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HIGH-FREQUENCY DEVICE

TECHNICAL FIELD

The present invention relates to a high-frequency device
for sensing biological information such as the number of
beats of the heart.

BACKGROUND ART

There has been widely known a technique for obtaining
the vibration state and displacement of a measurement target
by irradiating the measurement target with electromagnetic
waves and using a Doppler shift of reflected waves that are
reflected on the measurement target. Since electromagnetic
waves in the microwave to millimeter wave bands have a
characteristic of passing through a medium such as a dielec-
tric, attempts by using such electromagnetic waves have
been proposed in recent years to detect beating of the heart
and respiration that appear as vibrations in the body of a
human (examinee) by irradiating the examinee with micro-
waves. With the use of microwaves, the examinee can be
subjected to measurement without touching the body and
with clothes on, thereby reducing the burden imposed on the
examinee during sensing. An example of such a sensing
device using microwaves is a biological signal detecting
device disclosed in PTL 1.

The above biclogical signal detecting device will be
described with reference to FIGS. 13 and 14. The biological
signal detecting device includes a sensor unit 101, a bio-
logical signal extracting unit 102, a distance calculating unit
103, and a biological signal output determining unit 104.

FIG. 13 schematically illustrates the configuration of the
sensor unit 101. As illustrated in FIG. 13, a signal transmit-
ted from a local oscillator 301 is split into two signals by a
splitter 302. One of the signals is transmitted to a transmis-
sion antenna 303, and the other of the signals is further split
into two signals by a splitter 308, and the split signals are
input to mixers 306 and 307. The two signals obtained by the
splitting by the splitter 308 have phases that are different
from each other by 90 degrees.

On the other hand, the signal emitted from the transmis-
sion antenna 303 is directed toward an occupant and is
mainly reflected on the surface of the body of the occupant.
Then, the reflection signal that is reflected on the surface of
the body is input to a reception antenna 304. At this time,
since the surface of the body vibrates due to the movement
(including respiration and beating of the heart) of the body
of the occupant, the signal transmitted to the occupant
receives a Doppler shift. Accordingly, the reflection signal is
input to the reception antenna 304 as a reception signal in the
state where the phase of the frequency has been modulated.

The reception signal input to the reception antenna 304 is
split into two signals by a splitter 305, and the two signals
are respectively input to the mixers 306 and 307. The signals
input by the splitter 308 are also input to the mixers 306 and
307. The mixers 306 and 307 perform multiplication pro-
cessing, and baseband signals that have received a Doppler
shift are output through low-pass filters 309 and 310. The
baseband signals are further subjected to analog-to-digital
conversion performed by analog-to-digital (AD) converters
311 and 312 and output as Bi(t) signal and Bq(t) signal. Bi(t)
signal and Bq(t) signal are signals having phases that are
shifted 90 degrees at an instant.

Bi(t) signal and Bq(t) signal are input to the biological
signal extracting unit 102 as illustrated in FIG. 14. The
biological signal extracting unit 102 extracts a biological
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signal, and the distance calculating unit 103 calculates an
estimated distance between the sensor unit 101 and the
occupant. On the basis of the estimated distance, the bio-
logical signal output determining unit 104 sets a threshold
and determines whether or not to output the biological
signal. Specifically, if a reliability determining unit 408 in
the biological signal output determining unit 104 determines
that the distance to the occupant is constant or lower than the
threshold, the biological signal is output.

Here, Bi(t) signal and Bg(t) signal, which have been
converted into digital signals, are signals that have received
a Doppler shift, that is, signals whose phases have been
modulated by the Doppler frequency, and can be expressed
as sine and cosine wave signals, respectively. In the bio-
logical signal extracting unit 102, processing is performed in
which, after calculation has been performed by a phase
signal calculating unit 401, from these two signals, temporal
changes in phases, that is, temporal waveforms of heartbeat
and respiration are extracted by a heartbeat signal extracting
unit 402 and a respiratory signal extracting unit 403, respec-
tively.

CITATION LIST
Patent Literature

PTL 1: Japanese Unexamined Patent Application Publi-
cation No. 2010-120493 (published on Jun. 3, 2010)

SUMMARY OF INVENTION
Technical Problem

A typical microwave sensor device of the related art is
disclosed in PTL 1 and has such a mechanism that detects
small movement of the examinee by using microwaves to
obtain biological information such as heartbeat. Specifically,
the device is designed to detect small movement on the
surface of the body, such as beating of the heart of the
examinee, by detecting a phase change (phase difference) of
reflected waves of irradiation waves.

Note that if temporal changes in phases are to be detected
directly on the basis of Bi(t) signal and Bq(t) signal, in the
case where body movement (excluding beating of the heart
and respiration) is dominant (e.g., the body is moving), a
heartbeat signal and a respiratory signal tend to be buried in
the body movement because those signals are minute. In
addition, since the detection is performed in a wireless
environment, those signals tend to be buried in noise com-
ponents (clutter) such as extraneous reflection signals, and
heartbeat and respiratory information can be extracted only
by using direct waves (waves directly emitted onto the
examinee and directly received as reflection waves).

For example, if the chest (or back) of the examinee who
is sitting on a chair is directly irradiated with radio waves,
the heartbeat and respiratory information can be acquired.
However, in a situation where the examinee is lying, it has
not been possible all the time to measure and monitor
heartbeat and respiratory components of the examinee in a
lying posture (e.g., the examinee is lying face down, on their
back, or on their side, or changing their posture while lying).

In addition, since the heartbeat signal is more minute than
the respiratory signal, it has been particularly difficult to
extract the heartbeat component with high accuracy.

The present invention has been made in order to solve the
above-described problems, and an object thereof is to pro-
vide a high-frequency device that can detect biological
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information representing the heartbeat, respiration, and the
like of a living body wirelessly with high accuracy.

Solution to Problem

In order to solve the above-described problems, a high-
frequency device according to an embodiment of the present
invention includes a biological signal extracting unit that
extracts, from a digital signal representing a biological
phenomenon, which is movement that appears in a living
body, a biological signal representing a specific frequency
component of the digital signal, and an autocorrelation
function processing unit that samples the biological signal
extracted by the biological signal extracting unit, calculates
an autocorrelation function on the basis of a predetermined
number of the biological signals that are sampled, and
determines periodicity of the autocorrelation function from
a peak value of a correlation coefficient to calculate biologi-
cal information representing the biological phenomenon.

Advantageous Effects of Invention

According to an embodiment of the present invention,
even if the living body is moving or if there are many noise
components such as extraneous reflection signals, it is
possible to realize a high-frequency device that detects
biological information representing the heartbeat, respira-
tion, and the like with high accuracy by using autocorrela-
tion functions.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1(a) illustrates a side view of an example of a
method for using a high-frequency device according to first
to fourth embodiments of the present invention. FIG. 1(b)
illustrates a top view of the example of the method for using
the high-frequency device according to the first to fourth
embodiments of the present invention.

FIG. 2 is a block diagram schematically illustrating the
configuration of a radio wave radar unit included in a
high-frequency device according to the first and second
embodiments of the present invention.

FIG. 3 is a block diagram schematically illustrating the
configuration of a signal processing circuit included in a
high-frequency device according to the first embodiment of
the present invention.

FIG. 4 is a block diagram schematically illustrating the
configurations of a digital signal processing unit and a
display included in the high-frequency device.

FIG. 5 is a block diagram schematically illustrating the
configuration of a signal processing circuit included in a
high-frequency device according to the second embodiment
of the present invention.

FIG. 6 is a block diagram schematically illustrating the
configurations of a digital signal processing unit and a
display included in the high-frequency device.

FIG. 7 is a block diagram schematically illustrating the
configuration of a radio wave radar unit included in a
high-frequency device according to the third and fourth
embodiments of the present invention.

FIG. 8 is a block diagram schematically illustrating the
configuration of a signal processing circuit included in the
high-frequency device according to the third embodiment of
the present invention.

FIG. 9 is a block diagram schematically illustrating the
configurations of a digital signal processing unit and a
display included in the high-frequency device.
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FIG. 10(a) is a graph illustrating the relationship between
the amplitude values of heartbeat signals and the numbers of
samples related to the heartbeat signals sampled by a first
heartbeat autocorrelation function processing unit and a
second heartbeat autocorrelation function processing unit
included in the high-frequency device. FIG. 10(5) is a graph
illustrating the relationship between correlation coefficients
of autocorrelation functions and the numbers of samples
related to the heartbeat signals.

FIG. 11 is a block diagram schematically illustrating the
configuration of a signal processing circuit included in a
high-frequency device according to the fourth embodiment
of the present invention.

FIG. 12 is a block diagram schematically illustrating the
configurations of a digital signal processing unit and a
display included in the high-frequency device.

FIG. 13 is a block diagram schematically illustrating the
configuration of a sensor unit included in a microwave
sensor device of the related art.

FIG. 14 is a block diagram schematically illustrating the
configuration of the microwave sensor device of the related
art.

DESCRIPTION OF EMBODIMENTS
First Embodiment

An embodiment of the present invention will be described
below with reference to FIGS. 1 to 4.
<Method for Using High-Frequency Device 1>

A method for using a high-frequency device 1 will be
described below with reference to FIG. 1 by taking as an
example the case in which the high-frequency device 1 is
attached to a handrail 916 of a bed 91. FIG. 1(a) illustrates
a side view of an example of the method for using the
high-frequency device 1 according to this embodiment. FIG.
1(b) illustrates a top view of the example of the method for
using the high-frequency device 1 according to this embodi-
ment.

The high-frequency device 1 is a device for obtaining
biological information representing a biological phenom-
enon of a living body 10 on the basis of a reflection signal
12 (see FIG. 2) obtained by a transmission signal 11 being
reflected on the living body 10. Here, the biological phe-
nomenon mainly means movement that appears in the upper
half of the living body 10 and indicates a heartbeat compo-
nent, a respiratory component, a body movement compo-
nent, and the like. In addition, the body movement means the
movement that appears in the upper half of the living body
10 other than beating of the heart and respiration. Further-
more, examples of the biological information include the
number of beats of the heart and the number of respirations
during a predetermined period, a heartbeat waveform, a
respiratory waveform, a body movement waveform, and the
like. The high-frequency device 1 includes a radio wave
radar unit Sa¢ and a signal processing circuit 400 (see FIG.
2).

As illustrated in FIG. 1, a directivity pattern 93 of a
transmission antenna 25 (see FIG. 2) included in the radio
wave radar unit 5a is adjusted in such a manner that the
transmission signal 11 (see FIG. 2) emitted from the high-
frequency device 1 is desirably emitted onto the upper half
of the living body 10. As an example of the adjustment, the
adjustment can be achieved by using the number of patches
of a microstrip patch antenna. The reflection signal 12 is a
reception signal of the high-frequency device 1. By adjust-
ing the directivity pattern 93, even if the living body 10 is
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sleeping, the heartbeat component, the respiratory compo-
nent, and the body movement component can be monitored.

In particular, by being attached to the handrail 915 of the
bed 91, the high-frequency device 1 emits the transmission
signal 11 toward the upper half of the living body 10 in a
direction substantially parallel to a plane along which the
living body 10 contacts a mattress 91a of the bed 91.
Accordingly, it is possible all the time to measure and
monitor the heartbeat component, the respiratory compo-
nent, and the body movement component of the living body
10 in a sleeping posture (lying face down, on their back, on
their side, moving while sleeping, or the like).

This is because the transmission signal 11 is emitted from
a position that is relatively close to the living body 10 and
because the irradiation with the transmission signal 11 is in
the above-described substantially horizontal direction, and
thereby there are a few reflection objects that are irradiated
with the transmission signal 11 and the reflection signal 12.
That is, the high-frequency device 1 receives a few extra-
neous reflection signals. In addition, the high-frequency
device 1 processes the heartbeat signal representing the
heartbeat component and the respiratory signal representing
the respiratory component by using autocorrelation func-
tions, which will be described later. The high-frequency
device 1 can accordingly measure and monitor the heartbeat
component and the like on the basis of an indirect reflection
signal, which will be described later, also in a bedroom in
which many extraneous reflection signals are present.

Note that the position for attaching the high-frequency
device 1 is not limited to the handrail 915 of the bed 91 as
in this embodiment. For example, the high-frequency device
1 may be attached under the bed 91 (desirably on the
mattress 91a of the bed 91 at a portion opposing the plane
that contacts the living body 10). Even if the high-frequency
device 1 is attached in the above manner, since there are a
few reflection components of the transmission signal 11 on
the mattress 91a, substantially the same effects as those in
the case where the high-frequency device 1 is attached as in
this embodiment can be obtained.

In addition, the method for using the high-frequency
device 1 in this embodiment will be applied in the same
manner to high-frequency devices 2 to 4, which will be
described later.
<Signal Processing Performed by Radio Wave Radar Unit
Sa>

Now, signal processing performed by the radio wave radar
unit Sa will be described below with reference to FIG. 2.
FIG. 2 is a block diagram schematically illustrating the
configuration of the radio wave radar unit 5a. The radio
wave radar unit 5a emits the transmission signal 11 toward
the living body 10, receives the reflection signal 12 that has
been reflected on the surface of the living body 10, and
generates an analog signal 33s on the basis of the reflection
signal 12. As illustrated in FIG. 2, the radio wave radar unit
5a includes an oscillator 21, an amplifier 22, the transmis-
sion antenna 25, a reception antenna 30, a low-noise ampli-
fier 31, a mixer 32, and a filter 33.

As illustrated in FIG. 2, a microwave sine wave (not
illustrated) output from the oscillator 21 is amplified by the
amplifier 22 and then is emitted from the transmission
antenna 25 as the transmission signal 11. The emitted
transmission signal 11 hits and is reflected on the surface of
the living body 10, for example, on the surface of the chest
part of the living body 10. At this time, the chest part of the
living body 10 is moving due to beating of the heart,
respiration, and body movement, and owing to this move-
ment, a Doppler shift occurs in the transmission signal 11
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that has hit the chest part. That is, the frequency of move-
ment of the chest including beating of the heart and respi-
ration is added to the frequency of the transmission signal
11, and accordingly, the frequency and phase of the trans-
mission signal 11 are modulated, and the reflection signal 12
is generated. Then, the reflection signal 12 is input to the
reception antenna 30.

Note that the reflection signal 12 includes both a direct
reflection signal that has been emitted directly onto the
living body 10 and that is directly received by the reception
antenna 30 after the reflection and an indirect reflection
signal that is received by the reception antenna 30 after
having been reflected on an object other than the living body
10 and then reflected on the living body 10.

The reflection signal 12 input to the reception antenna 30
is amplified by the low-noise amplifier 31 and is then input
to the mixer 32 as an analog signal 31s. The mixer 32 also
receives an analog signal 22s that is one of two signals
obtained by splitting a signal that has been transmitted from
the oscillator 21 and amplified by the amplifier 22. The
analog signal 31s is input to the filter 33 in the state where
the frequency is down-converted by using the analog signal
22s.

The analog signal 33s output from the filter 33 becomes
a baseband signal and is output as a signal that has received
a Doppler shift due to the movement of the chest. That is, the
analog signal 33s contains the heartbeat component, the
respiratory component, and the body movement component
of the living body 10. The analog signal 33s is displayed on
a display 90, which will be described later, as heartbeat
information, respiratory information, and body movement
information after having been input to the signal processing
circuit 400, which will be described later, and processed.
<Signal Processing Performed by Signal Processing Circuit
400>

Now, signal processing performed by the signal process-
ing circuit 400 will be described below with reference to
FIGS. 3 and 4. FIG. 3 is a block diagram schematically
illustrating the configuration of the signal processing circuit
400. FIG. 4 is a block diagram schematically illustrating the
configurations of a digital signal processing unit (hereinafter
referred to as “DSP”) 500 and the display 90, which will be
described later. On the basis of the analog signal 33s that has
been input, the signal processing circuit 400 calculates and
determines the heartbeat information (the number of beats of
the heart per minute and heartbeat waveform), the respira-
tory information (the number of respirations per minute and
respiratory waveform), and the body movement information
(body movement waveform) of the living body 10. As
illustrated in FIG. 3, the signal processing circuit 400
includes a digital signal generating unit 40a and the DSP
500.

On the basis of the analog signal 33s that has been input,
the digital signal generating unit 40a generates a digital
signal 46s containing the heartbeat component, the respira-
tory component, and the body movement component of the
living body 10. As illustrated in FIG. 3, the digital signal
generating unit 40g includes an input terminal 41, a high-
pass filter 43, a low-pass filter 44, an amplifier 45, and an AD
converter 46.

On the basis of the digital signal 46s that has been input,
the DSP 500 calculates and determines the above-described
heartbeat information, respiratory information, and body
movement information. As illustrated in FI1G. 4, the DSP 500
includes an input terminal 51, a heartbeat signal extracting
unit (biological signal extracting unit) 53, a heartbeat auto-
correlation function processing unit (autocorrelation func-
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tion processing unit) 54, a number-of-beats-of-heart deter-
mining unit 55, a respiratory signal extracting unit
(biological signal extracting unit) 63, a respiratory autocor-
relation function processing unit (autocorrelation function
processing unit) 64, and a number-of-respirations determin-
ing unit 65.

(Signal Processing Performed by Digital Signal Generating
Unit 40a)

As illustrated in FIG. 3, the analog signal 33s (see FIG. 2)
is input to the input terminal 41, and then the band thereof
is limited by the high-pass filter 43 (for the purpose of
suppressing a direct current (dc) component) and the low-
pass filter 44. As an example, the passband cutoff of the
high-pass filter 43 is 0.1 Hz, and the passband cutoff of the
low-pass filter 44 is 10 Hz. An analog signal in a frequency
band related to heartbeat, respiration, and body movement is
caused to pass through the high-pass filter 43 and the
low-pass filter 44 and 1s then amplified by the amplifier 45.

By causing the analog signal 33s to pass through the
high-pass filter 43 and the low-pass filter 44, for example, it
is possible to suppress analog signal components other than
heartbeat, respiration, and body movement in the analog
signal 33s that has received a Doppler shift based on
high-speed operation of an electric fan or the like. In
addition, the amplifier 45 prevents a high-speed analog
signal that has passed through the high-pass filter 43 and the
low-pass filter 44 from being saturated, which may result in
non-linear operation. In addition, the low-pass filter 44
functions also as an anti-aliasing filter of the AD converter
46.

The analog signal (not illustrated) output from the ampli-
fier 45 is input to the AD converter 46 and subjected to
analog-to-digital conversion. As an example, in the case
where analog-to-digital conversion is performed at a sam-
pling rate of 50 Hz at 12 bits, the passband cutoff of the
low-pass filter 44 is lower than or equal to 25 Hz (10 Hz in
this embodiment).

The digital signal 46s generated by the AD converter 46
performing analog-to-digital conversion is input to the digi-
tal signal processing unit (hereinafter referred to as “DSP”)
500. The above-described heartbeat information, respiratory
information, and body movement information are calculated
by the DSP 500, and then these information items are
displayed on the display 90.

(Signal Processing Performed by DSP 500)

As illustrated in FIG. 4, the digital signal 46s (see FIG. 3)
input to the input terminal 51 is split into a first digital signal
58a, a second digital signal 585, and a third digital signal
58¢, and the three digital signals are processed concurrently.

First, the first digital signal 58a is input to the heartbeat
signal extracting unit 53. Then, the band of the first digital
signal 58a that has been input is limited by a high-pass filter
53a and a low-pass filter 535 included in the heartbeat signal
extracting unit 53, and thereby a heartbeat signal represent-
ing heartbeat at a specific frequency is extracted.

In this embodiment, the passband cutoff frequency of the
high-pass filter 53a is 0.8 Hz, and the passband cutoff
frequency of the low-pass filter 534 is 3.0 Hz. Since the
respiratory component is 0.2 Hz to 0.33 Hz (approximately
12 to 20 times per minute) during rest, in order to suppress
the respiratory component as much as possible, the pass
band cutoff frequency of the high-pass filter 53a is selected
to be 0.8 Hz. On the other hand, since the heartbeat
component is approximately 50 to 90 (0.8 Hz to 1.5 Hz in
a frequency) during rest, the passband cutoff’ frequency of
the low-pass filter 535 is selected to be 3.0 Hz.
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The heartbeat signal extracted by the heartbeat signal
extracting unit 53 is split into two signals, and one of the
signals is input to the heartbeat autocorrelation function
processing unit 54. Then, by the heartbeat autocorrelation
function processing unit 54 performing calculation process-
ing using an autocorrelation function, the number of beats of
the heart per minute (the value of a biological phenomenon;
hereinafter simply referred to as “number of beats of the
heart™) is calculated. The heartbeat autocorrelation function
processing unit 54 includes a sampling processing unit 54«,
a heartbeat autocorrelation function calculating unit 545,
and a peak detecting unit 54c.

In this embodiment, since the AD converter 46 performs
analog-to-digital conversion at a sampling rate of 50 Hz at
12 bits, the sampling processing unit 54a samples the
heartbeat signal from the first digital signal 58a 256 times in
20 ms for a sample. Upon input of the sampled heartbeat
signal, the heartbeat autocorrelation function calculating
unit 545 calculates an autocorrelation function. Then, the
peak detecting unit 54¢ detects the peak value of a correla-
tion coefficient from the autocorrelation function, and the
period of the autocorrelation function is calculated. In other
words, the periodicity of the autocorrelation function is
determined by the peak detecting unit 54¢. The peak detect-
ing unit 54¢ converts the calculated period into the number
of beats of the heart. Since the correlation coefficient of data
obtained after 0 seconds is the largest in the autocorrelation
function, the peak value of the autocorrelation coefficient
excluding the data obtained after 0 seconds is detected.

In this embodiment, it takes 5 seconds for the sampling
processing unit 54a to perform sampling processing (256
times of sampling in 20 ms for a sample), and it takes
approximately 5 seconds for the heartbeat autocorrelation
fanction calculating unit 545 to calculate the autocorrelation
function and for the peak detecting unit 54¢ to calculate the
period. Accordingly, a beat of the heart is calculated in
approximately 10 seconds.

Note that details of the method for determining the
periodicity related to the heartbeat component by using the
autocorrelation function will be described in a third embodi-
ment.

The number of beats of the heart calculated by the
heartbeat autocorrelation function processing unit 54 is input
to the number-of-beats-of-heart determining unit 55 as a
signal (not illustrated) representing the number of beats of
the heart. On the basis of the signal, the number-of-beats-
of-heart determining unit 55 determines the number of beats
of the heart to be displayed on the display 90 (specifically,
a number-of-beats-of-heart displaying unit 90a, which will
be described later) and outputs a number-of-beats-of-heart
signal 555 representing the determined number of beats of
the heart. The number-of-beats-of-heart signal 555 is a signal
to be input to the display 90.

The determination of the number of beats of the heart by
the number-of-beats-of-heart determining unit 55 is not
limited to a single method. Since a signal is output approxi-
mately every 10 seconds from the heartbeat autocorrelation
fanction processing unit 54 in this embodiment, for
example, calculation for obtaining the average value, the
moving average value, the median value, or the like may be
performed for every three signals. In other words, any
method may be used as long as a stable numerical value is
output as the number of beats of the heart to be displayed on
the display 90.

On the other hand, the other of the two signals split from
the heartbeat signal extracted by the heartbeat signal extract-
ing unit 53 becomes a heartbeat waveform signal 71a



US 10,582,877 B2

9

representing the change in the amplitude of heartbeat over
time and is a signal to be input to the display 90. In addition,
the second digital signal 585 without modification becomes
a body movement waveform signal 715 representing the
change in the amplitude of the body movement over time
and is a signal to be input to the display 90.

Then, the third digital signal 58¢is input to the respiratory
signal extracting unit 63. The band of the third digital signal
58¢ that has been input is limited by a low-pass filter 63a
included in the respiratory signal extracting unit 63, and
thereby a respiratory signal representing respiration at a
specific frequency is extracted.

In this embodiment, the passhand cutoff frequency of the
low-pass filter 63a is 0.75 Hz. This is because the respiratory
signal extracting unit 63 suppresses the heartbeat component
as much as possible, for the respiratory component is 0.2 Hz
to 0.33 Hz (approximately 12 to 20 times per minute) during
rest.

The respiratory signal extracted by the respiratory signal
extracting unit 63 is split into two signals, and one of the
signals is input to the respiratory autocorrelation function
processing unit 64. Then, by the respiratory autocorrelation
function processing unit 64 performing calculation process-
ing using an autocorrelation function, the number of respi-
rations per minute (the value of a biological phenomenon;
hereinafter simply referred to as “number of respirations™) is
calculated. The respiratory autocorrelation function process-
ing unit 64 includes a sampling processing unit 64a, a
respiratory autocorrelation function calculating unit 646,
and a peak detecting unit 64c.

In this embodiment, since the AD converter 46 performs
analog-to-digital conversion at a sampling rate of 50 Hz at
12 bits, the sampling processing unit 6da samples the
respiratory signal from the third digital signal 58¢ 512 times
in 20 ms for a sample. Upon input of the sampled respiratory
signal, the respiratory autocorrelation function calculating
unit 645 calculates an autocorrelation function. Then, the
peak detecting unit 64¢ detects the peak value of a correla-
tion coefficient from the autocorrelation function, and the
period of the autocorrelation function is calculated. In other
words, the periodicity of the autocorrelation function is
determined by the peak detecting unit 64c. The peak detect-
ing unit 64¢ converts the calculated period into the number
of respirations.

In this embodiment, it takes 10 seconds for the sampling
processing unit 64a to perform sampling processing (512
times of sampling in 20 ms for a sample), and it takes
approximately 5 seconds for the respiratory autocorrelation
function calculating unit 645 to calculate the autocorrelation
function and for the peak detecting unit 64c to calculate the
period. Accordingly, a respiration is calculated in approxi-
mately 15 seconds.

Note that details of the method for determining the
periodicity related to the respiratory component by using the
autocorrelation function will be described in the third
embodiment.

The number of respirations calculated by the respiratory
autocorrelation function processing unit 64 is input to the
number-of-respirations determining unit 65 as a signal (not
illustrated) representing the number of respirations. On the
basis of the signal, the number-of-respirations determining
unit 65 determines the number of respirations to be dis-
played on the display 90 (specifically, a number-of-respira-
tions displaying unit 90e, which will be described later) and
outputs a number-of-respirations signal 65s representing the
determined number of respirations. The number-of-respira-
tions signal 65s is a signal to be input to the display 90.
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The determination of the number of respirations by the
number-of-respirations determining unit 65 is not limited to
a single method. Since a signal is output approximately
every 15 seconds from the respiratory autocorrelation func-
tion processing unit 64 in this embodiment, for example,
calculation for obtaining the average value, the moving
average value, the median value, or the like may be per-
formed for every three signals. In other words, any method
may be used as long as a stable numerical value is output as
the number of respirations to be displayed on the display 90.

On the other hand, the other of the two signals split from
the respiratory signal extracted by the respiratory signal
extracting unit 63 becomes a respiratory waveform signal
71c¢ representing the change in the amplitude of respiration
over time and is a signal to be input to the display 90.
<Display of Heartbeat, Respiratory, and Body Movement
Information on Display 90>

Now, display of the heartbeat information, the respiratory
information, and the body movement information of the
living body 10 on the display 90 will be described below
with reference to FIG. 4. As illustrated in FIG. 4, the display
90 includes the number-of-beats-of-heart displaying umit
90a, a heartbeat waveform displaying unit 906, a body
movement waveform displaying unit 90c, a respiratory
waveform displaying unit 90d, and a number-of-respirations
displaying unit 90e.

Each signal output from the DSP 500 is input to the
display 90. Specifically, the number-of-beats-of-heart signal
55s is input to the number-of-beats-of-heart displaying unt
90a, the heartbeat waveform signal 71a is input to the
heartbeat waveform displaying unit 905, the body move-
ment waveform signal 715 is input to the body movement
waveform displaying unit 90c¢, the respiratory waveform
signal 71c¢ is input to the respiratory waveform displaying
unit 904, and the number-of-respirations signal 65s is input
to the number-of-respirations displaying unit 90e. Then, the
number of beats of the heart (numerical value) is displayed
on the number-of-beats-of-heart displaying unit 90a, the
heartbeat waveform (graph) is displayed on the heartbeat
waveform displaying unit 905, the body movement wave-
form (graph) is displayed on the body movement waveform
displaying unit 90¢, the respiratory waveform (graph) is
displayed on the respiratory waveform displaying unit 904,
and the number of respirations (numerical value) is dis-
played on the number-of-respirations displaying unit 90e.

Examples of the display 90 include a personal computer,
a cell phone, a smartphone, and the like having a display
function and a data storing function. Note that the DSP 500
and the display 90 may be integrated together. For example,
by wirelessly transmitting a signal that has been subjected to
analog-to-digital conversion performed by the digital signal
generating unit 40a and by receiving the signal by a personal
computer or the like including the DSP 500 and the display
90, the personal computer or the like may process and
display the signal.
<Effects>

As described above, according to this embodiment, the
high-frequency device 1 extracts only a necessary band
through analog filters (the high-pass filter 43 and the low-
pass filter 44) and causes only the necessary band to pass
through digital filters (the high-pass filter 53a and the
low-pass filters 535 and 63«) too. Specifically, by extracting
only the necessary band through the analog filters, excluding
unnecessary signals, and by amplifying the necessary band,
and then by performing analog-to-digital conversion, the
high-frequency device 1 increases the dynamic range of the
heartbeat or respiration band. In addition, the signal-to-noise
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(SN) ratios of the digital signals are increased in the digital
filters. Accordingly, it is possible to increase the detection
accuracy of the peak values of the correlation coefficients
detected from the autocorrelation functions.

In addition, by detecting the peak values of the correlation
coeflicients by using the autocorrelation functions obtained
by sampling the heartbeat signal and the respiratory signal,
and by determining the periods of the autocorrelation func-
tions, the high-frequency device 1 calculates the number of
beats of the heart and the number of respirations. Accord-
ingly, even if the living body 10 is moving or if there are
many noise components such as extraneous reflection sig-
nals, the number of beats of the heart and the number of
respirations can be calculated with high accuracy.

Typically, since the waveform of an indirect reflection
signal is deformed or noise is added thereto, it is considered
to be difficult to calculate biological information from the
indirect reflection signal.

In this respect, according to this embodiment, it is pos-
sible to extract the heartbeat signal and the respiratory signal
from the direct reflection signal and the indirect reflection
signal by using the heartbeat signal extracting unit 53 and
the respiratory signal extracting unit 63. Accordingly, also
from the indirect reflection signal, it is possible to calculate
the number of beats of the heart, the number of respirations,
and the like by using the autocorrelation functions of the
heartbeat signal and the respiratory signal.

In addition, if the living body is present in a relatively
narrow space such as a bedroom, there are many indirect
reflection signals in the space. Accordingly, even if it is not
possible to capture the direct reflection signal, the high-
frequency device 1 can calculate the number of beats of the
heart, the number of respirations, and the like of the living
body 10 present in the space by using the indirect reflection
signals.

Furthermore, if the living body 10 is present in the above
space, even in a situation where it is difficult to directly
irradiate a desired portion of the living body 10 with the
transmission signal 11, for example, when the living body 10
is lying face down, by making the transmission signal 11
reflect on a wall or the like, the portion can be indirectly
irradiated with the transmission signal 11. Accordingly, by
using the indirect reflection signal, it is possible to calculate
the number of beats of the heart, the number of respirations,
and the like regardless of the posture of the living body 10.

Second Embodiment

Another embodiment of the present invention will be
described below with reference to FIGS. 5 and 6. Note that
the members having the same functions as the members
described in the above embodiment are denoted by the same
reference numerals, and description thereof is omitted for
brevity of the description.

A high-frequency device 2 according to this embodiment
is different from the high-frequency device 1 according to
the first embodiment in including a signal processing circuit
401 instead of the signal processing circuit 400.
<Signal Processing Performed by Signal Processing Circuit
401>

Now, signal processing performed by the signal process-
ing circuit 401 will be described below with reference to
FIGS. 5 and 6. FIG. 5 is a block diagram schematically
illustrating the configuration of the signal processing circuit
401. FIG. 6 is a block diagram schematically illustrating the
configurations of a DSP 501 and the display 90. As illus-
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trated in FIG. 5, the signal processing circuit 401 includes a
digital signal generating unit 405 and the DSP 501.

On the basis of the analog signal 33s (see FIG. 2) that has
been input, the digital signal generating unit 406 generates
a digital signal 46sa containing the heartbeat component and
the body movement component of the living body 10 and
generates a digital signal 46sb containing the respiratory
component of the living body 10.

(Signal Processing Performed by Digital Signal Generating
Unit 405)

As illustrated in FIG. 5, the digital signal generating unit
404 includes the input terminal 41, high-pass filters 434 and
43b, low-pass filters 4d4a and 44b, amplifiers 45a and 455,
and AD converters 46a and 465.

As illustrated in FIG. 5, after having been input to the
input terminal 41, at a terminal 48, the analog signal 33s is
split into two signals: a first analog signal 48a and a second
analog signal 485.

The first analog signal 48a is then limited to a band of
heartbeat and body movement and is amplified. As an
example, the passband cutoff of the high-pass filter 43a is
0.75 Hz, and the passband cutofl’ of the low-pass filter 44a
is 10 Hz. An analog signal in a frequency band related to
heartbeat and body movement is caused to pass through the
high-pass filter 43a and the low-pass filter 44a and is then
amplified by the amplifier 45a. The band is limited by the
high-pass filter 43a in the above manner so as to suppress the
respiratory component as much as possible as in the first
embodiment.

An analog signal (not illustrated) output from the ampli-
fier 454 is input to the AD converter 46a and is subjected to
analog-to-digital conversion. The first biological digital sig-
nal 46sa related to the heartbeat component and the body
movement component, which has been generated by the AD
converter 46a performing analog-to-digital conversion, is
input to the DSP 501.

In a case of an adult, typically, the surface of the chest part
moves by 4 mm to 12 mm during respiration, and the surface
of the chest part moves by approximately 0.5 mm during
beating of the heart. Thus, the analog signal related to
heartbeat is more minute than the analog signal related to
respiration. In this respect, by limiting the band by the
high-pass filter 43a and the low-pass filter 44a, it is possible
to prevent the amplifier 45a from being saturated by the
movement of the surface of the chest part during respiration,
and it is possible for the AD converter 46a to perform
analog-to-digital conversion only on the heartbeat compo-
nent. Accordingly, the dynamic range of the amplitude of the
heartbeat waveform over time can be increased, and the
sensitivity and accuracy of digital signal processing per-
formed by the DSP 501 can be increased. As an example,
only the analog signal containing the heartbeat component
and the body movement component with small amplitudes
can be subjected to analog-to-digital conversion at 16 bits,
and the effects are exhibited particularly during rest or
sleeping when the body movement component is small.

On the other hand, the second analog signal 485 is limited
to a band of respiration and is amplified. As an example, the
passband cutoff of the high-pass filter 435 is 0.1 Hz, and the
passband cutoff’ of the low-pass filter 44H is 0.75 Hz. A
signal in a frequency band related to the respiratory com-
ponent is caused to pass through the high-pass filter 436 and
the low-pass filter 445 and is then amplified by the amplifier
45b.

An analog signal (not illustrated) output from the ampli-
fier 455 is input to the AD converter 460 and is subjected to
analog-to-digital conversion. The second biological digital
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signal 46sb related to the respiratory component, which has
been generated by the AD converter 465 performing analog-
to-digital conversion, is input to the DSP 501.

The high-pass filter 435 suppresses the dc component, and
the low-pass filter 445 suppresses the heartbeat component
and the body movement component. Then, by increasing the
dynamic range of the respiratory component signal obtained
from the second analog signal 485 by the amplifier 455 and
the AD converter 46b, the sensitivity and accuracy of digital
signal processing performed by the DSP 501 can be
increased. As an example, only the analog signal containing
the respiratory component can be subjected to analog-to-
digital conversion at 16 bits, and the effects are exhibited
when the amplitude of the body movement component is
large or when the body is moving before sleeping even lying
in bed.

(Signal Processing Performed by DSP 501)

As illustrated in FIG. 6, the first biological digital signal
46sa (see FIG. 5) is input to the input terminal 51, and the
second biological digital signal 46sb (see FIG. 5) is input to
an input terminal 61.

The first biological digital signal 46sa that has been input
to the input terminal 51 is split into a heartbeat digital signal
59a related to the heartbeat component and a body move-
ment digital signal 595 related to the body movement
component, and the two signals are processed concurrently.
In this processing, signal processing for obtaining the num-
ber-of-beats-of-heart signal 55s and the heartbeat waveform
signal 71a on the basis of the heartbeat digital signal 59a is
the same as that in the first embodiment, and therefore
description thereof is omitted.

In addition, the second biological digital signal 46s5 that
has been input to the input terminal 61 is processed without
modification as a respiratory digital signal 59¢. Signal
processing for obtaining the number-of-respirations signal
655 and a respiratory waveform signal 71¢2 on the basis of
the respiratory digital signal 59c¢ is the same as that in the
first embodiment, and therefore description thereof is omit-
ted.

On the other hand, since the movement of the chest part
of the living body 10 related to the respiratory component is
added as the body movement component, a split signal 71¢1
of the respiratory signal extracted by the respiratory signal
extracting unit 63 is added to the body movement digital
signal 595. Then, the body movement digital signal 595 is
output from the DSP 501 as the body movement waveform
signal 716 widely expressing slow body movement and fast
body movement.
<Effects>

As described above, according to this embodiment, the
digital signal generating unit 405 can increase the dynamic
range of each of the first biological digital signal 46sa and
the second biological digital signal 46sb. Accordingly, the
heartbeat signal extracting unit 53 and the respiratory signal
extracting unit 63 can extract the heartbeat signal and the
respiratory signal with high sensitivity and accuracy.

Specifically, for example, even while the living body is
sleeping in which the amplitude of the body movement
component is small (i.e., when the influence of the respira-
tory component is large), by the digital signal generating
unit 405 suppressing the respiratory component of the first
analog signal 48a, it is possible to generate the first biologi-
cal digital signal 46sa with an increased dynamic range. In
addition, for example, even while the living body is moving
in which the amplitude of the body movement component is
large (i.e., when the influence of the body movement com-
ponent is large), by the digital signal generating unit 405
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suppressing the body movement component of the second
analog signal 486, it is possible to generate the second
biological digital signal 46s6 with an increased dynamic
range.

<Modifications>

Note that the digital signal generating unit 405 generates
the first biological digital signal 46sa related to the heartbeat
component and the body movement component and the
second biological digital signal 46sb related to the respira-
tory component in this embodiment. However, the signals
generated by the digital signal generating unit 405 are not
limited to those in the above case. For example, the digital
signal generating unit 405 may generate three digital signals:
a digital signal related to the heartbeat component and the
body movement component having a speed equal to the
speed of the heartbeat component, a digital signal related to
the body movement component having a speed higher than
the speed of the heartbeat component, and a respiratory
component signal. In addition, four or more digital signals
may be generated.

In addition, as in the first embodiment, the DSP 501 and
the display 90 may be integrated together. For example, by
wirelessly transmitting a signal that has been subjected to
analog-to-digital conversion performed by the digital signal
generating unit 405 and receiving the signal by a personal
computer or the like including the DSP 501 and the display
90, the personal computer or the like may process and
display the signal.

Third Embodiment

Another embodiment of the present invention will be
described below with reference to FIGS. 7 to 10. Note that
the members having the same functions as the members
described in the above embodiments are denoted by the
same reference numerals, and description thereof is omitted
for brevity of the description.

A high-frequency device 3 according to this embodiment
is different from the high-frequency devices 1 and 2 accord-
ing to the first and second embodiments in including a radio
wave radar unit 56 instead of the radio wave radar unit 5a
and a signal processing circuit 402 instead of the signal
processing circuits 400 and 401.
<Signal Processing Performed by Radio Wave Radar Unit
56>

Now, signal processing performed by the radio wave radar
unit 56 will be described below with reference to FIG. 7.
FIG. 7 is a block diagram schematically illustrating the
configuration of the radio wave radar unit 5b. As illustrated
in FIG. 7, the radio wave radar unit 54 includes the oscillator
21, the amplifier 22, the transmission antenna 25, the recep-
tion antenna 30, the low-noise amplifier 31, an I mixer 32,
a Q mixer 32¢, a filter 33/, a filter 33¢, and a phase shifter
38.

As illustrated in FIG. 7, the signal processing from when
the transmission signal 11 is emitted from the transmission
antenna 25 to when the reflection signal 12 is input to the
reception antenna 30 is the same as that in the first and
second embodiments. Also, as in the first and second
embodiments, the reflection signal 12 includes both a direct
reflection signal and an indirect reflection signal.

The signal input to the reception antenna 30 is amplified
by the low-noise amplifier 31 and is then split into two
signals: an I analog signal 31is and a Q analog signal 31¢s.
Upon input of the I analog signal 31is to the phase shifter 38,
the phase of the I analog signal 31is shifts 90 degrees with
respect to that of the Q analog signal 31¢s. Then, the I analog
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signal 31is output from the phase shifter 38 is input to the I
mixer 32i, and the Q analog signal 31ig is input to the Q
mixer 324.

On the other hand, after having been amplified by the
amplifier 22, the analog signal 22s, which is one of two
signals obtained by splitting a signal, is further split into two
signals: an T local oscillation signal 22is and a Q local
oscillation signal 22¢s, which are respectively input to the I
mixer 32; and the Q mixer 32¢. Note that although the 1
analog signal 31is and the Q analog signal 31ig have phases
shifted 90 degrees in this embodiment, the I local oscillation
signal 22is and the Q local oscillation signal 22¢s may have
phases shifted 90 degrees.

The 1 analog signal 31is output from the phase shifter 38
and the Q analog signal 31ig are subjected to frequency
down conversion performed by the I mixer 32 and the Q
mixer 32¢, respectively, and are then input to the filter 33;
and the filter 33¢. Then, an I baseband signal 33is and a Q
baseband signal 33¢s are output from the filter 33/ and the
filter 33¢, respectively. Note that the I baseband signal 33is
is a cosine wave, and the Q baseband signal 33¢s is a sine
wave.

The T baseband signal 33is and the Q baseband signal
33¢s are each an analog signal that has received a Doppler
shift due to chest movement including beating of the heart
and respiration. Although the difference between the I base-
band signal 33is and the Q baseband signal 33¢s is whether
or not the signal has passed through the phase shifter 38,
since the velocity of signals input to the reception antenna 30
changes over time, both signals have phases shifted 90
degrees at an instant. Accordingly, depending on the mag-
nitude and direction of the signal velocity, the phase rela-
tionship between the 1 baseband signal 33is and the Q
baseband signal 33¢s as integral signals output from the
radio wave radar unit 54 continuously changes over time.

The autocorrelation functions are calculated from each of
two channels for I system and for Q system in the above
manner because, if the living body 10 slightly moves, the
amplitude values of the I baseband signal 33is and the Q
baseband signal 33¢s easily change with respect to time.
Accordingly, for example, the Q baseband signal 33¢s may
be a more minute signal than the I baseband signal 33is.
Therefore, the detection of the peak value by using the
autocorrelation function of either channel alone may
degrade the detection sensitivity and detection accuracy of
the peak value.
<Signal Processing Performed by Signal Processing Circuit
402>

Now, signal processing performed by the signal process-
ing circuit 402 will be described below with reference to
FIGS. 8 and 9. FIG. 8 is a block diagram schematically
illustrating the configuration of the signal processing circuit
402. FIG. 9 is a block diagram schematically illustrating the
configurations of a DSP 502 and the display 90. As illus-
trated in FIG. 8, the signal processing circuit 402 includes a
first digital signal generating unit (digital signal generating
unit) 40ci, a second digital signal generating unit (digital
signal generating unit) 40cg, and the DSP 502.

(Signal Processing Performed by First Digital Signal Gen-
erating Unit 40Ci and Second Digital Signal Generating
Unit 40cq)

As illustrated in FIG. 8, the [ baseband signal 33is (see
FIG. 7) is input to an input terminal 41/, and the Q baseband
signal 33¢s (see FI1G. 7) is input to an input terminal 414.
Then, the I baseband signal 33is that has been input is
processed by the I-system first digital signal generating unit
40c¢i, and the Q baseband signal 33¢s that has been input is
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processed by the Q-system second digital signal generating
unit 40cq. Each of the first and second digital signal gen-
erating units 40ci and 40cq has the same configuration as the
digital signal generating unit 40a (see FIG. 3) for I system
and Q system, and therefore description of signal processing
performed by the first and second digital signal generating
units 40ci and 40cq is omitted.

An 1 digital signal 46si output from the first digital signal
generating unit 40ci and a Q digital signal 46s¢ output from
the second digital signal generating unit 40cq are each
limited to a frequency band of the body movement compo-
nent (including the heartbeat component and the respiratory
component) and output as an amplified digital signal and are
then subjected to signal processing performed by the DSP
502. Note that the I digital signal 46si is a cosine wave, and
the Q digital signal 46sq is a sine wave.

(Signal Processing Performed by DSP 502)

As illustrated in FIG. 9, the DSP 502 includes input
terminals 527 and 52¢, a first heartbeat signal extracting unit
(heartbeat signal extracting unit) 537, a second heartbeat
signal extracting unit (heartbeat signal extracting unit) 53¢,
a first respiratory signal extracting unit (respiratory signal
extracting unit) 63/, a second respiratory signal extracting
unit (respiratory signal extracting unit) 634, a first heartbeat
autocorrelation function processing unit (heartbeat autocor-
relation function processing unit) 54/, a second heartbeat
autocorrelation function processing unit (heartbeat autocor-
relation function processing unit) 54¢, a first respiratory
autocorrelation function processing unit (respiratory auto-
correlation function processing unit) 64/, a second respira-
tory autocorrelation function processing unit (respiratory
autocorrelation function processing unit) 64¢, a number-of-
beats-of-heart determining unit 55q, and a number-of-res-
pirations determining unit 65a.

As illustrated in FIG. 9, the I digital signal 46si (see FIG.
8) that has been input to the input terminal 52 is split into
three signals: a first I digital signal 58ai, a second I digital
signal 585, and a third I digital signal 58¢i.

The flow of signal processing up to the calculation of the
periods of autocorrelation functions on the basis of the first
1 digital signal 58ai and the third I digital signal 58¢i is the
same as that in the first and second embodiments, and
therefore description thereof is omitted. In addition, the
second I digital signal 585i is output without modification as
the body movement waveform signal 715 representing the
change in the amplitude of body movement over time and is
a signal to be input to the display 90.

On the other hand, the Q digital signal 46s¢ (see FIG. 8)
that has been input to the input terminal 524 is split into two
signals: a first Q digital signal 58a¢ and a second Q digital
signal 58bq.

The flow of signal processing up to the calculation of the
periods of autocorrelation functions on the basis of the first
Q digital signal 58ag and the second Q digital signal 58b¢
1s the same as that in the first and second embodiments, and
therefore description thereof is omitted.

Then, a first number of beats of the heart, which is the
number of beats of the heart calculated by a first heartbeat
autocorrelation function processing unit 54/, and a second
number of beats of the heart, which is the number of beats
of the heart calculated by a second heartbeat autocorrelation
fanction processing unit 54¢, are each input to the number-
of-beats-of-heart determining unit 55¢ as a signal (not
illustrated) representing the corresponding number of beats
of the heart. Specifically, the first number of beats of the
heart is input to a first number-of-beats-of-heart determining
unit 55/ included in the number-of-beats-of-heart determin-
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ing unit 55a. The second number of beats of the heart is
input to a second number-of-beats-of-heart determining unit
554 also included in the number-of-beats-of-heart determin-
ing unit 55a. Note that the method for determining the first
number of beats of the heart and the second number of beats
of the heart is the same as that performed by the numbet-
of-beats-of-heart determining unit 55 described in the first
embodiment, and therefore description thereof is omitted.

While the living body 10 is at rest, the first number of
beats of the heart and the second number of beats of the heart
are similar numeric values, but if the I-system channel and
the Q-system channel are not well balanced, that is, if the
body is moving for example, either channel may produce an
abnormal numeric value. Accordingly, as a method in which
a display number-of-beats-of-heart determining unit 555
included in the number-of-beats-of-heart determining unit
55a determines the number of beats of the heart to be
displayed, for example, as long as the error between the first
number of beats of the heart and the second number of beats
of the heart is lower than a few percent, the average value
thereof may be used as the number of beats of the heart.
Alternatively, by comparing the first number of beats of the
heart and the second number of beats of the heart, a higher
value may be used as the number of beats of the heart.

Then, a first number of respirations, which is the number
of respirations calculated by the first respiratory autocorre-
lation function processing unit 64i, and a second number of
respirations, which is the number of respirations calculated
by the second respiratory autocorrelation function process-
ing unit 64¢, are each input to the number-of-respirations
determining unit 65a as a signal (not illustrated) represent-
ing the corresponding number of respirations. Specifically,
the first number of respirations is input to a first number-
of-respirations determining unit 65/ included in the number-
of-respirations determining unit 65a. In addition, the second
number of respirations is input to a second number-of-
respirations determining unit 65¢ also included in the num-
ber-of-respirations determining unit 65a. Note that the
method for determining the first number of respirations and
the second number of respirations are the same as that
performed by the number-of-respirations determining unit
65 described in the first embodiment, and therefore descrip-
tion thereof is omitted.

In addition, the method in which a display number-of-
respirations determining unit 654 included in the number-
of-respirations determining unit 65a determines the number
of respirations to be displayed is the same as the above
method for determining the number of beats of the heart to
be displayed, and therefore description thereof is omitted.
<Method for Determining Periodicity Related to Heartbeat
Component by Using Autocorrelation Function>

Next, the method for determining the periodicity related
to the heartbeat component by using the autocorrelation
function will be described with reference to FIGS. 10(a) and
(b). FIG. 10(a) is a graph illustrating the relationship
between the amplitude values of heartbeat signals and the
numbers of samples related to the heartbeat signals sampled
by the first heartbeat autocorrelation function processing
unit 54 and the second heartbeat autocorrelation function
processing unit S4¢. FIG. 10(d) is a graph illustrating the
relationship between correlation coeflicients of autocorrela-
tion functions and the numbers of samples related to the
heartbeat signals sampled by the first heartbeat autocorre-
lation function processing unit 54i and the second heartbeat
autocorrelation function processing unit 54g.

Since biological signals such as the heartbeat signal and
the respiratory signal can typically be regarded as signals
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having finite average power, the signals are expressed as
x[n]. n is an integer sample number obtained by sampling.
At this time, an autocorrelation function r_[1] is calculated
according to Equation (1).

NI-1 [Math 1]
Felll = lim

1
Jim e ; x[nlx[r - 1.

1: Delay of sample (integer)

N1: Integer

In addition, the autocorrelation function r_[1] of a peri-
odic signal where the period is L is calculated according to
Equation (2).

[Math 2]

At this time, if the period L is unknown, Equation (2)
cannot be calculated without modification. Accordingly, in
Equation (1), an integer whose value is sufficiently large
with respect to the assumed period is substituted for N1, and
calculation is performed by replacing the following expres-
sion in the corresponding part in Equation (1).

[Math 3]

The calculation result is used as an approximation of the
autocorrelation function r_[1] defined by Equation (2). If
x[n] is a periodic function, the correlation coeflicient of the
autocorrelation function calculated according to Equation
(3) has peak values at L, 2L, 3L, 4L, . . . at regular intervals
in addition to where 1=0. Furthermore, with a positive peak
value that is substantially equal to the peak value obtained
when 1=0, it can be determined that x[n] is a periodic signal,
and accordingly, on the basis of the integer L in this case, the
period of the periodic signal is estimated.

If the periodicity related to the heartbeat component is
determined by using the autocorrelation function calculated
by the DSP 502 by using the above method, the following
processing is performed.

Here, the vertical axis in the graph of FIG. 10(a) repre-
sents the amplitude value, and the vertical axis in the graph
of FIG. 10(b) represents the correlation coeflicient. In both
of the graphs, the horizontal axis represents the number of
samples of heartbeat signals. As the amplitude value and the
correlation coefficient increase, the correlativity with past
signals increases. In addition, on the basis of the number of
samples corresponding to the initial peak value (amplitude
value and correlation coefficient) other than n=1=0 in Equa-
tion (3), the period of the autocorrelation function is calcu-
lated.

In the graph of FIG. 10(4), two autocorrelation functions
for 1 system and Q system are illustrated. Both of the two
autocorrelation functions have the initial peak of the corre-
lation coeflicient when the number of samples on the hori-
zontal axis is [L.=46. Here, since the sampling frequency is 50
Hz as in the first and second embodiments, it takes 20 ms for
each sample. In addition, since N1=128 times of sampling
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indicated in Equation (3) is performed in this embodiment,
the total sampling time is 20 msx128=2.56 seconds.

Accordingly, the period T of each of the two autocorre-
lation functions is 46x20 ms=0.92 seconds. The period T
corresponds to 1.087 Hz if converted into the frequency of
the heartbeat signal and 65 bpm if converted into the number
of beats of the heart per minute.

Note that the periodicity of the two respiratory signals for
Isystem and Q system is similarly determined from the peak
values of the two correlation coeflicients by using two
autocorrelation functions for I system and Q system. Note
that since respiration typically occurs once in about four
seconds, about 512 times of sampling of respiratory signals
is necessary, which differs from the case of the heartbeat
signals.
<Effects>

As described above, according to this embodiment, the
high-frequency device 3 determines the number of beats of
the heart to be finally displayed on the display 90 by using
the first number of beats of the heart and the second number
of beats of the heart. For example, as long as the error
between the first number of beats of the heart and the second
number of beats of the heart is lower than a few percent, the
number of beats of the heart can be determined by regarding
the living body 10 as being static (i.e., the living body 10 is
in a state suitable for calculating the number of beats of the
heart). The same method can be employed for determining
the number of respirations. Accordingly, the high-frequency
device 3 can finally display the number of beats of the heart
and the number of respirations on the display 90 with high
accuracy.

In addition, the high-frequency device 3 determines the
first number of beats of the heart and the second number of
beats of the heart on the basis of two digital signals (the 1
digital signal 46si and the Q digital signal 46s¢) having
phases different from each other by 90 degrees. Here, even
if the [ digital signal 46si, which is a cosine wave, is a signal
with a small amplitude, being a sine wave, the Q digital
signal 46s¢ is a signal with a large amplitude, and both
signals have such a relationship as to complement each other
upon changes in phases. Accordingly, even if the living body
10 moves relatively largely, at least one of the numbers of
beats of the heart maintains high accuracy. The same applies
to the relationship between the first number of respirations
and the second number of respirations. Thus, even if the
living body 10 moves relatively largely, the high-frequency
device 3 can calculate the number of beats of the heart and
the number of respirations with high accuracy.

Specifically, as illustrated in FIG. 10(a), the level of the
sampled heartbeat signal for I system is different from the
level of the sampled heartbeat signal for Q system (the
heartbeat signal for Q system has a lower signal level than
the heartbeat signal for I system). Accordingly, when deter-
mining the periodicity of the heartbeat component and the
respiratory component only by using the autocorrelation
function of the heartbeat signal for Q system, for example,
the accuracy of the determination is decreased. However, by
using both the heartbeat signal for I system and the heartbeat
signal for Q system as in this embodiment, even a heartbeat
signal at a high level can be extracted, and accordingly, the
periodicity can be determined by using the autocorrelation
functions for both I system and Q system. As a result, it is
possible to increase the accuracy for determining the peri-
odicity by the high-frequency device 3. As an example, in
FIG. 10(d), the periodicity obtained by using the autocor-
relation function has a peak value =46 of both the heartbeat
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signal for T system and the heartbeat signal for Q system, and
a number of beats of the heart per minute being 65 bpm is
obtained for both signals.

Fourth Embodiment

Another embodiment of the present invention will be
described below with reference to FIGS. 11 and 12. Note
that the members having the same functions as the members
described in the above embodiments are denoted by the
same reference numerals, and description thereof is omitted
for brevity of the description.

A high-frequency device 4 according to this embodiment
is different from the high-frequency devices 1 to 3 according
to the first to third embodiments in including a signal
processing circuit 403 instead of the signal processing
circuits 400 to 402.
<Signal Processing Performed by Signal Processing Circuit
403>

Now, signal processing performed by the signal process-
ing circuit 403 will be described below with reference to
FIGS. 11 and 12. FIG. 11 is a block diagram schematically
illustrating the configuration of the signal processing circuit
403. FIG. 12 is a block diagram schematically illustrating
the configurations of a DSP 503 and the display 90. As
illustrated in FIG. 11, the signal processing circuit 403
includes an I heartbeat digital signal generating unit 49a, an
I respiratory digital signal generating unit 495, a Q heartbeat
digital signal generating unit 49¢, a Q respiratory digital
signal generating unit 494, and the DSP 503.

(Signal Processing Performed by Each of Digital Signal
Generating Units 49a to 494)

As illustrated in FIG. 11, the I baseband signal 33is (see
FIG. 7) is input to an input terminal 415, and the Q baseband
signal 33¢s (see FIG. 7) is input to an input terminal 41c.
Then, the 1 baseband signal 33is that has been input is split
into two signals: an I heartbeat analog signal 48ia and an I
respiratory analog signal 48ib for [ system. In addition, the
Q baseband signal 33¢s that has been input is split into two
signals: a Q heartbeat analog signal 48¢a and a Q respiratory
analog signal 4845 for Q system.

Here, the I heartbeat analog signal 48ia and the Q
heartbeat analog signal 48¢a are each an analog signal
containing the heartbeat component and the body movement
component, and the 1 respiratory analog signal 485 and the
Q respiratory analog signal 48¢b are each an analog signal
containing the respiratory component.

Then, the I heartbeat analog signal 48ia is processed by
the T heartbeat digital signal generating unit 49a, and the 1
respiratory analog signal 48ib is processed by the I respira-
tory digital signal generating unit 495. In addition, the Q
heartbeat analog signal 48¢a is processed by the Q heartbeat
digital signal generating unit 49¢, and the Q respiratory
analog signal 48¢b is processed by the Q respiratory digital
signal generating unit 49d. Each of the digital signal gen-
erating units 49a to 494 has the same configuration as the
digital signal generating unit 40a (see FIG. 3) for I system
and Q system, and therefore description of signal processing
performed by each of the digital signal generating units 49a
to 494 is omitted.

An 1 heartbeat digital signal 46sia output from the I
heartbeat digital signal generating unit 49a and an I respi-
ratory digital signal 46sib output from the I respiratory
digital signal generating unit 495 are each processed by the
DSP 503. In addition, a Q heartbeat digital signal 46sqa
output from the Q heartbeat digital signal generating unit
49¢ and a Q respiratory digital signal 46s¢b output from the
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Q respiratory digital signal generating unit 494 are each
processed by the DSP 503. Note that the digital signals 46sia
and 46sib for 1 system are cosine waves, and the digital
signals 46sqa and 46s¢b for Q system are sine waves.
(Signal Processing Performed by DSP 503)

As illustrated in FIG. 12, the 1 heartbeat digital signal
46sia is input to the input terminal 52i. Then, after having
been output from the input terminal 52i, the 1 heartbeat
digital signal 46sia is split into two signals: the first I digital
signal 58ai and the second I digital signal 585i. Then, the
first T digital signal 58ai is input to a first heartbeat signal
extracting unit 53i. In addition, the second I digital signal
585i is output without modification as the body movement
waveform signal 715 representing the change in the ampli-
tude of body movement over time and is a signal to be input
to the display 90.

In addition, after having been input to an input terminal
621, the [ respiratory digital signal 465ib is output to the first
respiratory signal extracting unit 63i as the third I digital
signal 58¢i. After having been input to the input terminal
52¢, the Q heartbeat digital signal 46s¢a is output to the
second heartbeat signal extracting unit 53¢ as the first Q
digital signal 58aq. After having been input to an input
terminal 624, the Q respiratory digital signal 46s5¢b is output
to the second respiratory signal extracting unit 63¢ as the
second Q digital signal 58b4.

The flow of signal processing up to the calculation of the
period of each autocorrelation function on the basis of the
first T digital signal 58ai, the third T digital signal 58c¢i, the
first Q digital signal 58a¢, and the second Q digital signal
58bq is the same as that in the first to third embodiments, and
therefore description thereof is omitted. In addition, the
signal processing for obtaining the heartbeat waveform
signal 71a on the basis of the first I digital signal 58ai and
the signal processing for obtaining the respiratory waveform
signal 71c¢ on the basis of the third I digital signal 58¢i are
also the same as those in the first to third embodiments, and
therefore description thereof is omitted.

Next, the method in which the number-of-beats-of-heart
determining unit 55« determines the number of beats of the
heart to be displayed and the method in which the number-
of-respirations determining unit 65a determines the number
of respirations to be displayed are the same as those in the
third embodiment, and therefore description thereof is omit-
ted.
<Effects>

As described above, according to this embodiment, the
high-frequency device 4 performs analog signal processing
and digital signal processing by separating a biological
signal (hereinafter referred to as “heartbeat component sig-
nal”) containing the heartbeat component and the body
movement component and a biological signal (hereinafter
referred to as “respiratory component signal”) containing the
respiratory component. Accordingly, the dynamic ranges of
the heartbeat component signal and the respiratory compo-
nent signal can be increased at each stage of the analog
signal processing and the digital signal processing. There-
fore, each heartbeat autocorrelation function processing unit
and each respiratory autocorrelation function processing
unit can calculate each number of beats of the heart and each
number of respirations with high accuracy.

Specifically, in the heartbeat component signal, it is
possible to reduce the influence of the respiratory compo-
nent, and in the respiratory component signal, it is possible
to reduce the influence of the body movement component.
The effects of the heartbeat component signal are exhibited
during rest and sleeping where body movement is small,
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whereas the effects of the respiratory component signal are
exhibited in a non-static situation where body movement is
large and when the body is still moving before sleeping even
lying in bed.

In addition, on the basis of each of the numbers of beats
of the heart (the first number of beats of the heart and the
second number of beats of the heart) and each of the
numbers of respirations (the first number of respirations and
the second number of respirations), the high-frequency
device 4 determines the number of beats of the heart and the
number of respirations to be displayed. Accordingly, the
high-frequency device 4 can finally display the number of
beats of the heart and the number of respirations on the
display 90 with high accuracy, and even if the living body
10 moves relatively largely, the high-frequency device 4 can
calculate the number of beats of the heart and the number of
respirations with high accuracy.

[Examples Realized by Software]

The control block (in particular, the radio wave radar units
5a and 5b and the signal processing circuits 400 to 403) in
the high-frequency devices 1 to 4 may be realized by a logic
circuit (hardware) formed on an integrated circuit (IC chip)
or the like or software by using a central processing unit
(CPU).

In the latter case, the high-frequency devices 1 to 4
include a CPU that executes commands of programs, which
are software realizing each function, a read only memory
(ROM) or a storage device (these are referred to as “record-
ing media”) having the programs and various data items
recorded thereon in a computer (or CPU)-readable manner,
a random access memory (RAM) that loads the programs,
and the like. By the computer (or the CPU) reading the
programs from the recording media and executing the pro-
grams, the object of the present invention is achieved.
Examples of each of the recording media include a “non-
transitory physical medium” such as a tape, disk, card,
semiconductor memory, programmable logic circuit, or the
like. In addition, the programs may be supplied to the
computer via a given transmission medium (e.g., commu-
nication network or broadcast wave) by which the programs
can be transmitted. Note that the present invention may also
be realized in the form of data signals embedded in a carrier
wave embodied by electronic transmission of the programs.
[Conclusion]

A high-frequency device (1, 2, 3, 4) according to a first
aspect of the present invention includes a biological signal
extracting unit (heartbeat signal extracting unit 53, respira-
tory signal extracting unit 63) that extracts, from a digital
signal representing a biological phenomenon, which is
movement that appears in a living body, a biological signal
representing a specific frequency component of the digital
signal; and an autocorrelation function processing unit
(heartbeat autocorrelation function processing unit 54, respi-
ratory autocorrelation function processing unit 64) that
samples the biological signal extracted by the biological
signal extracting unit, calculates an autocorrelation function
on the basis of a predetermined number of the biological
signals that are sampled, and determines periodicity of the
autocorrelation function from a peak value of a correlation
coeflicient to calculate biological information representing
the biological phenomenon.

In the above configuration, the high frequency device
extracts only a necessary band by using an analog filter and
causes only the necessary band to pass through a digital filter
too. Specifically, by extracting only the necessary band
through the analog filter, excluding unnecessary signals, and
by amplifying the necessary band, and then by performing
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analog-to-digital conversion, the high-frequency device
increases the dynamic range of the heartbeat or respiration
band. In addition, the SN ratio of the digital signal is
increased in the digital filter. Accordingly, it is possible to
increase the detection accuracy of the peak value of a
correlation function detected from the autocorrelation func-
tion.

In addition, by detecting the peak value of the correlation
coeflicient by using the autocorrelation function obtained by
sampling biological signals and by determining the period of
the autocorrelation function, the high-frequency device cal-
culates the biological information. Accordingly, even if the
living body is moving or if there are many noise components
such as extraneous reflection signals, the biological infor-
mation can be calculated with high accuracy.

In a high-frequency device according to a second aspect
of the present invention, in the first aspect, the biological
signal extracting unit may extract the biological signal from
a direct reflection signal (reflection signal 12) and an indirect
reflection signal (reflection signal 12), the direct reflection
signal being obtained by a transmission signal that has been
transmitted from the high-frequency device toward the liv-
ing body in order to extract the biological signal and that is
directly reflected on the living body, the indirect reflection
signal being obtained by the transmission signal that has
been reflected on an object and then is reflected on the living
body.

Typically, since the waveform of an indirect reflection
signal is deformed or noise is added thereto, it is considered
to be difficult to calculate biological information from the
indirect reflection signal.

In this respect, in the above configuration, it is possible to
extract a biological signal from the direct reflection signal
and the indirect reflection signal by using the biological
signal extracting unit. Accordingly, also from the indirect
reflection signal, it is possible to calculate the biological
information by using the autocorrelation functions of the
biological signal.

In addition, if the living body is present in a relatively
narrow space such as a bedroom, there are many indirect
reflection signals in the space. Accordingly, even if it is not
possible to capture the direct reflection signal, the high-
frequency device can calculate the biological information of
the living body present in the space by using the indirect
reflection signals.

Furthermore, if the living body is present in the above
space, even in a situation where it is difficult to directly
irradiate a desired portion of the living body with the
transmission signal, for example, when the living body is
lying face down, by making the transmission signal reflect
on a wall or the like, the portion can be indirectly irradiated
with the transmission signal. Accordingly, by using the
indirect reflection signal, it is possible to calculate the
biological information regardless of the posture of the living
body.

In a high-frequency device according to a third aspect of
the present invention, in the first or second aspect, the
biological signal extracting unit may include a heartbeat
signal extracting unit (53) that extracts a heartbeat signal
representing heartbeat at a specific frequency and a respi-
ratory signal extracting unit (63) that extracts a respiratory
signal representing respiration at a specific frequency, and
the autocorrelation function processing unit may include a
heartbeat autocorrelation function processing unit (54) that
calculates the number of beats of a heart during a predeter-
mined period and a respiratory autocorrelation function
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processing unit (64) that calculates the number of respira-
tions during a predetermined period.

According to the above configuration, the high-frequency
device can calculate the number of beats of the heart and the
number of respirations during a predetermined period by
determining the periodicity of autocorrelation functions in
the heartbeat signal and the respiratory signal even if the
living body is moving or if there are many noise components
such as extraneous reflection signals. Accordingly, it is
possible to realize a high-frequency device with increased
detection sensitivity for calculating the number of beats of
the heart and the number of respirations.

A high-frequency device (2) according to a fourth aspect
of the present invention may include, in the third aspect, a
digital signal generating unit (405) that generates a first
biological digital signal (46sa) related to a heartbeat com-
ponent and a body movement component and a second
biological digital signal (46sb) related to a respiratory com-
ponent upon an analog signal (first analog signal 484, second
analog signal 485) related to the biological phenomenon
being input, in which the heartbeat signal extracting unit
may extract the heartbeat signal on the basis of the first
biological digital signal output from the digital signal gen-
erating unit, and in which the respiratory signal extracting
unit may extract the respiratory signal on the basis of the
second biological digital signal output from the digital signal
generating unit.

In the above configuration, the digital signal generating
unit can increase the dynamic range of each of the first
biological digital signal and the second biological digital
signal. Accordingly, the heartbeat signal extracting unit and
the respiratory signal extracting unit can extract the heart-
beat signal and the respiratory signal with high sensitivity
and accuracy.

A high-frequency device (3) according to a fifth aspect of
the present invention may further include, in the third aspect,
a radio wave radar unit (55) that outputs an I analog signal
(31is) related to the biological phenomenon and a Q analog
signal (31¢s) having a phase 90 degrees different from a
phase of the 1 analog signal; a number-of-beats-of-heart
determining unit (55a) that determines the number of beats
of the heart; and a number-of-respirations determining unit
(65a) that determines the number of respirations, in which
the digital signal generating unit (first digital signal gener-
ating unit 40c¢i, second digital signal generating unit 40cq)
may gererate an 1 digital signal (46si) related to the heart-
beat component, the respiratory component, and the body
movement component on the basis of the I analog signal
output from the radio wave radar unit and generates a Q
digital signal (46sq) related to the heartbeat component, the
respiratory component, and the body movement component
on the basis of the Q analog signal output from the radio
wave radar unit, in which the heartbeat autocorrelation
function processing unit (first heartbeat autocorrelation
function processing unit 54i, second heartbeat autocorrela-
tion function processing unit 54¢) may calculate a first
number of beats of the heart during a predetermined period
on the basis of the I digital signal and calculates a second
number of beats of the heart during a predetermined period
on the basis of the Q digital signal, in which the respiratory
autocorrelation function processing unit (first respiratory
autocorrelation function processing unit 64/, second respi-
ratory autocorrelation function processing unit 64¢) may
calculate a first number of respirations during a predeter-
mined period on the basis of the 1 digital signal and
calculates a second number of respirations during a prede-
termined period on the basis of the Q digital signal, in which
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the number-of-beats-of-heart determining unit may deter-
mine the number of beats of the heart on the basis of the first
number of beats of the heart and the second number of beats
of the heart that have been output from the heartbeat
autocorrelation function processing unit, and in which the
number-of-respirations determining unit may determine the
number of respirations on the basis of the first number of
respirations and the second number of respirations that have
been output from the respiratory autocorrelation function
processing unit.

In the above configuration, the high-frequency device
determines the final number of beats of the heart by using the
first number of beats of the heart and the second number of
beats of the heart. For example, as long as the error between
the first number of beats of the heart and the second number
of beats of the heart is lower than a few percent, the number
of beats of the heart can be determined by regarding the
living body as being static (i.e., the living body is in a state
suitable for calculating the number of beats of the heart). The
same method can be employed for determining the number
of respirations. Accordingly, the high-frequency device can
finally determine the number of beats of the heart and the
number of respirations with high accuracy.

In addition, the high-frequency device determines the first
number of beats of the heart and the second number of beats
of the heart on the basis of two digital signals (the I digital
signal and the Q digital signal) having phases different from
each other by 90 degrees. Here, even if the I digital signal,
which is a cosine wave, is a signal with a small amplitude,
being a sine wave, the Q digital signal is a signal with a large
amplitude, and both signals have such a relationship as to
complement each other upon changes in phases. Accord-
ingly, even if the living body moves relatively largely, at
least one of the numbers of beats of the heart maintains high
accuracy. The same applies to the relationship between the
first number of respirations and the second number of
respirations. Thus, even if the living body moves relatively
largely, the high-frequency device can calculate the number
of beats of the heart and the number of respirations with high
accuracy.

Note that in the high-frequency device (4) according to
the fifth aspect, the digital signal generating unit (I heartbeat
digital signal generating unit 49a, I respiratory digital signal
generating unit 495, Q heartbeat digital signal generating
unit 49¢, Q respiratory digital signal generating unit 494)
may generate an | heartbeat digital signal (46sia) related to
the heartbeat component and the body movement compo-
nent and an I respiratory digital signal (46sib) related to the
respiratory component on the basis of the I analog signal (I
heartbeat analog signal 48ia, 1 respiratory analog signal
48ib) that has been output from the radio wave radar unit and
may generate a Q heartbeat digital signal (46s¢a) related to
the heartbeat component and the body movement compo-
nent and a Q respiratory digital signal (46s¢b) related to the
respiratory component on the basis of the Q analog signal (Q
heartbeat analog signal 48¢a, Q respiratory analog signal
48¢b) that has been output from the radio wave radar unit,
the heartbeat autocorrelation function processing unit may
calculate the first number of beats of the heart on the basis
of the I heartbeat digital signal and may generate the second
number of beats of the heart on the basis of the Q heartbeat
digital signal, and the respiratory autocorrelation function
processing unit may calculate the first number of respira-
tions on the basis of the 1 respiratory digital signal and may
calculate the second number of respirations on the basis of
the Q respiratory digital signal.
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In the above configuration, the high-frequency device
performs analog signal processing and digital signal pro-
cessing by separating a heartbeat component signal and a
respiratory component signal. Accordingly, the dynamic
ranges of the heartbeat component signal and the respiratory
component signal can be increased at each stage of the
analog signal processing and the digital signal processing.
Therefore, each heartbeat autocorrelation function process-
ing unit and each respiratory autocorrelation function pro-
cessing unit can calculate each number of beats of the heart
and each number of respirations with high accuracy.

In addition, on the basis of the first number of beats of the
heart, the second number of beats of the heart, the first
number of respirations, and the second number of respira-
tions, the high-frequency device determines the number of
beats of the heart and the number of respirations to be
displayed. Accordingly, the high-frequency device can
finally determine the number of beats of the heart and the
number of respirations with high accuracy, and even if the
living body moves relatively largely, the high-frequency
device can calculate the number of beats of the heart and the
number of respirations with high accuracy.

The high-frequency device (1, 2, 3, 4) according to each
embodiment of the present invention may be realized by a
computer, in which case a program for controlling the
high-frequency device for realizing the high-frequency
device by using a computer by causing the computer to
operate as each unit (only software component) included in
the high-frequency device and a computer-readable record-
ing medium having the program recorded thereon are also
included in the scope of the present invention.

The present invention is not limited to each of the
above-described embodiments, and various modifications
are possible without departing from the scope of the claims.
An embodiment obtained by combining technical means as
necessary, which are disclosed in different embodiments, is
also included in the technical scope of the present invention.
In addition, by combining technical means disclosed in the
embodiments, a new technical feature can be formed.

INDUSTRIAL APPLICABILITY

A high-frequency device according to the present inven-
tion is useful in, for example, detecting a biological signal in
a room and detecting a biological signal during a car drive
and is applicable to care welfare, medical service, and the
like.

REFERENCE SIGNS LIST

1, 2, 3, 4 high-frequency device

5a, 5b radio wave radar unit

10 living body

11 transmission signal

12 reflection signal (direct reflection signal, indirect
reflection signal)

31is I analog signal

31¢s Q analog signal

40a, 404 digital signal generating unit

40c¢i first digital signal generating unit (digital signal
generating unit)

40¢q second digital signal generating unit (digital signal
generating unit)

46sa first biological digital signal

46sb second biological digital signal

46si 1 digital signal

4659 Q digital signal
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46sia 1 heartbeat digital signal

46sib 1 respiratory digital signal

46sga Q heartbeat digital signal

46s9b Q respiratory digital signal

48a first analog signal (analog signal)

485 second analog signal (analog signal)

48ia T heartbeat analog signal (I analog signal)

48ib 1 respiratory analog signal (I analog signal)

48ga Q heartbeat analog signal (Q analog signal)

48¢b Q respiratory analog signal (Q analog signal)

49a 1 heartbeat digital signal generating unit (digital
signal generating unit)

494 1 respiratory digital signal generating unit (digital
signal generating unit)

49¢ Q heartbeat digital signal generating unit (digital
signal generating unit)

49d Q respiratory digital signal generating unit (digital
signal generating unit)

53 heartbeat signal extracting unit

53i first heartbeat signal extracting unit (heartbeat signal
extracting unit)

53¢ second heartbeat signal extracting unit (heartbeat
signal extracting unit)

54 heartbeat autocorrelation function processing unit
54 first heartbeat autocorrelation function processing unit
(heartbeat autocorrelation function processing unit)
54¢ second heartbeat autocorrelation function processing
unit (heartbeat autocorrelation function processing

unit)

55, 55a number-of-beats-of-heart determining unit

63 respiratory signal extracting unit

63i first respiratory signal extracting unit (respiratory
signal extracting unit)

63¢ second respiratory signal extracting unit (respiratory
signal extracting unit)

64 respiratory autocorrelation function processing unit

64 first respiratory autocorrelation function processing
unit (respiratory autocorrelation function processing
unit)

644 second respiratory autocorrelation function process-
ing unit (respiratory autocorrelation function process-
ing unit)

65, 65a number-of-respirations determining unit

The invention claimed is:

1. A high-frequency device comprising:

abiological signal extracting processor that extracts, from
a digital signal representing a biological phenomenon,
a biological signal representing a specific frequency
component of the digital signal; and

an autocorrelation function processing circuit that
samples the biological signal extracted by the biologi-
cal signal extracting processor, calculates an autocor-
relation function on the basis of a predetermined num-
ber of the biological signals that are sampled, and
determines periodicity of the autocorrelation function
from a peak value of a correlation coefficient to calcu-
late biological information related to the biological
phenomenon,

wherein the biological phenomenon is movement that
appears in a living body,

wherein the biological signal extracting processor
includes a heartbeat signal extracting unit that extracts
a heartbeat signal representing heartbeat at a specific
frequency and a respiratory signal extracting unit that
extracts a respiratory signal representing respiration at
a specific frequency,
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wherein the autocorrelation function processing circuit
includes a heartbeat autocorrelation function process-
ing circuit that calculates the number of beats of a heart
during a predetermined petiod and a respiratory auto-
correlation function processing circuit that calculates
the number of respirations during a predetermined
period,

wherein the high-frequency device further comprises a
digital signal generating circuit that generates a first
biological digital signal related to a heartbeat compo-
nent and a body movement component and a second
biological digital signal related to a respiratory com-
ponent upon receiving an analog signal related to the
biological phenomenon,

wherein the heartbeat signal extracting unit extracts the
heartbeat signal on the basis of the first biological
digital signal output from the digital signal generating
circuit, and

wherein the respiratory signal extracting unit extracts the
respiratory signal on the basis of the second biological
digital signal output from the digital signal generating
circuit.

2. A high-frequency device that acquires biological infor-
mation related to a biological phenomenon, which is move-
ment that appears in a living body, by using a reflection
signal that is generated from reflection of a transmission
signal on the living body, the transmission signal having
been transmitted toward the living body, and occurrence of
a Doppler shift, comprising:

a biological signal extracting processor that extracts, from

a direct reflection signal and an indirect reflection
signal, a biological signal representing a specific fre-
quency component of the direct reflection signal or the
indirect reflection signal, the direct reflection signal
being obtained by the transmission signal having been
reflected on the living body, the indirect reflection
signal being obtained by the transmission signal that
has been directly reflected on an object and then is
reflected on the living body; and

an autocorrelation function processing circuit that
samples the biological signal extracted by the biologi-
cal signal extracting processor, calculates an autocor-
relation function on the basis of a predetermined num-
ber of the biological signals that are sampled, and
determines periodicity of the autocorrelation function
from a peak value of a correlation coefficient to calcu-
late biological information related to the biological
phenomenon

wherein the biological phenomenon is movement that
appears in the living body.

3. The high-frequency device according to claim 1,
wherein the biological signal extracting processor extracts
the biological signal from a direct reflection signal and an
indirect reflection signal, the direct reflection signal being
obtained by a transmission signal that has been transmitted
from the high-frequency device toward the living body in
order to extract the biological signal having been directly
reflected on the living body, the indirect reflection signal
being obtained by the transmission signal that has been
reflected on an object and then is reflected on the living
body.

4. The high-frequency device according to claim 1, fur-
ther comprising:

a radio wave radar unit that outputs an I analog signal
related to the biological phenomenon and a Q analog
signal having a phase 90 degrees different from a phase
of the I analog signal;
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a number-of-beats-of-heart determining unit that deter-
mines the number of beats of a heart; and

anumber-of-respirations determining unit that determines
the number of respirations,

wherein the digital signal generating circuit generates an
1 digital signal related to the heartbeat component, the
respiratory component, and the body movement com-
ponent on the basis of the I analog signal output from
the radio wave radar unit and generates a Q digital
signal related to the heartbeat component, the respira-
tory component, and the body movement component
on the basis of the Q analog signal output from the
radio wave radar unit,

wherein the heartbeat autocorrelation function processing
circuit calculates a first number of beats of the heart
during a predetermined period on the basis of the I
digital signal and calculates a second number of beats
of the heart during a predetermined period on the basis
of the Q digital signal,

5
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wherein the respiratory autocorrelation function process-

ing circuit calculates a first number of respirations
during a predetermined period on the basis of the I
digital signal and calculates a second number of respi-
rations during a predetermined period on the basis of
the Q digital signal,

wherein the number-of-beats-of-heart determining unit

determines the number of beats of the heart on the basis
of the first number of beats of the heart and the second
number of beats of the heart that have been output from
the heartbeat autocorrelation function processing cir-
cuit, and

wherein the number-of-respirations determining unit

determines the number of respirations on the basis of
the first number of respirations and the second number
of respirations that have been output from the respira-
tory autocorrelation function processing circuit.

* #* * #* #®
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