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Abstract - In this paper, we proposed a system for automatic
classification of speech. A speech signal contains three
different regions voiced, unvoiced and silence. In the
proposed system, Zero-Crossing rate and short term energy
are used in a fuzzy logic control this classification. Arabic
digits of the KSU database is used to test our proposed
method. The proposed method achieves 2.5 % error between
human classification and automatic classification using this
method.
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1 Introduction

A speech signal contains three different regions —voiced,
unvoiced and silence. It is to determine in speech recognition
system it is very helpful to discriminate between speech and
background noise. This well give better result in a shorter
time. The discrimination between voiced and unvoiced speech
is also very helpful in designing high performance speech
recognition system. Voiced phonemes are produced due to the
vibration of the vocal folds, while unvoiced phonemes are
made without vocal cord vibration [1]. Researchers have done
significant efforts during the recent years for classification of
speech into voice and unvoiced detection [2-12]. Based on
the statistical and non-statistical techniques and pattern
recognition approach a decision is made on the given segment
of speech signal to classify it as a voice or unvoiced speech
[6,7,8, and 9].The speech segment is classified into voice and
unvoiced based on the acoustic features and pattern
recognition techniques[12]. Speech is said to be intelligible if
two third of it is voiced. Non periodic speech is called
unvoiced, sounds like random, when consonants and spoken
air is passed through a narrow constraints of the vocal tract
causing unvoiced speech. Identification and extraction of
voice speech is done because of its periodic nature. The
Energy and Zero-Crossing rate are two important parameter
are used to classify voice and unvoiced speech. They are used
as front-end processing in automatic speech recognition
system. The energy present in the signal spectrum and its
frequency is indicated by the zero crossing counts. The low
zero crossing count shows that the air is flowing in periodic
form due to the extraction of vocal cords producing voiced
speech [13]. Voice activity detector (VAD) is an algorithm
implemented to detect the presence and absence of the speech.

Numerous techniques are applied to the art of VAD. The very
common features used in the detection process in the early
VAD algorithm stage were short-time energy, zero-crossing
rate and linear prediction coefficients [14]. Cepstral
coefficients [15], spectral entropy [16], a least-square
periodicity measure [17], wavelet transform coefficients [18]
are examples of recently proposed VAD features. Because of
the variety and varying nature of human speech and also
because of the background noise none of the above technique
proves to be perfect for all the applications. The decision to
classify a segment into voiced or unvoiced is based on the
values of the energy and zero-crossing. Since these values are
not precise it will be helpful to use fuzzy logic. So in this
paper, we present a method that classify the speech based on
fuzzy logic of short-time energy and zero-crossing. This paper
will be structured as follows: Section 2 presents the literature
review. Section 3 gives the details of our proposed method.
Sections 4 give the experimental results. Section 5 concludes
the paper and suggests some future works.

2 Literature Review

In [19] a speech recognition system based on zero-
crossing rate and energy was presented. It used a vocabulary
of ten Cantonese digits, and achieved a recognition accuracy
of 97.2 percent has been achieved. Speech recognition using
zero-crossing feature is presented in [20]. The zero-crossing
features are extracted while speaking are done in the training
phase, then stored in the database. Using the same technique
the features for testing data are extracted and compared with
the template in the database during the recognition phase. A
VAD algorithm is presented in [21] for speech signal with
very low signal to noise ration (SNR). The short-term energy
of the speech signal is viewed as positive frequency of the
magnitude spectrum of a minimum phase signal then the
group delay function is computed for this signal. The speech
regions of the signal are identified by well-defined peaks,
while the non-speech regions are identified by well-defined
valleys. Speech/ silence classification algorithm based on
energy is proposed in [22]. The algorithm is able to track non-
stationary signals and calculate the value of threshold using
adaptive scaling parameter. Computed threshold can be
obtained using maximum and minimum values of short-term
energy. Voiced /Unvoiced classification based on clustering is
developed in [23]. They used cepstral peak, zero crossing
rate, and autocorrelation function peak of short time segments
of speech by using some clustering methods. They achieved



Int'l Conf. IP, Comp. Vision, and Pattern Recognition | IPCV'15 |

good results for classification of voice and unvoiced segments
of speech. Zero crossing and short-term energy function are
used for VAD algorithm for speech recognition applications
in [24]. The method is labeling the speech samples based on if
they are silence, voiced or unvoiced speech. Zero crossing
rate and short term energy of speech are extensively used to
detect the endpoints of an utterance.

3 Proposed method

Energy for unvoiced speech is significantly smaller than for
voiced speech hence the short time energy can be used to
distinguish voice and unvoiced speech. The short time energy
can also be used to distinguish speech from silence. But the
use of short time energy is not sufficient alone hence it is used
coupled with the zero crossing in the classification of speech.
Hence in [25] the authors present an algorithm for a
heuristically developed method that cooperate zero crossing
and energy. The authors states that “voice speech should
characterized by relatively high energy and relatively low zero
crossing rate, while unvoiced speech will have relatively high
zero crossing rate and relatively low energy”. They also state
“we have not said what we mean by high and low values of
short time zero crossing rate, and it is really not possible to be
precise”. Hence we see that this is a problem that fit to be
solved by fuzzy logic.

In this paper, we propose a method to classify the speech into
silence voiced and unvoiced detection using short time energy
and zero-crossing in a fuzzy logic system. Figure 1 presents
the fuzzy logic system, where the zero-crossing (ZC) and
short term energy (STE) are the inputs of fuzzy logic control
and the (Detect) is the output. The signal was segmented into
frames with duration 10 ms. Then, hamming window was
applied to prevent discontinuity. The mean of zero-crossing
and short term energy was computed for each frame and set as
inputs to fuzzy logic control. Voice, unvoiced and silence
detection is an output of fuzzy logic control.
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Figure 1: Fuzzy Logic System.

To define the membership function of each linguistic
variables we used three membership functions for inputs (ZC
and STE). The notation for Zero-crossing is Low, Mid and
High as shown in Figure 2. The notation of short term energy
(STE) id Low, Mid and High as shown in Figure 3. The
notation of fuzzy output (Detect) is Sil, Unvoice and Voice as
shown in Figure 4. The membership functions were tuned
after many experiment manually to achieve good results.
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Figure 2: Membership Function of ZC.
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Figure 3: Membership Function of STE.
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Figure 4: Membership Function of Detect.

The fuzzy rules of the control are defined in Figure 5. They
were selected based on the study in [26].
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Figure 5: Rule based of fuzzy logic.
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4 Experimental Results

The experimental results are obtained using the speech of
Arabic digit of a King Saud Speech Database [27]. The
database has 327 speakers and is rich in different aspects and
different nationalities. We performed many experiments to
segment the Arabic digits. The classification result was
excellent. As an example Figure 6 shows the original wav file
that contains the utterances of Arabic digits from zero to nine.
We applied the proposed method on this file to classify it into
voiced, unvoiced and silence. The output of our proposed
method is shown in Figure 7.
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Figure 6: Original wav file.
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Figure 7: Segmented wav file [S-Silence-V-Voice, U-
Unvoiced].

In order to evaluate the proposed method for voice and
unvoiced detection using fuzzy logic, we used the error
difference between voice detected by human and voice
detected using this method. The error was calculated using
equation (1).

Error =

%xm (1)

Where TH is the manually voice frame length detected by
human as shown in table 1, and TC is the length of voice
detected using the proposed approach.
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Table 1: Automatic and manual voice segmentation length of
digit file.

Voice frame length detected (ms) total
TH 0262|026 [0.416| 043 | 0.19 | 0.21 | 0.397 | 0.17 {0.097|0.416/ 0445 0.33 |3.623
TC 0302|0404 /[02|02/|04/|02|01|04]|04|03]|35

TH-TC |-0.038| 0.06 | 0.016| 0.03 | -0.01 | 0.01 |-0.003|-0.03 |-0.003|0.0160.045| 0.03 |0.093
Error | 1450 | 2308 | 3.85 | 6.98 | 5.26 | 476 | 0.76 |17.65| 3.09 | 3.85 |10.11|9.09 | 2.57

So from the results in table 1, we can calculated the overall
detection error using equation in (2).

D |TH-TC |
OverallError = =

Zn:TH
i=1

Where n is a number of voice frames detected. So from the

table 1 above the overall error segmentation is approximate
2.5%.

x100 2

As another example, Figure 8 shows the original wav file that
contains the speech of ten phonetic distinctive words in
Arabic language. We applied the proposed method on this file
to classify it into voiced, unvoiced and silence. The output of
our proposed method is shown in Figure 9.
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Figure 8: Original wav file.
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Figure 9: Segmented wav file [S-Silence-V-Voice, U-
Unvoiced].

The calculated error based on equations (1, 2) between human
segmented and our proposed method shown in Table 2. The
overall error segmentation is approximate 1.84%.
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Table 2: Automatic and manual voice segmentation length of
words file.

- Voelemelengthdetedadiin) | ol
TH 052 024 025 0314 0294 0.447 0387 0453 025 038 3535
TC 06 02 02 03 03 05 04 05 02 04 36
T O La bl 00 HELE G006 008S ROTS 0T 05 £ 002 G063
Erfor 1538 1667 2000 446 204 1186 336 1038 2000 526 184

5 Conclusion

Silence/unvoiced/voiced classification using fuzzy logic of
Arabic speech was proposed in this paper. Zero crossing and
short term energy were used as features. Fuzzy logic
controller used to distinguish three categorize of speech
(Silence, Voice and unvoiced). The experiments were
performed on Arabic KSU database in MATALB
environment and their results showed that the proposed
method successfully classified the speech.
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