Information Theoretic Approach Based on
Entropy for Classification of Bioacoustics
Signals

Ng Chee Han®, Sithi V. Muniandy®, Jedol Dayou®, Ho Chong Mun®,
Abdul Hamid Ahmad® and Mohd. Noh Dalimin*

“Locked Bag 2073, Energy, Vibration and Sound Research Group (e-VIBS),
School of Science and Technology, University of Malaysia Sabah,
88999 Kota Kinabalu, Malaysia
bDepartment of Physics, University Malaya, 50603 Kuala Lumpur, Malaysia
“Institute for Tropical Biology and Conservation, School of Science and Technology,
University of Malaysia Sabah, 88999 Kota Kinabalu, Malaysia
dUniversity of Tun Hussein Onn Malaysia, 86400 Parit Raja, Batu Pahat, Johor, Malaysia
Email of corresponding author: ng_chee_han@hotmail.com

Abstract. A new hybrid method for automated frog sound identification by incorporating
entropy and spectral centroid concept is proposed. Entropy has important physical implications
as the amount of "disorder" of a system. This study explores the use of various definitions of
entropies such as the Shannon entropy, Kolmogorov-Rényi entropy and Tsallis entropy as
measure of information contents or complexity for the purpose of the pattern recognition of
bioacoustics signal. Each of these definitions of entropies characterizes different aspects of the
signal. The entropies are combined with other standard pattern recognition tools such as the
Fourier spectral analysis to form a hybrid spectral-entropic classification scheme. The efficiency
of the system is tested using a database of sound syllables are obtained from a number of species
of Microhylidae frogs. Nonparametric k-NN classifier is used to recognize the frog species based
on the spectral-entropic features. The result showed that the A~NN classifier based on the
selected features is able to identify the species of the frogs with relativity good accuracy
compared to features relying on spectral contents alone. The robustness of the developed system
is also tested for different noise levels.
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INTRODUCTION

Pattern recognition is defined as a fundamental solution to variety of problems in

real world applications [1]. Pattern recognition is mainly use for categorize an
unknown pattern into a specific class based on a suitable similarity measure, in order
to assigned the similar patterns into the same classes while dissimilar pattern are

classified into different classes.
Extracted features used in sound recognition application are usually selected to

characterize and represent the ‘finger print’ on particular sound. Choosing suitable

features is an important part for sound recognition system.
Frog sound is observed as an organized sequence of brief sounds from species-

specific vocabulary [2] and brief sounds also defined as syllables [3]. In the pre-
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processing state, a set of useful features are extracted from syllables for pattern
recognition usage.

We consider Fourier spectral centroid, Shannon entropy, Rényi entropy and Tsallis
entropy as the bioacoustics features determined from a collection of sound syllables of
nine frog species. Then, these features are used with k-nearest neighbour (A-NN)
classifier for frog species classification.

EXPERIMENTAL

In this work, a database that consists of nine Microhylidae frogs found in Australia
as listed in Table 1 (obtained from http://www.Frogsaustralia.net.au/frogs) were used
in the experiments.

Four features were extracted from the sound syllables, namely the spectral centroid,
Shannon entropy, Rényi entropy and Tsallis entropy. After all of the syllables from
each species were extracted from features, the mean values of features were prepared
as the training data in £-NN classifiers. The &-NN classifiers were then classified the
syllables and determined their classes based on the given training data.

In order to examine the performance of the &-NN classifier with three entropies that
we proposed, two type of classification, consisted of spectral based classifier alone and
the hybrid of spectral-entropy based classifier were compared.

Finally, in order to evaluate the sensitivities of the hybrid spectral-entropy based
classifier in different of noise levels, the hybrid spectral-entropy classifier was trained
with all nine species of Microhylidae frog by adding Gaussian white noise into all of
the syllables from the database. Frog species classifications under the noise levels at
signal to noise ratio (SNR) of -40dB to -10dB were compared.

TABLE 1. Frog species for Microhylidae

Family Scientific name Common name No. Syllables

Cophixalus bombiens Buzzing Nurseryfrog 6

Tapping Nurseryfrog;
Cophixalus concinnus Elegant Frog; 6

Beautiful Nursery-frog

. . Dainty Nurseryfrog;

Cophixalus exiguus Scanty Frog 6
Cophixalus hosmeri Rattling Nurseryfrog; 6

Hosmer's Frog

Microhylidae .
Cophixalus infacetus Creaking Nurseryfrog; 6
Inelegant Frog
Cophixalus monticola Mountain Nurseryfrog 6
Cophixalus neglectus Bellen;\i]zr;llz ::eghl?;s:;yﬁozg; 6
. o . Ornate Nurseryfrog;

Cophixalus ornatus Ornate Frog 6

. e Black Mountain Boulderfrog;
Cophixalus saxatilis Rock Frog 6
Total 54
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RESULTS AND DISCUSSION

Referring to Figure 1, our results show that the classifier based on spectral centroid
without the entropy has successfully identified all of the frog species except
Cophixalus infacetus and Cophixalus neglectus. This is with general assumption that
accuracy of 80% as the cutting point. Where over 80% is considered successfully
identified, wise is considered fail.

By introducing the various definition of entropy into the classifier, the classifier
based on hybrid spectral-entropy method has successfully identified all nine
Microhylidae frog species (refer Figure 1). The entropy based classifier managed to
identify nine of the Microhylidae frogs with average accuracy more than 96%.
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FIGURE 1. Comparison of the performance of spectral and hybrid spectral-entropy based
classification of nine Microhylidae frog species

By comparing these two classifiers, between spectral centroid alone and spectral-
entropy based, we have seen some significant improvements in the accuracy of
classification for entropy based classifier (see Figure 1).

Since, the accuracy of classification based on this hybrid spectral-entropy method
showed more than 80% for all nine Microhylidae frog species, it can be concluded that
all species were successfully identified.

From Figure 2, we have shown that the identification accuracy of hybrid spectral-
entropy method generally was not significantly affected under low noise conditions.
The classifier completely misclassified for Cophixalus exiguus when the syllables
were contaminated with high noise levels (-10dB).
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FIGURE 2. Sensitivity of the hybrid spectral-entropy based classifier for different levels of noise
contamination.

CONCLUSIONS

In conclusion, we have proposed a new hybrid method for automated frog sound
identification based on the concept of entropy. Various definitions of entropies such as
the Shannon entropy, Kolmogorov-Rényi entropy and Tsallis entropy have introduced
in order to measure the information contents or complexity of the bioacoustics signals.
This study has shown the performance of the £-NN classifier can be improved by
using entropy approach. By introducing different definition of entropy, we have shown
the advantage of spectral-entropy based A-NN classifier that incorporates both the
spectral harmonics as well as signal complexity measure for species classification.

ACKNOWLEDGEMENTS

This study was supported by the Fundamental Research Grants No. FRGS0031-ST-
1/2006. S.V. Muniandy thanks the Malaysian Ministry of Science, Technology and
Innovation (MOST]I) for financial support under e-Sciencefund 16-02-03-6008.

REFERENCES

1. J. A. Kogan and D. Margoliash, J. Acoust. Soc. Am. 103(4),2185-2196 (1998).

2. C.J.Huang, Y.J. Yang, D. X. Yang and Y. J. Chen, Exp. Sys. App. 36, 3737-3743 (2009).

3. W. E. Duellman and L. Trueb, Biology of amphibians, New York: McGraw-Hill Book Company,
(1986).




 
 
    
   HistoryItem_V1
   AddNumbers
        
     Range: all pages
     Font: Times-Roman 10.0 point
     Origin: bottom centre
     Offset: horizontal 0.00 points, vertical 44.64 points
     Prefix text: ''
     Suffix text: ''
     Use registration colour: no
      

        
     
     BC
     
     31
     TR
     1
     0
     42
     224
    
     0
     10.0000
            
                
         Both
         4
         1
         AllDoc
              

       CurrentAVDoc
          

     0.0000
     44.6400
      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.0g
     Quite Imposing Plus 2
     1
      

        
     0
     4
     3
     4
      

   1
  

 HistoryList_V1
 qi2base



	copyright1: 


