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An Objective Analysis of Human Snoring Based on an
Acoustic Technique to Determine the Obstruction Site
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Abstract— Snoring is considered a cause of obstructive sleep
apnea syndrome and a significant disturbance of social stability
due to the discomfort it can cause in the environment. For these
reasons, the study of snoring has generated interest in medicine.
It has led to the development of techniques and instrumentation
that contribute to improving effective diagnoses and treatments.
The acoustic analysis of snoring signals has gained importance
in recent years. Consequently, the acoustic characteristics of
snoring have been explored as primary medical care
alternatives, complemented with polysomnography to study
mainly cases of apnea syndrome. However, polysomnography is
expensive, both in implementing specialized infrastructure and
carrying out the studies, invasive and not very accessible due to
waiting times. Using current techniques in speech recognition,
the acoustic analysis of snoring is of particular interest and
shows promise as a medical alternative. In this work, an
application of contemporary speech analysis techniques in the
snoring signal, obtained without sedation of the patient, is
proposed to determine its relationship with the site of
obstruction that originates it that eventually could improve its
treatment.
Keywords— Human Snoring, Acoustical Analysis, Snoring
Etiology.

I. INTRODUCTION
Snoring is defined as the sound emitted mainly in the
inspiratory phase of the respiratory cycle during sleep, with
loud and harsh snorts caused by the vibration of the soft palate
and or structures of the pharyngeal airway, phenomena
considered disturbing of social stability. For the
inconvenience, it can cause in the environment [1]. It is
regarded as a cause or manifestation of other conditions, such
as Obstructive Sleep Apnea Syndrome (OSAS) [2], irritation
and inflammation of pharyngeal tissues [3], [4] and some
others of occupational nature such as daytime sleepiness [5],
[6], or social in marital life.
The sound of snoring varies from person to person, from day
to day, and from hour to hour. These variations in its acoustic
characteristics, such as volume, duration, and tone, carry
information regarding the anatomical or physiological cause
that produces it. Objectively evaluating these characteristics
can be used to determine their origin, a fundamental factor in
specifying surgeries, as well as to assess the evolution of the
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patient after some treatment to monitor its efficacy [2], since
commonly only evaluations are performed subjective in this
regard [7], [8].Currently, the diagnosis and evaluation of
Obstructive Sleep Apnea Syndrome (OSAS), other
conditions, and disorders related to snoring are carried out
using nasendoscopy and polysomnography techniques [9].
Although snoring is a subject of sleep medicine, to which no
attention has been paid beyond its relation to OSAS, there is
evidence to suggest that its impact on health goes beyond the
discomfort caused to other people who they share the space
with the snorer [2], [9].
Polysomnography is currently the most widely used
technique for detecting and investigating snoring besides
various other sleep disorders. However, if its employment is
for snoring studies only , it results very expensive, near eight
thousand dollars. The system requires highly specialized
infrastructure and very demanding conditioned spaces. It is
invasive and not very accessible, in addition to being used
mainly to detect apneas. Additionally, most studies have been
carried out with sedated patients and through cannulas, which
affects the results obtained. For these reasons, acoustic
analysis of snoring is a promising technique as a medical
alternative [10], [11], [12]. Agrawal et al. [13] provided the
first published evidence that nasendoscopy did not allow
natural sleep and reported that induced snores contain a
higher frequency component of sound, not evident during
natural snoring, consistent with the collapse of the base of the
tongue. But further studies under non sedate condition are
required to obtain a non-tagged classification [14][15].
This project aims to develop a diagnostic tool based on the
digital processing of acoustic signals of snoring in humans,
to identify the origin of the obstruction, using snoring
produced in natural sleep in a non-clinical environment and
applying techniques of speech and paralinguistic analysis.
The results obtained are compared with the values of the
parameters of the case studies reported by Miyazaki and
Agrawal [1], [13], based on clinical studies of induced sleep,
whose results provide a relationship between the acoustic
parameters of snoring and the obstruction site.

II. METHOD AND MATERIALS
A. Study parameters
The selection of study parameters detailed in G, was based on
the results of the classification of snoring events according to
the area of origin of Quian et al. [16], in addition to the work
of Miyazaki [1] and Agrawal [13]. This was done after
studying in detail the kind of information provided by each of
these acoustic analysis techniques, selecting the most relevant
for their application in the analysis of snoring signals as
shown in Fig.1.

C. Recording conditions
Natural sleep records were obtained for three consecutive
days in the environment and the daily sleep schedule of each
participant by using a linear PCM recorder (Tascam, DR40
version 2, Tokyo, Japan), configured with dual-mode and
.wav format, 44.1ks / sec sampling rate, 120Hz low-pass
filter, and -12dB recording level. The device was placed at a
distance of 60 cm at the height of the head so as not to
interfere with the natural movements of the subject [17]. The
temperature of the rooms was between 15 and 20 ° C, 50 and
60% Relative Humidity, in addition to 20 dB ± 10% of
ambient noise levels. The position of the subject was
predominantly supine dorsal, and all followed their usual
circadian cycle.
D. Signal conditioning
The digital audio files were manually conditioned using the
open-access software Audacity (Carmegie Mellon
University, Pittsburgh, PA). The snoring of each record with
better intelligibility and lower levels of interference and noise
were selected, Fig. 2.
The audio was processed without modifying the sampling
frequency (44.1 kHz) and the resolution (16 bits) of the
original files. Four actions were carried out to clean and
isolate the snoring of each patient: (a) conversion of stereo
files into monaural files; (b) trimming or isolating each
snoring (an inhalation and its corresponding exhalation); (c)
Elimination of noise or unnecessary frequencies
(equalization) through a band-pass filter with a lower cut-off
frequency of 80 Hz and a higher cut-off frequency of 13 kHz.
A quality factor Q of 0.71 and a slope of 48 dB / octave were
used for both filter limits. Finally, (d) the processed and
separated snoring were exported as .wav files, without
compression.

Fig. 1. Methodology used for the analysis of snoring signals

B. Subjects of study
Seven snoring volunteers participated in the study, five men
and two women, aged between 35 and 65 years old, without
exclusion criteria. One of them presented obesity and the
other morbid obesity and high blood pressure. The
participants declared themselves to be chronic snorers, and
only one of them had undergone surgery to remove palatine
tonsils and adenoids, in addition to having received treatment
in the paranasal fossae.

E. The acoustic signal analysis system
The open-access platform OpenSmile was used since it
allows the extraction of characteristics, pattern recognition
specifically designed for audio and directed to academic and
scientific projects. This platform extracts and analyzes factors
in real-time of the parameters selected for the snoring study,
using easy-work templates.
In this sense, a configuration template was developed to
extract the characteristics with more significant
differentiating potential than those reported by Qian [10],
Eiben [12], Miyazaki [1], and Agrawal [18]. The collected
audio was processed in batches using OpenSmile software on
a computer with Linux Ubuntu 16 operating system. The
output files were obtained in CSV format, which included
timestamps of each segment of the signal. The ARFF format
archives were also obtained, and the data were visualized and
analyzed with the open-access software WEKA [17].

Fig. 2. Example of a manually segmented snoring signals

1)
F. Signal processing
The JAGM_configuracion.conf file was designed, based on
the platform of the free open access program openSMILE.
This file contains the main configuration template that refers
to other templates made modularly for this project, as well as
to configuration files included in the OpenSMILE library.
The JAGM_configuracion.conf file calls the necessary
components to initialize the reading of the input data in .wav
format. In turn, reference is made to other configuration files
that specifically include the components for obtaining the
selected features more easily. The openSMILE components
used in the main configuration file are:
1) ../shared/standard_wave_input.conf.inc;
2) calls OpenSMILE configuration file for .wav
inputs
3) JAGM_configuracion1_core.lld.conf.inc;
4) calls the low-level descriptor (LLD) configuration
file
5) JAGM_configuracion2_core.lld.conf.inc;
6) calls a second LLD configuration file
7) JAGM_configuracion1_core.func.conf.inc;
8) calls the configuration file that obtains the
functional values
9) JAGM_configuracion2_core.func.conf.inc;
10) calls a second configuration file that gets more
functional
11) ../shared/standard_data_output.conf.inc;
12) calls the OpenSMILE configuration file for data
output
G. OpenSmile Algorithm
This configuration file allows OpenSMILE to perform the
following actions on the input .wav files:

The list of OpenSMILE components to use is
initialized. In this case, it is required to define
a data memory type component, as established
in the OpenSMILE documentation [19].

2) The referenced files are then specified, so that
standard_wave_input.conf.inc sets the input file
type as a .wav file type.
3) Next, the file that configures low-level feature
extraction (LLD) is specified to evaluate
individual audio files by performing a window
according to what is specified in this file and
obtaining the parameters requested for each
window.
4) This procedure generates a CSV-type output
file with a variable number of lines, depending
on the number of windows and the audio length.
5) The following configuration file takes as input
the LLD values obtained in the previous block.
It performs mathematical operations to get
statistical measurements that represent the
distribution of the LLD values. The output of
this stage is an ARFF type file that will have an
equal number of columns for all processed
audio segments. This condition allows the
results of each audio file to be incrementally
added to the same ARFF file. This ARFF file
will contain vectors of equal dimensions
representing each audio file regardless of their
length in time.
6) JAGM_configuration.conf is also utilized to
concatenate the output vectors being
processed,../shared/standard_data_output.conf.
inc and make up the CSV and ARFF files.

7) JAGM_configuracion1_core.lld.conf.inc has
the function of initializing the obtain of the
following low level descriptors (LLD)
a.
b.
c.
d.
e.
f.
g.
h.

F0 (Fundamental frequency)
Espectral flux,
Spectrum on the Mel scale (MFCC)
MFCC coefficients (only for voiced
segments)
Logarithmic spectrum
Harmonics H0-H1, H1-A3
Formants F1-F3
Determine if a segment is voiced or not,
marking the voiced value with 1.

8)

JAGM_configuracion1_core.lld.conf.inc
also
applies contour smoothing to the obtained spectral
values.

9)

JAGM_configuracion1_core.func.conf.inc allows
to make temporary statistics of the values obtained
for F0 and obtains summaries of the functional
values of F0 and the voiced segments.

10)

JAGM_configuracion2_core.lld.conf.inc
performs value separation tasks to
calculate voiced and non voiced segments
separately with their corresponding
smoothing.

With these actions, it is possible to execute OpenSMILE by
calling the JAGM_configuracion.conf configuration file as
an argument through the Linux command line as follows:
opensmile-2.3.0/SMILExtract
-C
openSMILE2.3.0/config/JAGM/JAGM_configuracion.conf
//
-I
ENTRADA.wav -appendarff 1 -O SALIDA_func.arff -D
SALIDA_LLD.csv -N ETIQUETA.
A Linux Ubuntu 16.06 (headless), 1 vCPU, and 3.75 GB of
RAM machine, hosted in the Google Cloud Platform Cloud,
was chosen to execute OpenSMILE, specifically in the
Compute Engine product. This virtual machine was used to
take advantage of the cloud hosting, assign a public IP for
remote access, and carry out other applications.
IV. RESULTS
The values in Table 1 of fundamental frequency of snoring
obtained in this work were compared with those reported in
Miyazaki [1] and Agrawal [13], which were used as a
reference since they include a relationship with the structures
that produce snoring, even though they were recorded during
induced sleep. The values of the other parameters were
determined but they could not be compared to any due there
is no material reported.
After processing 595 individual snoring audio files with
OpenSMILE, the following files were obtained:
• CSV file (comma-separated value) with the values of the
low-level descriptors (that is, one value for each point over
time). One file is generated for each input audio file to obtain

spectrum graphs of the spectral values, corresponding to the
values that appeared in the CSV headers.
• ARFF file (Attribute-Relation File Format) with the
functional values obtained by applying statistical measures to
the total LLDs obtained for each file and thus to represent it
with a vector of uniform dimension and compare it with other
audio files even if they do not have the same number of
windows.
The statistical values of the selected parameters were
captured in an ARFF file displayed on WEKA, showing as an
example the fundamental frequency for each snore used for
the classification done in Table 1. This data format could be
used as input for machine learning applications such as
classification and clustering for future studies.
TABLE I. FUNDAMENTAL FREQUENCY (F0) HZ, VALUES OBTAINED IN THIS
WORK AND ITS CORRESPONDENCE WITH THE OBSTRUCTION SITES
REPORTED BY AGRAWAL ET AL [1] AND MIYAZAKI ET AL [13].
Reported
Obstruction
site

Reported
Central
tendency
estimator of Fo
by [1][13]

Mean and range
of Fo for snore
classification in
this work

Number
of
snores

Soft palate
[1]
Soft palate
[13]
Combination
of sites [1]
Tonsils [13]
Larynx[1]
Tonsils and
base of
tongue [1]
Epiglottis
[13]
Tongue [13]

102.8(34.9)

102.8(89.27,116.3)

4

137(105,189)

137(105,189)

44

115.7(58.9)

115(91.7,138.3)

11

170 (85,201)
250 (79.7)
331.7(144.8)

170 (85,201)
250(166.4,333.6)
331.7(248.2,425.3)

112
164
117

490(331,510)

490(331,510)

141

1243(2015,1277)

1243(2015,1277)

2

V.

DISCUSSION

A method was developed to obtain functional parameters
from snorings with the same dimension vectors regardless of
their duration. The data obtained with this proposal and the
relationship with medical diagnoses can be used as inputs
forward to the training of neural networks for classification,
allowing access to the same server running audio analysis
tasks with OpenSMILE.
There are research reports similar to those of this project but
that used snoring produced mainly during induced sleep [11],
[12],[20]. In this work, a methodology is presented to extract
characteristics of snoring produced during natural sleep.
The fundamental frequency of snoring sounds has been
reported between 102.8 Hz and 331.7 Hz, depending on the
site of the obstruction [1]. In another work, fundamental
frequencies between 137 Hz and 1242 Hz were obtained in
clinics under a medical treatment scheme with spaces and
conditions different from those that study subjects habitually
use to sleep [16].

The results obtained in this work, as shown in Table 1, allows
establishing a relationship between the fundamental
frequency of the snores studied and the anatomical area that
produces them shown in Fig. 3, considering as an
approximate reference the study cases reported in the
literature [1] [13].

[4]

[5]
[6]
[7]
[8]

[9]

[10]

[11]

[12]

[13]

Fig. 3. Origin sites considered in [1]and [13] in the upper
airways. Modified from [21]
[14]

This relationship, constitute a first approach of medical
opinion respect to the possible origin of snoring but the
viability of snores being used as a non-invasive preliminary
test for several diseases is an open research issue
[21],[22],[23],[24].
VI.

[15]

[16]

CONCLUSIONS

This proposal will identify by a non-invasive procedure the
origin of the airflow obstruction, using snoring sounds
produced in natural sleep in a non-clinical environment by
applying speech and paralinguistic analysis techniques.
The results obtained with the proposal of this work suggest
carrying out a study with more cases under medical
monitoring to generate a non-invasive and valuable tool in the
clinic to accurately determine the specific areas of obstruction
of the airways for adequate medical care.
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