.50 96.25 90.00 Ensemble3 92.50 92.50 92.50
7 (90.06) 82.50 95.00 90.83 Proposed 95.00 93.75 94.17
8 (91.61) 80.00 93.75 89.17
9 (93.12) 82.50 92.50 89.17
10 (94.47) 82.50 91.25 88.33 TABLE VII
11 (95,38) 85.00 92.50 90.00 CLASSIFICATION RESULTS OF DIFFERENT ENSEMBLES
12 (96.07) 85.00 96.25 92.50 ON CAUCASIAN RACE DATASET
13 (96.60) 87.50 91.25 90.00
15 (97.46) 90.00 93.75 92.50 Ensemble sen(%) spe(%) acc(%)
18 (98.36) 80.00 91.25 87.50 Single BP 75.00 93.33 87.22
22 (99.09) 87.50 93.75 91.67 Ensemblel 80.00 92.50 88.33
50 (99.99) 87.50 92.50 90.83 Ensemble2 80.00 94.17 89.45

57-D feature 80.00 93.75 89.17 Ensemble3 76.67 95.00 88.89
Proposed 83.33 95.00 91.11

adopted as the bnal input of the BP individuals in the designed
classiber for the xanthous race dataset. give the classibcation results using the optimal reduced feature

The accuracy value in the last line Bable Vis different Sets for the xanthous race dataset and the caucasian race

from that in the last line offable 11l (both used the single BP dataset, respectively. lhable VI, the classiPcation result for
classiber with thé\-N-1 structure) because their experimentdhe single BP with accuracy of 90% is different from the
images are different. result obtained with the optimal reduced feature set with
As for the caucasian race dataset, the same experimeAaprinciple components shown Trable V(which also used a
protocol as on the xanthous race dataset was adopted, andstAgle BP), because of the different experimental images used.
reduced feature set with 22 principle components obtaingﬂ)mTabbS VlandVIl, it can be seen that all three ensembles
the best classibcation resufhe caucasian race dataset ha§proved the classiPcation accuracy relative to single BP to
different dimensions of the dimal reduced feature set thansome degree, although one of the specibcity metrics decreased.
the xanthous race dataset, perhaps caused by different skin ¥énen integrating the three ensembles together (the proposed

ors, different lesion characistics, and even different imageclassiPer model), the classiPcation performance was improved
datasets. signibcantly relative to the single BP network. Therefore, the

designed meta-ensemble model iagkd better generalization

. . .. ability than the three single ensembles.
C. Experiment 3: Generalization Ability y g

of Different Ensembles

An artibcial neural network ensemble has better gener&l- EXperiment 4. Performance Analysis
ization ability and stability than a single network. Here, w@' Lesion Classibcation
combined BP networks with FNNs, yielding a BRizzy In this experiment, our meta-ensemble classiper model was
network meta-ensemble mod#i. a neural network ensemble,compared with six common classiber models, including Ran-
weak classiber individuals are permitted to increase individuddm forests, FNN, KNN, structural SVM [43], SVM with the
diversity, therefore for BP individuals in the proposed modeifadial basis kernel function (RBF), and Gentle Adaboost [44],
the expected error was set to 0.05, which is looser than on toeverify the performance of the proposed classiber model. At
single BP classiber used in Sections V-A and V-B. In ensertite same time, two lesion classibcation systems using the BoF
ble 3 of our model, BP individuals have two hidden layemnodel [16], [17] were also tested to verify the performance
and the numbers of the two hidden layers must be determineiour lesion classibcation framework. All of these classiber
Following the method described in Section IV-B, for each ahodels, including our model and the compared six common
the BP individuals, 70 percent of the training samples wemsodels were carried out using the optimal reduced feature sets
randomly selected to train it while the remaining 30 perceon the two datasets. For the KNN classiber, we used theX
were used to determine the optimal paraméigrand Ho. nearest neighbors using the Euclidean distance. For the SVM

Unlike traditional neural network ensemble models whicblassiber, the LIBSVM software package [45] was used. With
have only one level of prediction, our designed meta-ensembie training images, the optimal parameters C and r obtained
model, with three ensembles of different network structure®r the SVM with RBF were 2048 and 0.0313 for the xanthous
types, has two level of prediction. In order to verify theace dataset, and 64 and 0.25 for the caucasian race dataset,
generalization ability of the proposed meta-ensemble modedspectively, using the grid search method.
the classibcation performances of the single BP, the threeTable VIl gives the classibcation results of the nine meth-
ensembles in our model, and the Pnal meta-ensemble modek (our method, six common classiber methods, and two
were compared on the test imagdable VI and Table VII reference methods [16], [17] on the xanthous race dataset.
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