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Abstract. This paper presents an application of fuzzy systems for the
classification of sounds coded by the selected MPEG-7 descriptors. The
model of the fuzzy classification system is based on the audio descriptors
for a few chosen species of birds: Great Spotted Woodpecker, Greylag,
Goldfinch, Chaffinch. The paper proposes two fuzzy models that def-
initely differ by the description of the input linguistic variables. The
results show, that both approaches are effective. However, second one
is more flexible in a case of future expanding of the model with next
descriptors or species of birds.

Keywords: fuzzy system, fuzzy classification, MPEG-7, audio descrip-
tors, fuzzy classification of audio signals.

1 Introduction

Birds rely on auditory processing for survival. Listening to others enables an bird
to classify them as worst enemy, neighbor or stranger, a mate or non-mate, etc.
Juvenile songbirds can listen to adult for develop a memory of a normal song that
they will use to guide their own life. Our paper presents we would like to present
a method for recognize kind of bird by feature of their sounds efficiently. In our
study we used definition of MPEG-7 descriptors and fuzzy logic for classification
of result. The potential applications for detecting and identifying bird species,
particularly automatically, are diverse but can be grouped into the following
categories.

1. Species identification.

2. Identification of individuals within a species.

3. Detection of the presence of bird.

4. Approaches to bioacoustic identification.

5. Feature extraction from time domain and frequency domain of bird song.

2 Sound Description With the MPEG-7

The solutions of searching of multimedia data basing on label technique do not
always give expecting results. It means that sending queries are not always in
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accordance with demanding of person or computer system. Correctly interpre-
tation of sound source is the main issue which occurs during recognition process
of sound signals. In this paper researching of sound come from birds: Great
Spot—ted Woodpecker, Greylag, Goldfinch, Chaffinch. Researching of sound of
bird can be useful for high level of recognizably each other. This problem can be
solved by means of MPEG-7 standard which gives a lot of descriptors describing
physical features of sound. These descriptors are defined on the base of analysis
of digital signals and index of most important their factors. The MPEG-7 Au-
dio standard comprises descriptors and description schemes that can be divided
[4-6] into two classes: generic low-level tools and application-specific tools. The
generic tools, referred to in the standard as the audio description framework
apply to any audio signal and include the scalable series, low-level descriptors
(LLDs) and the unform silence segment. The application-specific tools restrict
their application domain as a means to afford more descriptive power and in-
clude general sound recognition and indexing tools and description tools. The
low-level audio descriptors have very general applicability in describing audio.
There are seventeen temporal and spectral descriptors [6] that can be divided
into six groups. A typical LLD may be instantiated either as a single value for a
segment or a sampled series. Then two names for those descriptors are used, as
the application requires: AudioLLDScalarType and AudioLLDVectorType, the
first type is inherited for scalar values and describing a segment with a single
summary, such as power or fundamental frequency, the second one is inherited
for vector types describing a series of sampled valued, such spectra. This paper
deals with LLDs as well as application-specific tools to recognize audio signal
coming from a group of birds. In order to find a feature vector of the group of
birds the analysis has been performed in the temporal as well as in frequency
domains.

2.1 Time Domain Parameterization

For the purpose of right describing of waveform of sound it is necessary to define
descriptor. The descriptor is represented as a fraction of time of separating phases
to time of all phases. Log - time of the ending transient (TET) Iy, which is given
by:

liw = lOg(tpk - tmax)v (1)
where:
tmaz 1S the time at which the maximal amplitude has been reached,

tpk is the time at which the level of 10 % of maximal value has been reached in
the decay stage.

2.2 Frequency Domain Parameterization

Since the frequency domain may contain important information concerning fea-
tures of the sound it is worthwhile to introduce its parameterization. The base
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of parameterization of sound spectrum are Fourier transform, wavelet analy-
sis, cepstrum or Wigner—Ville’a transform. The following parameters describing
frequency domain of signal were applied:

1. Brightness

where:
A(3) is amplitude of the i-th partial (harmonic)
1 - the frequency of the i-th partial

2. Irregularity of spectrum

N-1

I = log(20 ; | fog YA —1)- A®) - A(i + 1) |

where:
A(1) is amplitude of the é-th partial (harmonic)
N - number of available harmonics

3 Preparation of Audio Data

The objects of researching was sounds of the birds like Great Spotted Wood-
pecker, Greylag, Goldfinch, Chaffinch. One of the purposes of the experiments
was searching for vector of features which allow to automatic classification of
each bird. For parameterization of frequency domain state window length was
proposed [8]. It was applied for all samples in experiment. State window length
is the fragment of signal (in time domain) which was taken in the same point
of time. State window length contains constant amount of samples. The begin-
ning of this window was taken when the level of 10 % of maximal value has
been reached. The length of window is determined by resolution of spectrum,
according to the formula:

p_ b "

n

where:

fr is the spectrum resolution

fs — sampling frequency (44100 Hz)

n - number of samples.

In the paper f,. equal to 4Hz was assumed. It means that number of samples
which are assigned to experiment is equal 11025. If testing sound is shorter then
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length of window (n = 11025) then absent values should be supplemented with
zeros to n = 11025 [7, 8]. Selecting fragment of signals in time domain were
treated DFT and this spectrum was analyzed.

4 Modeling of Fuzzy System

For the realization of classification a fuzzy system was used. The model of this
system is based on audio descriptors for the chosen species of birds: Great Spot-
ted Woodpecker, Greylag, Goldfinch, Chaffinch. Each descriptor is represented
by a separate linguistic variable. Since the data shall be classified into four cat-
egories, we also accept four output variables. Each of them corresponds to a
different species.

4.1 Basic Assumptions

All data used in defining the model were normalized to the interval [0, 1]. In
research two different fuzzy models were proposed. The main difference between
them lies in the way of definition of the input linguistic variables. However,
common for both are the output variables, defined on the interval [0, 1], where
0 means the lack of recognition of the given species, whereas 1 means the full
identification. The output variable out; responsible for the recognition of wood-
pecker, is shown on the Fig.1. Other output variables for classifying the rest of
the birds are described in the same way. In addition, both proposals assume that
the system will use only four rules. Each rule will select one of the bird species.
In this way we obtain the four answer from the fuzzy system, which belong
to the numerical interval [0, 1]. Thanks to that, the final result of classification

NotWoodpecker Woodpecker_

Degree of membership

0 0.2 0.4 0.6 0.8 1

out 4

Fig. 1. Linguistic variable out;
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Table 1. Summary of the data used for modeling the fuzzy systems

Brightness TET IR
min max avg. min max avg. min max avg.
Woodpecker 0 0,210,113 0 0,1 0,01 0,48 0,74 0,64
Greylag 0,26 0,43 0,34 0,68 1 0,82 0 0,62 0,37
Goldfinch 0,46 1 0,620,030,790,31 0,3 1 0,66
Chaffinch 0,31 0,55 0,44 0,17 0,7 0,37 0,2 0,73 0,47

can be easily and clear-cut determined with use the winner takes all princi-
ple. This means that the largest output value indicates an identified species of
bird assigned to the given audio signal. Other parameters common for the both
propositions:

— method of fuzzyfication - singleton,

— method of aggregation for premise parts of rules - min,

— operator of implication - min,

— defuzzyfication - middle of maximum.

4.2 Fuzzy System - Proposition 1

The input linguistic variables are divided into two values: Small, Big (see Fig.2).
To determine the rules mean values for the input data assigned to the species of
birds were calculated. On their base fuzzy sets for the premise part of rules were
determined. For the average < 0,5 the Small set was taken, for > 0,5 fuzzy
set Big. Tab.1l presents a summary of the minimum, average, and maximum for
each of descriptors taking into account the species of birds.

As a result we receive the following rules:

— IF Brgt is Small AND TET is Small AND IR is Big THEN out; is Wdp AND
outs is NotGrlg AND outs is NotGldfch AND outs is NotChfnch

— IF Brgt is Small AND TET is Big AND IR is Small THEN out;, is NotWdp
AND out2 is Grlg AND outs is NotGldfch AND outs is NotChfnch

— IF Brgtis Big AND TET is Small AND IR is Big THEN out; is NotWdp AND
outs is NotGrlg AND outs is Gldfch AND outs is NotCh fnch

— IF Brgt is Small AND TET is Small AND IR is Small THEN out; is NotWdp
AND out2 is NotGrlg AND outs is NotGldfch AND outs is Chfnch

where T'ET means linguistic variable Time of the Ending Transient, Brgt -
Brightness , IR - Irreqularity of Spectrum , Wdp - fuzzy set Woodpecker, Grlg
- Greylag, Gldfch - Goldfinch and Chfnch - Chaf finch.

The results of classification are presented in the Tab.2. The 40 audio signals
was used, ten for every species of birds. First tenth lines represents woodpecker’s
signals, next ten - greylag, and next for goldfinch, and last - chaffinch. As can
be noted, the classification is quite effective. However, the results clearly di-
verging from the average values are classified incorrectly - see lines numbers



The Fuzzy Classification of Sounds Based on the Audio Descriptors 705

Small Big
1 i

Degree of membership

. . . .
0 0.2 0.4 0.6 0.8 1
Brightness

Fig. 2. Input linguistic variable Brightness

2,21,22,24,28.32,35,39 . It’s a little alarming because the system is based on the
fuzzy model, which takes account all available data, including those diverging
from the average values.

4.3 Fuzzy System - Proposition 2

To improve the quality of the classification presented in the first proposition,
the greater granulation of input variables can be a way. In addition to the
terms Small, Big, could be introduced another fuzzy sets such as: VerySmall,
Average, etc. Note, however, that when increasing the granularity, you need to
check the uniqueness of the premise parts of the rules. If in the future we will
expand the capabilities of our classification system for another species of birds,
there is a rather complex process of updating and matching of linguistic variables
and already defined rules.

An alternative solution is split the input variables for the fuzzy sets charac-
teristic for each species. Similar solution to another problem - the classification
of flowers (irises) - was presented in [3]. In this way, instead of fuzzy sets defining
the size Small, Big, etc., we introduce sets Woodpecker, Greylag, Goldfinch,
Chaf finch. Each of them is a triangular fuzzy set (see LR fuzzy sets notation
in [1]) and is determined on the the available data. For example lets look at set
Woodpecker (Fig.3):

Woodpeck‘er = A(xv Tmean — 2 - ALa Tmeans Tmean + QAR)v (5)

where Ar, = Tymean — Tmin » AR = Tmaz — Tmeans
Zmin/Tmaz [ Tmean — the minimum/maximum/mean value of the descriptor for
the given species.
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Fig. 3. New fuzzy sets for input linguistic variable Brightness

With such definitions of the fuzzy sets we are sure that minimum and maxi-
mum have at least 0,5 membership level in the set assigned to a given species.
Same way we deal with the all other input variables (see Fig.3). It is character-
istic that we do not take into account properties expected from the fuzzy model
such as the completeness or continuity (see [2]). We also do not expect that
the values of the fuzzy membership functions sum to unity within a linguistic
variable. The rule base looks as follows:

— IF Brgt is Wdp AND TET is Wdp AND IR is Wdp THEN out; is Wdp AND
outs is NotGrlg AND outs is NotGldfch AND outs is NotChfnch

— IF Brgtis Grlg AND TET is Grlg AND IR is Grlg THEN out; is NotWdp AND
outs is Grlg AND outs is NotGldfch AND outs is NotCh fnch

— IF Brgt is Gldfch AND TET is Gldfch AND IR is Gldfch THEN out; is NotWdp
AND out2 is NotGrlg AND outs is Gldfch AND outs is NotChfnch

— IF Brgt is Chfnch AND TET is Chfnch AND IR is Chfnch THEN out; is
NotWdp AND outy is NotGrlg AND outs is NotGldfch AND outy is Chfnch

We can see that the classification results (Tab.3) do not contain faulty de-
tections. It is primarily the result of increased granulation of input variables
comparing to the previous proposal. If we applied a similar granulation there,
we would also get a similar effectiveness. However, the second proposition has
one basic advantage over the previous one. It is related above all, to the sim-
plicity of expansion defined classifier. Adding the next species of birds does not
violate existing structure. You simply add the next fuzzy sets characteristic for
the new species. Well, of course you should add a rule that recognizes a new class
of data. Similarly, if we want to introduce another descriptor to the model, the
changes will be much simpler, more intuitive and easier than with the previous
proposition.
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Table 2. Results of classification (proposition 1)

X~ O T W

Woodpecker Greylag Goldfinch Chaffinch

0,84
0,24
0,86
0,38
0,36
0,82
0,82
0,82
0,79
0,81
0,26
0,25
0,31
0,18
0,22
0,2
0,2
0,25
0,21
0,25
0,28
0,5
0,15
0,27
0,16
0,26
0,19
0,5
0,3
0,2
0,24
0,32
0,23
0,23
0,79
0,23
0,24
0,24
0,77
0,27

0,16
0,24
0,14
0,13
0,14
0,19
0,19
0,19
0,21
0,19
0,75
0,75
0,7
0,82
0,79
0,81
0,8
0,76
0,79
0,75
0,28
0,5
0,15
0,27
0,16
0,26
0,19
0,4
0,3
0,2
0,24
0,68
0,23
0,23
0,22
0,23
0,24
0,24
0,24
0,27

0,16
0,24
0,14
0,13
0,14
0,19
0,19
0,19
0,21
0,19
0,26
0,25
0,31
0,18
0,22
0,2
0,2
0,25
0,21
0,25
0,28
0,5
0,85
0,27
0,84
0,74
0,81
0,5
0,71
0,81
0,24
0,32
0,23
0,23
0,22
0,23
0,24
0,24
0,24
0,27

0,16
0,76
0,14
0,13
0,14
0,19
0,19
0,19
0,21
0,19
0,26
0,25
0,31
0,18
0,22
0,2

0,2

0,25
0,21
0,25
0,73
0,5

0,15
0,73
0,16
0,26
0,19
0,4

0,3

0,2

0,76
0,32
0,78
0,78
0,22
0,78
0,77
0,76
0,24
0,73

707
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Table 3. Results of classification with modified fuzzy system (proposition 2)

Woodpecker Greylag Goldfinch Chaffinch

1 0,75 0,25 0,25 0,25
2 0,75 0,25 0,25 0,25
3 0,75 0,25 0,25 0,25
4 0,75 0,25 0,25 0,25
5 0,75 0,25 0,25 0,25
6 0,75 0,25 0,25 0,25
7 0,75 0,25 0,25 0,25
8 0,75 0,25 0,25 0,25
9 0,75 0,25 0,25 0,25
10 0,75 0,25 0,25 0,25
11 0,18 0,82 0,18 0,18
12 0,14 0,87 0,14 0,14
13 0,25 0,75 0,25 0,25
14 0,08 0,92 0,08 0,08
15 0,25 0,75 0,25 0,25
16 0,02 0,98 0,02 0,02
17 0,25 0,76 0,25 0,25
18 0,13 0,88 0,13 0,13
19 0,22 0,79 0,22 0,22
20 0,13 0,87 0,13 0,13
21 0,25 0,25 0,75 0,25
22 0,14 0,14 0,86 0,14
23 025 0,25 0,75 0,25
24 0,15 0,15 0,86 0,15
25 0,19 0,19 0,81 0,19
26 0,25 0,25 0,76 0,25
27 0,04 0,04 0,97 0,04
28 0,25 0,25 0,76 0,25
29 0,14 0,14 0,86 0,14
30 025 0,25 0,76 0,25
31 0,2 0,2 0,2 0,81
32 025 0,25 0,25 0,76
33 0,22 0,22 0,22 0,78
34 025 0,25 0,25 0,76
35 025 0,25 0,25 0,75
36 0,04 0,04 0,04 0,97
37 0,08 0,08 0,08 0,92
38 0,1 0,1 0,1 0,91
39 0,1 0,1 0,1 0,91
40 025 0,25 0,25 0,75
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5 Summary

Worth to emphasize again that the research presented here are a just preliminary
step to further work on the idea of using fuzzy sets in the analysis of audio signals.
It should also be noted that the set of data which is the source of the proposed
models is too small to build an explicit and definitive conclusions. Nevertheless,
the results presented here, clearly shows that the application of fuzzy systems as
the classifiers for audio data described by MPEG-7 descriptors is the direction
worth of further attention.

In the future, the authors also plan to work together on the search for new
effective audio signal descriptors, where new model of fuzzy numbers the Ordered
Fuzzy Numbers [9, 10] (developed by the second author) will be used. Good
computational properties of this model [11], which support applications, deserve
the particular attention.
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