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Abstract

Through the use of subband analysis, the article presents a method for selecting pauses in speech
communications. An additive blending of normally distributed noise was used in the sensitivity
analysis. In various noise/signal respects, the probability of making a bad decision has been identified.
The findings show that the proposed sub-band method is stable when subjected to additive noise
effects.
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1. Introduction

One of the main stages of speech signal processing when solving problems such as speech recog-
nition, speech compression, cleaning speech from noise, etc., it is the determination of areas of lack
of speech - selection of pauses. The accuracy of determining the boundaries of pauses affects the
efficiency of further stages of analysis and processing. In particular, the probability of correct recog-
nition, speech sound quality and compression ratio. It is known that different speech sounds and
noises in pauses have different energy distribution in the frequency domain. Taking these features
into account allows you to determine the boundaries between speech sounds and pauses. Studies
show that when implementing methods for selecting pauses, it is necessary to take into account
several characteristics of the compared signal segments. The main test hypothesis is formulated as
follows.
H0 analyzed segment PC ~x = (x1, x2, . . . , xN)T is generated by noise in the speech pause

~x = ~u = (u1, u2, . . . , uN)T (1.1)
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Alternative H1 is that at least part of the component of the vector under consideration is fixed in
the presence of speech sounds

~x = ~u+ ~s, ~s = (s1, s2, . . . , sN)T (1.2)

It is proposed to use statistics as a decisive function in the selection of pauses [1]:

Fu = Wu(x).γu(x), (1.3)

where Wu(x)− characteristic that takes into account differences in values energy,
γu(x)− a measure of the difference in the distribution of energy shares along the frequency axis of
the compared segments.
The measure of the difference in energy values is proposed to be estimated as the ratio of the energy
of the analyzed signal segment to the average energy determined on the basis of learning from a
fragment corresponding to the noise in the pause:

Wu(x) =
‖ ~x ‖2

Gu

, (1.4)

where ‖ ~x ‖2 − energy (squared Euclidean norm) of the analyzed vector.
Gu− expectation of squares of Euclidean norms segments of noise in pauses.

Gu = M [|~u|2] (1.5)

In turn, the measure of the difference in the distribution of shares It is proposed to determine
energies by frequency intervals in accordance with the expression, which is based on the analogue of
the Pitman distance [2]:

γu(x) =

N/2−1∑
n=0

(
(Pdn(~x))1/2 −Dn

)21/2

=

2

1−
N/2−1∑
n=0

Dn

(
Pdn(~x)1/2

)1/2

(1.6)

Where Pdn(~x)− the value of the fraction of energy concentrated in then− th frequency t interval:

Pdn(~x) = Pn(~x)/

N/2−1∑
n=0

Pk(~x), n = 0, 1, . . . , N/2− 1, (1.7)

D2
n− mathematical expectation of the energy fractions of noise segments in pauses

D2
n = M [Pdn(~u)], n = 0, 1, . . . , N/2− 1 (1.8)

N− analysis interval duration.
Figures 1-3 show a fragment of the PC generated by the word ”turtle” and the result of evaluating
characteristics (1.4) and (1.6). In this case, the value of the mathematical expectations D2

n and Gu

was determined based on the analysis of a noise fragment in a pause at the beginning of a signal
fragment with a duration of 0.19 sec.

The function Wu(x) reacts to a change in energy compared to the average, while γu(x) reacts to
a change in its distribution over frequency intervals. The hypothesis H0 is rejected if the inequality

Fu > hα (1.9)
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Figure 1: Fragment of the PC generated by the word ”turtle” (fd = 16 kHz).

Figure 2: The result of the estimation of the subband distance γu(x) of the PC fragment generated by the word
”turtle” (fd = 16 kHz, N = 256)

Figure 3: The result of evaluating the functionWu(x) of the PC fragment generated by the word ”turtle” (fd = 16
kHz, N = 256).

whre hα > 0− threshold satisfying the condition

PR

(
Fu >

hα
H0

)
≤ α (1.10)

Here PR is the symbol of probability, and α is the desired level the probabilities of errors of
the first kind. To assess the effectiveness of the developed algorithm, estimates of the probabilities
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of errors of the first and second kind were used. The estimate of the probability of a type I error
was determined based on the analysis of the signal corresponding to the noise section in the pauses
(185000 samples). The probability value was defined as:

P1osch =
Nfelt speech

Niauz

, (1.11)

where
Nfelt speech− the number of segments erroneously assigned to RS in the presence of speech sounds.
Niauz− the number of PC segments generated by noise, used called for analysis (185,000) segments.

To assess the likelihood of a type II error, speech material with previously removed sections of
pauses (230,000 segments) was used. The error probability was determined using a relation of the
form:

P2osch =
Nfelt iauz

Nspeech

, (1.12)

where
Nfelt iauz− the number of segments erroneously attributed to noise in pause,
Nspeech−the number of PC segments in the presence of speech sounds, used called for analysis
(230,000) segments.

Table 1: Values of the probabilities of errors of the first and second kind at different parameters (fd = 16kHz)

N = 128 N = 256

P1osch P2osch P1osch P2osch

without noise 0.0332 < 10−4 0.0791 < 10−4

k = 0.1 0.0374 0.0002 0.0861 < 10−4

k = 0.2 0.0410 0.0015 0.0902 < 10−4

k = 0.3 0.0462 0.0027 0.0963 0.0002

k = 0.4 0.0507 0.0092 0.1027 0.0006

k = 0.5 0.0537 0.0184 0.1081 0.0029

k = 0.6 0.0559 0.0298 0.1127 0.0057

k = 0.7 0.0573 0.0465 0.1164 0.0075

k = 0.8 0.0582 0.0621 0.1201 0.0109

k = 0.9 0.0584 0.0904 0.1235 0,0187

k = 1 0.0583 0.1161 0.1265 0.0256

2. Conclusions

Table 1 shows the results of evaluating the probabilities of errors for different values of the
durations of the analysis segments and different ratios of noise / signal k.The results obtained show
that the proposed method makes it possible to identify areas of pauses with a low probability of
erroneous decision-making
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