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Abstract. Audio is one of important information carriers in the multimedia. It contains abundant semantics
and enriches information perception and acquisition. At present, it always uses vision information in the
multimedia retrieval, but ignores audio information. In this paper, the problem of audio classification is
discussed. The combination of Support Vector Machine and Hidden Markov Model is described and the
hybrid model is used in audio retrieval experiments.
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1. Introduction
There are large amounts of multimedia data in network data and audio data is one of many computer and
multimedia applications. It cannot meet the demand of retrieval by conventional techniques and demands in
audio data rapidly increases. For these reasons, audio retrieval is becoming one of emphases in multimedia
information retrieval.
Researches in closely related areas, such as speech recognition, speaker identification, etc. have long
history. But researches on classification and retrieval of audio information are relatively new. Recently some
researches are done by several research institutes. One important work is the system called “Muscle Fish”,
which can classify and retrieve audio [1]. Moreover, it’s also used Neural Network (NN) and Hidden
Markov Model (HMM) in classification of audio information [2], [3]. But also there exist some problems in
audio retrieval, such as retrieval of apperception characters, scene analysis of audio, research of classifier and
effective retrieval interface, etc. In this paper, the problem of audio classification is considered. It discusses
how to classify audio clip better according to different characters.
The modeling ability in time series of Hidden Markov Model (HMM) is obvious. It’s used in speech
recognition extensively and also in research of audio classification. Another classification method called
support vector machine (SVM) is used, which is a statistical learning algorithm [4].
The paper is organized as follows. In Section 2, it introduces the basic theory of SVM and the structure
of the hybrid model of SVM and HMM. In Section 3, it presents the hybrid model for retrieval. Section 4
describes the experiments for audio classification. Finally, the conclusion and discussions are given in
Section 5.

2. Hybrid model of SVM/HMM
2.1.

Basic theory of SVM

The SVMs are proposed recently by Vapnik [4], and have been used to solve some practical problems, such
as face detection [9]. The SVM is a powerful new machine learning algorithm, which is rooted in statistical
learning theory [10]. By constructing a decision surface hyper-plane which yields the maximal margin
between position and negative examples, SVM approximately implements the Structure Risk
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Minimization(SRM) Principle. There are three layers in the structure of SVM: input layer, which gets data
just as classification characters; hidden layer, with two functions, namely mapping the input data from lowdimension space to high-dimension by non-linear map and calculating the inner production of character
vector and support vector; output layer, just showing the classification results. In the practical application,
the function of hidden layer is achieved by the kernel function. The kernel function can be formulated as
follows:
K ( x, y) = (Φ ( x ) • Φ ( y))

where K , Φ , • denotes respectively kernel function, non-linear mapping in high-dimension and inner
production.
The SVM is based on the optimal hyper-plane in linear separable condition. The basic idea is just as
follows: transforming the input into high-dimension space by non-linear transform; then calculating the
optimal linear classification plane, which is described in Figure 1.

(a)

(b)

Fig. 1: (a) A linear SVM finds the maximum margin linear separating hyper-plane in the input space.
(b) A non-linear SVM uses a nonlinear kernel to map the data into a high dimensional future space.

As well known, there are three main types in kernel functions:
(1) Polynomial: K ( x , y ) = ( x • y + 1) d , where d is the degree of the polynomial;
(2) Gaussian Radial Basis Function: K ( x , y) = exp(−

x−y
2σ 2

2

) , and the parameter σ is the width of

Gaussian unction;
(3) Sigmoid Function: K ( x , y) = tanh(k ( x • y) − μ) , k and μ are the scale and offset parameters. In this
paper, the Sigmoid Function is used, just because it includes only one hidden multi-layer perception, the
number of hidden-layer nodes is confirmed by the algorithm and there is no local minima problem, which
exists in the method of Network Neural.

2.2.

Hybrid model of SVM/HMM

Just as the HMM or SVM, the hybrid model also includes two parts: training and classification. Firstly,
λ = (A, B, π) , parameters of model can be obtained by training, where B is the model parameter of input.
Secondly, it can be calculated the probability estimate P ( X | λ ) by Viterbi, corresponding to the observation
sequence X = X 1 X 2 L X N , and compared with the threshold to obtain classification results.
But the output of SVM is numerical value. For combined with HMM easily, it should transform the
value into probability form [5-8]. In the processing of calculating, it should make training sample
normalization, namely g( x ) = 1 . Then the sample point can be described as g ( x ) = ±dw , where d denotes the
distance between sample point x and classification plane, and the sign denotes which side the point position.
The probability output form is formulated as follows:
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P(C ±1 | x i ) =

1
1 + exp(m g ( x i ))

2.2.1 Training of SVM
SVM is a two-class classifiers, it should be used to a multi-class classification in audio classification.
There are two common schemes for this purpose: one-against-all and the one-against-one. In this paper, the
one-against-all is used, namely training SVMs for each audio. The detailed processing is described as
follows:
Supposing there are m classes audio in audio sample database, and there are n training sample for each
class.
(1) Selecting all sample of the first audio from sample database, labeling as class I and other audio
classes as class II. Using these samples as input to training a SVM and obtaining the corresponding support
1 , which can distinguish class I from
vector and optimal classification plane. Then labelling the SVM as ○
other audio classes.
(2) Selecting all sample of the second audio from sample database, labeling as class I and rest audio
classes as class II. Using these samples as input to training a SVM and obtaining the corresponding support
2 , which can distinguish the second
vector and optimal classification plane. Then labelling the SVM as ○
class from other audio classes.
(3) Repeating steps described above, training all audio classes and achieving m SVMs.

2.2.2 Training of HMM
Supposing M class audio in the database, namely there should be M HMM, and each sample class has n
sample. Audio training samples are classified by SVM training method and probabilistic outputs of SVM are
calculated by the forward-backward algorithm. Then models of all audio are achieved.

2.2.3 Audio classification of the Hybrid model
Supposing there are m classes audio in sample database, which is for classification. And there are trained
templates according to each audio class. When a new sample for classification is inputted, it can be classified
by the method described as above. It’s formulated as Figure 2.

Fig. 2: Hybrid model of SVM/HMM

3. Experiments
The database used in experiments is classified into three classes, namely pure speech, background music and
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claps, collected from TV programs, the internet and music CDs with each clip labeled in terms of pre-defined
classes. All audio clips are 8-bit, mono-channel, down-sampled into 16 KHz and saved as “.wav”. It’s
partitioned into a training set of 60 minutes and a test set of about 20 minutes. For comparison, the
commonly method HMM is also used in experiments, just shown as Table 1.
Table 1. Experiment results of different classifying type
Perc

Background
music

Claps

Pure
speech

SVM/HMM

83%

92.4%

96.2%

HMM

76%

90%

95%

4. Conclusions
In this paper, it presents in detail the approach that uses SVM/HMM for classification of an audio clip.
Experiments show that the hybrid SVM/HMM achieves high classification accuracy. For future research, we
will consider how to apply SVM to solve multi-classes problems and improve classification scheme to
discriminate more audio classes.
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