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ABSTRACT

During the analysis of speech signals the evaluation of the basic characteristics of the speech is an important
stage. The basic characteristics of speech are voiced, unvoiced and silence. Such characteristics are
evaluated by calculating zero crossing rate (ZCR) and short term energy (STE). The speech segmentation
system needs a speech signal to be segmented into some basic units like words, phonemes, syllables. In this
paper some of the

steps required for the feature extraction in case of automatic segmentation of speech are discussed. There are
various characteristics of speech such as: voiced, unvoiced and silence. Such basic characteristics of the
speech can be evaluated by the computation of zero crossing rate and short term energy.

Keywords: Zero crossing rate, Short Term Energy (STE), ASR, Segmentation, Syllables, Words, Automatic

segmentation, Manual Segmentation.

1. Introduction

Though computer is the most popular and
effective means to access information and helps to
make our work easier. But still it requires a skill to
operate the computer. It’s a great challenge for
physically handicapped or blind people to operate
computers. Thus, speech synthesis and speech
recognition systems play a vital role in such
scenarios. This paper discusses some of the steps
required for the automatic segmentation of speech.
There are various characteristics of speech such
as: voiced, unvoiced and silence. Such basic
characteristics of the speech can be evaluated by
the computation of zero crossing rate and short
term energy. The acoustic signal is segmented into
some basic units. The syllables are one of the
most important units of segmentation. The
function STE contains useful information about
the peaks and valleys thus, helps to define the
segment boundaries. The peak having maximum
value called the nucleus is represented as vowel is
represented as consonants.

2. Segmentation of speech into its basic Units
The basic units of speech into which a signal can
be segmented are words, phonemes, or syllables.
The units to be chosen mainly depend on the
vocabulary size. Though word is the most natural
unit of speech still it is not appropriate for
segmentation due to lack of generalization and
more memory consumption ). The higher level
units of speech are phonemes and are the smallest
segmental units employed to form meaning. There
are different realizations of same phoneme in
different words. The phonemes are found
inappropriate  for segmentation due to its
overgeneralization. To overcome this problem the
combination of phone and words gives rise to nest
level basic units of speech known as syllables.
The syllables are composed of vowels and
consonants and are defined by rules. The presence
of vowel is mandatory where as the presence of
consonants are optional.

3. General Characteristics of Speech
In a continuous speech signal there are two main
parts: one carries the speech signal in the form of
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information, and the other includes silence or
noise sections that are without any verbal
information between the utterances. Thus, a
speech can be divided into numerous voiced and
unvoiced regions.

CHARACTERISTICS OF SPEECH J

VOICED \ UNVOICED

SILENCE

Fig 1: Block diagram of characteristic features of
Voice

3.1 Voiced speech

The Voiced sound is produced when the air from

the lungs passes through the larynx. The pitch is

the fundamental frequency and differs among

people as different people have different larynx’s

anatomy. The pitch of Men’s commonly ranges

between 50 to 250 Hz while women’s lies

between 120 and 500 Hz ¥,

3.2 Unvoiced Speech

With the passage of air directly through the vocal
tract formations the unvoiced speech sounds are
produced. Unvoiced speech does not exhibit
periodicity has it is characterized by a noise-like
signal. On the other hand voiced speech shows
periodicity !,

3.3 Silence region

The speech production process is incomplete
without the detection of voiced and unvoiced
speech that is separated by a silence region. In
case of silence region no excitation is supplied to
the vocal tract and thus, no speech is produced. A
regular speech is incomplete/ inaccurate without
silence region. It helps to make the speech
understandable &I,

5. Characteristic features for voice and its
detection criteria

The two main characteristics features of voice are
Zero Crossing Rate also know are ZCR and Short
Term Energy also known as STE.

5.1 Zero Crossing Rate

The rate at which the signal crosses zero provides
the information regarding its (source of creation)
I.e. zero crossing rate. In case of unvoiced speech
the signal crosses zero more number of times that
means the unvoiced speech has higher zero
crossing rate. Whereas in case of voiced speech
the zero crossing rate is low that means the signal
crosses zero less number of time. Thus, the
amplitude of unvoiced segments is lower than that
of the voiced segments.

ZCR can be defined as:

Z, = |senlx(m)]— senlx(m— D — m)
Where

.
Lx(n)=0
sgn[x(n)]=+ (m
—La(n)<0
Matlab code for Zero Crossing Rate:
zc = zerocross1(x,wintype, winamp(1), winlen)

The ZCR of unvoiced speech is much higher than
the ZCR of voiced speech. The ZCR of Voiced
and Unvoiced speech is shown in the following

diagrams.
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Fig 2: Representation of ZCR for voiced signal
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Fig 3: Representation of ZCR for unvoiced signal
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5.2 Short Term Energy (STE)

Short-time energy of speech signals reflects the
amplitude variation. By processing STE function
the speech can be segmented. STE shows the
voiced content of the signal. The number of
voiced segments can be computed by calculating
STE but it cannot compute the phonetic content of
the speech. Due to some local energy fluctuations
this method cannot directly perform segmentation
thus; this approach is wused for language
independent segmentation of multilingual speech.
The STE can be defined as follows:

= i_[x(n:)u'{n —m)]?

m=—ca

Matlab energy function:
E = energy(x,wintype, winamp(2), winlen);

The STE of voiced signal is always much greater
than that of unvoiced signals. In a speech signal
where there are voiced signal its STE will be high,
the peaks in the signal represents nucleus that is
denoted as vowel where as the valleys at both the
ends represents the coda. STE for unvoiced signal
shown in the following diagram:

Short-ime Energy
004 T T T T

—signal

t, seconds
Fig 4: Representation of STE for unvoiced signal

—— signal
— Ik

>

Fig 5: Representation of STE for voiced signal

The syllable centers are the high energy regions in
the STE functions and the valleys at both ends of
the syllable nuclei are the syllable boundaries.

For continuous speech STE functions are not
reliable 2.

6. Basic Methods Of Segmentation

The two basic approaches for segmenting the
speech signal into various acoustic units is by:
Manual segmentation (hand labeling) or automatic
segmentation (ASR). According to a research the
(ASR) Automatic segmentation method is found
to be the better approach. The onset and offset
values of the syllable boundaries for various
Punjabi speech signals were computed and
compared. It was concluded that the syllable
boundaries marked with the automatic
segmentation method were more accurate than the
approach of manual segmentation [\ Thus, the
short term energy computed helps to detect the
voiced segments in the speech signals. The values
obtained by computing STE are very much useful
for the automatic segmentation of Punjabi speech
signals into syllable like units.

FEATURE EXTRACTION

INPUT SPEECH — B STE -3 COMPUTE IFFT

SIGNAL

-

Fig 4: Feature extraction during automatic speech
segmentation

Invert STE E(i)= 1/E(m)

Compute Short term energy, E(m)

Conclusion

STE is found to be the best method for speech
segmentation. The higher value of short term
energy refers to the voiced segments. The peaks
and valleys in the speech signal refer to the nuclei
and coda respectively. The valleys at both the
ends represent the boundary of the syllable. On
the other hand the zero crossing rate only defines
the number of times the signal passes through
zero. It can only categorize the signal into voiced
or unvoiced where as the Short term energy can
compute the energy content of the signal and also
helps to mark the syllable boundaries by detecting
the peaks and valleys in the speech signal. In
various researches the STE method is efficiently
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used for marking the syllable boundaries as well
as for segmentation.
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