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Abstract- In this paper, we proposed a novel system for detecting 
happiness emotion in music. Two emotion profiles are 
constructed using decision value in support vector machine 
(SVM), and based on short term and long term feature 
respectively. When using short term feature to train models, the 
kernel used in SVM is probability product kernel. If the input 
feature is long term, the kernel used in SVM is RBF kernel. 
SVM model is trained from a raw feature set comprising the 
following types of features: rhythm, timbre, and tonality. Each 
SVM is applied to targeted emotion class with calm emotion as 
the background class to train hyperplanes respectively. With the 
eight hyperplanes trained from angry, happy, sad, relaxed, 
pleased, bored, nervous, and peaceful, each test clip can output 
four decision values, which are then regarded as the emotion 
profile. Two profiles are fusioned to train SVMs. The final 
decision value is then extracted to draw DET curve. The 
experiment result shows that the proposed system has a good 
performance on music emotion recognition. 

Keywords- Music emotion, support vector machine, happiness 
verification 

I. INTRODUCTION 
Listening to music plays an important role in people’s 

daily life. People can gain much benefit from listening to 
music. Music can make people have various feelings, such as 
angry, sad, etc. The property of music can be applied to many 
areas, such as education, inspiration production, therapy, and 
marketing. Recently, music information retrieval 
technologies have made great progress. Most researchers 
focus on detecting emotion in music. Music emotion can be 
retrieved by extracting and analyzing the emotion content of 
music. However, people’s emotion is subjective. An 
objective music emotion evaluation is needed. Therefore, 
machine learning technology is applied in this topic. In this 
paper, we try to make a system to detect happiness content in 
music. 

Many researches have been proposed in music emotion 
detection [1]. Existing research method could be divided into 
two main kinds, including dimension approach and 
categorical approach. Dimension approach maps features to a 
point on the emotion model plane [4], then regard the 
coordinate index as features to train regressors. Categorical 
approach works by directly feeding features into a classifier 

to recognize the corresponding emotion categories [5]. This 
paper uses the method belonging to the second type. 

  

Fig. 1. Thayer’s 2-D arousal-valence plane 

In previous studies, a number of classifiers have been used, 
such as support vector regression (SVR) [5], Gaussian 
mixture models (GMM) [6], KNN [24], and support vector 
machines (SVMs) [7]. 

We consider Thayer’s arousal-valence plane (See Fig. 1) in 
this paper [8]. According to the plane, human’s emotion can 
be classified into four main classes. In Thayer’s model, the 
x-axis refers to valence, and the y-axis refers to arousal. 
Valence refers to the grade of positive or negative perceived 
emotion. Arousal refers to the intensity of perceived emotion 
[7] [9]. 

It’s noted that emotion perception is not based on a single 
feature but a combination of features [4] [18]. In our feature 
set, Legendre-Based Trend Coefficients (LBTCs) is given in 
the form of long-term statistics, and others are short-term 
feature. If all features’ temporal are similar, they can be 
combined by simply merging feature vectors. However, it’s 
harder to solve the problem when features’ temporal are 
different. In previous work, most solution is to calculate 
long-term statistics of short-term features. Then combine 
short-term feature with long-term feature [25]. Instead of 
calculating statistics of short-term features, we train SVM 
models with dual types kernel based on two terms of feature 
respectively. Because of the characteristic of short-term 
feature, it is trained by using probability product kernel. 
Long-term feature is modeled with SVM using RBF kernel.  



II. SYSTEM OVERVIEW 
Our system’s process is presented in Fig. 2. Firstly, raw 

feature is extracted from music signal by using MIR toolbox. 
Because each feature’s scale is different, we use central limit 
theorem [16] to normalize them. After normalization, 
features are divided into short-term feature and long-term 
classes. We use SVM to transform both two terms of features 
into emotion profiles with different kernel. Short term feature 
is trained by using probability product kernel, and long term 
feature is modeled by using RBF kernel. Finally, SVM is 
adopted to fusion profiles and recognize testing data. 

 

Fig. 2. Processes of proposed method 

III. FEATURE EXTRACTION AND EMOTION PROFILE 

A. Feature Extraction 

In previous work, Cooper and Foote extract 
Mel-Frequency Cepstrum Coefficients (MFCCs) from music 
signal, and they found that MFCCs is similar to music timbre 
expression [26]. There are 8 kinds of feature extracted from 
music clips in this paper, which are divided into short term 
feature and long term feature. Short-term feature includes of 
Eventdensity, Zerocross, Chromagram, MFCC, Spectrum 
Centroid, Spectrum Spread, and Spectrum Flatness. Long 
term-feature includes LBTCs. Features are extracted from 
the data by using MIR toolbox [2]. 

1) Short-Term Feature 

 The feature set comprise of three main types, i.e. Rhythm, 
Timbre, and Tonality. Rhythm includes Eventdensity. Timbre 
includes Zerocross, Chromagram, MFCC, Spectrum Spread, 
Spectrum Centroid, and Spectrum Flatness. Tonality consists 
of LBTCs. Eventdensity means peaks picked per second on 
onset curve [2]. Zerocross refers to the number of times a 
signal changes signs. Chromagram is also called Harmonic 
Pitch Class Profile. Chromagram presents the distribution of 
energy along the pitches or pitch classes [2]. Mel-frequency 

cepstrum coefficients (MFCC) also have good performance 
on the system. This feature models the human auditory 
perception system. The origin of MFCCs is the power of Mel 
windows. Spectrum centroid is an economical description of 
the shape of the power spectrum [20-22]. Additionally, it is 
correlated with a major perceptual dimension of timbre; i.e. 
sharpness. Spectrum spread is an economical descriptor of 
the shape of the power spectrum that indicates whether it is 
concentrated in the vicinity of its centroid, or else spread out 
over the spectrum [20-22]. It allows differentiating between 
tone-like and noise-like sounds. Spectrum Flatness describes 
the flatness properties of the spectrum of an audio signal 
within a given number of frequency bands. The flatness of a 
band is defined as the ratio of the geometric mean and the 
arithmetic mean of the spectral power coefficients within the 
band [20-22]. A high deviation from a flat shape may 
indicate the presence of tonal components. 

2) Long-Term Feature 

Long-term feature includes LBTCs. With the MFCCs and 
the subband powers, this study further proposes new audio 
features based on Legendre polynomial [23]. These new 
features which are called Legendre-based trend coefficients 
(LBTCs) are derived by computing the trend of each MFCC 
coefficient and 4th subband power using Legendre 
polynomial. To trend of each one dimensional feature, we 
use (4) to derive its LBTC. 
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where n is the sample index, Γ is the total sample number,    
Pi (n) and x(n) are the ith order of Legendre polynomial and 
the signal to extract its trend. 

B. Emotion Profile 

The emotional profiles express the confidence of each of 
the eight emotion classes. It is an approach to interpret the 
emotional content of natural human expression by providing 
multiple probabilistic class labels, rather than a single hard 
label. For example, happy emotion not only contains 



happiness content, but also consists of feature properties that 
are similar to the content of peaceful. The similarity to 
peaceful may cause data to be recognized as an incorrect 
class. Therefore, the evidence for happiness and peaceful are 
conveyed through representation in an emotion profile. The 
profile can help determine which emotion is most easily be 
perceived by human. In this paper, emotion content of signal 
is presented in terms of a set of simple emotion classes: 
happy, angry, sad, bored, nervous, relaxed, pleased, and 
peaceful [15]. 

IV. HIERARCHICAL SVMS WITH DUAL TYPES OF KERNELS 
The proposed system includes two sets of SVM. One is 

based on short term feature with probability product kernel. 
The other is based on long term feature with RBF kernel. 
Each set of classifiers consists of eight SVMs, and classifier 
outputs are used to construct emotion profiles. 

A. Support Vector Machine 

The SVM theory is an effective statistical technique and 
has drawn much attention on audio classification tasks [7]. A 
SVM is a binary classifier that creates an optimal hyperplane 
to classify input samples. This optimal hyperplane linearly 
divides the two classes with the largest margin [10]. Denote 
T={(xi,yi), i=1,…,N} as a training set for SVM, each pair 
(xi,yi) means training sample xi belongs to a class yi where yi 
{+1,-1}. The fundamental concept is to choose a hyperplane 
which can classify T accurately while maximizing the 
distance between the two classes. Finally, the decision 
function of classifying a new data point x can be written as:  
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B. Probability Product Support Vector Machine 

Functions that satisfy Mercer's theorem can be used as 
kernels. and  is a kernel function. Using Mercer’s theory, 
we can introduce a mapping function )(xϕ , such that 

)()(),( ijijk xxxx φφ= . This provides the ability of handling 
nonlinear data, by mapping the original input space Rd into 
some other space.  

We utilize the probability product kernel [27] defined as 
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where L2 is a Hilbert space, and ρ is a positive constant. 
Probability product kernel allows us to introduce prior 
knowledge of data. 

In this paper, we assume a d-dimensional Gaussian 
distribution of our data in the form 
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where 111 )( −−− += ji ΣΣΣς , and 111 )( −−− += jjiiς μΣμΣμ . This 

paper further assumes that Σ = σ2I in (4). 

C. Emotion Profile Construction and Happiness Detection 

Emotion profile presents perception probability of each of 
the eight emotion-specific decisions. In this paper, the 
emotion profiles are constructed using decision value. The 
decision value of SVM represents the degree of similarity 
between model and testing data. The goodness of similarity 
measure can be used to find out which model fits the data 
most accurately. Using the emotion profile, the most 
probably perceived emotion in music can be detected [15]. 
SVM is adopted to fusion profiles and detect happiness 
emotion in testing data. 

V.  EXPERIMENTAL RESULTS 
Our database is constructed by collecting music clips from 

two websites: All Music Guide [11] and Last.fm [13]. The 
database consists of nine classes of emotion, including happy, 
angry, sad, bored, nervous, relaxed, pleased, calm, and 
peaceful. Calm is taken as the models’ opposite site when 
training models. Each emotion class contains 120 music clips.  
Half of the songs are used as training data, and the others are 
used as testing data. In this paper, 480 music clips are tested. 
All of songs the are western music, and are encoded in 16 
KHz WAV format. 

The research’s goal is to provide a system which can verify 
particular emotion in music. Happiness is the class to be 
recognized, while peaceful, angry, and sad are considered as 
the other classes. It is noted that support vector machines 
(SVMs) perform well on this topic [7]. We also use SVM, 
which is based on LIBSVM library [14]. For facing the 
challenge of having multiple emotions in a song [15], two 
emotion profile are constructed by decision value in support 
vector machine (SVM). Then both of two profile are 



fusioned by SVM. Afterwards, we then decide if happy 
emotion is most probably perceived in a song. 

We evaluate the performance of our proposed system in 
terms of equal error rate (EER). As mentioned before, music 
may contain multiple emotions. If we know which emotion 
class a song most likely belongs to, we may know the main 
emotion of the song. 

The whole feature set dimension is 82. Fig. 4 shows the 
DET curve of our experiment. Clearly, the proposed method 
can achieve 15% EER. From our results, we see that the 
system performs well on music happy emotion verification. 

 

Fig. 4. DET curve of experimental result 

 VI. CONCLUSION 
In this paper, we have proposed a system for detecting 

happy emotion in music. This work developed a novel 
feature extraction approach for emotional music recognition. 
To create a more distinguishable feature set, we extracted 
two emotion profiles by using the decision value of SVMs 
with different kernels, which are then regarded as new 
features to train new SVMs.  

Detecting emotion in music has become the concern of 
many researchers in recent years. The technology can be 
applied in various areas, such as education, inspiration 
production, therapy, and marketing. In marketing, it is noted 
that a store’s background music can be helpful in improving 
the store’s image and make its employees happier [19]. 
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