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Using of the Machine Learning Methods
to Identify Bronchopulmonary System Diseases
with the Use of Lung Sounds
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This study reviews the main approaches to the analyzing of modern methods of digital processing of lung
sounds. It is shown that each of the existing methods gives a definite result in solving a particular problem.
However, none of the methods that were reviewed, can’t be called universal and completely convenient for
using in the real conditions of the hospital. Certain numerical parameters can be obtained, as a result of the
work of each method. In this study it is showed that machine learning can serve as a unifying mechanism for
the considered methods. A set of different parameters can be the input arguments of the classifier, which will
be properly trained. As a result, the primary opinion in a convenient and accessible form can be presented

to the doctor.
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Introduction

Lung sound is a physiological sound signal produced
by the human respiratory system during the exchange
process with external environment, which contai-
ns large amount of physiological and pathological
information.

According to general lung sounds classification of
the American Thoracic Society, the typical lung sounds
can be divided into normal lung sounds, bronchial
sound, continuous or discontinuous additional audio,
etc. The continuous or discontinuous additional sounds
include coarse crackles, fine crackles, asthma beep and
rhonchi [1].

Different lung disease can be based on the
corresponding test for diagnosis of pulmonary
abnonnal sound, such as wheezing sound can be used
to detect asthma [2], rhonchi for diagnosis of chronic
obstructive pulmonary disease [3] effective and sound
burst is one of the most important characters of
pneumonia and pulmonary fibrosis disease detecti-
on [4], and so on.

Pulmonary diseases represent a large disease
burden in terms of morbidity and mortality worldwi-
de. Auscultation, the process of listening to a pati-
ent’s heart or lung sounds, is perhaps the oldest and
most common medical procedure still in use today.
This technique was significantly advanced through the
invention of the stethoscope by Rene Laennec, exactly
200 years ago.

In the hospital, using percussion and auscultation
are the most common ways for physical examinati-
on. Recently, in order to develop tele-medicine and
home care system and to assist physician getting better
auscultation results; electric stethoscope and computer
analysis have become an inevitable trend.

Recently, auscultation has become useful not only
for pointofcare diagnostics, but also as a tool for remote
patient monitoring and telemedicine.

The problem of accurate and timely diagnosis
is relevant in relation to the increased number of
patients and with the remaining high percentage of
unsatisfactory outcomes of treatment. Application of
computer methods of recording and analysis in the
research of noise of lungs allows the doctor to remove
the subjectivity of hearing and to identify pathologi-
cal features which are not audible to the human ear.
Modern medicine is developing very fast, so engineers
are trying to find new and more accurate methods of
diagnosis that allow detecting pathology earlier and
provide medical care [5].

The analysis of lung sounds, collected through
auscultation, is a fundamental component of
pulmonary disease diagnostics for primary care and
general patient monitoring for telemedicine.

The development of computer algorithms to the
study of lung sound provides a broader research ideas
and methods, with the development of digital signal
processing.
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Modern technical and electronic means allow
conducting medical diagnostics at a higher level, faster,
more accurate and more comfortable for the patient
and the doctor.

In addition, it should be mentioned that electronic
auscultation and the extraction of diagnostically
valuable parameters from signals makes it possible to
use signals in telemedicine. Signed signals and / or their
parameters can be easily transferred, for example, to a
central server where the patient database can be stored,
or to another clinic.

In this study, an overview of modern techniques of
auscultation, methods of lung sounds analyzing, and
using to improve processing in machine learning is
given.

1 Methods of processing

The ability to record lung sounds allows si-
gnal processing and machine learning techniques to
automatically analyze the recorded sounds to provi-
de diagnostic support. For over 30 years, a number
of different signal processing and machine learning
methods have been proposed in the literature for
the automated detection of abnormal lung sounds
and diagnosis of pulmonary disease [6-9]. Many of
thesemethods focus on frequency domain features such
as peaks, or compare the ratio of power within certain
frequency bands.

In the research of respiratory sounds the division
overtones on pleural friction, dry and wet wheezing
are frequently used. They differ in frequency content,
duration and periodicity appearance in the audio path
of breath. Each of these phenomena is listened to
background basic breathing — bronchial and vesicular,
the presence of which in the overall case is not a disease.

1.1 Spectral analysis

Today, there is a quite vast array of approaches that
are based on the Fourier analysis. This method has
the advantage: calculation and informative results. The
first is classic spectral analysis of respiratory sounds
that is based on the determination of the spectral
density [10].

The main breathing (bronchial and vesicular)
occupies a very wide frequency range. This causes
major difficulties for using the frequency analysis of
breathing sounds. In most cases, it is quite problematic
to differ breathing noises against the background of the
main breathing through the overlap of frequency ranges
and a small difference in amplitudes.

Time-frequency analysis is used for more detai-
led analysis. This method allows researching the si-
gnal more detailed because provides information about
the time intervals and other frequency components.
This approach allows identifying a lot of auscultation

phenomena, however, it requires specific sound envi-
ronment in process of registration and high quality of
the recording equipment [11].

1.2 Wavelet Transform

Wavelet Transform (WT) is also used in lung
sounds signal processing, but it has its own di-
sadvantages. Different ways of signal extensions on
particular application have not been sufficiently
investigated yet.This effect of the border extensi-
on plays an important role in the lung sounds si-
gnal processing. Wavelet-spectrograms are the most
important product of the wavelet analysis and
complement to the usual spectrograms based on the
Short Time Fourier Transform. Wavelet-spectrograms
differ such features of signals that are invisible on the
graphs of signals and on Fourier spectrograms [12].

1.3 Autocorrelation analysis

Another approach based on autocorrelation
analysis that allows exploring signal for the presence
of repeating sounds, which can be very important
for respiratory diagnostic. The advantage of the
autocorrelation analysis comparing to frequency
analysis is that the frequency distortion and tonal
characteristics of breathing of particular person does
not affect the analysis results [13]. It means that the
lung sounds that were recorded in different clinics
can be analyzed regardless of which sound recording
equipment they were made. The greatest attention was
paid to the research of autocorrelation of the 3rd order.

The application of this method allows to detect
random artifacts (for example, cracking) in the process
of breathing, as well as determine the degree of their
nonperiodicity. As shown earlier, traditional spectral
analysis doesn’t allow to identificate of breathing
sounds because of the intersection of frequency ranges.

Cumulative analysis allows you to research signals
for finding the presence of random additional sound
in them, for example, crackling. This method allows
us to evaluate not only the monotony of the signal,
but also its frequency. A significant advantage of using
higher order autocorrelation to research lung noise is
the absence of an identical sound recording device.

1.4 Cepstral analysis

Today it is generally accepted that the cepstral
is the spectrum of the logarithm of the spectrum of
the output signal, it means, the primary spectrum
should be represented on a logarithmic scale. The main
advantage is the ability to provide output spectral
information even more compactly, when each harmonic
series of the output spectrum will be represented by
only one (ideally) component in the cepstral.

It is important to understand the fundamental di-
flerences that are between frequency components of the
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traditional spectrum and frequency components in the
spectrum, that called cepstrum. In the first case, any
frequency component has a physical sense signal with
this frequency and amplitude that truly present in the
output signal in the time domain. In the second case,
presence of harmonics in cepstrum can not mean that
the original spectrum has appropriate frequency.

1.5 Analysis methods

statistic

of high-order

The complex nature of lung sounds is the reason
for applying to their analysis methods of high-order
statistic.

The energy spectrum data represents a complete
description of the Gaussian process. But in some cases
it is necessary to obtain information on deviations from
the Gaussian distribution and to obtain information
about the presence of nonlinear link. In such cases it
is better to use higher order spectrum (HOS, order>
2) that containing the required information. The
spectrum of the third order is bispectrum, the fourth
is the three spectrum. In fact, the power spectrum is a
second-order spectrum.

At least, there are 3 reasons for using HOS analysis
for processing biomedical signals:

— Suppressing of Gaussian noise and reducing of
dispersion. Gaussian noises have a zero-order
spectrum. Due to this, the high-order spectrum
does not contain noise components, which makes
it possible to detect useful signals more easily.

— Possibility of phase recovery. High-order
spectrum saves the information about the phase.

— Detection and the ability to characterize nonli-
near bonds in the biomedical signals. HOS is a
nonlinear data function, so it is a comfortable
tool for detecting nonlinearities [14].

1.6 The iterative method

Another method is the iterative method that based
on the kurtosis coefficient for detecting unsteady bi-
oacoustic signals was made by scientists from the
Department of Informatics and Communication, the
Technological and Educational Institute of Serres,
Greece, the Faculty of Electrical and Computer Engi-
neering, the University of Aristotle in Thessaloniki,
Thessaloniki, Greece. The purpose of their work was
to create a new technique based on the coefficient of
kurtosis for the determination of non-stationary bi-
oacoustic signals, such as sounds of the lungs. For
Gaussian signals, the kurtosis is zero, a significant
deviation from this value can be attributed to the
presence of non-Gaussian signals that are interesting
for diagnostics. These deviations from the zero value
can be used to formulate a criterion for identifying the
presence of non-stationary transient signals. Based on

the kurtosis criterion, the iterative kurtosis detector
was adopted, which gradually separates the useful si-
gnal from noise. The experimental results showed that
the iterative kurtosis detector is able to clearly detect
bioacoustic signals even when the amplitude of the
useful signal is high [15].

1.7 J. Method of acoustic intensities

The original method of acoustic intensities allows
dividing noises into the different spectral components
of air and structural conduction of voice and respi-
ratory.Observation of very close distances to sources
of whistles with different frequencies of spectral maxi-
mum can be interpreted as presence in one and the
same place of violations of respiratory tracts in the
chest, which, depending on compression in different
phases of breathing, give a variation of frequencies of
zone’s oscillations of closure of the respiratory tract.
Last effect may be a sign of the center of pathologi-
cal changes that associated with the inflammatory
process, in the respiratory tract, or their deformation
by adjacent pathologically altered areas of pulmonary
tissues. As a result of the simultaneous or sequential
calculation of the distance to the source of whistle from
several areas of the chest with the help of difference-
distance-finding methods, the location of the whistle
source in the lungs can also be estimated [16].

2 Machine Learning

Machine learning is the core of artificial intelligence,
it is the basic way to make the computer intelli-
gence. For lung sound signal processing, the researchers
expect to under the appropriate algorithm and the
model makes the lung sound recognition classifier can
build in a lot of lung sound data processing and
improve their own judgment in discriminant ability,
fmally realizes the accurate effective automatic recogni-
tion and classification.

Classification of lung sound objective is to build
a classification function or classification model (also
called classifier). the model can be according to a
certain classification method for the mapping of data
items to extract the characteristics of the data to a
given category of one.

Typical classification method in the field of lung
sound classification also got different degrees of trial
and application, including the following several classi-
fication methods in classification of lung sounds are
more widely in the research and application.

2.1 Vector Quantization

Vector Quantization (VQ) is an extremely
important signal compression method. In speech signal
processing of VQ accounts for an important position.
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Widely used in speech coding, speech recognition and
speech synthesis, etc.

Through the technology of wavelet packet
decomposition, respectively to the crackles and wheezi-
ng sound classification experiment, the results show
that the construction of feature extraction based on
wavelet packet of classifier for crackles methods more
than ever, while the wheezing sound instead.

2.2 Artificial Neural Network

Artificial Neural Network (ANN), a mathematical
model to simulate neuron activity, is based on imitation
of the brain Neural Network structure and function
of an information processing system. Artificial neural
network has very strong self-learning, self-organizing,
adaptive and nonlinear function approximation abi-
lity, has a strong fault tolerance. It can realize the
simulation and prediction and fuzzy control, and other
functions. Is a powerful tool for dealing with a nonli-
near system. Neural network is a computing model, by
a large number of nodes (or neurons) and join each
other. Each node represents a specific output function,
known as the excitation function (activation functi-
on).Each connection between two nodes represents a
for weighted values through the connection signal,
called the weight, this is equivalent to the memory of
an artificial neural network. The output of the network
is in accordance with the network connection mode, the
different weights and incentive function. The network
itself is usually 771 an algorithm of nature or functi-
on approximation, can also be a logical strategy for
expression.

The results of using Fourier transform power
spectrum of normal lung sounds, wheezing sound and
burst classified recognition, show that the vector can be
correctly classified as much as 95% of the training, but
only 43% accurate classification of test vector. Method
of discrete wavelet transform (DWT) of normal lung
sound, a variety of abnormal lung sound classificati-
on recognition, divided into 6 categories according to
the results, the normal sound, wheezing sound, burst,
shrill, wheezing, rhonchi. Use 100% of the training set,
the classification accuracy, the use of the validation set
the classification accuracy of 94.02%. The results of
using the method of average power spectral density of
normal and abnormal lung sound classification recogni-
tion, show that the signal segmentation can make the
best overall classification rate from 60% Up to 70%.
On signal black man window can make the overall
classification rate increased from 56% to 66%.

2.3 Support Vector Machine

The Support Vector Machine (SVM) is based on
statistical learning theory based on VC dimension
theory and structure risk minimum principle, according
to the limited sample information in the complexity of
the model (on a particular learning accuracy of training

samples) and learning ability (not wrongly’s ability to
identity random sample) to seek the best compromise
between, in order to get the best generalization abili-
ty. The results of using the method of average power
spectrum and instantaneous frequency of normal lung
crackling sound, and snoring classification recognition,
showed that the PSD of frequency ratio and the average
instantaneous frequency and instantaneous frequency
switching time three feature extraction method, the
feature extraction method based on PSO has higher
classification accuracy, especially for rhonchi recogniti-
on accuracy as high as 90% - 95%.

2.4 K Nearest neighbor

K — to his Neighbour (KNN) classification algori-
thm, is a mature method in theory, is also one of the
most simple machine learning algorithms. The idea of
the method is: if a sample in the feature space k most
similar (in the feature space for adjacent) most of the
sample belongs to a category, then the sample also
belong to this category [17].

2.5 Decision tree method

A decision tree (also called a classification tree
or regression tree) is a decision support tool used
in statistics and data analysis for predictive models.
The structure of the tree includes “leaves” and
“branches”. On the edges (“branches”) of the decision
tree corresponds to features dependencies for target
function, the “leaves” contains the values of the target
function, and in the remaining nodes — the features
to separate the classes. To classify a new case, it is
required to go down the tree to the “leave” and obtain
the corresponding value. The goal is to create a model
that predicts the value of the target variable based on
several variables at the input.

This method is easy to understand and interpret,
and does not require preparation of data, in addition it
allows to evaluate the model with the help of statistical
tests. This makes it possible to assess the reliability of
the model.

Using deep learning method, gives the ability to
automatically identify lung sounds from a reasonably
large number of patients — significantly larger than any
previously published study.

The creation of these algorithms enables the
possibility of self-contained automated systems that
can provide diagnostic guidance for telemedicine and
remote patient monitoring, as well as point-of-care di-
agnostics for lowskilled health workers in many parts
of the world [18].

3 Materials and methods

Using methods of higher order statistics (HOSA)
for analysis is a good idea because the breath sounds
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have the complex nature. Thus the interest can induce
spectral components of the respiratory sounds, as well
as phase components.

The calculation of the skewness and kurtosis coeffi-
cients used for the analysis of respiratory sounds in this
study:

= Kafo, (1)
C4 = ﬂ4/04,
where o2 is the variance, K3 is the third-order
cumulants:
T
1
K3(11,72) = lim —/x(t)x(t—ﬁ)x(t—rg)dt, (2)
T—oo T
0

14 is the fourth moment about the mean.

Non-zero values of the skewness coefficients allows
to evaluate the nature and extent of process deviation
from the Gaussian noise within of a one-dimensional
distribution.

Kurtosis is a measure of the “pointedness” of the
probability distribution of a real-valued random vari-
able. Under the above definition, the kurtosis of any
univariate normal distribution is 3.

4 Parametric estimation

Phase relationships of signals are lost in the power
spectrum and in the autocorrelation function. The hi-
gher order spectra make possible detection and quanti-
tative description of nonlinearities in signals (not only
stochastic). Such signals arise, when they are passed
through the systems with nonlinear characteristic. The
human body due to its inhomogeneity can be an
example of such nonlinear system.

Assuming that a real-valued lung sounds sequence
z(n) with zero mean is expressed by a pth-order
Autoregressive (AR) model:

z(n) = Z arx(n — k) +v(n), (3)
k=1

where v(n) is third-order stationary non-Gaussian whi-
te noise with zero mean. It satisfies E[v(n), v(n+m)] =
Q8(m), and Elv(n)v(n + k)v(n +m)] = B5(k,m) # 0,
where both @ and 8 are constant.

Inasmuch the higher-order cumulants insensitive to
Gaussian process, we assume third-order moment of
v(n) is not zero that is 3 = E[v3(n)] # 0, then we can
get

03795(—17 —m)—|—
P
+ ) akCsp(k =1k —m) =
k=1

= po(l,m), (4)

where [ and m are arbitrary time delays (I,m > 0),
d(1,m) is the 2-D unit impulse function. Choose (p+1)
slices of third-order cumulant Cs,z(—I, —m) at lags
l=m=20,1,2,...,p and obtain the matrix equation:

Cxa=p. (5)

Solving it to get the p parameters (a1,az,...,ap)
of AR-model we obtain the parametric bispectrum
estimation:

Sza(wi,w2) = BH (w1)H(wo) H (w1 +w2),  (6)

where 1
Hw) = ———,
1+ ) apeiwk
k=1
|w| < =, and w; are normalized frequencies (bi-

frequencies) [9].

If we consider the AR-model for three harmonics
with frequencies fx, £k = 1,2,3, that harmonics are
quadratically phase coupled if f3 = fi1+ fo. In this case
ideally H(w) contains impulses at + f, and Ss, (w1, w2)
is given by

SBz(wlaWQ) =
3 3
— <Z6(w1ifk)> X <Z5(W2ifk)> X
k=1 k=1
3
(Z (e +w2ifm)> -
5 Results

Machine learning can be one of the best solution for
the task of diseases diagnosing. To solve this problem,
the best type is "learning with a teacher”. In this study
a database of lung sounds that contain a set of specific
parameters was used. There are certain dependencies
between the parameters and the response that need to
be established. To do this training subset was used.

In this work, classifiers of different types for the
detection of lung diseases have been investigated and
analyzed. Namely, the classifier based on the k nearest
neighbors method, based on the decision trees (DT),
based on the support vector method (SVM).

So, the database of 134 patients (54 healthy and 80
patients with bronchopulmonary diseases) was used.
After using HOSA for our signals, parameters that
characterize healthy and sick patients were obtained.
However, since in fact the number of parameters were
significantly larger, as an example, we will show two of
them.

For example, skewness coefficients were calculated
for each breathing phase according to (1).It was found
that this coefficient for healthy patients has different
signs in the separate phases, as a result, the average
value for the whole signal is usually close to zero. The
histogram and the distribution function are shown in
Fig. 1a.



60

Chekhovych M. G., Poreva A. S., Timofeyev V. L., Henaff P.

Healthy patient

0
Value C3

(a)

Quantity

Patignt with ‘Bronchjitij

o
T

-05 -04 03 0.2 0.1
Value C3

(b)

Fig. 1. The histogram and the distribution function of skewness coefficients for
(a) healthy patient, (b) with bronchitis.

For patients with recurrent bronchitis skewness
coefficient is negative in 84% of all cases, and therefore
the distribution function is shifted to negative values
(Fig. 1b).

Another parameter, the coefficient of kurtosis. It
was found that only for patients with bronchitis signals
this deviation may exceed 50% (Table 1 and 2).

Table 1 Kurtosis Coefficients for Healthy Patient

the average frequency in four channels
corresponding to the maximum value of the
bicocurrent function in each respiratory cycle;

rms value of the given frequencys;

the frequency corresponding to the maximum of
the bicogeasure function of the entire signal not
splitted into respiratory cycles in each channel;

average frequency in all channels;

Canal
Cycle T 5 3 1

1 4,7882 4,7496 6,4273 2,9331

2 5,6159 95,1656 6,2833 2,7222

3 4,8594 4,5263 v5,7857 | 2,2835

4 52248 | 5,3380 | 6,7789 | 2,6359

5 4,3024 3,2622 5,3425 3,0466

6 3,3622 4,0959 5,9297 3,1002

7 4,4517 4,6071 6,2788 3,1243
average 4,6578 4,5349 6,1180 2,8351
deviation | 1,2956 1,2728 0,7755 0,5516
percent | 27,82% | 28,07% | 12,68% | 19,46%

Table 2 Kurtosis Coefficients for Patient with Bronchi-

tis
Canal
Cycle i 3 3 7]

1 1,3863 1,4278 14,7096 | 1,0446

2 2,0201 1,4418 8,3900 1,1014

3 6,7938 7,4924 33,7643 | 7,8754

4 1,5602 1,3462 7,7444 1,6048

5 1,7924 1,6827 12,8595 | 1,3002

6 8,3840 7,4080 12,2657 | 6,8368

7 8,5042 9,6923 11,6451 | 7,6167
average | 4,3487 4,3559 14,4827 | 39114
deviation | 4,1555 5,3364 19,2816 | 3,7053
percent | 95,56% | 122,51% | 133,14% | 94,73%

Seven features of the sound of breathing were obtai-

ned that were used to set up classifiers:

e the average of the four channels the value of the
asymmetry coefficient for each respiratory cycle;

e the root-mean-square value of the asymmetry

coefficient for each cycle;

e the maximum value of the bicoherence function
for each channel.

In the study, both a two-class classification
(healthy-sick) and a multi-class classification were
carried out. As a result, there were 4 classes:

e Class 1: Healthy;

e Class 2: Chronic obstructive pulmonary disease,
basal lower lobe pneumofibrosis;

e Class 3: Chronic obstructive pulmonary disease,
diffuse pneumofibrosis;

e Class 4: Another pathology.

The dataset was divided into training and test
subsets in the ratio of 85% and 15%.

The results of the work of various classifiers are
presented in Tables 3-5.

The final value was calculated as the average for all
four classes.

Table 3 SVM Classifier Results

Diagnosis | Accuracy | Recall F1l-measure
Class 1 89% 59% 1%
Class 2 100% 82% 90%
Class 3 89% 80% 84%
Class 4 74% 44% 55%
Totals 88% 66% 75%

Table 4 k-Nearest Neighboors Classifier Results

Diagnosis | Accuracy | Recall F1l-measure
Class 1 38% 40% 39%
Class 2 62% 50% 56%
Class 3 80% 40% 53%
Class 4 64% 7% 70%
Totals 60% 58% 58%
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Table 5 Decision Tree Classifier Results

Diagnosis | Accuracy | Recall F1l-measure
Class 1 67% 56% 61%
Class 2 7% 66% 71%
Class 3 81% 75% 78%
Class 4 83% 7% 80%
Totals 7% 69% 72%

As an example of the of SVM method, the relation
of two features of the respiration sounds f is shown
on Fig. 2.
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Fig. 2. Example of the of SVM method work for two
parameters.

As we can see, for the dataset of the lung sounds,
the support vector machine and the decision tree classi-
fiers are proved to be optimal.

Conclusion

In this study the methods for analysis lung sounds
and the possibility of using machine learning to opti-
mize and universalize considered methods were revi-
ewed. Each of the reviewed methods of analysis is
used in processing, for example, as signal denoising or
for finding artifacts of lung sounds. As a result, we
obtain a sufficiently large number of some diagnosti-
cally valuable parameters. On the one hand, it is good,
but on the other hand it is rather inconvenient for
processing and perception of information. Symbiosis
of various methods of digital processing with modern
tools of machine learning will significantly improve the
accuracy of the methods, as well as greatly facilitate the
work of the doctor. In this study one of the methods
was used, it was found 7 features that were used in 3
different classifiers. For the dataset of the lung sound,
the SVM classifier and the decision tree classifier are
turned out as optimal. The greatest accuracy of the
right decisions was obtained for these classifiers.

The resulting models of classifiers can be easily
adapted for more features that significantly increases
the accuracy for further research.
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Bukopucramntg MeToAiB MANIMHHOTO Ha-
BYaHHY 4 inenTudikailii 3aXxBOpOBaHb
OpoHXoJIereHeBoi cucreMm 3 BHKOPUCTAa-
HHIM 3BYKIB JIET€Hb

Yexosuyu M. I., Ilopesa I'. C., Tumogees B. 1.,
Xenag I1.

CyuacHi TexHiuHI Ta €JeKTPOHHI 3aco0U [103BOJIAIOTH
MPOBOIUTH MEIUYHY JIarHOCTHUKY HA OLIBII BUCOKOMY DiB-
Hi, mBuame, TtouHime i KoMmdOpTHINIE g HAIE€HTa Ta
Jiikaps. 3[aTHICTH 3alMCYBaTH JIEr€HeBI 3BYKHU JO3BOJISLE
00pOGIATH CUTHAJIN TAa BUKOPHUCTOBYBATH TEXHOJIOTII Ma-
LIMHHOIO HABYAHHS, I[00 aBTOMATHYHO aHAJI3yBaTH 3aIld-
caHl 3ByKu s 3a0e3IeYeHHsl MIarHOCTUYIHOI IIIATPUMKH.
Awnani3 jiereHeBMx 3BYKiB, 3i0paHUX TIISXOM AyCKYJIbTa-
nii € OCHOBHMM KOMIIOHEHTOM [IiarHOCTUKH 3aXBOPIOBAHD
JIETeHb [JIs [IePBUHHOI MEIUYHOl JOIOMOIM Ta 3araJibHO-
o MOHITOPHHIY CTaHy marmieHTiB. Po3pobka KOMIT I0TepHUX
QJITOPUTMIB [jIs BUBUEHHS JIET€HEBOTO 3BYKY Ja€ Olibin
MHUPOKI JOCTIIHUIBKI MOXKJIMBOCTI. B poboTi mocimkeni i
MIPOaHAJII30BaHI Cy<IacH MeToau IdPOBOro aHATII3Y 3BYKIB
neredb. KoxkeH 3 ICHYIOUMX METOIIB JIa€ IEeBHUI DPe3yiIb-
TaT y BUpimIeHHI KOHKPETHOI mpobsieMm, 1e MOXKe OyTH,
K 1 00€3IIyMJIeHHSI CUTHAJY, TaK 1 3HAXOMKEHHS TUX YI
inmux apredakTiB 3BYKiB guxamHs. TakoXk y CTATTi PO3-
IJISHYTO MOKJIMBICTH 3aCTOCYBaHHS KJIacH(MIKATODPiB, 1m0
€ OCHOBOIO MAIIMHHOTO HABYAHHS, /IS ONTHUMI3allii mocTa-
HOBKW JIIarHO3iB 3aXBOPIOBAHb JiereHb. PO3TIIsTHYTO pOOOTY
JeKLIbKOX KJracu(iKaTopiB, HA OCHOBI HOMEPEIHbO PO3pa-
XOBAHUX [TapPAMETPIB 3 BUKOPUCTAHHSM allapaTy CTATHCTUK
BHINUX HOpsAaKiB. Bymo BcraHoBeHO, MmO MeTOZ OIODHUX
BEKTOPIB, a TaKOXK JEPEBO NPUNUHATTH PIllleHb € [IPOCTUMU
Ta HafiTouHImMMHK KjaacudikaTopaMu s peasi3ari i Jyis

poboru 3 6a3010 3ByKiB auxanHs. OTpuMaHa TOYHICTH PO-
6otu kyacudikaTopiB € JOCUTH BUCOKOKW. CrMbi03 pi3HMX
MeroniB 1udpoBoi 06pOOKM 3 CyJaCHUMH IHCTDYMEHTAMU
MAIIUHHOTO HABYAHHS [T03BOJIUTH iCTOTHO MiABUIATH TO-
YHICTH pOOOTH METO/IIB, & TAKOXK 3HATHO MOJIETTIUTH POOOTY
JiKap4d.

Karouost caoea: 3ByK JiereHb; CHEKTDPAJIbHHI aHAJII3;
BeBJIeT-IIePEeTBOPEHHST; MAIIHHHE HABYIAHHS

Hcnoan30oBanne MeTOAOB MAIIITMHHOIO
obyuennsa ajiga uaeHtudukaium 3adoJie-
BaHuii 6POHX0JIETOYHOI CUCTEMBI C UCIIO-
JIb30BaHUEM 3BYKOB JIETKHX

Yexoeuyuw M. I, Ilopesa A. C., Tumopees B. H.,
Xenagpg I1.

CoBpeMeHHbIE TEXHUYECKUE U IJIEKTPOHHBIE CPEIICTBA
TIO3BOJIAIOT TPOBOAUTH MEOUITMHCKYIO TUATHOCTUKY Ha 60—
Jiee BBICOKOM yDPOBHe, GbICTpee, TouHee u KOMGBOpPTHEe Ist
IIallieHTa W Bpa4va. CHOCO6HOCT]) 3allUChIBAaTh JIErOYHbIE
3BYKU TTO3BOJIAET O6pa6aTBIBaTB CUTHAJIBI 1 UCITIOJIH30BATH
TE€XHOJIOTHUHU MAIIWUHHOI'O O6y‘IeHH§I, ‘{TO6LI ABTOMaTH4Y€CKHN
AHAJIU3UPOBATH 3allUCAHHbIE 3BYKHW /I O6eCHequI/I${ Ana-
THOCTUYECKOMI TIOAIEPKKU. AH&J’II/IS JIETOYHBIX 3BYKOB, CO-
6paHHI)IX nIyTeM ayCKYJIbTAITUU ABJAA€TCA OCHOBHBIM KOMIIO-
HEHTOM JIMarHOCTUKY 3a00JI€BAHUI JIErKUX JJIsl IePBUYHON
MEeIUITUTHCKON TIOMOIIU U OOIIEro MOHUTOPHUHTA, COCTOSTHUS
ITaITUE€HTOB. Pa3pa60TKa KOMITBIOTEPHBIX aJITOPUTMOB IJId
U3YyYI€HUdA JIErOYHOI'0 3BYKa J1a€T 60nee OINPOKHUE HCCJIe-
JIOBaTEThCKUE BO3MOKHOCTH. B pabore wWCCIeI0BaHBI
TIPOAHAJIU3UPOBAHBI COBPEMEHHBIE METOIbI L[I/I(i)pOBOI‘O aHa-
/33 3BYKOB JIeTKUX. KaXKAbIil U3 CyIIECTBYIOIIIX METOI0B
IaeT OTpeIeJIeHHBbI Pe3yhTaT B PEIeHNN KOHKPETHOM
1'[p06.7'[eMbI7 9TO MOXKeT 6I)ITI)7 KaK ¥ NIyMOIIOJaBJIEHUE CHU-
THaJla, TaK U HAXO0XK/I€HHUE T€X UJIA UHbIX apTe(baKTOB 3BYy-
KOB ObIXaHUA. TaK)Ke B CTaTh€ PaCCMOTpPEHAa BO3MOXKHOCTH
NPUMEHEHUs KJIACCH(PUKATOPOB, UTO SIBJISIETCSI OCHOBOM Ma-
IIUHHOI'O O6y‘{eHI/IH, AJId OIITHMHM3AaIMWH IIOCTaHOBKH M-
aruo3oB 3abosieBammii Jsierkmx. Paccmorpena pabora He-
CKOJIbKHMX KJIACCH(DHKATOPOB Ha OCHOBE IIPEIBAPUTEIHHO
PACCYATAHHBIX [IAPAMETPOB C HCIOJIb30BAHUEM AllIapaTa
CTaTUCTUKU BBICIIUX TOPATKOB. BLIIIO yCTaHOBJIEHO, YTO
METOJ OIIOPHBIX BEKTOPOB, a TaKXKe€ [IepeBO IIPpUHATUA
peleHuil SBAMIOTCS IPOCTHIMU W TOYHBIMHU KJacCuuKa-
TOpaMU [Jjisl peaju3alvivl U Jjis paboThl ¢ 0a30ii 3BYKOB
meixarus. llogyderHast TOYHOCTD pabOTHI KIACCUPUKATO-
POB BJIIETCH JAOCTATOYHO BBICOKOM. CuMOMO3 pas/imaHbIX
MeTo0B I pOBOIl 06PAOOTKN C COBPEMEHHBIMYM WHCTPY-
MEHTaMH MAIIWuHHOI'O O6y‘{eHI/IH TIO3BOJIAT CYIIECTBEHHO II0-
BBICUTH TOYHOCTDH pa6OTbI METOO0B, a TaK2Ke€ 3HAYUTEJIbHO
obsrerantsh paboTy Bpada.

Karouesvie cr06a: 3BYK JIETKUX; CIIEKTPAIbHBIIN aHAIN3;
BeiBIIeT-IPe06pPa30BaHNs; MANIMHHOE 00y UeHe
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