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Description
FIELD

[0001] The presentinvention relates to a sleep apnea syndrome testing apparatus for detecting an apneic state during
sleep.

BACKGROUND

[0002] Sleep apnea syndrome is defined as a condition in which an apneic state where breathing stops for ten seconds
or longer is repeated 30 times or more during seven hours of sleep or is repeated five times or more per hour of sleep.
Sleep apnea syndrome causes symptoms such as uncontrollable daytime sleepiness, depression, impaired concentra-
tion, and snoring. Further, since a patient developing sleep apnea syndrome is sleeping, if the patient does not live with
anyone such as his/her family in the same house, discovery of sleep apnea syndrome is often delayed.

[0003] For a close examination of sleep apnea syndrome, a patient needs to enter a hospital having a room in which
an apparatus for acquiring data used in the examination is installed, and a medical specialist needs to analyze the data.
That is, a patient has a burden of costs and time and also has a physical burden since the patient often needs to be
equipped with a sensor. Further, in such a close examination of sleep apnea syndrome, the number of patients who can
be examined at a time is limited, which is inefficient for hospitals.

[0004] In view of such circumstances, there is a need for a simple test method that can test at home or the like
beforehand whether or not a close examination of sleep apnea syndrome is needed.

[Patent document]
[0005]

[Patent document 1] Japanese Laid-open Patent Publication No.2001-29328
SUMMARY

[0006] Accordingly, itis an object in one aspect of the present invention is to provide a sleep apnea syndrome testing
apparatus that detects an apneic state during sleep.
[0007] According to one aspect of the invention, a sleep apnea syndrome testing apparatus includes:

an analyzing unit to analyze a sound signal resulting from a subject during sleep and collected by a sound pickup
device and to calculate duration and frequency characteristics of a sound signal being a sound produced by the
subject and being included in the sound signal; and

a determining unit to determine, based on an analysis result by the analyzing unit, whether or not the duration and
the frequency characteristics of the sound signal match the characteristic sound and to determine whether or not
the sound signal includes a characteristic sound produced when a sleep state of the subject recovers from an apneic
state into a breathing state.

[0008] Another aspect of the present invention is such a test method for sleep apnea syndrome as described above.
A further aspect of the present invention includes a recording medium recording a program for causing an information
processing apparatus to function as a sleep apnea syndrome testing apparatus.

[0009] According to the sleep apnea syndrome testing apparatus of the disclosure, an apneic state during sleep can
be detected.

BRIEF DESCRIPTION OF THE DRAWINGS
[0010]

FIG. 1A is a graph depicting examples of frequency spectrums of sound signals including the characteristic sound;
FIG. 1B is a graph depicting examples of frequency spectrums of sound signals including the characteristic sound;
FIG. 2 is a diagram depicting a configuration example of a sleep apnea syndrome testing system;

FIG. 3 is a diagram depicting a configuration example of the sound analyzing unit;

FIG. 4 is a diagram depicting a configuration example of the sleep state determining unit;

FIG. 5A illustrates an example of frequency characteristics of a breath sound;
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FIG. 5B illustrates an example of frequency characteristics of the characteristic sound B;

FIG. 5C illustrates an example of frequency characteristics of the characteristic sound C;

FIG. 6 is an example of a table in which the frequency characteristics of the breath sound, the characteristic sound
A, the characteristic sound B, and the characteristic sound C are organized;

FIG. 7 illustrates an example of a flow of the sound signal duration calculating processing performed by the signal
duration calculating unit;

FIG. 8 illustrates diagrams depicting the sound signal duration calculating processing;

FIG. 9 is an example of a flow of processing for determining the sleep state of a sound frame, performed by the
frequency characteristics comparing unit;

FIG. 10 is a diagram depicting a configuration example of the apnea determining unit;

FIG. 11 is a graph depicting an example of breathing of a patient of sleep apnea syndrome during sleep.

FIG. 12 is a flow of an example of the apneic state detecting processing performed by the state transition examining
unit;

FIG. 13 is a flow of an example of sleep apnea syndrome testing processing performed by the testing apparatus;
FIG. 14 is a diagram depicting a configuration example of the sleep state determining unit;

FIG. 15 is an example of a flow of the sound signal duration calculating processing performed by the signal duration
calculating unit.

FIG. 16 is a diagram of an example of a case in which a sound signal included in the sub-frame (F, T) extends over
the sound frame F-1 just before the sound frame F;

FIG. 17 is a diagram depicting a configuration example of a

sleep apnea syndrome testing system;

FIG. 18 is a diagram depicting a configuration example of a sleep apnea syndrome testing system.

DESCRIPTION OF EMBODIMENTS

[0011] Embodiments for carrying out the present invention (hereinafter, referred to as the embodiments) will now be
described with reference to the drawings. Configurations of the following embodiments are illustrative, and the present
invention is not limited thereto.

<First embodiment>

[0012] A sleep apnea syndrome testing apparatus in a first embodiment will be described. A microphone is installed
as a sound pickup device at an appropriate position close to a sleeping place of a subject, and sound signals from the
subject and around the subject are collected. That is, the subject is examined in a usual sleeping state without restrictions
such as being equipped with a sensor. The sleep apnea syndrome testing apparatus in the first embodiment analyzes
the sound signals resulting from the sleeping subject and collected by the microphone, and determines frequency
characteristics, thereby detecting an apneic state of the subject during sleep.

[0013] A study conducted by the present inventors on sound signals during sleep indicate that immediately before or
after a subject in an apneic state recovers from the apneic state, that is, immediately before or after the transition from
the apneic state to a breathing state, characteristic sounds occur as described later. Hereinafter, characteristic sounds
produced by a patient in an apneic state immediately before or after the transition from an apneic state to a breathing
state are referred to as the "characteristic sounds." The sleep apnea syndrome testing apparatus in the first embodiment
detects an apneic state during sleep by using characteristic sounds that tend to be produced when a patient of sleep
apnea syndrome recovers from an apneic state.

[0014] The characteristic sounds found by the study include the following.

(Characteristic sound A): an about 0.2 to 0.3-second short breath sound like a sound heard when a person takes
breath or is surprised.

(Characteristic sound B): a short groan.

(Characteristic sound C): a sound resulting from the movement of a patient’s body. For example, a sound of friction
between a patient and bedclothes, produced by the patient moving his/her body.

[0015] All of the characteristic sounds are supposedly produced when a patient in an apneic state suffers the lack of
oxygen in the body.

[0016] FIG. 1A and FIG. 1B are graphs depicting examples of frequency spectrums of sound signals including the
characteristic sound A, the characteristic sound B, and the characteristic sound C. In each of the graphs illustrated in
FIG. 1A and FIG. 1B, a horizontal axis represents time, a vertical axis represents a frequency, and gradations represent
the magnitude of frequency components.
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[0017] In FIG. 1A, a part surrounded by a dotted line represents a characteristic sound A (a short breath sound like a
sound of patient’s breathtaking). Until the characteristic sound A, the breathing of the patient remains stopped, that is,
the patient is in an apneic state, while after the characteristic sound A, exhaling and inhaling sounds of the patient are
repeated. This indicates that the breathing has been restored after the characteristic sound A.

[0018] InFIG. 1B, afirst part surrounded by a dotted line represents a characteristic sound B (a short groan). A second
part surrounded by a dotted line represents a characteristic sound C (a sound of body movement or a rustling sound of
bedclothes produced by body movement). Until the characteristic sound B, it is indicated that the breathing of the patient
remains stopped, that is, the patientis in an apneic state. Further, although notillustrated in FIG. 1B, after the characteristic
sound C, similarly to FIG. 1A, exhaling and inhaling sounds of the patient are repeated, so that the breathing has been
restored.

[0019] The characteristic sound A, the characteristic sound B, and the characteristic sound C may be separately
produced, or as illustrated in FIG. 1B, two or more of these sounds may be produced in combination.

<<A configuration example of the sleep apnea syndrome testing apparatus>>

[0020] FIG. 2 is a diagram depicting a configuration example of a sleep apnea syndrome testing system. The sleep
apnea syndrome testing system includes a sleep apnea syndrome testing apparatus 1 (hereinafter, simply referred to
as the testing apparatus 1), and a microphone 2 that collects sounds produced by a subject 3.

[0021] The testing apparatus 1 is an apparatus that detects an apneic state of the subject 3 by using a characteristic
sound A, a characteristic sound B, and a characteristic sound C as depicted in FIG. 1A and FIG. 1B.

[0022] The microphone 2 is installed at a position close to the subject 3 where the microphone 2 can accurately collect
a voice from the subject 3 and a body movement sound of the subject 3, and the microphone 2 faces the subject 3. The
microphone 2 is installed, for example, above a sleeping place of the subject 3.

[0023] The microphone 2 is connected with the testing apparatus 1. The microphone 2 collects signals of breath
sounds and voices from the subject 3 and sounds around the subject including body movement sounds of the subject
3. The microphone 2 outputs electrical signals of the collected sounds to the testing apparatus 1. Hereinafter, the electrical
signals of the sounds are referred to as the "sound signals."

[0024] The testing apparatus 1 is connected with the microphone 2, and obtains the sound signal from the microphone
2 as input. The testing apparatus 1 analyzes the input sound signal and detects an apneic state of the subject based
on an analysis result. The testing apparatus 1 outputs a detection result of the apneic state to at least one of a network
5, a display 6, a speaker 7, and secondary storage 8 which are connected with the testing apparatus 1.

[0025] The testing apparatus 1 includes an input unit 11, an output unit 15, a CPU (Central Processing Unit)16, an
analog-digital converter (A/D converter) 17, a buffer 18, and main memory 19. As a testing apparatus, an information
processing apparatus may be adopted.

[0026] The input unit 11 is an interface to an external inputting device. The input unit 11 receives sound signals from
the microphone 2. The input unit 11 outputs the received sound signals to the A/D converter 17.

[0027] The A/D converter 17 obtains the sound signals as input. The A/D converter 17 converts the sound signals
from analog signals into digital signals. The A/D converter 17 outputs sound data converted into the digital signals to
the buffer 18.

[0028] The buffer 18 obtains from the A/D converter 17 the sound data converted into the digital signals as input. The
buffer 18 buffers the input sound data.

[0029] The CPU 16 sequentially extracts one frame of the sound signals from the buffer 18 and performs processing.
The one frame is a unit time length. The one frame is defined as, for example, one to a few seconds. Hereinafter, the
one frame of the sound signal is referred to as the sound frame.

[0030] The main memory 19 holds a sleep apnea syndrome testing program 19a loaded into a working space. The
CPU 16 acts as a sound analyzing unit 12, a sleep state determining unit 13, and an apnea determining unit 14 by
reading out the sleep apnea syndrome testing program 19a from the main memory 19 and executing the testing program
19a.

[0031] The sound analyzing unit 12 obtains a sound frame as input. The sound analyzing unit 12 analyzes the sound
frame to calculate a feature amount of the sound frame. Examples of the feature amounts include a frequency spectrum
of a sound frame, a power spectrum of a frequency spectrum, and sound volume. The sound analyzing unit 12 outputs
the calculated feature amount of the sound frame to the sleep state determining unit 13. Details of the sound analyzing
unit 12 will be described later.

[0032] The sleep state determining unit 13 obtains the feature amount of the sound frame calculated by the sound
analyzing unit 12 as input. The sleep state determining unit 13 calculates parameters used for determining a sleep state
of the sound frame (hereinafter, referred to as the determination parameters) based on the feature amount of the sound
frame. As the determination parameters, values obtained based on the feature amount of the sound frame calculated
by the sound analyzing unit 12 are adopted. For example, the determination parameters are physical quantities repre-
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senting frequency features, such as duration, the number of formants, and power spectrum variance of sound signals
in a sound frame. The sleep state determining unit 13 holds values of the determination parameters pre-calculated for
the characteristic sound A, the characteristic sound B, the characteristic sound C, and the breath sound (hereinafter,
referred to as the comparison values). The sleep state determining unit 13 compares the values of determination pa-
rameters for the sound data with the comparison values of the characteristic sounds A to C and the comparison value
of the breath sound to determine the sleep state of the sound frame. The sleep states include a "state with breathing"
in which a sound frame includes a breath sound, that is, a subject is breathing. Further, the sleep states include a
"breathing restored state" in which a sound frame includes any one of the characteristic sounds A to C, that is, a subject
transitions from a respiratory arrest state to the breathing state. Furthermore, the sleep states include a "state without
breathing" in which a sound frame does not include any one of the characteristic sounds A to C and breath sound, that
is, the breathing of a subject remains stopped. The sleep state determining unit 13 outputs the sleep state of the sound
frame to the apnea determining unit 14. Details of the sleep state determining unit 13 will be described later.

[0033] The apnea determining unit 14 obtains the sleep state of the sound frame from the sleep state determining unit
13 as input. The apnea determining unit 14 examines a history of sleep states of the sound frame to detect the apneic
state of the subject. The apnea determining unit 14 outputs a detection result of the apneic state of the subject to the
output unit 15. Details of the apnea determining unit 14 will be described later.

[0034] The output unit 15 is an interface to an external apparatus. The output unit 15 obtains a detection result of the
apneic state of the subject as input. The output unit 15 outputs the detection result of the apneic state of the subject to
any one or more of the network 5, the display 6, the speaker 7, and the secondary storage 8.

[0035] For example, if the apneic state of the subject is detected, the output unit 15 may inform the subject of the
detection result of the apneic state by outputting an alarm indicating the detection result from the speaker 7. For example,
the detection results of the apneic state of the subject in the sound frames, output from the output unit 15, may be stored
in the secondary storage 8. For example, the detection results of the apneic state output from the output unit 15 may
be displayed on the display 6. For example, the detection results of the apneic state of the subject, output from the output
unit 15, may be transmitted via the network 5 to a specialized agency that examines sleep apneic syndrome.

<<A configuration example of the sound analyzing unit>>

[0036] The sound analyzing unit 12 analyzes a sound frame to calculate a feature amount of the sound frame. In the
first embodiment, the sound analyzing unit 12 calculates, for example, a power spectrum of a frequency as a feature
amount of a sound frame.

[0037] FIG. 3 is a diagram depicting a configuration example of the sound analyzing unit 12. The sound analyzing unit
12includes a sub-frame dividing unit 121, a time/frequency converting unit 122, and a power spectrum calculating unit 123.
[0038] The sub-frame dividing unit 121 obtains a sound frame as input. The sub-frame dividing unit 121 divides a
sound frame into sub-frames having a predetermined time length. In a case where a time length of a sound frame is two
seconds, the sub-frame dividing unit 121 divides the sound frame into, for example, one hundred of equal parts, or sub-
frames having 20 milliseconds as a predetermined time length. The sub-frame dividing unit 121 outputs the sound frame
divided into the sub-frames to the time/frequency converting unit 122.

[0039] The time/frequency converting unit 122 obtains the sound frame divided into the sub-frames as input. The
time/frequency converting unit 122 performs Fourier transformation on each sub-frame to convert a sound signal in a
time domain into a signal in a frequency domain. When the time/frequency converting unit 122 finishes calculating
frequency spectrums in all the sub-frames of one frame, the time/frequency converting unit 122 outputs the calculated
frequency spectrums in all the sub-frames of one frame to the power spectrum calculating unit 123.

[0040] The power spectrum calculating unit 123 obtains the frequency spectrums in all the sub-frames of one frame,
calculated by the time/frequency converting unit 122, as input. The power spectrum calculating unit 123 calculates a
power spectrum of each sub-frame from the frequency spectrum of each sub-frame. When the power spectrum calculating
unit 123 finishes calculating power spectrums in all the sub-frames of one frame, the power spectrum calculating unit
123 outputs the calculated power spectrums in all the sub-frames of one frame.

<<A configuration example of the sleep state determining unit>>

[0041] The sleep state determining unit 13 calculates determination parameter values of a sound frame from a feature
amount of the sound frame and compares the values with pre-calculated comparison values of the characteristic sounds
A to C and the breath sound to determine the sleep state of the sound frame. In the first embodiment, the sleep state
determining unit 13 calculates the values of the determination parameters based on information obtained from the power
spectrums in all the sub-frames of one frame, received from the sound analyzing unit 12. In the first embodiment, as the
determination parameters, duration, the number of formants, and variance of a fine structure power spectrum of a sound
signal included in a sound frame are used.
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[0042] FIG. 4 is a diagram depicting a configuration example of the sleep state determining unit 13. The sleep state
determining unit 13 includes a signal duration calculating unit 131, a frequency characteristics comparing unit 132, and
a storage unit 133.

[0043] The storage unit 133 is created in a storage area of the main memory 19. The storage unit 133 stores therein
the comparison values of the characteristic sound A, the characteristic sound B, the characteristic sound C, and the
breath sound. The breath sound is a series of sounds generated by inhaling and exhaling, namely, a sound such as the
breathing of a sleeping person or snoring. The same type of the comparison values of the characteristic sound A, the
characteristic sound B, the characteristic sound C, and the and breath sound as a type of values of the determination
parameters calculated from a received sound frame is employed. In the first embodiment, duration of the sound signals
and information obtained from the frequency characteristics of the sound signals are used as determination parameters.
Examples of the information obtained from the frequency characteristics of the sound signals include the number of
formants and a variance value of a fine structure power spectrum.

[0044] FIG. 5A, FIG. 5B, and FIG. 5C illustrate examples of the frequency characteristics of the breath sound, the
characteristic sound B, and the characteristic sound C, respectively. Further, in the examples illustrated in FIG. 5A, FIG.
5B, and FIG. 5C, duration, the number of formants, and variance of a fine structure power spectrum of sound signals
are depicted as the information obtained from the frequency characteristics, namely, the determination parameters.
[0045] FIG. 5Aillustrates an example of frequency characteristics of a breath sound. In a graph depicting a relationship
between a frequency and a power spectrum of a breath sound, although there are no definite peaks, slight jaggedness
is observed. A range of the duration of the sound signal of the breath sound is 0.5 to 2.0 seconds. A range of the number
of formants of the breath sound is 0 to 1. As illustrated in FIG. 5A, since the graph depicting the relationship between
the frequency and the power spectrum of the breath sound has the slight jaggedness, the variance of a fine structure
power spectrum of the breath sound, which indicates the variation of power spectrums from an average, may take a
certain range of values.

[0046] The relationship between a frequency and a power spectrum of the characteristic sound A, namely, a short
breath sound is similar to the graph illustrated in FIG. 5A, depicting the relationship between the frequency and the
power spectrum of the breath sound. The duration of the sound signal of the characteristic sound A is 0.2 to 0.3 seconds.
Further, since the graph depicting the relationship between the frequency and the power spectrum of the characteristic
sound A is similar to the graph illustrated in FIG. 5A, depicting the relationship between the frequency and the power
spectrum of the breath sound, the range of the number of formants included in the characteristic sound A is 0 to 1.
Furthermore, the variance of the fine structure power spectrum of the characteristic sound A may also take values
approximate to the variance of the fine structure power spectrum of the breath sound.

[0047] FIG. 5B illustrates an example of frequency characteristics of the characteristic sound B, namely, a groan. A
range of the duration of the sound signal of the characteristic sound B is 0.1 to 0.3 seconds. As illustrated in FIG. 5B,
in the graph depicting the relationship between the frequency and the power spectrum of the characteristic sound B,
two or three definite peaks are observed. A range of the number of formants included in the characteristic sound B is
two to four. Comparing the graph illustrated in FIG. 5B, which depicts the relationship between the frequency and the
power spectrum of the characteristic sound B, with the graphiillustrated in FIG. 5A, which depicts the relationship between
the frequency and the power spectrum of the breath sound, itis seen that fluctuations of the values of the power spectrum
in the graph of the characteristic sound B are greater than those in the graph of the breath sound. Therefore, the values
of the variance of the fine structure power spectrum of the characteristic sound B are greater than the values of the
variance of the fine structure power spectrum of the breath sound.

[0048] FIG. 5C illustrates an example of frequency characteristics of the characteristic sound C, namely, a sound of
a body movement of a subject. A range of the duration of the sound signal of the characteristic sound C is 0.5 to 3.0
seconds. As illustrated in FIG. 5C, in the graph depicting the relationship between the frequency and the power spectrum
of the characteristic sound C, no definite peaks and no significant fluctuations are observed. Since the graph depicting
the relationship between the frequency and the power spectrum of the characteristic sound C has no definite peaks, the
number of formants included in the characteristic sound C is 0. Comparing the graph illustrated in FIG. 5C, which depicts
the relationship between the frequency and the power spectrum of the characteristic sound C, with the graph illustrated
in FIG. 5A, which depicts the relationship between the frequency and the power spectrum of the breath sound, it is seen
that fluctuations of the values of the power spectrum in the graph of the characteristic sound C are smaller than those
in the graph of the breath sound. Therefore, the values of the variance of the fine structure power spectrum of the
characteristic sound C are smaller than the values of the variance of the fine structure power spectrum of the breath sound.
[0049] FIG. 6 is an example of a table in which the frequency characteristics of the breath sound, the characteristic
sound A, the characteristic sound B, and the characteristic sound C are organized. In the example illustrated in FIG. 6,
a range of variance of a fine structure power spectrum is classified into "great," "medium" and "small" beforehand, and
apossiblerange of the values of the variance of the fine structure power spectrum of the breath sound is fixed at "medium."
[0050] Since the graph (not shown) depicting the relationship between the frequency and the power spectrum of the
characteristic sound A is similar to the graph (FIG. 5A) depicting the relationship between the frequency and the power
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spectrum of the breath sound, the values of the variance of the fine structure power spectrum are also similar. Therefore,
the values of the variance of the fine structure power spectrum of the characteristic sound A are, similarly to those of
the breath sound, "medium."

[0051] Comparing the graph (FIG. 5B) depicting the relationship between the frequency and the power spectrum of
the characteristic sound B with the graph (FIG. 5A) depicting the relationship between the frequency and the power
spectrum of the breath sound, it is seen that the variance of the values of the power spectrum in the graph of the
characteristic sound B is greater than the variance of the values of the power spectrum of the breath sound. Therefore,
the values of the variance of the fine structure power spectrum of the characteristic sound B are "great."

[0052] Comparing the graph (FIG. 5C) depicting the relationship between the frequency and the power spectrum of
the characteristic sound C with the graph (FIG. 5A) depicting the relationship between the frequency and the power
spectrum of the breath sound, it is seen that the variance of the values of the power spectrum in the graph of the
characteristic sound C is smaller than the variance of the values of the power spectrum of the breath sound. Therefore,
the values of the variance of the fine structure power spectrum of the characteristic sound C are "small."

[0053] Turning back to FIG. 4, the signal duration calculating unit 131 obtains the power spectrum of all the sub-frames
of one frame as input. The signal duration calculating unit 131 calculates duration of a sound signal included in the sound
frame from the power spectrum of all the sub-frames of one frame.

[0054] FIG. 7 illustrates an example of a flow of the sound signal duration calculating processing performed by the
signal duration calculating unit 131. In the example illustrated in FIG. 7, the signal duration calculating unit 131 determines
a correlation coefficient r(t) between a sound signal in a sub-frame T and a sound signal in a sub-frame T-t, previous
to the sub-frame T, to calculate the duration of the sound signal. The number of sub-frames in a sound frame is fixed at
M (M being a natural number, not including 0).

[0055] When the signal duration calculating unit 131 receives the power spectrums of all the sub-frames of the sound
frame from the sound analyzing unit 12, the signal duration calculating unit 131 starts the sound signal duration calculating
processing.

[0056] The signal duration calculating unit 131 sets an initial value of a variable T indicating a sub-frame, to 1 (OP1).
A range of the variable T, indicating the sub-frames, is 1<T<M-1.

[0057] Next, the signal duration calculating unit 131 sets an initial value of a variable t indicating the number of sub-
frames previous to the sub-frame T, to 1 (OP2). A range of the variable t, indicating the number of sub-frames previous
to the sub-frame T, is 1<t<T.

[0058] The signal duration calculating unit 131 calculates a correlation coefficient r(t) between a sound signal included
in the sub-frame T and a sound signal included in the sub-frame T-t by using the following expression 1 (OP3). Hereinafter,
the correlation coefficient r(t) between the sound signal included in the sub-frame T and the sound signal included in
the sub-frame T-t is referred to as the "the correlation coefficient r(t) between the sub-frame T and the sub-frame T-t."

N—I(P’r(i)_P )Z( r r T—t)

()= = =0 - (t=1,2..K) -+« Expressionl

Sleo-z )’\/z )T

7=

r#(t): The correlation coefficient between the sound signal in the sub-frame T and the sound signal in the sub-frame T-t
P+(i) Power of an i-th frequency in the sub-frame T
P+ : An average of power of each frequency in the sub-frame T

N : The total number of frequency bands
K : The number of sub-frames with which correlations are calculated (1 <K< T)

The signal duration calculating unit 131 determines whether or not a calculated value of the correlation coefficient r(t)
between the sub-frame T and the sub-frame T-t is equal to or greater than a predetermined threshold value (OP4). For
example, the predetermined threshold value is 0.7.

[0059] If the calculated value of the correlation coefficient ri(t) between the sub-frame T and the sub-frame T-tis equal
to or greater than the threshold value (OP4: Yes), the sound signal included in the sub-frame T and the sound signal
included in the sub-frame T-t are deemed to be the same sound signal. That is, if the value of the correlation coefficient
r(t) between the sub-frame T and the sub-frame T-t is equal to or greater than the threshold value, it is indicated that
the sound signal continues from the sub-frame T-t to the sub-frame T.

[0060] If the value of the correlation coefficient r(t) between the sub-frame T and the sub-frame T-t is equal to or
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greater than the threshold value (OP4: Yes), then the signal duration calculating unit 131 determines whether or not t
is smaller than the variable T (OP5). That is, the signal duration calculating unit 131 determines whether or not there is
a sub-frame T-t, which is previous to the sub-frame T.

[0061] If the variable tis smaller than the variable T (OP5: Yes), it is indicated that there is, prior to the sub-frame T,
a sub-frame T-t whose correlation coefficient r(t) with respect to the sub-frame T has not been determined. That is, it
is indicated that a process for determining the correlation coefficient ry(t) with respect to the sub-frame T is continuing.
[0062] If the variable t is smaller than the variable T (OP5: Yes), the signal duration calculating unit 131 sets the
variable t to t+1 (OP6).

[0063] If the variable t is equal to or greater than the variable T (OP5: No), it is indicated that for all the sub-frames
previous to the sub-frame T, correlation coefficients r(t) with respect to the sub-frame T have been determined. That
is, it is indicated that for the sub-frame T, the process for determining the correlation coefficients ri(t) ends. Then, the
processing proceeds to OP9 and a process for determining a correlation coefficient r(t) with respect to a sub-frame
T+1 next to the sub-frame T starts.

[0064] If the calculated value of the correlation coefficient rq(t) between the sub-frame T and the sub-frame T-t is
smaller than the threshold value (OP4: No), the sound signal included in the sub-frame T and the sound signal included
in the sub-frame T-t are deemed to be different sound signals. If the calculated value of the correlation coefficient r(t)
between the sub-frame T and the sub-frame T-t is smaller than the threshold value, the signal duration calculating unit
131 ends the process for determining the correlation coefficients r(t) between the sub-frame T and the sub-frames
previous to the sub-frame T.

[0065] The signal duration calculating unit 131 sets a boundary between a sub-frame T-t and a sub-frame T-t+1 as a
boundary of a continuing interval of a sound signal (OP7). Hereinafter, the continuing interval of a sound signal is also
simply referred to as the "interval."

[0066] The signal duration calculating unit 131 then determines whether or not the variable T is smaller than M-1
(OP8). That is, the signal duration calculating unit 131 determines whether or not for all the sub-frames T included in
the sound frame, the process for determining correlation coefficients ri(t) between the sub-frames T and the sub-frames
T-t previous to the sub-frames T has ended.

[0067] If the variable T is smaller than M-1 (OP8: Yes), it is indicated that for all the sub-frames T included in the sound
frame, a process for determining the correlation coefficients ri(t) between the sub-frames T and the sub-frames T-t
previous to the sub-frame T has not ended. If the variable T is smaller than M-1, the signal duration calculating unit 131
sets the variable T to T+1 (OP9). Then, the processing returns to OP2, and for a next sub-frame T, a process for
determining correlation coefficients ry(t) between the sub-frame T and the sub-frames previous to the sub-frame T is
performed.

[0068] If the variable T is equal to or greater than M-1 (OP8. No), it is indicated that for all the sub-frames T included
in the sound frame, the process for determining the correlation coefficients r(t) between the sub-frames T and the sub-
frames T-t previous to the sub-frames T has ended. The signal duration calculating unit 131 determines, based on the
boundaries of the intervals determined in OP7, intervals in which sound signals continue, and calculates duration of the
sound signal included in each interval (OP10). The signal duration calculating unit 131 counts the number of sub-frames
included in each interval and calculates duration of the sound signal in each interval. For example, assuming that a time
length of a sound frame is two seconds and a time length of a sub-frame is 20 milliseconds, which is one-hundredth of
the sound frame, if one interval includes five sub-frames, duration of a sound signal in the interval is calculated as 0.1
seconds.

[0069] FIG. 8 illustrates diagrams depicting the sound signal duration calculating processing in FIG. 7. In FIG. 8, a
first sub-frame in a sound frame is indicated as sub-frame 0, and along a temporal axis, following sub-frames are indicated
as sub-frame 1, sub-frame 2, and so on. In the example illustrated in FIG. 8, sub-frame 0 to sub-frame 17 of the sound
frame are seen.

[0070] Inthe example illustrated in FIG. 8, it is assumed that a characteristic sound is included in sub-frame 8 through
sub-frame 13. Further, a table T1 indicates an example of a result obtained by performing the processing illustrated in
FIG. 7 on the sound signal illustrated in FIG. 8. That is, the table T1 indicates a part of the result obtained by performing
the processing for determining correlation coefficients r(t) between sub-frames T and sub-frames T-t previous to the
sub-frame T by t for all the sub-frames T included in the sound frame including the sound signal of the graph G1. In the
table T1 the leftmost column represents values of the variables T indicating sub-frames, and the top row represents
values of the sub-frames T-t, previous to the sub-frame T by t. Values in coordinates (T, T-t) of the table T1 represent
values of the correlation coefficients r(t) between the sub-frames T and the sub-frames T-t, previous to the sub-frames
Tbyt.

[0071] For example, the table T1 is created in the following manner in accordance with the flow illustrated in FIG. 7.
[0072] First, the signal duration calculating unit 131 sets T to 1 and tto 1 (FIG. 7: OP1 and OP2). The signal duration
calculating unit 131 determines a correlation coefficient r(t) between sub-frame 1 and sub-frame 0 (FIG. 7: OP3). The
signal duration calculating unit 131 records a value of the correlation coefficient r(t) between sub-frame 1 and sub-
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frame 0 on the coordinates (1, 0) of the table T1. If the value of the correlation coefficient ry(t) between sub-frame 1 and
sub-frame 0 is equal to or greater than 0.7 being a predetermined threshold value (FIG. 7: OP4, Yes), the signal duration
calculate unit 131 determines whether or not t is smaller than T (FIG. 7: OP5). Since t=1 and T=1, that is, t is equal to
T (FIG. 7: OP5, No), the signal duration calculating unit 131 sets T to T+1=1+1=2 (FIG. 7: OP9). The signal duration
calculating unit 131 then sets t to 1 (FIG. 7: OP2), and determines a correlation coefficient r(t) between sub-frame 2
and sub-frame 1 (FIG. 7: OP3).

[0073] Thereafter, the signal duration calculating unit 131 performs the processes of OP2 to OP9 in FIG. 7 to provide
the table T1 illustrated in FIG. 8.

[0074] In the process in OP10 of FIG. 7, for all the sub-frames T included in the sound frame, if the correlation
coefficients r(t) between the sub-frames T and the sub-frames T-t previous to the sub-frames T are calculated, the
signal duration calculating unit 131 determines a continuing interval of a sound signal. In the example illustrated in FIG.
8, a boundary of the continuing interval of the sound signal is determined between coordinates smaller than "0.7" and
coordinates equal to or greater than "0.7" in the table T1. The signal duration calculating unit 131 detects an interval A
including sub-frame 8 through sub-frame 13 and an interval B including sub-frame 16 and sub-frame 17.

[0075] The signal duration calculating unit 131 calculates duration of the sound signal in each of the interval A and
the interval B. In the example illustrated in FIG. 8, it is assumed that a time length of the sub-frame is 0.02 seconds.
Therefore, in the example illustrated in FIG. 8, the duration of the interval A is 0.12 seconds (0.02 seconds x 6). The
duration of the interval B is 0.04 seconds (0.02 seconds x 2).

[0076] The signal duration calculating unit 131 outputs a continuing interval of each sound signal included in the sound
frame and the duration of the sound signal in the continuing interval of the sound signal to the frequency characteristics
comparing unit 132.

[0077] The frequency characteristics comparing unit 132 obtains power spectrums of all the sub-frames of one frame,
a continuing interval of a sound signal included in the sound frame, and duration of the continuing interval of each sound
signal as input. The frequency characteristics comparing unit 132 extracts from the sound frame only a continuing interval
of a sound signal, duration of which is equal to or greater than a predetermined value. The "duration of the sound signal
is equal to or greater than a predetermined value" means that, for example, duration of a sound signal included in a
sound frame is 0.1 seconds or longer because a value of duration of a sound signal of the characteristic sound C is 0.1
to 0.3 seconds.

[0078] The frequency characteristics comparing unit 132 calculates an average power spectrum in the extracted
interval. The frequency characteristics comparing unit 132 separates the sound signal in the extracted interval into an
envelope part and a fine structure part by using a known method such as cepstrum analysis from the average power
spectrum of the extracted interval. The frequency characteristics comparing unit 132 calculates a power spectrum of
the separated envelope part. The frequency characteristics comparing unit 132 counts the number of local maximum
values (peaks) of the power spectrum of the envelope part and defines the number as the number of formants. At this
time, minute peaks may be excluded from the number of formants.

[0079] The frequency characteristics comparing unit 132 calculates variance of a power spectrum of the fine structure
of the sound signal in the extracted interval by using the following expression 2.

S? :%%{5-(}(;)}2 : o Exréssion 2

S : A value of variance

N : The total number of frequency bands

G:An average value of fine structure power spectrums
G(i) : A fine structure power spectrum of an i-th frequency

In the foregoing manner, the frequency characteristics comparing unit 132 calculates the number of formants and a
value of variance of a fine structure power spectrum for each interval in which duration of a sound signal included in a
sound frame is equal to or greater than a predetermined value.

[0080] For example, in the case of the sound signal as illustrated in FIG. 8, since the duration of the interval A is 0.12
seconds and the duration of the interval B is 0.04 seconds, only the duration of the interval A is equal to or greater than
apredetermined value (e.g., 0.1 seconds). Therefore, in the case of the sound signal as illustrated in FIG. 8, the frequency
characteristics comparing unit 132 extracts the interval A. The frequency characteristics comparing unit 132 calculates
the number of formants and a value of variance of a fine structure power spectrum of a sound signal included in the
extracted interval A.

[0081] The frequency characteristics comparing unit 132 compares the number of formants and the value of the
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variance of the fine structure power spectrum of the sound signal in each extracted interval, with a range of the comparison
values of the number of formants and the variance of the fine structure power spectrum in each of the characteristic
sounds A to C and the breath sound. Hereinafter, the number of formants and a value of variance of a fine structure
power spectrum of a sound signal included in an interval are referred to as the "sleep state determination parameters."
[0082] If values of the sleep state determination parameters in the extracted interval are within the range of the
comparison values of the sleep state determination parameters of the characteristic sounds A to C, the frequency
characteristics comparing unit 132 detects the fact that the interval includes a characteristic sound. The fact that the
interval includes a characteristic sound means that a sound frame having the interval includes a characteristic sound.
A state in which a sound frame includes a characteristic sound is referred to as the "breathing restored state," where
the subject transitions from the respiratory arrest state to the breathing state. That is, if at least one of extracted intervals
includes a characteristic sound, the frequency characteristics comparing unit 132 determines the sleep state of the sound
frame as the "breathing restored state."

[0083] If the values of the sleep state determination parameters in the extracted interval are within a range of the
comparison values of the sleep state determination parameters of the breath sound, the frequency characteristics com-
paring unit 132 detects the fact that the interval includes a breath sound.

[0084] If any one of the extracted intervals does not include a characteristic sound and at least one of the extracted
intervals includes a breath sound, the frequency characteristics comparing unit 132 determines the sleep state of the
sound frame as the "state with breathing."

[0085] If any one of the extracted intervals does not include either of a characteristic sound and a breath sound, the
frequency characteristics comparing unit 132 detects the fact that the sound frame does not include either of a charac-
teristic sound and a breath sound. If the sound frame does not include either of a characteristic sound and a breath
sound, it is presumed that the subject is in a respiratory arrest state. The state in which it is presumed that the subject
is inarespiratory arrest state is defined as the "state without breathing." Thatis, if any value of the sleep state determination
parameters of the extracted intervals is not within a range of the comparison values of the sleep state determination
parameters of any one of the characteristic sounds A to C and the breath sound, the frequency characteristics comparing
unit 132 determines the sleep state of the sound frame as the "state without breathing."

[0086] Forexample, in the case of the sound signal in the example illustrated in FIG. 8, since the fact that the interval
A includes a characteristic sound is detected, the sleep state of the sound signal in the example illustrated in FIG. 8 is
determined as the "breathing restored state."

[0087] The frequency characteristics comparing unit 132 outputs any one of the "breathing restored state," the "state
with breathing," and the "state without breathing" to the apnea determining unit 14 as a determination result of the sleep
state of the sound frame.

[0088] FIG. 9 is a diagram depicting an example of a flow of processing for determining the sleep state of a sound
frame, performed by the frequency characteristics comparing unit 132.

[0089] When the frequency characteristics comparing unit 132 receives power spectrums of all the sub-frames of one
frame, a continuing interval of a sound signal included in the sound frame, and duration of the continuing interval of each
sound signal, the frequency characteristics comparing unit 132 starts the processing for determining the sleep state of
the sound frame.

[0090] The frequency characteristics comparing unit 132 determines whether or not the sound frame includes an
interval in which the duration of the sound signal is equal to or greater than a predetermined value (OP12). For example,
the frequency characteristics comparing unit 132 determines whether or not the duration of the sound signal is 0.1
seconds or longer for each interval included in the sound frame.

[0091] If the interval in which the duration of the sound signal is equal to or greater than a predetermined value is
included in the sound frame (OP12: Yes), the frequency characteristics comparing unit 132 extracts the interval in which
the duration of the sound signal is equal to or greater than the predetermined value. The frequency characteristics
comparing unit 132 calculates frequency characteristics of the sound signal in the duration for each extracted interval
(OP13). The calculated frequency characteristics are the number of formants, variance of a fine structure power spectrum,
and the like. The frequency characteristics are calculated based on power spectrums of sub-frames included in each
interval.

[0092] The frequency characteristics comparing unit 132 compares the values of the frequency characteristics of the
sound signal in each extracted interval, with a range of the comparison values of the frequency characteristics of the
characteristic sounds A to C, stored in the storage unit 133, and determines whether or not any one of the extracted
intervals includes a characteristic sound (OP14).

[0093] Ifatleastone ofthe extractedintervalsincludes acharacteristic sound (OP14: Yes), the frequency characteristics
comparing unit 132 determines the sleep state of the sound frame as the "breathing restored state" (OP16). The frequency
characteristics comparing unit 132 outputs the "breathing restored state" as the sleep state of the sound frame, and then
ends the processing for determining the sleep state of the sound frame.

[0094] If any one of the extracted intervals does not include a characteristic sound (OP14: No), the frequency char-
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acteristics comparing unit 132 determines whether or not at least one of the extracted intervals includes a breath sound
(OP15).

[0095] If at least one of the extracted intervals includes a breath sound (OP15; Yes), the frequency characteristics
comparing unit 132 determines the sleep state of the sound frame as the "state with breathing" (OP17). The frequency
characteristics comparing unit 132 outputs the "state with breathing" as the sleep state of the sound frame, and then
ends the processing for determining the sleep state of the sound frame.

[0096] If a sound frame does not include an interval in which duration of the sound signal is equal to or greater than
a predetermined value (OP12: No), the frequency characteristics comparing unit 132 determines the sleep state of the
sound frame as the "state without breathing" (OP18). Further, if any one of the extracted intervals does not include either
of a characteristic sound and a breath sound (OP15; No), the frequency characteristics comparing unit 132 determines
the sleep state of the sound frame as the "state without breathing" (OP18). The frequency characteristics comparing
unit 132 outputs the "state without breathing" as the sleep state of the sound frame, and then ends the processing for
determining the sleep state of the sound frame.

<<A configuration example of the apnea determining unit>>

[0097] The apnea determining unit 14 obtains any one of the "state with breathing," the "state without breathing," and
the "breathing restored state," which are the sleep states of the sound frame, as input. The apnea determining unit 14
detects an apneic state of the subject based on a history of the sleep states of the sound frame.

[0098] FIG. 10is adiagram depicting a configuration example of the apnea determining unit 14. The apnea determining
unit 14 includes a state transition examining unit 141, a delay element 142, and state memory 143.

[0099] The inputsleep state of the sound frame is input to the state transition examining unit 141 and the delay element
142. The delay element 142 stores the sleep state of the sound frame into the state memory 143 after a delay of one-
frame processing. That is, when the sleep state of the sound frame is input, the delay element 142 temporarily holds
the sleep state, and when a sleep state of a next sound frame is input, the delay element 142 stores the sleep state of
the preceding sound frame into the state memory 143.

[0100] In the state memory 143, the sleep states of the sound frames are stored in chronological order. In the state
memory 143, for example, a history of the sleep states of a few minutes of the sound frame is stored in reverse chron-
ological order from a current sound frame.

[0101] The state transition examining unit 141 obtains the sleep state of the sound frame as input. If the sleep state
of the sound frame is the "breathing restored state," the state transition examining unit 141 examines in reverse chron-
ological order the history of the sleep states of the sound frame stored in the state memory 143.

[0102] FIG. 11 is a graph depicting an example of breathing of a patient of sleep apnea syndrome during sleep. The
patient of sleep apnea syndrome, during sleep, transitions from a breathing state to a respiratory arrest state. After a
predetermined duration (e.g., about ten seconds to two minutes) with the respiratory arrest state has passed, a charac-
teristic sound occurs, and the patient of sleep apnea syndrome starts breathing. That is, in the patient of sleep apnea
syndrome during sleep, after the "state with breathing," the "state without breathing" continues for a predetermined
duration, and then the patient transitions to the "breathing restored state."

[0103] The state transition examining unit 141 detects the apneic state of the subject by employing the fact that the
sleep state of the patient of sleep apnea syndrome transitions from the "state with breathing," through a predetermined
duration of the "state without breathing," to the "breathing restored state" in this order. That is, if the sleep state of the
sound frame is the "breathing restored state," the state transition examining unit 141 examines the history of the sleep
states of the sound frame, stored in the state memory 143. The state transition examining unit 141 examines whether
or not the "state without breathing" continues for a predetermined duration before a current sound frame and the "state
with breathing" exists before the "state without breathing." As a result of the examination, if the sleep state of the subject
transitions from the "state with breathing," through a predetermined duration of the "state without breathing," to the
"breathing restored state" in this order, the state transition examining unit 141 detects the fact that the subject is in an
apneic state.

[0104] If the sleep state of the sound frame is the "state with breathing" and the "state without breathing," the state
transition examining unit 141 ends the processing. The state transition examining unit 141 outputs the detection result
of the apneic state to the output unit 15.

[0105] FIG. 12is a diagram depicting a flow of an example of the apneic state detecting processing performed by the
state transition examining unit 141 of the apnea determining unit 14. When the sleep state of the current sound frame
is input from the sleep state determining unit 13, the state transition examining unit 141 starts the apneic state determi-
nation processing.

[0106] The state transition examining unit 141 determines whether or not the sleep state of the current sound frame
is the "breathing restored state" (OP21).

[0107] If the sleep state of the current sound frame is not the "breathing restored state" (OP21: No), that is, if the sleep
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state of the current sound frame is the "state without breathing" or the "state with breathing," the state transition examining
unit 141 ends the apneic state determination processing.

[0108] If the sleep state of the current sound frame is the "breathing restored state" (OP21: Yes), the state transition
examining unit 141 examines in reverse chronological order the history of the sleep states of the sound frame stored in
the state memory 143.

[0109] The state transition examining unit 141 examines in reverse chronological order the history of the sleep states
of the sound frame and examines whether or not the "state without breathing" continues for a certain duration before
the current sound frame (OP22) . If the state without breathing continues for ten seconds or longer, the state is determined
as an apneic state. However, if a state in which the subject is not breathing continues for a few minutes or longer, a
sound pickup microphone may face in a direction opposite to the subject. Therefore, the state transition examining unit
141 examines whether or not the "state without breathing" is continuing for ten seconds or longer and less than two
minutes, for example. It should be noted that duration of the "state without breathing" can be detected with the number
of continuous sound frames in which the sleep state is the "state without breathing." For example, in the case where
one sound frame is two seconds, if the number of continuous sound frames in which the sleep state is the "state without
breathing" is five or more, the fact that the "state without breathing" is continuing for ten seconds or longer is detected.
[0110] If the "state without breathing" does not continue for a predetermined duration (OP22: No), the subject may
just have produced the characteristic sound, so that it may not be determined that the subject is in an apneic state.
Therefore, the state transition examining unit 141 ends the apneic state determination processing.

[0111] Ifthe "state withoutbreathing" continues for a predetermined duration (OP22: Yes), the state transition examining
unit 141 examines whether or not the "state with breathing" exists before the "state without breathing" (OP23). If the
"state with breathing" does not exist before the "state without breathing" (OP23: No), since it may not be determined
that the subject is in an apneic state, the state transition examining unit 141 ends the apneic state determination process-
ing.

[0112] Ifthe "state with breathing" exists before the "state without breathing" (OP23: Yes), the state transition examining
unit 141 detects the fact that the subject is in an apneic state (OP24). The state transition examining unit 141 outputs
an apneic state detection result to the output unit 15 and ends the apneic state detecting processing.

<<An operation example of the sleep apnea syndrome testing apparatus>>

[0113] FIG. 13 is a diagram depicting a flow of an example of sleep apnea syndrome testing processing performed
by the testing apparatus 1.

[0114] When the subject 3 (FIG. 2) goes to sleep, the subject 3 turns on the testing apparatus 1, thereby starting a
test for sleep apnea syndrome. The subject 3 orients the microphone 2 (FIG. 2) toward a direction in which a breath
sound and a voice produced by the subject 3 and a body movement sound of the subject can be accurately collected.
For example, the microphone 2 is installed above the sleeping subject 3. Thereafter, the subject 3 goes to sleep.
[0115] When the testing apparatus 1 receives from the subject 3 an operation to start a test for sleep apnea syndrome,
the testing apparatus 1 starts the sleep apnea syndrome testing processing.

[0116] The input unit 11 of the testing apparatus 1 receives an input of a sound signal from the microphone 2 (OP31).
The sound signal is converted into a sound frame through the analog-digital converter 17 (FIG. 2) and the buffer 18
(FIG. 2), and then input to the sub-frame dividing unit 121 of the sound analyzing unit 12.

[0117] When the sound frame is input, the sub-frame dividing unit 121 divides the sound frame into sub-frames (OP32).
The sub-frame dividing unit 121 outputs the sound frame, which is divided into the sub-frames, to the time/frequency
converting unit 122.

[0118] When the sound frame, which is divided into the sub-frames, is input, the time/frequency converting unit 122
of the sound analyzing unit 12 Fourier transforms the sound signal included in the sound frame into a sound signal in a
frequency domain. The time/frequency converting unit 122 outputs the sound frame converted into the sound signal in
the frequency domain to the power spectrum calculating unit 123. When the power spectrum calculating unit 123 receives
the sound frame converted into the sound signal in the frequency domain, the power spectrum calculating unit 123
calculates a power spectrum as a feature amount for each sub-frame included in the sound frame (OP33). The power
spectrum calculating unit 123 outputs power spectrums of all the sub-frames included in the calculated sound frame to
the sleep state determining unit 13.

[0119] When the power spectrums of all the sub-frames included in the sound frame are input, the sleep state deter-
mining unit 13 performs, for example, the sound signal duration calculating processing illustrated in FIG. 7 and the sleep
state determining processing illustrated in FIG. 9, thereby determining the sleep state of the sound frame (OP34). The
sleep state determining unit 13 outputs the determined sleep state of the sound frame to the apnea determining unit 14.
[0120] When the sleep state of the sound frame is input, the apnea determining unit 14, performs, for example, the
apneic state detecting processing illustrated in FIG. 12, thereby detecting the apneic state of the subject from the history
of the sleep states of the sound frame (OP35). The apnea determining unit 14 outputs a detection result of the apneic
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state of the subject to the output unit 15 (FIG. 2).

[0121] The output unit 15 outputs the detection result of the apneic state to at least one of the network 5, the display
6, the speaker 7, and the secondary storage 8.

[0122] The testing apparatus 1 determines whether or not the subject 3 performs an operation to end the test for sleep
apnea syndrome (OP36). If the subject 3 does not perform the operation to end the test for sleep apnea syndrome
(OP36: No), the processing returns to OP31. That is, while the subject 3 is sleeping, the processes of OP31 through
OP35 are repeated.

[0123] When the subject 3 wakes up and operates the testing apparatus 1 to perform the operation to end the test for
sleep apnea syndrome, the testing apparatus 1 senses the ending operation (OP36: Yes), and the test for sleep apnea
syndrome is ended.

<<Effects of the first embodiment>>

[0124] The sleep apnea syndrome testing apparatus 1 of the first embodiment detects an apneic state of a subject
using a characteristic sound produced when a patient of sleep apnea syndrome transitions from an apneic state to a
breathing state. That is, a sound from the subject during sleep is analyzed, and it is determined whether or not the subject
is in an apneic state depending upon whether the sound includes a characteristic sound. Therefore, without equipping
a subject with a device, a simple test for sleep apnea syndrome can be implemented using sound. Furthermore, because
a determination is made using frequency characteristics obtained by analyzing sound, false detection of an apneic state
can be prevented from occurring as compared with a determination that is based on only sound volume, resulting in the
improved accuracy of detecting an apneic state.

[0125] Further, the testing apparatus 1 determines whether or not the sound signal included in the sound frame is a
characteristic sound or a breath sound, and determines the sleep state of the sound frame as any one of the "state with
breathing," the "state without breathing," and the "breathing restored state." If the sleep state of the sound frame is
determined as the "breathing restored state," the testing apparatus 1 examines the history of the sleep states of the
sound frame to determine whether or not the sleep state transitions from the "state with breathing," through a predeter-
mined duration of the state "without breathing," to the "breathing restored state" in this order. If the sleep state of the
sound frame transitions from the "state with breathing," through a predetermined duration of the "state without breathing,"
to the "breathing restored state" in this order, the testing apparatus 1 detects the fact that the subject is in an apneic
state. Thus, false detection of an apneic state due to false detection of a characteristic sound or the like can be prevented
from occurring, resulting in the improved accuracy of detecting an apneic state.

[0126] For a subject, a test for sleep apnea syndrome can simply be performed using the testing apparatus 1. The
subject can be informed of his/her apneic state during sleep by a test result of sleep apnea syndrome from the testing
apparatus 1, and if the subject is suspected of having sleep apnea syndrome, the subject can decide to undergo a close
examination in a specialized agency.

«A modified example of the first embodiment»

[0127] The sleep state determining unit 13 and the apnea determining unit 14 of the testing apparatus 1 of the first
embodiment may be conFIG.d as follows. If it is detected that a sound frame includes a characteristic sound, the sleep
state determining unit 13 outputs to the apnea determining unit 14 a detection result indicating that the characteristic
sound has been detected. If the detection result indicating that the characteristic sound has been detected is input from
the sleep state determining unit 13, the apnea determining unit 14 detects the fact that the sleep state of the subject is
anapneic state. The apnea determining unit 14 outputs the detection result of the apneic state to the output unit 15 (FIG. 2).
[0128] Further, the signal duration calculating unit 131 of the testing apparatus 1 of the first embodiment has determined
the continuing interval of the sound signal as described in the examples illustrated in FIG. 7 and FIG. 8. Instead, the
signal duration calculating unit 131 may predetermine the number of sub-frames T-t, previous to a reference sub-frame
T, correlation coefficients between which are determined. The number w of previous sub-frames with the reference sub-
frame T is referred to as the window size. When the signal duration calculating unit 131 determines a correlation coefficient
between each of sub-frames included in a window and a reference sub-frame, the signal duration calculating unit 131
shifts the window, and now determines a correlation coefficient with respect to a next reference sub-frame T-1. For
example, if a window size w is 2, when the signal duration calculating unit 131 determines a correlation coefficient
between a reference sub-frame T and a preceding sub-frame T-1, the signal duration calculating unit 131 shifts the
window, and now sets a reference sub-frame to the sub-frame T-1. The signal duration calculating unit 131 determines
a correlation coefficient between the reference sub-frame T-1 and a sub-frame T-2 included in the window. Furthermore,
the signal duration calculating unit 131 shifts the window, sets areference to a sub-frame T-2, and determines a correlation
coefficient between the sub-frame T-2 and a sub-frame T-3 included in the window. In this manner, the signal duration
calculating unit 131 shifts in reverse chronological order the window to gradually shift a reference sub-frame, and de-
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termines correlation coefficients. If the correlation coefficient is smaller than the threshold value, a sound signal in a
present reference sub-frame T and a sound signal in a sub-frame T-t are deemed to be different sound signals. The
signal duration calculating unit 131 determines a boundary between a sub-frame T-t and a sub-frame T-t+1 as a boundary
of a continuing interval of the sound signal.

<Second embodiment>

[0129] Because a sleep apnea syndrome testing apparatus of a second embodiment has a configuration common to
the configuration of the testing apparatus 1 of the first embodiment, only different points will be described. In the sleep
apnea syndrome testing apparatus of the second embodiment, a sleep state determining unit has a configuration different
from that of the sleep state determining unit 13 of the testing apparatus 1 of the first embodiment.

[0130] FIG. 14 is a diagram depicting a configuration example of the sleep state determining unit 13b of the testing
apparatus of the second embodiment. The sleep state determining unit 13b of the second embodiment includes a signal
duration calculating unit 131b, a frequency characteristics comparing unit 132b, a storage unit 133, a delay element
134, and a power spectrum storage unit 135.

[0131] When the sleep state determining unit 13b receives power spectrums of all sub-frames included in a sound
frame, the power spectrums of all the sub-frames included in the sound frame are input in the delay element 134, the
signal duration calculating unit 131b, and the frequency characteristics comparing unit 132b. When power spectrums
of all sub-frames included in one sound frame are input, the delay element 134 stores the power spectrums of all the
sub-frames included in one sound frame into the power spectrum storage unit 135 after a delay of one-frame processing.
[0132] The power spectrum storage unit 135 stores therein power spectrums of all sub-frames included in a prede-
termined time of a sound frame.

[0133] The signal duration calculating unit 131b obtains power spectrums of all sub-frames included in one sound
frame as input. The signal duration calculating unit 131b calculates, based on the power spectrums of all the sub-frames
includedinone sound frame, a continuing interval and duration of the sound signal included in the sound frame. Processing
for calculating duration of a sound signal included in a sound frame may be the same as the processing described with
regard to the signal duration calculating unit 131 of the first embodiment.

[0134] The signal duration calculating unit 131b determines a correlation coefficient rr(t) between a sub-frame T and
a sub-frame T-t, previous to the sub-frame T by t, by using the expression 1, for example. At this time, in the signal
duration calculating unit 131 of the first embodiment, an initial value of the variable T, indicating a sub-frame number,
has been 1. In the signal duration calculating unit 131b of the second embodiment, an initial value of the variable T,
indicating a sub-frame number, is 0.

[0135] FIG. 15is adiagram depicting an example of a flow of the sound signal duration calculating processing performed
by the signal duration calculating unit 131b. In FIG. 15, a first sub-frame included in a sound frame F being processed
(F being a natural number including 0) is expressed as a sub-frame (F, 0). A (T+1)-th sub-frame from the first sub-frame,
included in the sound frame F, is expressed as a sub-frame (F, T).

[0136] When the signal duration calculating unit 131b receives the power spectrums of all the sub-frames included in
the sound frame from the sound analyzing unit 12, the signal duration calculating unit 131b starts the sound signal
duration calculating processing.

[0137] The signal duration calculating unit 131b sets an initial value of a variable T indicating a sub-frame to 0 (OP41).
A range of the variable T, indicating sub-frames, is 0<T<M-1 (M being the number of sub-frames included in one frame).
[0138] Next, the signal duration calculating unit 131b sets an initial value of a variable t indicating the number of sub-
frames previous to the sub-frame T, to 1 (OP42). A range of the variable t is 1<t.

[0139] The signal duration calculating unit 131b determines whether or not T-t is smaller than 0 (OP43).

[0140] If T-tis smaller than 0 (OP43: Yes), a sub-frame previous to the sub-frame (F, T) by t represents a sub-frame
included in a sound frame F-1 just before the sound frame F. Therefore, if T-t is smaller than 0 (OP43: Yes), the signal
duration calculating unit 131b determines a correlation coefficient ry(t) between the sub-frame (F, T) included in the
sound frame F and the sub-frame (F-1, M+T-t) included in the sound frame F-1 (OP44). The signal duration calculating
unit 131b reads out from the power spectrum storage unit 135 a power spectrum value of the sub-frame (F-1, M+T-t)
included in the sound frame F-1 just before the sound frame F, and determines the correlation coefficient r(t) using the
expression 1.

[0141] If T-tis equal to or greater than 0 (OP43: No), a sub-frame previous to the sub-frame (F, T) by t is included in
the sound frame F. Therefore, the signal duration calculating unit 131b determines a correlation coefficient r(t) between
the sub-frame (F, T) and the sub-frame (F, T-t) previous to the sub-frame (F, T) by t (OP45). The signal duration calculating
unit 131b determines the correlation coefficient r(t) using the expression 1.

[0142] The signal duration calculating unit 131b determines whether or not a calculated value of the correlation coef-
ficient r(t) is equal to or greater than a predetermined threshold value (OP46). For example, the predetermined threshold
value is 0.7.
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[0143] If the calculated value of the correlation coefficient ry(t) is equal to or greater than the threshold value (OP46:
Yes), the sound signal included in the sub-frame (F, T) and the sound signal included in the sub-frame (F, T-t) are
deemed to be the same sound signal. Alternatively, if the calculated value of the correlation coefficient r(t) is equal to
or greater than the threshold value (OP46: Yes), the sound signal included in the sub-frame (F, T) and the sound signal
included in the sub-frame (F-1, M+T-t) are deemed to be the same sound signal. Therefore, if the calculated value of
the correlation coefficient r(t) is equal to or greater than the threshold value, then the signal duration calculating unit
131b determines a correlation coefficient ri(t) between the sub-frame (F, T) and a preceding sub-frame of the sub-frame
(F-1, M+T-t). That is, the signal duration calculating unit 131b sets the variable t to t+1 (OP47). Then, the processing
returns to OP43, and a correlation coefficient r(t) between the sub-frame (F, T) and the sub-frame (F-1, M+T-t) is
determined.

[0144] If the calculated value of the correlation coefficient ry(t) is smaller than the threshold value (OP46: No), the
sound signal included in the sub-frame (F, T) and the sound signal included in the sub-frame (F, T-t) are deemed to be
different sound signals. Alternatively,

if the calculated value of the correlation coefficient r(t) is smaller than the threshold value (OP46: No), the sound signal
included in the sub-frame (F, T) and the sound signal included in the sub-frame (F-1, M+T-t) are deemed to be different
sound signals. If the calculated value of the correlation coefficient r(t) is smaller than the threshold value (OP46: No),
the signal duration calculating unit 131b ends the processing for determining the correlation coefficient ry(t) between
the sub-frame (F, T) and the sub-frame previous to the sub-frame (F, T) by t.

[0145] If the calculated value of the correlation coefficient r4(t) is smaller than the threshold value (OP46: No), the
signal duration calculating unit 131b determines a boundary between the sub-frame (F, T-t) and a following sub-frame
as a boundary of a continuing interval of the sound signal (OP48). Alternatively, the signal duration calculating unit 131b
determines a boundary between the sub-frame (F-1, M+T-t) and a following sub-frame as a boundary of a continuing
interval of the sound signal (OP48).

[0146] Next, the signal duration calculating unit 131b determines whether or not the variable T is smaller than M-1
(OP49). That is, the signal duration calculating unit 131b determines whether or not the processing for determining the
correlation coefficients r(t) between all the sub-frames (F, T) included in the sound frame F and the sub-frames previous
to the sub-frames (F, T) by t has been ended.

[0147] Ifthe variable T is smaller than M-1 (OP49: Yes), itis indicated that the processing for determining the correlation
coefficients ry(t) between all the sub-frames (F, T) included in the sound frame F and the sub-frames previous to the
sub-frames (F, T) by t has not been ended. In order to determine correlation coefficients r(t) between sub-frames (F,
T+1) next to the sub-frames (F, T) and sub-frames previous to the sub-frames (F, T+1) by t, the signal duration calculating
unit 131b sets the variable T to T+1 (OP50). Then, the processing returns to OP42.

[0148] If the variable T is equal to or greater than M-1 (OP49: No), it is indicated that the processing for determining
the correlation coefficients rr(t) between all the sub-frames (F, T) included in the sound frame F and the sub-frames
previous to the sub-frames (F, T) by t has been ended. The signal duration calculating unit 131b determines, based on
the boundaries of the intervals determined in OP48, intervals in which sound signals continue, and calculates duration
of the sound signal included in each interval (OP51). The signal duration calculating unit 131b counts the number of the
sub-frames included in each interval and calculates duration of the sound signal in each interval.

[0149] IntheexampleillustratedinFIG. 15, the signal duration calculating unit 131b performs processing for determining
correlation coefficients ry(t) between sub-frames (F, T) and sub-frames previous to the sub-frames (F, T) by t until a
value of the correlation coefficients ry(t) with the sub-frames (F, T) becomes equal to or less than a threshold value.
That s, if a sound signal included in the sub-frame (F, T) extends over the sound frame F-1 just before the sound frame
F, the signal duration calculating unit 131b calculates duration of the sound signal continuing from the preceding sound
frame F-1 to the sound frame F.

[0150] The signal duration calculating unit 131b outputs, to the frequency characteristics comparing unit 132b, an
interval and duration of the sound signal extending to the sound frame F-1, an interval and duration of the other sound
signal included in the sound frame F, and power spectrums of sub-frames of the sound frame F-1 including a sound
signal part extending to the sound frame F-1.

[0151] The frequency characteristics comparing unit 132b obtains power spectrums of all the sub-frames included in
the sound frame F and the interval and the duration of the sound signal included in the sound frame F as input. Further,
if the sound signal included in the sound frame F extends to the sound frame F-1 just before the sound frame F, the
frequency characteristics comparing unit 132b also obtains power spectrums of the sub-frames including the sound
signal part extending to the preceding sound frame F-1 as input. In the same manner as the frequency characteristics
comparing unit 132 of the first embodiment, the frequency characteristics comparing unit 132b extracts an interval in
which duration of the sound signal is equal to or greater than a predetermined value. The frequency characteristics
comparing unit 132b calculates the number of formants and variance of a fine structure power spectrum from the power
spectrums of the sub-frames including the sound signal in the extracted interval. If the sound signal included in the sound
frame F extends to the preceding sound frame F-1, the frequency characteristics comparing unit 132b calculates the
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number of formants and variance of a fine structure power spectrum of the sound signal in the interval including the sub-
frames of the sound frame F-1 to which the sound signal extends.

[0152] The frequency characteristics comparing unit 132b compares the number of formants and the value of the
variance of the fine structure power spectrum of the sound signal included in the extracted interval, with a range of
comparison values of the number of formants and the variance of the fine structure power spectrum of the characteristic
sounds A to C and the breath sound, stored in the storage unit 133. As a result of the comparison, the frequency
characteristics comparing unit 132b determines the sleep state of the sound frame F as any one of the "state with
breathing," the "state without breathing," and the "breathing restored state." That is, the frequency characteristics com-
paring unit 132b performs the sleep state determining processing illustrated in FIG. 9.

[0153] The frequency characteristics comparing unit 132b outputs the sleep state of the current sound frame to the
apnea determining unit 14.

<<Effects of the second embodiment>>

[0154] The sleep state determining unit 13b includes a power spectrum storage unit 135 in which values of power
spectrums of all the sub-frames included in the past sound frames are stored. Thus, the signal duration calculating unit
131b can calculate duration of the sound signal using the power spectrums of the sub-frames included in a sound frame
just before a current sound frame. By using the power spectrums of the sub-frames included in the preceding sound
frame, for example, even if a sound signal extends to the preceding sound frame, the sleep state of the sound frame
can be determined with high accuracy.

[0155] FIG. 16 is a diagram of an example for illustrating effects of the second embodiment. In the example illustrated
in FIG. 16, a sound signal of a characteristic sound is divided into a sound frame F-1 and a sound frame F, adjacent to
each other. The sleep state determining unit 13 of the first embodiment may not calculate duration of the sound signal
using power spectrums of sub-frames included in the preceding sound frame F-1. That is, the sleep state determining
unit 13 of the first embodiment calculates duration, the number of formants, and variance of a fine structure power
spectrum of only a sound signal included in the sound frame F. Therefore, in the example illustrated in FIG. 16, duration
of the sound signal of the characteristic sound included in each of the sound frame F-1 and the sound frame F might be
less than a predetermined value. Further, values of sleep state determination parameters (the number of formants and
variance of a fine structure power spectrum) of the sound signal of the characteristic sound included in each of the sound
frame F-1 and the sound frame F may not be included in a range of comparison values of the number of formants and
variance of a fine structure power spectrum of any one of the characteristic sounds A to C and the breath sound. That
is, in the example illustrated in FIG. 16, the sleep state determining unit 13 of the first embodiment may determine the
sleep states of sound frame F-1 and the sound frame F as the "state without breathing," leading to an error in the sleep
state.

[0156] Further, a sound signal of a breath sound may extend over the sound frame F-1 and the sound frame F. Values
of sleep state determination parameters of the sound signal of the breath sound included in the sound frame F-1 or the
sound frame F may be included in a range of values that may be taken by the sleep state determination parameters of
any one of the characteristic sounds A to C. Therefore, although the breath sound is included in the sound frame F-1
and the sound frame F, the sleep state determining unit 13 of the first embodiment may determine the sleep state of the
sound frame F-1 or the sound frame F as the "breathing restored state," leading to an error in the sleep state.

[0157] The sleep state determining unit 13b of the second embodiment can calculate duration of the sound signal
included in the sound frame F using power spectrums of sub-frames included in the preceding sound frame F-1. Further,
if the sound signal extends to the preceding sound frame F-1, power spectrums of sub-frames of the sound signal
extending to the preceding sound frame F-1 can be used to perform the sleep state determining processing of the sound
frame F. Therefore, the sleep state determining unit 13b of the second embodiment can detect the fact that the sound
frame F in FIG. 16 includes a characteristic sound and determine the sleep state of the sound frame F as the "breathing
restored state." That is, the sleep state determining unit 13b of the second embodiment can reduce errors in the deter-
mination of the sleep state of the sound frame.

<<A modified example of the second embodiment>>

[0158] When duration of the sound signal continuing across two or more sound frames is calculated, instead of the
processing in OP44 in FIG. 15, the signal duration calculating unit 131b may perform the following processing.

[0159] In OP43 of FIG. 15, if T-t is smaller than 0, the signal duration calculating unit 131b calculates a correlation
coefficient r{(t) between the sub-frame (F, T) and the sub-frame (F-n, Mn+T-t) previous to the sub-frame (F, T) by t. That
is, the sub-frame previous to the sub-frame (F, T) by tis included in the sound frame F-n. Here, n is the largest natural
number satisfying the following expression 3, not including 0.
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Thus, even if a sound signal continues from a sub-frame included in the sound frame F-n to a sub-frame (F, T) included
in the sound frame F, duration of the sound signal can be calculated. That is, even if a sound signal continues across
two or more sound frames, duration of the sound signal can be calculated.

<Third embodiment>

[0160] Because a sleep apnea syndrome testing apparatus of a third embodiment has a configuration common to the
configuration of the testing apparatus 1 of the first embodiment, only different points will be described.

[0161] FIG. 17 is a diagram depicting a configuration example of a sleep apnea syndrome testing system. The sleep
apnea syndrome testing system of the third embodiment includes a testing apparatus 1c and a medium driving device
20 connected with the testing apparatus 1c. The testing apparatus 1c of the third embodiment carries out a test for sleep
apnea syndrome from sound data of a subject during sleep, recorded in advance.

[0162] The testing apparatus 1c includes an input unit 11c, a CPU 16, main memory 19, an output unit 15, a buffer
18, and a display 6.

[0163] The input unit 11c is connected with a medium driving device 20 that reads out sound data from a portable
recording medium 21, and sound data stored in the portable recording medium 21 is input by the medium driving device
20. Alternatively, the input unit 11c is connected with a network 10, and sound data is input from a terminal of a subject
via the network 10. At this time, the input sound data has already been converted into a digital signal. The input unit 11c
outputs sound data to the buffer 18.

[0164] The buffer 18, the main memory 19, and the CPU 16 are the same as the components described in the first
embodiment, so that descriptions thereof are omitted. The CPU 16 reads out a sleep apnea syndrome testing program
held in the main memory 19 and acts as the sound analyzing unit 12, the sleep state determining unit 13, and the apnea
determining unit 14. The sound analyzing unit 12, the sleep state determining unit 13, and the apnea determining unit
14 are also the same as the components described in the first embodiment, so that descriptions thereof are omitted.
[0165] The output unit 15 obtains a detection result of an apneic state from the apnea determining unit 14 as input.
The output unit 15 outputs the detection result of the apneic state to the network 5, a printer 30, and the display 6. The
detection result of the apneic state output from the output unit 15 may be displayed on the display 6. The detection result
of the apneic state output from the output unit 15 may be transmitted via the network 5 to the subject terminal. The
detection result of the apneic state output from the output unit 15 may be output to the printer 30 and printed out on a
print medium.

<A hardware configuration of the sleep apnea syndrome testing apparatuses>

[0166] As the testing apparatus 1 of the first embodiment, the testing apparatus of the second embodiment, and the
testing apparatus 1c of the third embodiment (hereinafter, collectively referred to as the "testing apparatus"), information
processing apparatuses (computers) may be adopted. The information processing apparatuses may be general purpose
computers such as personal computers or dedicated purpose computers that carry out a test for sleep apnea syndrome.
Further, the testing apparatuses of the first embodiment and the second embodiment may be portable telephones.
[0167] Thetesting apparatusincludes a processor, main memory, an inputting device, an outputting device, secondary
storage, and an interface device to peripheral devices, such as a communications interface device. The main memory
and the secondary storage are computer readable recording media.

[0168] The testing apparatus can implement a function serving a predetermined purpose by the processor loading a
program stored in a recording medium into a working space of the main memory and executing the program, and the
peripheral devices being controlled through the execution of the program.

[0169] The processor is, for example, a CPU(Central Processing Unit) and a DSP (Digital Signal Processor). The main
memory includes, for example, a ROM (Read Only Memory) and a RAM (Random Access Memory).

[0170] The secondary storage is, for example, EPROM(Erasable Programmable ROM) or a hard disk drive (Hard Disk
Drive) . Further, the secondary storage can include a removable medium, i.e., a portable recording medium. The remov-
able medium is, for example, USB(Universal Serial Bus) memory or a disk recording medium such as a CD (Compact
Disc) and a DVD (Digital Versatile Disc).

[0171] The communications interface device is connected with a wired network and a wireless network. The commu-
nications interface device is, for example, a LAN

(Local Area Network) interface board and a wireless communications circuit for wireless communications.

[0172] Furthermore, the peripheral devices include inputting devices such as a keyboard and a pointing device and
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outputting devices such as a display device and a printer. In addition, the inputting devices may include a voice inputting
device such as a microphone. Furthermore, the outputting devices may include a voice outputting device such as a
speaker.

[0173] A computer used as a testing apparatus accomplishes functions of the sound analyzing unit 12, the sleep state
determining unit 13, and the apnea determining unit 14 by a processor executing a sleep apnea syndrome testing
program on a recording medium and peripheral devices being controlled. The storage unit 133, the state memory 143,
and the power spectrum storage unit 135 are created statically or during the execution of the program, in a storage area
of the main memory or the secondary storage.

<Fourth embodiment>

[0174] FIG. 18 is a diagram depicting a configuration example of a sleep apnea syndrome testing system of a fourth
embodiment. The sleep apnea syndrome testing system of the fourth embodiment includes a testing apparatus 100 and
a sound pickup device 50. The testing apparatus 100 includes an analyzing unit 101, a determining unit 102, a detecting
unit 103, and a storage unit 104.

[0175] The sound pickup device 50 collects a sound signal resulting from a subject during sleep and outputs the signal
to the testing apparatus 100.

[0176] The analyzing unit 101 of the testing apparatus 100 obtains the sound signal resulting from the subject during
sleep and collected by the sound pickup device as input. The analyzing unit 101 analyzes the input sound signal. The
analyzing unit 101 outputs an analysis result of the sound signals to the determining unit 102.

[0177] The determining unit 102 obtains the analysis result of the sound signal from the analyzing unit 101 as input.
The determining unit 102 determines whether or not the sound signal includes a characteristic sound on the basis of
the analysis result by the analyzing unit 101. The characteristic sound is a sound produced when a sleep state recovers
from an apneic state to a breathing state. The determining unit 102 outputs a determination result of whether or not the
sound signal includes the characteristic sound to the detecting unit 103.

[0178] The detecting unit 103 obtains the determination result of whether or not the sound signal includes the char-
acteristic sound as input. The detecting unit 103 detects the apneic state if it is determined that the sound signal includes
the characteristic sound. The detecting unit 103 outputs the detection result of the apneic state.

[0179] The sleep apnea syndrome testing apparatus 100 determines that the sound signal resulting from the subject
during sleep includes a characteristic sound produced when a sleep state recovers from an apneic state into a breathing
state. Thus, since an apneic state is not detected unless the characteristic sound is detected, an apneic state during
sleep can be detected with high accuracy.

[0180] Also, the testing apparatus 100 may be configured as follows. The analyzing unit 101 analyzes an input sound
signal every unit time. The analyzing unit 101 outputs an analysis result of the unit time of the sound signal to the
determining unit 102.

[0181] The determining unit 102 determines whether the unit time of the sound signal includes a characteristic sound.
If the unit time of the sound signal does not include a characteristic sound, the determining unit 102 determines whether
or not the unit time of the sound signal includes a breath sound.

[0182] If the unit time of the sound signal includes a characteristic sound, the determining unit 102 determines that
the sleep state is the "breathing restored state."

[0183] If the unit time of the sound signal does not include a characteristic sound but includes a breath sound, the
determining unit 102 determines that the sleep state is the "state with breathing."

[0184] If the unit time of the sound signal does not include either of a characteristic sound and a breath sound, the
determining unit 102 determines that the sleep state is the "state without breathing."

[0185] The determining unit 102 outputs the determined sleep state to the detecting unit 103 and the storage unit 104.
[0186] The storage unit 104 obtains the sleep state from the determining unit 102 as input. The storage unit 104 stores
therein sleep states in chronological order. That is, the storage unit 104 holds a history of the sleep states.

[0187] The detecting unit 103 obtains the sleep state from the determining unit 102 as input. If the history of the sleep
states stored in the storage unit indicates at least a transition from the "state without breathing" to the "breathing restored
state," the detecting unit 103 detects an apneic state. The detecting unit 103 outputs a detection result of the apneic state.
[0188] The sleep apnea syndrome testing apparatus 100 analyzes a sound signal every unit time and determines
whether the unit time of the sound signal includes a characteristic sound and a breath sound. The testing apparatus 100
determines, based on a determination result, that the sleep state of the subject viewed from the unit time of the sound
signal is any one of the "breathing restored state," the "state with breathing," and the "state without breathing." If the
history of the sleep states of the subject in the unit time indicates at least a transition from the "state without breathing"
to the "breathing restored state," the testing apparatus 100 detects the apneic state of the subject. Thus, an apneic state
can be detected more carefully, so that the accuracy of detecting an apneic state can be improved.

[0189] Also, the analyzing unit 101 of the testing apparatus 100 may calculate duration and frequency characteristics
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of a sound signal being a sound produced by the subject and being included in the sound signal, and the determining
unit 102 may determine whether or not the duration and the frequency characteristics of the sound signal of the sound
produced by the subject match a characteristic sound.

[0190] Also, the analyzing unit 101 of the testing apparatus 100 may divide a sound signal in a unit time into M time
intervals (M: a natural number, not including 0) by a predetermined time interval length, and calculate a power spectrum
in each time interval. The determining unit 102 determines a correlation coefficient between a power spectrum of a sound
signal in a predetermined time interval T (0<T<M-1) and a power spectrum of a sound signal in a time interval (T-t) (0<t),
previous to the time interval T. If the correlation coefficient is equal to or greater than a threshold value, the determining
unit 102 may detect a sound signal continuing from the time interval (T-t) to the time interval T to calculate the duration
of the sound signal. Furthermore, if the time interval (T-t) is a time interval included in a unit time previous to the present
unit time, the determining unit 102 may determine a correlation coefficient between the power spectrum of the sound
signal in the time interval T and a power spectrum of the time interval (T-t) included in the unit time previous to the
present unittime. Thus, if the correlation coefficient is equal to or greater than a threshold value, a sound signal continuing
from the time interval (T-t) included in a unit time previous to the present unit time to the time interval T can be detected.
If sound signal continuing from the time interval (T-t) included in a unit time previous to the present unit time to the time
interval T is detected, the determining unit 102 can determine that a sound signal in a predetermined unit time includes
a characteristic sound or a breath sound with high accuracy. If it is determined that a sound signal in a predetermined
unit time includes a characteristic sound or a breath sound with high accuracy, the determining unit 102 can determine
a sleep state in a predetermined unit time with high accuracy. As a result, the accuracy of detecting an apneic state
during sleep is improved.

[0191] The determining unit 102 may calculate sound parameters representing sound characteristics of the sound
signal including duration of the sound signal continuing from a time interval (T-t) to a time interval T, the number of
formants, and variance properties of a power spectrum. The determining unit 102 may compare the sound parameters
with the sound characteristics of the predetermined characteristic sounds and the breath sound to determine that the
sleep state is any one of the "breathing restored state," the "state with breathing," and the "state without breathing."

Claims
1. A sleep apnea syndrome testing apparatus (100) characterized by:

an analyzing unit (101) to analyze a sound signal resulting from a subject during sleep and collected by a sound
pickup device (50) and to calculate duration and frequency characteristics of a sound signal being a sound
produced by the subject and being included in the sound signal; and

a determining unit (102) to determine, based on an analysis result by the analyzing unit (101), whether or not
the duration and the frequency characteristics of the sound signal match the characteristic sound and to deter-
mine whether or not the sound signal includes a characteristic sound produced when a sleep state of the subject
recovers from an apneic state into a breathing state.

2. The sleep apnea syndrome testing apparatus (100) according to claim 1, further comprising a detecting unit (103)
to detect an apneic state when the sound signal includes the characteristic sound.

3. The sleep apnea syndrome testing apparatus (100) according to claim 2, wherein
the analyzing unit (101) analyzes the sound signal every unit time,
the determining unit (102) determines, based on an analysis result by the analyzing unit, whether or not the unit
time of the sound signal includes at least the characteristic sound, and when the unit time of the sound signal includes
the characteristic sound, the determining unit (102) determines that a sleep state is a "breathing restored state;"
when the unit time of the sound signal does not include the characteristic sound or a breath sound, the determining
unit (102) determines that the sleep state is a "state without breathing," and
the detecting unit (103) detects an apneic state when the sleep state transitions at least from the "state without
breathing" to the "breathing restored state."

4. The sleep apnea syndrome testing apparatus (100) according to claim 3, further comprising a storage unit (104) to
hold a history of the sleep states.

5. The sleep apnea syndrome testing apparatus (100) according to claim 4, wherein

the determining unit (102) determines that the sleep state is a "state with breathing" when the unit time of the sound
signal does not include the characteristic sound but includes the breath sound, and
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the detecting unit (103) detects the apneic state when the history of the sleep states stored in the storage unit
transitions from the "state with breathing," through the "state without breathing," to the "breathing restored state" in
this order.

The sleep apnea syndrome testing apparatus (100) according to any one of claims 1 to 5, wherein

the analyzing unit (101) divides a sound signal in a unit time into M time intervals (M: a natural number, not including
0) by a predetermined time interval length, and calculates a power spectrum in each time interval, and

the determining unit (102) determines a correlation coefficient between a power spectrum of a sound signal in a
time interval T (0<T<M-1) and a power spectrum of a sound signal in a time interval (T-t) (0<t), previous to the time
interval T, and when the correlation coefficient is equal to or greater than a threshold value, the determining unit
(102) detects a sound signal continuing from the time interval (T-t) to the time interval T to calculate duration of the
sound signal.

The sleep apnea syndrome testing apparatus (100) according to claim 6, wherein

when the time interval (T-t) is a time interval included in a unit time previous to the present unit time, the determining
unit (102) determines a correlation coefficient between the power spectrum of the sound signal in the time interval
T and the power spectrum of the time interval (T-t) included in the unit time previous to the present unit time, and
when the correlation coefficient is equal to or greater than the threshold value, the determining unit (102) detects a
sound signal continuing from the time interval (T-t) included in a unit time previous to the present unit time to the
time interval T to calculate the duration of the sound signal.

The sleep apnea syndrome testing apparatus (100) according to claim 6 or 7, wherein

the determining unit (102) calculates sound parameters representing sound characteristics of the sound signal, and
the determining unit (102) compares the sound parameters with the sound characteristics of the predetermined
characteristic sound and the breath sound to determine that the sleep state is any one of

the "breathing restored state," the "state with breathing," and the "state without breathing."

The sleep apnea syndrome testing apparatus (100) according to claim 8, wherein
the sound parameters include the duration, the number of formants, and variance properties of a power spectrum
of the sound signal.

A test method for sleep apnea syndrome by a computer, characterized by

analyzing a sound signal produced during sleep and collected by a sound pickup device and calculation duration
and frequency characteristics of a sound signal being a sound produced by the subject and being included in the
sound signal, and

determining based on an analysis result whether or not the duration and the frequency characteristics of the sound
signal match the characteristic sound and determining result whether or not the sound signal includes a characteristic
sound produced when a state recovers from an apneic state into a breathing state.

Atangible recording medium characterized in that the medium records a program for causing a computer operating
as a sleep apnea syndrome testing apparatus to execute:

analyzing a sound signal produced during sleep and

collected by a sound pickup device and calculating duration and frequency characteristics of a sound signal
being a sound produced by the subject and being included in the sound signal; and

determining based on an analysis result whether or not the duration and the frequency characteristics of the
sound signal match the characteristic sound and

determining result whether or not the sound signal includes a characteristic sound produced when a state
recovers from an apneic state into a breathing state.

Patentanspriiche

1.

Schlafapnoe-Syndrom-Testvorrichtung (100) gekennzeichnet durch:
eine Analyseeinheit (101) zum Analysieren eines Soundsignals, welches aus einem Subjekt wahrend dem

Schlaf resultiert, und durch eine
Soundaufnahmeeinrichtung (50) gesammelt wurde, und zum Berechnen der Dauer- und Frequenzeigenschaf-
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ten eines Soundsignals, welches ein Sound ist, der durch das Subjekt erzeugt wird, und in dem Soundsignal
beinhaltet ist; und

eine Bestimmungseinheit (102) zum Bestimmen, basierend auf einem Analyseergebnis durch die Analysee-
inheit (101), ob die Dauer- und die Frequenzcharakteristiken des Soundsignals mit dem charakteristischen
Sound ubereinstimmen oder nicht und zum Bestimmen, ob das Soundsignal einen charakteristischen Sound
beinhaltet oder nicht, der erzeugt wird, wenn sich ein Schlafzustand des Subjekts von einem Apnoezustand in
einen Atmungszustand wiederherstellt.

Schlafapnoe-Syndrom-Testvorrichtung (100) nach Anspruch 1, ferner umfassend eine Erfassungseinheit (103) zum
Erfassen eines Apnoezustands, wenn das Soundsignal den charakteristischen Sound beinhaltet.

Schlafapnoe-Syndrom-Testvorrichtung (100) nach Anspruch 2, wobei

die Analyseeinheit (101) das Soundsignal jede Zeiteinheit analysiert,

die Bestimmungseinheit (102) bestimmt, basierend auf einem Analyseergebnis durch die Analyseeinheit, ob die
Zeiteinheit des Soundsignals mindestens den charakteristischen Sound beinhaltet oder nicht, und, wenn die Zeit-
einheit des Soundsignals den charakteristischen Sound beinhaltet, bestimmt die Bestimmungseinheit (102), dass
ein Schlafzustand ein "Atmung-Wiederhergestellt-Zustand" ist; wenn die Zeiteinheit des Soundsignals den charak-
teristischen Sound oder einen Atmungssound nicht beinhaltet, die Bestimmungseinheit (102) bestimmt, dass der
Schlafzustand ein "Zustand ohne Atmung" ist, und

die Erfassungseinheit (103) einen Apnoezustand erfasst, wenn der Schlafzustand zumindest von dem "Zustand
ohne Atmung" in den "Atmung-Wiederhergestellt-Zustand" ibergeht.

Schlafapnoe-Syndrom-Testvorrichtung (100) nach Anspruch 3, fernerumfassend eine Speichereinheit (104), welche
eine Geschichte der Schlafzustande hait.

Schlafapnoe-Syndrom-Testvorrichtung (100) nach Anspruch 4, wobei

die Bestimmungseinheit (102) bestimmt, dass der Schlafzustand ein "Zustand mit Atmung" ist, wenn die Zeiteinheit
des Soundsignals den charakteristischen Sound nicht beinhaltet, jedoch einen Atmungssound beinhaltet, und

die Erfassungseinheit (103) den Apnoezustand erfasst, wenn die Geschichte der Schlafzustande, die in der Spei-
chereinheit gespeichert ist, von dem "Zustand mit Atmung", iiber den "Zustand ohne Atmung", in den "Atmung-
Wiederhergestellt-Zustand" in dieser Reihenfolge tibergeht.

Schlafapnoe-Syndrom-Testvorrichtung (100) nach einem der Anspriiche 1 bis 5, wobei

die Analyseeinheit (101) ein Soundsignal in einer Zeiteinheit in M Zeitintervalle (M: natirliche Zahl, nicht 0 beinhal-
tend) durch eine vorbestimmte Zeitintervalllange unterteilt, und ein Leistungsspektrum in jedem Zeitintervall berech-
net, und

die Bestimmungseinheit (102) einen Korrelationskoeffizienten zwischen einem Leistungsspektrum eines Soundsi-
gnals in einem Zeitintervall T (0<T<M-1) und einem Leistungsspektrum eines Soundsignals in einem Zeitintervall
(T-t) (O<t), vorhergehend zu dem Zeitintervall T, bestimmt, und, wenn der Korrelationskoeffizient gleich oder gréRer
als ein Schwellwert ist, die Bestimmungseinheit (102) ein Soundsignal erfasst, welches sich von dem Zeitintervall
(T-t) in das Zeitintervall T fortsetzt, um die Dauer des Soundsignals zu berechnen.

Schlafapnoe-Syndrom-Testvorrichtung (100) nach Anspruch 6, wobei

wenn das Zeitintervall (T-t) ein Zeitintervall ist, welches in einer Zeiteinheit vor der aktuellen Zeiteinheit beinhaltet
ist, die Bestimmungseinheit (102) ein Korrelationskoeffizienten zwischen dem Leistungsspektrum des Soundsignals
indem Zeitintervall T und dem Leistungsspektrum des Zeitintervalls (T-t), beinhaltetin der Zeiteinheit vor der aktuellen
Zeiteinheit, bestimmt, und, wenn der Korrelationskoeffizient gleich oder gréRer als der Schwellwert ist, die Bestim-
mungseinheit (102) ein Soundsignal erfasst, welches sich von dem Zeitintervall (T-t), beinhaltet in einer Zeiteinheit
vor der aktuellen Zeiteinheit, in das Zeitintervall T fortsetzt, um die Dauer des Soundsignals zu berechnen.

Schlafapnoe-Syndrom-Testvorrichtung (100) nach Anspruch 6 oder 7, wobei

die Bestimmungseinheit (102) Soundparameter berechnet, welche Soundcharakteristiken des Soundsignals repra-
sentieren, und

die Bestimmungseinheit (102) die Soundparameter mit den Soundcharakteristiken des vorbestimmten charakteris-
tischen Sounds und dem Atmungssound vergleicht, um zu bestimmen, dass der Schlafzustand eine ist von dem
"Atmung-Wiederhergestellt-Zustand”, dem "Zustand mit Atmung", und dem "Zustand ohne Atmung".

Schlafapnoe-Syndrom-Testvorrichtung (100) nach Anspruch 8, wobei
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der Soundparameter die Dauer, die Anzahl von Formanten, und Varianzeigenschaften eines Leistungsspektrums
des Soundsignals beinhaltet.

Testverfahren fiir Schlafapnoe-Syndrom mit einem Computer, gekennzeichnet durch

Analysieren eines Soundsignals, hergestellt wahrend des Schlafens, und gesammelt durch eine Soundaufnahme-
einrichtung und Berechnen von Dauer- und Frequenzcharakteristiken eines Soundsignals, welches ein Sound ist,
der durch das Subjekt hergestellt wird und in dem Soundsignal beinhaltet ist, und

Bestimmen, basierend auf einem Analyseergebnis, ob die Dauer- und die Frequenzeigenschaften des Soundsignals
mit dem charakteristischen Sound Ubereinstimmen oder nicht und Bestimmen eines Ergebnisses, ob das Sound-
signal einen charakteristischen Sound, hergestellt, wenn sich ein Zustand von einem Apnoezustand in einen At-
mungszustand wiederherstellt, beinhaltet ist oder nicht.

Ein dinghaftes Aufzeichnungsmedium, dadurch gekennzeichnet, dass das Medium ein Programm aufzeichnet
zum Verursachen, dass ein Computer, der als eine Schlafapnoe-Syndrom-Testvorrichtung operiert, ausfihrt:

Analysieren eines Soundsignals, hergestellt wahrend des Schlafens, und gesammelt durch eine
Soundaufnahmeeinrichtung und Berechnen von Dauer- und

Frequenzcharakteristiken eines Soundsignals, welches ein Sound ist, der durch das Subjekt hergestellt wird
und in dem Soundsignal beinhaltet ist, und

Bestimmen, basierend auf einem Analyseergebnis, ob die Dauer- und die Frequenzeigenschaften des Sound-
signals mit dem charakteristischen Sound Gbereinstimmen oder

nicht und Bestimmen eines Ergebnisses, ob das Soundsignal einen charakteristischen Sound, hergestellt,
wenn sich ein Zustand von einem Apnoezustand in einen Atmungszustand wiederherstellt, beinhaltet ist oder
nicht.

Revendications

1.

Appareil d’'examen de syndrome d’apnée du sommeil (100) caractérisé par :

une unité d’analyse (101) pour analyser un signal acoustique résultant d’'un patient pendant le sommeil et
recueilli par un dispositif de prise de son (50) et pour calculer les caractéristiques de durée et de fréquence
d’'un signal acoustique qui est un son produit par le patient et qui est inclus dans le signal acoustique ; et

une unité de détermination (102) pour déterminer, en se basant sur un résultat d’analyse par I'unité d’analyse
(101), si les caractéristiques de durée et de fréquence du signal acoustique correspondent ou non au son
caractéristique et pour déterminer si le signal acoustique comporte ou non un son caractéristique produit lorsque
I'état de sommeil du patient revient a un état de respiration aprés un état d’apnée.

Appareil d’examen de syndrome d’apnée du sommeil (100) selon la revendication 1, comprenant en outre une unité
de détection (103) pour détecter un état d’apnée lorsque le signal acoustique comporte le son caractéristique.

Appareil d’'examen de syndrome d’apnée du sommeil (100) selon la revendication 2, dans lequel

'unité d’analyse (101) analyse le signal acoustique a chaque unité de temps,

'unité de détermination (102) détermine, en se basant sur un résultat d’analyse de 'unité d’analyse, si I'unité de
temps du signal acoustique comporte ou non au moins le son caractéristique et, lorsque I'unité de temps du signal
acoustique comporte le son caractéristique, 'unité de détermination (102) détermine que I'état de sommeil est un
« état de reprise de respiration » lorsque 'unité de temps du signal acoustique ne comporte pas le son caractéristique
ou un son de respiration, l'unité de détermination (102) détermine que I'état de sommeil est un « état sans
respiration », et

'unité de détection (103) détecte un état d’apnée lorsque I'état de sommeil effectue une transition au moins de
« I'état sans respiration » a « I'état de reprise de respiration ».

Appareil d’examen de syndrome d’apnée du sommeil (100) selon la revendication 3, comprenant en outre une unité
de mémorisation (104) destinée a contenir un historique des états de sommeil.

Appareil d’'examen de syndrome d’apnée du sommeil (100) selon la revendication 4, dans lequel

'unité de détermination (102) détermine que I'état de sommeil est un « état avec respiration » lorsque I'unité de
temps du signal acoustique ne comporte pas le son caractéristique mais comporte le son de respiration, et
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'unité de détection (103) détecte I'état d’apnée lorsque I'historique des états de sommeil enregistrés dans l'unité
de mémorisation effectue une transition de « I'état avec respiration » par I'intermédiaire de « I'état sans respiration »
jusqu’a « I'état de reprise de respiration », dans cet ordre.

Appareil d’'examen de syndrome d’apnée du sommeil (100) selon I'une quelconque des revendications 1 a 5, dans
lequel

I'unité d’analyse (101) divise un signal acoustique dans une unité de temps en M intervalles de temps (M : nombre
naturel, zéro non compris) par une longueur d’intervalle de temps prédéterminée et calcule le spectre de puissance
dans chaque intervalle de temps, et

'unité de détermination (102) détermine un coefficient de corrélation entre le spectre de puissance d’'un signal
acoustique dans un intervalle de temps T (0 < T < M-1) et le spectre de puissance d’un signal acoustique dans un
intervalle de temps (T-t) (0 < t), qui précede lintervalle de temps T, et lorsque le coefficient de corrélation est
supérieur ou égal a une valeur de seuil, I'unité de détermination (102) détecte un signal acoustique qui se poursuit
depuis l'intervalle de temps (T-t) jusqu’a l'intervalle de temps T pour calculer la durée du signal acoustique.

Appareil d’'examen de syndrome d’apnée du sommeil (100) selon la revendication 6, dans lequel

lorsque l'intervalle de temps (T-t) est un intervalle de temps inclus dans une unité de temps qui précéde la présente
unité de temps, I'unité de détermination (102) détermine un coefficient de corrélation entre le spectre de puissance
du signal acoustique dans l'intervalle de temps T et le spectre de puissance de l'intervalle de temps (T-t) inclus
dans l'unité de temps qui précede la présente unité de temps, et lorsque le coefficient de corrélation est supérieur
ou égal a la valeur de seuil, I'unité de détermination (102) détecte un signal acoustique qui se poursuit a partir de
l'intervalle de temps (T-t) inclus dans une unité de temps qui précéde la présente unité de temps jusqu’a l'intervalle
de temps T pour calculer la durée du signal acoustique.

Appareil d’'examen de syndrome d’apnée du sommeil (100) selon la revendication 6 ou 7, dans lequel

'unité de détermination (102) calcule des paramétres acoustiques représentant les caractéristiques acoustiques
du signal acoustique, et

I'unité de détermination (102) compare les paramétres acoustiques avec les caractéristiques acoustiques du son
caractéristique prédéterminé et du son de respiration pour déterminer que I'état de sommeil est 'un quelconque
parmi « I'état de reprise de respiration », « I'état avec respiration » et « I'état sans respiration ».

Appareil d’'examen de syndrome d’apnée du sommeil (100) selon la revendication 8, dans lequel
les parameétres acoustiques comportent la durée, le nombre de formants et les propriétés de variance du spectre
de puissance du signal acoustique.

Procédé d’examen de syndrome d’apnée du sommeil au moyen d’un ordinateur, caractérisé par

I'analyse d’'un signal acoustique produit pendant le sommeil et recueilli par un dispositif de prise de son et le calcul
des caractéristiques de durée et de fréquence d’un signal acoustique qui est un son produit par le patient et qui est
inclus dans le signal acoustique ; et

la détermination, en se basant sur un résultat d’analyse, du fait que les caractéristiques de durée et de fréquence
du signal acoustique correspondent ou non au son caractéristique et la détermination du résultat selon que le signal
acoustique comporte ou non un son caractéristique produit lorsque I'état revient a un état de respiration aprés un
état d’'apnée.

Support d’enregistrement tangible caractérisé en ce que le support d’enregistrement contient un programme pour
qu’un ordinateur, fonctionnant comme appareil d’examen de syndrome d’apnée du sommeil, exécute :

I'analyse d’un signal acoustique produit pendant le sommeil et recueilli par un dispositif de prise de son et le
calcul des caractéristiques de durée et de fréquence d'un signal acoustique qui est un son produit par le patient
et qui est inclus dans le signal acoustique ; et

la détermination, en se basant sur un résultat d’analyse, du fait que les caractéristiques de durée et de fréquence
du signal acoustique correspondent ou non au son caractéristique et la détermination du résultat selon que le
signal acoustique comporte ou non un son caractéristique produit lorsque I'état revient a un état de respiration
aprés un état d’apnée.
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