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ABSTRACT 
 Nowadays the electronic gadgets have been updated to store large amount of music information. It is necessary to 
have an efficient retrieval system to choose the required data. The important task in audio retrieval system is feature 
extraction.  In the feature extraction stage, the feature which gives relevant   information about music has to be extracted. 
In this paper, various Mel based feature which includes Mel Frequency Cepstral Coefficient (MFCC), Delta MFCC 
(DMFCC), Double Delta MFCC (DDMFCC), hybrid feature (MFCC+DMFCC+DDMFCC) has been analyzed for audio 
retrieval system. It has been found out that the audio retrieval system which makes use of hybrid feature will provide better 
result compared to the other features. 
 
Keywords: audio retrieval, hybrid feature, MFCC, feature extraction. 
 
1. INTRODUCTION  
 In modern world most of the people relax 
themselves by listening to music. There is in need of a 
storage device which can store large amount of music 
information [1]. To match up with people’s expectation 
new electronic gadgets has come into existence for storing 
the large collection of music file. In order to select the 
particular audio file from the database, an efficient audio 
retrieval system is required. Audio retrieval deals with 
retrieval of similar pieces of music, instruments, artists, 
musical genres, and the analysis of musical structures [2]. 
Among the various stages in the audio retrieval process, 
feature extraction stage is very important stage. The 
feature extraction process involves extracting the 
necessary feature from the audio file which will give 
sufficient information about the audio file [3]. Based on 
the information obtained from the feature extraction 
process, the audio files can be discriminated among the 
other audio files. From the literature survey, it has been 
found out that timbral feature will provide meaningful 
information about the audio file. The timbral feature can 
be represented using MFCC. In this paper the analysis has 
been done on various Mel based feature which includes 
derivatives of MFCC feature for the audio retrieval task. 
The audio retrieval task has been explained in the latter 
sections and the audio retrieval performance of various 
Mel based features has been discussed. Among the various 
Mel based feature, audio retrieval system which makes use 
of hybrid feature provides better audio retrieval results.  
 
2. RELATED WORKS 
 The previous works related to the feature 
extraction process in audio retrieval task has been 
discussed in this section. In [4] the importance of Mel 
Frequency Cepstral Coefficient (MFCC) feature extraction 
has been discussed and text dependent speaker 
identification system has been designed using Mel 
Frequency Cepstral Coefficient (MFCC) feature. The 
timbral based approach for audio classification based on 
the Gaussian mixture model and clustering technique has 
been discussed in [5].The audio classification method 

which makes use of support vector machine and radial 
basis neural network has been proposed in [6]. The feature 
used in the audio classification task is MFCC and linear 
predictive coefficient. In [7] audio tag annotation which 
was performed on CAL500 and CAL10k corpora makes 
use of Dirichlet mixture model (DMM) has been 
discussed. A novel approach [8] which make use of 
ensemble classifier for automatic annotate and audio 
retrieval has been performed on a database which consist 
of 2,473 clips and the duration of each clip is 10 seconds 
or less. In [9], content based audio retrieval based on 
Distance-from-boundary (DFB) and classification task 
based on support vector machine (SVM) has been 
performed on a database which consists of 409 sounds of 
16 classes. A novel approach has been proposed in [10] for 
classifying General Audio Data (GAD). The features used 
for classification task are Mel Frequency Cepstral 
coefficient (MFCC) and Linear Predictive Coefficient 
(LPC). In order to minimize the noise occur at the 
boundary of audio segments during classification, 
segmentation pooling method has been used. Currently 
research is going on towards effective classification of 
musical instruments. In [11], timbral model has been 
designed with the help of a mixture of Gaussian 
distribution for a space of Cepstral coefficient. Automatic 
audio classification task based on statistical pattern 
recognition classifiers has been proposed in [12]. The 
feature sets used for the classification task can be used to 
represent timbral texture, rhythmic content and pitch. In 
[13], for both voice print and dynamic characteristics of 
the spoken digits an improved technique of feature 
extraction using Weighted MFCC is used. Improved 
Features for DTW (IFDTW) has been used for feature 
recognition. From the above discussion, it was found that 
MFCC feature provide better result for audio retrieval and 
classification task. The steps involved in hydrid feature 
extraction process have been discussed in the following 
sections. 

3. METHODOLOGY 
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a) Audio retrieval 
 Audio retrieval involves retrieving the similar 
piece of audio file. The important process in the audio 
retrieval process involves feature extraction. The feature 
indicates numerical representation of audio file because it 
is difficult to process the raw audio file.  The feature has 
been extracted from each audio file in the database and 
stores it in feature database. The feature has been extracted 
from the query audio file and it has to be compared with 
each audio file feature in the feature database. 
 When query audio file feature matches with the 
feature database, then the corresponding audio file will be 
retrieved. 

 
 

Figure-1.General block diagram for audio retrieval. 
 

 In this work, the similarity measurement between 
audio database feature and query audio file feature has 
been done with the help of Euclidean distance. In the 
Euclidean distance measurement, the query audio file is 
compared with each audio file in the audio database. For 
the similar audio file, the distance measured is small, 
while for the different audio file the distance is large. In 
this manner, the similarity between the audio file can be 
identified using Euclidean measurement. The formula used 
for this measurement is as follows 
 

       (1) 
 

b) MFCC and its derivatives 
 MFCC is the most widely feature in audio 
processing. It indicates the cepstral representation of audio 
file. MFCC involves the collection of Mel Frequency 
Cepstrum (MFC) which is the representation of short term 
power spectrum of audio file. The audio signal is not 
constant, it keeps on changing. The changes in the audio 
signal lead to MFCC derivatives. 
 

c) Hybrid feature extraction  
 The hybrid feature includes the combination of 
MFCC, Delta MFCC and Double delta feature. The hybrid 
feature extraction process involves several stages. The 
stage by stage process has been shown in Fig.2.Initially 
the audio signal    
 

 
 

Figure-2. Hydrid Feature extraction process. 
 

 Shown in Figure-3 is applied to pre emphasis 
stage which is the first stage in the hybrid feature 
extraction process. Pre-emphasis involve boosting the high 
frequency components in the audio signal.  
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Figure-3. Audio signal. 
 
By boosting the high frequency components of the audio 
signal, the additional information can be gathered from the 
audio signals. 
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Figure-4. Pre-Emphasized signal. 
 
 As audio signal is not constant one, it is 
necessary to obtain information from small enough region. 
Hence the entire audio signal has to be divided into small 
frames of size 10-25ms and for each small segment 
hamming window has to be applied. This stage will reduce 
the discontinuity near the boundary of the audio signal.  
The hamming window is given by the equation [2] 
 

  (2) 

 

In order to analyze the variation in each frame of the audio 
signal, it is better to analyze the audio signal in frequency 
domain. Hence Fourier transform has been applied to each 
frame of the audio signal. In Mel filter bank, triangular 
band pass filter is used. The triangular band pass filter has 
been applied to the frequency response of each frame of 
the audio signal. The Mel curve obtained in this process is 
shown in Figure-5. This process will reduce the feature 
size and smoothens the magnitude spectrum thereby 
harmonics gets flattened.  
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Figure-5. Mel Frequency curve. 
 
 The logarithmic computation has been done to 
reduce the dynamic range of the value. Next stage 
involves applying discrete cosine transform to the Mel 
spectral feature in order to de-correlate the Mel feature. 

The expression used to calculate the MFCC feature is 
given by [3] 
 

    (3) 
 

The delta coefficient di can be computed at frame ‘i’ in 
terms of basic MFCC coefficient by the following 
expression 
 

      (4) 
 

The double delta MFCC feature can be calculated using 
above equation by replacing MFCC coefficient with delta 
coefficient. The combination of the above mentioned 
features forms hydrid feature which is shown in Figure-6. 
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Figure-6. Hybrid feature. 
 
d) Performance measure 
 The performance of the retrieval system can be 
analyzed by measuring the precision and recall values. The 
precision and recall values will determine the quality of 
audio retrieval system. The precision value indicates the 
relevant audio file from the retrieved files while recall 
value indicates retrieving relevant audio files. The formula 
for calculating precision and recall value are as follows 
 

    (5) 

 

 

 

     (6) 

 
4. RESULTS AND DISCUSSIONS 
 In this section the audio retrieval performance 
using Mel based feature has been discussed. The audio 
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retrieval task has performed on the MATLAB software. 
The audio retrieval task make use of GTZAN database 
which consist of 10 genre namely blue, classical, country, 
rock, hip-hop, disco, Jazz, pop, Metal, Reggae  where each 
genre consist of 100 songs. The Mel based features has 
been used to find audio similarity among the audio files. 
With the help of various Mel based feature, audio retrieval 
task has been performed and its performance has been 
discussed for different feature using precision and recall 
value. 
 Based on the query audio file, relevant audio file 
has been identified from the retrieved audio file using 
various Mel based feature and it has been found out that 
Hybrid feature provides better precision value compared to 
other Mel based feature. The mean precision rate for each 
Mel based feature for top-K audio file has been shown 
inFigure-7. 

 
 

Figure-7. Mean precision for top-K (K=3, 5, 10) audio file 
 
 The important task in the audio retrieval process 
is feature extraction. The time required to extract each 
feature is important. Here the time taken to extract various 
Mel based feature has been discussed and it has been 
found that hydrid feature require more extraction time as it 
is combined feature and also the difference in extraction 
time among other feature is appreciable one. 
 

 
 

Figure-8. Feature extraction time. 
 

 After the feature extraction process the similarity 
measurement has to be done. In this stage the query audio 
file has been compared with the each audio file in the 
database. The similarity measurement time for Mel based 
feature has been shown in Figure-9 and it was found out 
that hybrid feature requires more time compared with 
other feature but it is appreciable one. 
 

 
 

Figure-9. Similarity measurement time. 
 
 It is necessary for the audio retrieval system to 
provide relevant audio file based on the query. The 
relevant audio file retrieved using Mel based feature in the 
audio retrieval system has been calculated and it was 
found out that hybrid feature provides better recall value 
compared to other feature which shows that hybrid feature 
provide better recall value. The recall value plotted in the 
chart is shown in Figure-10. 
 

 
 

Figure-10. Average recall value. 
 
 As it was found out that hydrid feature provide 
better results compared to other Mel based feature in the 
audio retrieval task. The relevant audio file retrieved for 
various genres using hydrid feature has been found and 
tabulated in Table-1.  
 

Table-1. Retrieved relevant audio file (Top-5). 
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5. CONCLUSION AND FUTURE WORK 

 In this paper, the audio retrieval process has been 
discussed. The significance of feature extraction process in 
the audio retrieval task has been highlighted. Based on the 
literature survey, it was found that timbre feature provide 
meaningful information about audio signal. In order to 
represent the timbral feature, MFCC feature has been used. 
In this paper, various Mel based feature has been analyzed 
for audio retrieval process. The feature extraction process 
of hybrid feature has been explained. The audio retrieval 
process which makes use of Mel based feature has been 
performed on GTZAN database and it was found that 
among various Mel based feature hybrid feature provide 
better precision and recall value. In the future along with 
Mel based feature, other features will be considered for 
audio retrieval task.    
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