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Recognition method of metal fracture images based on Wavelet kurtosis
and Relevance vector machine
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Abstract. The useful information extracted from fracture images is the most fundamental problem of quantitative
analysis and intelligent diagnosis of metal fracture. The pattern recognition or classification is the critical issue of
failure analysis of metal fracture. In this paper, combining wavelet transform, kurtosis with relevance vector machine
(RVM), a new recognition method based on wavelet kurtosis and RVM, which is named wavelet kurtosis-RVM, is
proposed. In the proposed method, wavelet kurtosis is used as a feature vector, and RVM as a classifier. The proposed
method has been successfully applied to the recognition of fracture images. The proposed method is also compared
with the wavelet entropy-RVM recognition method and wavelet kurtosis-SVM recognition method. The experiment
result shows that the proposed method is very effective. Compared with the Wavelet entropy-RVM recognition
method, Wavelet kurtosis is more sensitive to the texture change of metal fracture and suitable for feature extraction
of metal fracture. Compared with the Wavelet kurtosis-SVM recognition method, The proposed method and Wavelet
kurtosis-SVM recognition method have the same good recognition rate. However, in the recognition speed, the
Wavelet kurtosis-RVM recognition method is obviously superior to the Wavelet kurtosis-SVM recognition method,
especially in the increase of training samples.
Keywords: Wavelet transform, Kurtosis, Relevance vector machine (RVM), Feature extraction, Pattern recognition,
Metal fracture, Wavelet entropy, Support vector machine (SVM).

1 INTRODUCTION
In the many failure analysis, fracture analysis is a very
important technology. Fracture is formed through the
different stage, i.e. formation, expansion and final break
[1]. When the fracture occurs, some corresponding marks,
morphology and characteristics will remain on the
fracture surface. We analyze these fractures mainly
through observing, identifying and analyzing these marks,
morphology and characteristics, try to reveal some factors
related with the fracture process, and determine the
failure mechanism of fracture. Therefore, fracture
analysis is very important in the fracture failure analysis.
Pattern recognition or classification of fracture image
is a critical issue to diagnose fracture failure. At present,
many feature extraction and recognition methods have
been proposed. However, in these traditional recognition
methods, the main method is wavelet transform [2-5].
YAN [2] proposed a nonlinear pattern recognition
method based on wavelet transform and neural network.
Kenta [3] proposed a detecting method of striation region
of fatigue fracture surface using the wavelet transform,
the experiment result verified the effectiveness of the
proposed method. XU [4] studies the feature extraction
method of metal fracture image based on wavelet
transform. ZHANG [5] proposed a recognition method
a

based on tree structure wavelet transform. In the
proposed method, standard deviations of each wavelet
transform frequency band output is used as the
characteristics of fracture image recognition, minimal
distance classifier is used to classify the fracture image.
However, in these recognition methods of metal fracture
image based on wavelet transform, different feature
vector and different classifier usually leads to the obvious
difference of recognition rate. Therefore, how to
effectively extract the fracture feature using wavelet
transform and classifier selection become two key
problems of this method.
Kurtosis is a normalized time-domain statistics.
Compared with the traditional feature vector of fracture
image, such as L1 norm and energy etc, Kurtosis is more
sensitive to the texture feature. In additional, kurtosis is
also sensitive to the singularity, and not sensitive to the
direction. Therefore, in this paper, combining wavelet
transform with kurtosis, a new concept, which is named
wavelet kurtosis, is proposed and used to extract the
texture features of metal fracture image. Meanwhile, the
proposed wavelet kurtosis is compared with wavelet
entropy in the feature of metal fracture image.
Relevance vector machine (RVM), which is proposed
by Tipping[6], is a probabilistic sparse kernel model
identical in functional form to the SVM. A Bayesian
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approach is adopted in the machine learning. The most
compelling feature of the RVM is that, while capable of
generalization performance comparable to an equivalent
SVM, it typically utilizes dramatically fewer kernel
functions. Furthermore, the RVM suffers from none of
limitations of the SVM. When the RVM is applied to the
classification problem, it can give a probability
measurement.
Here, combining wavelet kurtosis with the RVM, a
recognition method of metal fracture image based on
wavelet kurtosis-RVM is proposed. At the same time, the
proposed method is compared with the wavelet entropyRVM and wavelet kurtosis-SVM recognition method.
The experiment result verifies the validity of the
proposed method.

2 Feature extraction method based on
wavelet kurtosis
Wavelet transform has good prospect in image
processing because of good local characteristic [7]. In the
recognition method of metal fracture image based on
wavelet transform, the wavelet coefficients is always
combined with information entropy, the energy
distribution in each scale of wavelet is used to reflect the
texture feature of fracture image, this defined entropy is
called wavelet entropy[8], which is shown as follows
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Where i is the relative wavelet energy, which stands
for the energy ratio of the i-th decomposition level and all
decomposition levels. The wavelet entropy HWT can
reflect the information amount of image, the larger HWT
is, the more abundant detail component of image contains.
At present, the wavelet entropy has become a main
feature extraction method of image [9-11].
However, when wavelet entropy is used to extract the
feature of fracture image, it reflects the differences of
energy distribution in each decomposition scale, and
cannot clearly reflect the difference of texture details in
fracture image. Therefore, we should try to look for new
feature extraction method to improve the recognition rate
of metal fracture image.
Based on this, in this paper, a new feature extraction
method of metal fracture image based on wavelet kurtosis
is proposed. Kurtosis, which is a normalized fourth-order
central moment, can be used to describe the mutation
intensity of signal. Here, combining kurtosis with wavelet
transform, a new concept of wavelet kurtosis is proposed
and used to extract feature of metal fracture image. The
define of wavelet kurtosis is as follows
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From Eq.(1) and Eq. (2), the wavelet entropy reflects
the difference of energy distribution in fracture image.
Because the wavelet entropy is proportional to the square
of wavelet coefficient, wavelet kurtosis is proportional to
the fourth power of wavelet coefficient. Therefore
wavelet kurtosis is more sensitive to the texture change of
metal fracture image than wavelet entropy. Compared
with the wavelet entropy, the wavelet kurtosis can be
more effective to reflect small change of texture feature,
so the wavelet kurtosis is more suitable to extract the
feature of metal fracture image.

3 Wavelet kurtosis-RVM Recognition
method
The proposed wavelet kurtosis-RVM recognition
method is as shown in Fig.1. From Fig.1, the proposed
method consists of two important process, one is the
feature extraction of fracture image, another is the
selection of recognizer. Eq.(2) is used to calculate
eigenvectors of each fracture image. For the classifier, we
adopt the relevance vector machine (RVM) proposed by
Tipping[6]. The RVM is a probabilistic sparse kernel
model identical in functional form to the SVM, as with
the SVM, the nonlinear problem in the low-dimensional
space can be mapped into a linear problem in the highdimensional space by kernel function. At present, the
RVM has been widely applied to the recognition field.
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Fig.1 Wavelet kurtosis -RVM recognition method
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Where is the size of fracture image, the symbol
is
respectively the row and column of subband; the symbol

x

of wavelet coefficients,
is calculated as follows

is a wavelet coefficient of this subband, x is a mean

Assume xi , ti iN1 is a training sample, xi is a
characteristic data to be classified, t i  0,1 is a output
target of recognition, then we can obtain the predictive
function
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where M is the number of kernel function,
K x, xi  is a kernel function, wi  is a weight of
relevance vector, w0 is an initial weight.
Relevance vector machine is used to reduce the
above weights under the framework of complete
probability. In order to avoid the optimal
value w overfitting, the sparse Bayesian method directly
gives a limitation of conditional probability distribution
for weight parameters. Here a Gauss condition
distribution with zero mean is given by
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the RVM can be written as

(9)

Here, the recognition steps of fracture surface image
based on the RVM are described as follows
(a) Select the radial basis function (RBF) as the
kernel function, the characteristic data in the lowdimensional space is mapped into the high-dimensional
space, where the RBF is written as
2
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(a)Fragile fracture (b)Dimple fracture (c)Intergranular fracture
Fig.2 Three typical fractures morphology
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where α  [ 0 ,  1 , !,  N ] is a vector of N+1
hyperparameters followed Gamma distributions, this
vector α is ultimately responsible for its sparse properties
of the model. The likelihood function over the weights is
then obtained
N
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of fracture has a unique texture feature. Therefore the
different fracture feature extracted effectively and
accurately is the key to recognize different metal fracture
image.

Here, 100 fragile fracture images, 100 dimple fracture
images and 22 intergranular fracture images are selected
in the experiment. Each image size is 256×256. In order
to verify the validity of the proposed method, we
compared the proposed method with the wavelet entropyRVM and wavelet kurtosis-SVM recognition method.

5
Comparision
between
wavelet
kurtosis-RVM and wavelet entropy-RVM
recognition method.
Fig.3 illustrate the test results of the wavelet kurtosisRVM and wavelet entropy-RVM recognition method
respectively.
From Fig.3(a), in the wavelet kurtosis-RVM
recognition, 3 fragile fractures are mistaken as dimple
fracture, 3 dimple fractures are mistaken as fragile
fracture, and 5 intergranular fractures are mistaken as
dimple fracture. The recognition rate of the wavelet
kurtosis-RVM recognition method is 90.09%.
From Fig.3(b), in the wavelet entropy-RVM
recognition method, 4 fragile fractures are mistaken as
dimple fracture, 1 fragile fracture is mistaken as
intergranular fracture, 6 dimple fractures are mistaken as
fragile fracture, 1 dimple fracture is mistaken as
intergranular fracture, and 6 intergranular fracture are
mistaken as dimple fracture. The recognition rate of the
wavelet entropy-RVM recognition method is 83.78%.

(11)
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(c) The classified data obtained by Eq.(9) is used to
recognize different types of fracture image.

4 Experimental studies
Fig.2 shows several typical fracture images taken by
scanning electron microscopy (SEM). From Fig.2, every
fracture image has own microstructures. For example, the
microstructure of fragile fracture is composed of a series
of small crack surfaces (i.e. cleavage plane of each grain)
which is similar to the waves in the river. The formation
mechanism of dimple fracture is the aggregation of some
holes. The intergranular fracture is a fracture formed by
grain boundary weakness of metal material along crystal
boundary due to improper heat treatment, stress and other
factors etc. while observed by the SEM, the intergranular
fracture is a polyhedron crystalline structure. Each type
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(a). The recognition results (wavelet kurtosis-RVM recognition
method)
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7 Conclusions
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(b). The recognition results (wavelet entropy- recognition
method)
Fig3. The recognition results

In the two recognition methods, the classifier is the
same, however the feature vector is different, one is the
wavelet kurtosis, another is the wavelet entropy. The
wavelet entropy is proportional to the square of wavelet
coefficients, the wavelet kurtosis is proportional to the
4th power of wavelet coefficients, obviously, the wavelet
kurtosis is more sensitive to the texture feature of metal
fracture image than wavelet entropy. The small change of
texture feature lead to the significant change of wavelet
kurtosis. The wavelet kurtosis is about a hundred times of
wavelet entropy. Therefore, the wavelet kurtosis-RVM
recognition method is superior to the wavelet entropyRVM recognition method.

6 Comparison between wavelet kurtosisRVM
and
wavelet
kurtosis-SVM
recognition method.
In the two recognition methods, i.e. wavelet kurtosisRVM and wavelet kurtosis-SVM, the feature vector is the
same, i.e.wavelet kurtosis. However the classifier is
difference, one is a RVM, another is a SVM. The
recognition results of the two methods are showed in
Tab.1.

recognition rate/%

time/s

Wavelet kurtosis-RVM

90.09

2.24

Wavelet kurtosis-SVM

90.09

12.68
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Tab.1 Comparison of the two recognition methods
Recognition method

In this research, a new feature extraction method of
metal fracture image based on wavelet kurtosis is
proposed. The proposed method is compared with
another feature extraction method of metal fracture based
on wavelet entropy. At the same time, combining wavelet
kurtosis with relevance vector machine, a recognition
method of metal fracture image based on wavelet
kurtosis-RVM is proposed. The proposed wavelet
kurtosis-RVM recognition method is compared with the
wavelet kurtosis-SVM recognition method. The
experimental results verify the validity of the proposed
method. From experimental studies, some valuable
conclusions can be obtained
(1) The proposed wavelet kurtosis is proportional to
the fourth power of wavelet coefficients. Relative to
wavelet entropy, the wavelet kurtosis is more sensitive to
the texture change of metal fracture image. Therefore the
wavelet kurtosis is more suitable for the feature
extraction of fracture image.
(2) The proposed wavelet kurtosis-RVM recognition
method is superior to the wavelet entropy-RVM
recognition method.
(3) Whether the wavelet kurtosis-RVM recognition
method or the wavelet kurtosis-SVM recognition method,
the recognition rate is very satisfactory. However their
recognition speed has obvious difference. The
recognition speed of the former is much faster than that
of the latter. Especially with the increase of training
sample, this advantage in the wavelet kurtosis-RVM
recognition method is more obvious.
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From Tab.1, the two recognition methods have the
satisfactory recognition rate. The recognition rate reaches
90.09%. However, their recognition speed has obvious
difference. The training time of the wavelet kurtosisRVM recognition method is far less than that of the
wavelet kurtosis-SVM recognition method. In the
recognition of 222 fracture images, the training speed in
the wavelet kurtosis-RVM is about six times of that in the
wavelet kurtosis-SVM recognition method. This is
because the number of support vector in the wavelet
kurtosis-SVM recognition method linearly increases as
the training sample increases. Too many support vectors
may cause the possibility of overfitting, the increase of
training time and the reduction of recognition speed.
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