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Heart rate estimating apparatus and method

A heart rate estimating apparatus may include

a transmitter to transmit microwave with respect to a sub-
ject, areceiver to receive and detect reflected wave from
the subject irradiated with the microwave, and acquire a
detected result, a sensor to sense a movement of the
subject, and acquire a sensed result, and an estimating
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unit. The estimating unit may estimate a heartrate based
on feature points remaining after excluding, from heart
rate candidates, feature points that are obtained by fre-
quency analysis of the detected result and are located in
a vicinity of frequencies at which feature points are ob-
tained by frequency analysis of the sensed result.
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Description
FIELD

[0001] The embodiments discussed herein are related
to a heart rate estimating apparatus, a heart rate esti-
mating method, and a computer-readable storage medi-
um.

BACKGROUND

[0002] In this specification, a person (or user) who is
a target of heart rate measurement or heart rate estima-
tion, will be referred to as a "subject", for the sake of
convenience. Various heart rate measuring apparatuses
have been proposed to measure a heart rate by making
contact with the subject. However, in the case of the con-
tact type heart rate measuring apparatus, an exclusive
sensor, such as an ear clip to be worn on the subject’'s
ear, for example, is used. For this reason, the contact
type heart rate measuring apparatus may not be easy to
use, and the ear clip may come off from the subject’s ear.
Hence, it may be difficult to realize a heart rate measuring
apparatus capable of positively measuring the heart rate
while the subject moves, such as when the subject walks.
[0003] Onthe otherhand, anon-contacttype heartrate
measuring apparatus may detect reflected wave from
breast or the like of the subject irradiated with microwave,
for example, and estimate the heart rate of the subject
by utilizing the Doppler effect. More particularly, because
the reflected wave from the subject changes when a dis-
tance between a microwave transmitter and the subject
changes, the heart rate may be estimated by measuring
a displacement of a body surface or an organ, such as
the heart, caused by the heart beat. For example, the
microwave may have a wavelength of 1 m to 100 um and
a frequency of 300 MHz to 3 THz.

[0004] However, the reflected wave from the subject
may include reflected wave related to various information
other than heart rate information. The reflected wave re-
lated to the various information other than the heart rate
information may include the reflected wave from other
than the body surface of the subject undergoing the dis-
placement caused by the heart beat, such as the body
surface of the subject undergoing a displacement caused
by breathing, clothing worn by the subject, and the like.
When the subject moves by walking, for example, the
heart rate and a respiration rate tend to increase, and a
shape of the clothing also changes. For this reason, the
reflected wave related to the various information other
than the heart rate information changes depending on a
movement and the like of the subject.

[0005] The various information other than the heart
rate information may be regarded as noise with respect
to the heart rate information, and the accuracy of the
heart rate estimation may be difficult to improve when
the noise is mixed to the reflected wave. The accuracy
of the heart rate estimation may be difficult to improve
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particularly because it is difficult to eliminate the noise
that changes depending on the movement of the subject.
[0006] Various techniques are proposed in Japanese
Laid-Open Patent Publications No. 2009-55997, No.
2011-50604, No. 2008-99849, No. 2005-237569, No.
5-288760, and No. 1-115344, for example.

[0007] In the conventional non-contact type heart rate
measuring apparatuses, it may be difficult to improve the
accuracy of the heart rate estimation because separation
of the heart rate information, by eliminating the noise that
changes depending on the movement of the subject, is
difficult.

SUMMARY

[0008] Accordingly, itis an object in one aspect of the
embodimentto provide a heartrate estimating apparatus,
aheartrate estimating method, and a computer-readable
storage medium, which may improve the accuracy of the
heart rate estimation.

[0009] According to one aspect of the present inven-
tion, a heart rate estimating apparatus may include a
transmitter configured to transmit microwave with re-
spect to a subject; a receiver configured to receive and
detect reflected wave from the subject irradiated with the
microwave, and acquire a detected result; a sensor con-
figured to sense a movement of the subject, and acquire
a sensed result; and an estimating unit configured to es-
timate a heart rate based on feature points remaining
after excluding, from heartrate candidates, feature points
that are obtained by frequency analysis of the detected
result and are located in a vicinity of frequencies at which
feature points are obtained by frequency analysis of the
sensed result.

[0010] The object and advantages of the invention will
be realized and attained by means of the elements and
combinations particularly pointed out in the claims.
[0011] It is to be understood that both the foregoing
general description and the following detailed description
are exemplary and explanatory and are not restrictive of
the invention, as claimed.

BRIEF DESCRIPTION OF DRAWINGS
[0012]

FIG. 1 is a diagram for explaining an example of a
non-contact type heart rate estimating apparatus;
FIG. 2 is a block diagram illustrating an example of
a hardware configuration of the heart rate estimating
apparatus in one embodiment;

FIG. 3 is a block diagram illustrating an example of
a microwave transmitter and receiver;

FIG. 4 is a perspective view illustrating a first exam-
ple of a mobile phone with a cover on a rear side
thereof removed;

FIG. 5is a perspective view illustrating a second ex-
ample of the mobile phone with the cover on the rear
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side thereof removed;

FIG. 6 is a perspective view illustrating a front side
of a third example of the mobile phone;

FIG. 7 is a perspective view illustrating an example
of a PC (Personal Computer);

FIG. 8 is a diagram illustrating a state of use of the
PC;

FIG. 9 is a block diagram illustrating an example of
a functional configuration of the mobile phone in a
case in which a microphone is used;

FIG. 10 is a diagram illustrating a relationship be-
tween a subject and XYZ coordinate axes;

FIG. 11 is a diagram illustrating an example of an
analysis result obtained by frequency analysis of
measured results from a contact type heart rate
measuring apparatus;

FIG. 12 is a diagram illustrating an example of an
analysis result obtained by frequency analysis of de-
tected result of reflected wave from the subject irra-
diated with microwave;

FIG. 13 is a diagram illustrating an example of an
analysis result obtained by frequency analysis of
sensed result from the microphone;

FIG. 14 is a flow chart for explaining an example of
a heart rate estimating process;

FIG. 15 is a block diagram illustrating an example
of a functional configuration of the mobile phone in
a case in which an acceleration sensor is used;
FIG. 16 is a diagram illustrating an example of an
analysis result obtained by frequency analysis of
measured results from the contact type heart rate
measuring apparatus;

FIG. 17 is a diagram illustrating an example of an
analysis result obtained by frequency analysis of de-
tected result of reflected wave from the subject irra-
diated with the microwave;

FIG. 18 is a diagram illustrating an example of an
analysis result obtained by frequency analysis of the
sensed results for an X-axis of the acceleration sen-
sor;

FIG. 19 is a diagram illustrating an example of an
analysis result obtained by frequency analysis of the
sensed results for a Y-axis of the acceleration sen-
sor;

FIG. 20 is a diagram illustrating an example of an
analysis result obtained by frequency analysis of the
sensed results for a Z-axis of the acceleration sen-
sor;

FIG. 21 is a diagram illustrating a relationship be-
tween the mobile phone and the XYZ coordinate ax-
es;

FIG. 22 is a diagram illustrating an example of an
analysis result obtained by frequency analysis of
measured results from the contact type heart rate
measuring apparatus;

FIG. 23 is a diagram illustrating an example of an
analysis result obtained by frequency analysis of de-
tected result of reflected wave from the subject irra-
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diated with the microwave;

FIG. 24 is a diagram illustrating an example of an
analysis result obtained by frequency analysis of the
sensed results for the X-axis of the angular velocity
sensor;

FIG. 25 is a diagram illustrating an example of an
analysis result obtained by frequency analysis of the
sensed results for the Y-axis of the angular velocity
sensor; and

FIG. 26 is a diagram illustrating an example of an
analysis result obtained by frequency analysis of the
sensed results for the Z-axis of the angular velocity
sensor.

DESCRIPTION OF EMBODIMENTS

[0013] Preferredembodiments ofthe presentinvention
will be described with reference to the accompanying
drawings.

[0014] The disclosed heart rate estimating apparatus,
heart rate estimating method, and computer-readable
storage medium may receive and detect reflected wave
from a subject irradiated with microwave to acquire a
detected result, and sense a movement of the subject to
acquire a sensed result. A heart rate may be estimated
based on feature points remaining after excluding, from
heart rate candidates, feature points that are obtained
by frequency analysis of the detected result and are lo-
cated in a vicinity of frequencies at which feature points
are obtained by frequency analysis of the sensed result.
[0015] A description will now be given of the heart rate
estimating apparatus, the heart rate estimating method,
and the computer-readable storage medium in each em-
bodiment according to the present invention.

[0016] FIG. 1 is a diagram for explaining an example
of a non-contact type heart rate estimating apparatus. A
microwave transmitter 1 may transmit microwave with
respect to the breast of a subject 5, for example. A mi-
crowave receiver 2 may receive and detect reflected
wave from the subject 5 irradiated with the microwave,
and acquire a detected result. In the case of an adult
subject, an amount of blood that is made to flow in one
heart beat may be on the order of 80 ml, and the heart
expands and contracts to make the heart beat. Hence,
a heart rate may be estimated from an amount of change
in the detected result, that is, the change in the reflected
wave from the subject 5.

[0017] The reflected wave from the subject 5 may in-
clude a relatively large amount of noise caused by a
change in the distance between the microwave transmit-
ter 1 and the subject 5. For example, clothing worn by
the subject 5 may act as a mask that changes its shape
depending on a movement of the subject 5, and it may
be difficult to identify the reflected wave from the mask
that changes its shape in such a manner. For this reason,
the reflected wave from a body surface of the subject 5
and the reflected wave from the clothing worn by the sub-
ject 5 may be difficult to distinguish, and it may be difficult
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to accurately detect the distance between the microwave
transmitter 1 and the subject and acquire the change in
the distance.

[0018] The present inventor noted that the change in
the distance between the microwave transmitter 1 and
the subject 5 is caused by the movement of the subject
5, and conceived a relatively simple process to eliminate
the noise caused by the change in the distance between
the microwave transmitter 1 and the subject 5, that is,
the noise that changes depending on the movement of
the subject 5. This process may exclude, from heart rate
candidates, peaks (or feature points) that are obtained
by frequency analysis of the detected result acquired by
the microwave receiver 2 and are located in a vicinity of
frequencies at which peaks (or feature points) are ob-
tained by frequency analysis of the sensed result ac-
quired by the sensor. As willbe described later, the move-
ment of the subject 5 may be sensed by a sensor, such
as a microphone, an acceleration sensor, an angular ve-
locity sensor, and the like, that acquires a sensed result.
In addition, because the movement of the body caused
by the heart beat is small compared to the movement of
the body when the subject 5 walks, for example, it may
be convenient in that there is only a low possibility of the
sensor configured to detect the movement of the subject
5 detecting the movement of the body caused by the
heart beat.

[0019] FIG. 2is ablock diagramillustrating an example
of a hardware configuration of the heart rate estimating
apparatus in one embodiment. In the example illustrated
in FIG. 2, the heart rate estimating apparatus is built into
a mobile phone which is an example of an electronic ap-
paratus.

[0020] As illustrated in FIG. 2, a mobile phone 10 in-
cludes a CPU (Central Processing Unit) 11, a RAM (Ran-
dom Access Memory) 12, a ROM (Read Only Memory)
13, a recording medium interface 14, a display controller
15, an input and output controller 16, a communication
interface 17, and a sensing unit 18 that are connected
via abus 19. Arecording medium, such as an SD (Secure
Digital) card (or memory card) 21, may be connected to
the recording medium interface 14. A display unit 22 may
be connected to the display controller 15. Input and out-
put devices may be connected to the input and output
controller 16. In this example, the input and output de-
vices may include an USB (Universal Serial Bus) device
23 and a keyboard 24. However, the input and output
devices are not limited to the USB device 23 and the
keyboard 24, and may include a touchscreen panel, a
speaker, and the like. In a case in which the functions
of the display unit 22 and the keyboard 24 are realized
by a touchscreen panel, the display unit 22 and the key-
board 24 may be omitted.

[0021] A communication unit at least including a mi-
crowave transmitter and receiver 25 may be connected
to the communication interface 17. In this example, the
electronic apparatus is formed by the mobile phone 10,
and thus, the communication unit includes a mobile
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phone transmitter and receiver 26. The communication
unit may include a NFC (Near Field Communication) unit,
a BLUETOOTH (registered trademark) communication
unit, a Wi-Fi (Wireless-Fidelity) transmitter and receiver,
an infrared transmitter and receiver, and the like. At least
one sensor for detecting the movement of the subject 5
may be connected to the sensing unit 18. In this example,
the sensors for detecting the movement of the subject 5
may include a microphone 31, an acceleration sensor
32, and an angular velocity sensor (or gyro sensor or
gyroscope) 33. The microphone 31 is an example of a
sound pressure sensor (or detector). The acceleration
sensor 32 and the angular velocity sensor 33 are an ex-
ample of a velocity sensor (or detector). Sensors, such
as a pressure sensor, a temperature and humidity sen-
sor, an illuminance sensor, a camera, and the like, may
further be connected to the sensing unit 18.

[0022] The CPU 11 may include a function to control
the operation of the entire mobile phone 10. The RAM
12 and the ROM 13 may form a storage unit to store
programs to be executed by the CPU 11 and various
data. The programs may include a program which, when
executed by a computer, such as the CPU 11, causes
the computer to function as a heart rate estimating ap-
paratus. The storage unit may include the SD card 21.
The storage unit that stores one or more programs is an
example of a non-transitory computer-readable storage
medium.

[0023] The display unit 22 may include a function to
display results of a heart rate estimating process, oper-
ation screens (or menus), and the like under control of
the display controller 15. The results of the heart rate
estimating process and the like, output under control of
the input and output controller 16, may be output to the
USB device 23. The USB device 23 may be formed by
a USB cable, a USB memory, and the like, for example.
The keyboard 24 may be operated when inputting various
commands, data, and the like to the mobile phone 10 via
the input and output controller 16.

[0024] FIG. 3isablockdiagramiillustrating an example
of the microwave transmitter and receiver 25. The micro-
wave transmitter and receiver 25 illustrated in FIG. 3 may
include a controller 251, an oscillator circuit 252, an an-
tenna 253, a detection circuit 254, a power supply circuit
255, and an operational amplifier 256. Transmitting wave
(that is, microwave) generated by the oscillator circuit
252 may branch to the antenna 253 and the detection
circuit 254, and the subject 5 may be irradiated with the
transmitting wave transmitted from the antenna 253. The
transmitting wave reaching the subject 5 may be reflect-
ed, and the antenna 253 may receive the reflected wave
of the transmitted wave, reflected from the subject 5. The
reflected wave received by the antenna, indicated by a
dotted line, and the transmitted wave indicated by a solid
line may interfere with each other at a node N, and a
combined wave (that is, DC component) indicated by a
one-dot chain line may be outputfrom the detection circuit
254. The operational amplifier 256 may amplify a prede-
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termined frequency band of the combined wave to obtain
a sensor output, and provide the sensor output to the
CPU 11 via the communication interface 17. The power
supply circuit 255 mayinclude a battery to supply a power
supply voltage to the controller 251, the oscillator circuit
252, the detection circuit 254, and the operational ampli-
fier 256. For example, the battery of the power supply
circuit 255 may be formed by a rechargeable battery. Of
course, the power supply circuit 255 may be externally
connected with respect to the microwave transmitter and
receiver 25.

[0025] In the example illustrated in FIG. 3, the micro-
wave transmitter 1 may include at least the oscillator cir-
cuit 252 and the antenna 253, and the microwave receiv-
er 2 may include at least the antenna 253, the detection
circuit 254, and the operational amplifier 256.

[0026] The microphone 31 may sense sound data, and
provide the sensed sound data to the CPU 11 via the
sensing unit 18. The acceleration sensor 32 may sense
acceleration data of the mobile phone 10, and provide
the sensed acceleration data to the CPU 11 via the sens-
ing unit 18. The angular velocity sensor 33 may sense
angular velocity data of the mobile phone 10, and provide
the sensed angular velocity data to the CPU 11 via the
sensing unit 18.

[0027] FIGs. 4 through 6 are diagrams for explaining
examples of an arrangement of the microwave transmit-
ter and receiver 25.

[0028] FIG. 4 is a perspective view illustrating a first
example of the mobile phone with a cover on a rear side
thereof removed. In the first example illustrated in FIG.
4, the microwave transmitter and receiver 25 may be ar-
ranged in an upper region A or a side region B on a rear
side of a mobile phone 10-1, excluding a region in which
a battery 255-1 is arranged. Because the regions A and
B do not include the region in which the battery 255-1 is
arranged, it may be possible to prevent the microwave
transmission and reception from being blocked by the
battery 255-1 and deteriorating the quality of the micro-
wave transmission and reception. In addition, because
the regions A and B are provided on the back side of the
mobile phone 10-1, on the opposite side from a front side
of the mobile phone 10-1 provided with the display unit
22 and the keyboard 24 (or touchscreen panel), it may
be possible to prevent the microwave transmission and
reception from being blocked by the display unit 22 and
the keyboard 24 (ortouchscreen panel) and deteriorating
the quality of the microwave transmission and reception.
For example, in a case in which the mobile phone 10-1
is used in a state where the subject 5 wears the mobile
phone 10-1 using a belt or the like, or places the mobile
phone 10-1 within a pocket of the clothing, so that the
back side of the mobile phone 10-1 faces the breast, arm
or the like of the subject 5, the display unit 22 and the
keyboard 24 (or touchscreen panel) provided on the front
side of the mobile phone 10-1 are visible by the subject
5. Hence, the operability of the mobile phone 10-1 (that
is, heart rate estimating apparatus) is good in that the
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subject 5 may operate the mobile phone 10-1 using the
visible display unit 22 and the keyboard 24 (or touch-
screen panel).

[0029] FIG.5isaperspective view illustratinga second
example of the mobile phone with the cover on the rear
side thereof removed. In the second example illustrated
in FIG. 5, the microwave transmitter and receiver 25 may
be arranged in an upper region C on a rear side of a
mobile phone 10-2, excluding a region in which a battery
255-1is arranged. Because the region C does notinclude
the region in which the battery 255-1 is arranged, it may
be possible to prevent the microwave transmission and
reception from being blocked by the battery 255-1 and
deteriorating the quality of the microwave transmission
and reception. In addition, because the region C is pro-
vided on the back side of the mobile phone 10-2, on the
opposite side from a front side of the mobile phone 10-2
provided with the display unit 22 and the keyboard 24 (or
touchscreen panel), it may be possible to prevent the
microwave transmission and reception from being
blocked by the display unit 22 and the keyboard 24 (or
touchscreen panel) and deteriorating the quality of the
microwave transmission and reception. For example, in
a case in which the mobile phone 10-2 is used in a state
where the subject 5 wears the mobile phone 10-2 using
a belt or the like, or places the mobile phone 10-2 within
apocketofthe clothing, so that the back side of the mobile
phone 10-2 faces the breast, arm or the like of the subject
5, the display unit22 and the keyboard 24 (or touchscreen
panel) provided on the front side of the mobile phone
10-2 are visible by the subject 5. Hence, the operability
of the mobile phone 10-2 (that is, heart rate estimating
apparatus) is good in that the subject 5 may operate the
mobile phone 10-2 using the visible display unit 22 and
the keyboard 24 (or touchscreen panel).

[0030] FIG. 6 is a perspective view illustrating a front
side of a third example of the mobile phone. In the third
example illustrated in FIG. 6, the microwave transmitter
and receiver 25 may be arranged in an upper region D
on a front side of a mobile phone 10-3, excluding regions
inwhich the display unit 22 and the keyboard 24 (or touch-
screen panel) are arranged. Because the region D does
not include the regions in which the display unit 22 and
the keyboard 24 (or touchscreen panel) are arranged, it
may be possible to prevent the microwave transmission
and reception from being blocked by the display unit 22
and the keyboard 24 (or touchscreen panel) and deteri-
orating the quality of the microwave transmission and
reception. For example, in a case in which the mobile
phone 10-3 is used in a state where the mobile phone
10-3 is operated by the subject 5, the microwave trans-
mitter and receiver 25 may continue the microwave trans-
mission and reception with respect to the subject 5, and
the operability of the mobile phone 10-3 (that is, heart
rate estimating apparatus) is good in that the subject 5
may operate the mobile phone 10-3 using the visible dis-
play unit 22 and the keyboard 24 (or touchscreen panel).
[0031] FIGs.7 and 8 are diagrams for explaining a fur-
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ther arrangement of the microwave transmitter and re-
ceiver 25. FIG. 7 is a perspective view illustrating an ex-
ample of a PC (Personal Computer), and FIG. 8 is a di-
agram illustrating a state of use of the PC. The PC is an
example of the electronic apparatus. A PC 10-4 illustrat-
ed in FIGs. 7 and 8 may have a hardware configuration
similar to that of the mobile phone 10 illustrated in FIG.
2 but excluding the mobile phone transmitter and receiver
26.

[0032] The PC 10-4 illustrated in FIG. 7 may include a
main part 401 that is provided with the keyboard 24 and
the like, and a lid part 402 that is provided with the display
unit 22. FIG. 7 illustrates a state where the lid part 402
is open. A mouse 501 is an example of an input device
connected to the input and output controller 16 within the
main part 401. The microwave transmitter and receiver
25 may be arranged in an upper region E of the lid part
402 of the PC 10-4, excluding a region in which the dis-
play unit 22 is arranged. Because the region E does not
include the regionin which the display unit22is arranged,
it may be possible to prevent the microwave transmission
and reception from being blocked by the display unit 22
and deteriorating the quality of the microwave transmis-
sion and reception. For example, in a case in which the
PC 10-4 is used in a state where the subject 5 operates
the keyboard 24 of the PC 10-4 that is placed on a table
601 as illustrated in FIG. 8, the microwave transmitter
and receiver 25 may continue the microwave transmis-
sion and reception with respect to the subject 5, and the
operability of the PC 10-4 (that is, heart rate estimating
apparatus) is good in that the subject 5 may operate the
PC 10-4 using the visible display unit 22 and the keyboard
24.

[0033] Next, a description will be given of the operation
for a case in which the microphone 31 is used as an
example of the sensor to detect the movement of the
subject 5, by referring to FIG. 9. FIG. 9 is a block diagram
illustrating an example of a functional configuration of the
mobile phone 10 in a case in which the microphone 31
is used.

[0034] The mobile phone 10 illustrated in FIG. 9 may
include a displacement detector 41-1, a feature point ex-
tractor 42, a heart rate and respiration rate computing
unit 43, an output unit 44, and a data distributor 45. The
data distributor 45 may form a part of the displacement
detector 41-1, or form a part of the feature point extractor
42. Functions of the feature point extractor 42, the heart
rate and respiration rate computing unit 43, and the out-
put unit 44 may be realized by the CPU 11 illustrated in
FIG. 2. The CPU 11 may also realize a function of the
data distributor 45.

[0035] The displacement detector 41-1 may include
the microwave transmitter 1, the microwave receiver 2,
and the microphone 31. Data of the reflected wave from
the subject 5 irradiated with the microwave transmitted
from the microwave transmitter 1 and detected by the
microwave receiver 2, and sound data from a vicinity of
the subject 5 and sensed by the microphone 31 are sep-
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arately input to the feature point extractor 42 after the
data distributor 45 confirms that the data of the reflected
wave (hereinafter also referred to as "reflected wave da-
ta") and the sound data include no loss. The sound data
sensed by the microphone 31 may include data of sound
that is generated when the subject 5 moves. The sound
that is generated when the subject 5 moves may include
rubbing sound of the clothing itself worn by the subject
5, rubbing sound of the clothing making contact with a
chair, a seat belt of a vehicle, and the like, sound of shoes
of the subject 5 making contact with a floor and the like
when the subject 5 walks, and the like. The reflected wave
data output from the microwave receiver 2 and the sound
data output from the microphone 31 may be input directly
to the feature point extractor 42, and in this case, the
data distributor 45 may be omitted.

[0036] The feature point extractor 42 may include a
signal period estimator 420 and a feature recognition unit
428. The signal period estimator 420 may include power
spectrum converters 421-1 and 421-2, peak frequency
specifying units 422-1 and 422-2, a heart rate information
estimator 423-1, a peak frequency comparator 423-2, a
peak frequency specifying unit 424-1, a respiratory infor-
mation estimator 424-2, a filter 425-1, a peak frequency
specifying unit 425-2, afilter 426, and an adder 427. The
power spectrum converters 421-1 and 421-2 are exam-
ples of first and second frequency analyzers.

[0037] FIG. 10 is a diagram illustrating a relationship
between the subject 5 and XYZ coordinate axes. FIG. 11
is a diagram illustrating an example of an analysis result
obtained by frequency analysis of measured results from
a contact type heart rate measuring apparatus using an
ear clip.

[0038] The power spectrum converter 421-1 may con-
vert a power spectrum by frequency analysis of the re-
flected wave data detected by the microwave receiver 2.
In this example, FFT (Fast Fourier Transform) is used
for the frequency analysis, and an analysis result illus-
trated in FIG. 12 may be obtained, for example. FIG. 12
is a diagram illustrating an example of the analysis result
obtained by frequency analysis of detected result of the
reflected wave data from the subject 5 irradiated with the
microwave. FIG. 12 illustrates the analysis result that is
obtained simultaneously as the measurement to obtain
the analysis resultillustrated in FIG. 11, for example. The
peak frequency specifying unit 422-1 may specify, from
the analysis resultillustrated in FIG. 12, the frequency at
which a peak greater than or equal to a predetermined
amplitude is generated.

[0039] On the other hand, the power spectrum con-
verter 421-2 may convert a power spectrum by frequency
analysis of the sound data sensed by the microphone
31. In this example, the FFT is used for the frequency
analysis, and an analysis resultillustrated in FIG. 13 may
be obtained, for example. FIG. 13 is a diagram illustrating
an example of the analysis result obtained by frequency
analysis of sensed result from the microphone 31. The
peak frequency specifying unit 422-2 may specify, from
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the analysis result illustrated in FIG. 13, the frequency at
which a peak greater than or equal to a predetermined
amplitude is generated.

[0040] The peak frequency comparator 423-2 may
compare the frequencies (hereinafter also referred to as
"peak frequencies") at which the peaks specified by the
peak frequency specifying units 422-1 and 422-2 are
generated, and input a compared result to the heart rate
information estimator 423-1. The heart rate estimator
423-1 may search the peak frequency in a frequency
range of 0.5 Hz or higherand 4.0 Hz or lower, forexample,
in order to estimate the heart rate information. The heart
rate estimator 423-1 may exclude, from the heart rate
candidates, the peak frequency located in a vicinity (that
is, within a predetermined frequency range) of the peak
frequencies illustrated in FIG. 13, amongst the peak fre-
quencies illustrated in FIG. 12. As illustrated in FIG. 11,
a correct peak Pc corresponding to the heart beat is lo-
cated in a vicinity of 1.0 Hz. On the other hand, as illus-
trated in FIG. 12, according to the frequency analysis
result obtained from the detected result of the reflected
wave, the peak Pc in the vicinity of 1.0 Hz and a peak Pn
in a vicinity of 1.2 Hz exist. However, as illustrated in FIG.
13, according to the frequency analysis result obtained
from the sensed result of the sound data from the micro-
phone 31, no peak exists in the vicinity of 1.0 Hz, and a
peak Ps exists in a vicinity of 1.2 Hz. Hence, it may be
seen that the peak Pn in FIG. 12 is due to noise. In other
words, the compared result from the peak frequency
comparator 423-2 may indicate that the peak Pn illustrat-
ed in FIG. 12 and the peak Ps illustrated in FIG. 13 exist
in the vicinity of 1.2 Hz, and the heart rate information
estimator 423-1 may exclude the peak Pn from the heart
rate candidates.

[0041] The peak frequency specifying unit 424-1 may
specify the frequency (that is, peak frequency) of the
peak, excluding the peak Pn that is excluded from the
heart rate candidates by the heart rate information esti-
mator 423-1. The filter 425-1 may perform a filter process
with respect to the reflected wave data, about the peak
frequency specified as the heart rate candidate, that is,
using the peak frequency specified as the heart rate can-
didate as a center of the filter process. In this example,
the filter process may be a BPF (BandPass Filter) proc-
ess, in order to accurately extract the heart rate that may
fluctuate for each heart beat. The reflected wave data
subjected to the filter process of the filter 425-1 may be
inputto the feature recognition unit428 via the adder 427.
[0042] In this example, a respiration rate estimating
process to estimate the respiration rate is performed in
addition to the heart rate estimating process to estimate
the heart rate. For this reason, the compared result from
the peak frequency comparator 423-2 may be input to
the respiratory information estimator 424-2. The respira-
tory information estimator 424-2 may search the peak
frequency in a frequency range of 0.1 Hz or higher and
0.8 Hz or lower, for example, in order to estimate the
respiratory information. Amongst the peak frequencies
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illustrated in FIG. 12, the respiratory information estima-
tor 424-2 may regard, as a respiratory candidate, a peak
Pb greater than or equal to a predetermined amplitude
in a frequency range of 0.1 Hz or higher and 0.8 Hz or
lower. In this example, between the respiratory informa-
tion and the heart rate information to be processed by
the power spectrum converters 422-1 and 422-2, the
amount of respiratory information to be processed is set
to be several times larger than the amount of heart rate
information to be processed, for example.

[0043] The peak frequency specifying unit 425-2 may
specify the frequency of the peak Pb (peak frequency: in
a vicinity of 0.3 Hz) that becomes the respiratory candi-
date and is extracted by the respiratory information esti-
mator 424-2. The filter 426 may perform a filter process
with respect to the reflected wave data, about the fre-
quency of the peak Pb (peak frequency) specified as the
respiratory candidate, that is, using the peak frequency
specified as the respiratory candidate as a center of the
filter process. In this example, the filter process may be
a BPF process, in order to accurately extract the respi-
ration rate that may fluctuate for each breath. The reflect-
ed wave data subjected to the filter process of the filter
426 may be input to the feature recognition unit 428 via
the adder 427.

[0044] In FIG. 12, a relatively large peak exists in a
frequency range lower than 0.8 Hz. However, this rela-
tively large peak may be regarded as being caused by
the subject 5 feeling tension at the start of the heart rate
estimation, and the rise in the heart rate from that in a
resting state due to the tension may be approximately
20%. Accordingly, in the case in which the relatively large
peak occurs due to tension felt by the subject 5, low-
frequency components lower than 0.8 Hz, for example,
may be ignored in FIG. 12, in order to utilize, for the heart
rate estimation, the analysis resultin the frequency range
of 0.8 Hz or higher and 4.0 Hz or lower in which the gen-
eral heart rate falls.

[0045] The feature recognition unit 428 recognizes the
feature points of the data received from the filter 425-1
and the feature points of the data received from the filter
426, by a known method. More particularly, the feature
recognition unit 428 may acquire a heart beat interval (or
pitch) by subjecting the output data of the filter 425-1 to
a first order differentiation in order to obtain the feature
points, and acquire a respiration interval (or pitch) by sub-
jecting the output data of the filter 426 to a first order
differentiation in order to obtain the feature points.
[0046] The heart rate and respiration rate computing
unit 43 may compute the heart rate from the heart beat
interval output from the feature recognition unit 428, and
compute the respiration rate from the respiration interval
output from the feature recognition unit 428. The output
unit 44 may output the heart rate and the respiration rate
computed by the heart rate and respiration rate comput-
ing unit 43. The heart rate and the respiration rate com-
puted by the heart rate and respiration rate computing
unit 43 may be stored in a storage unit.
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[0047] When not computing the respiration rate, the
respiratory information estimator 424-2, the peak fre-
quency specifying unit425-2, the filter 426, and the adder
427 may be omitted. In this case, a heart rate computing
unit may be provided in place of the heart rate and res-
piration rate computing unit 43.

[0048] FIG. 14isaflow chartfor explaining an example
of the heart rate estimating process. The heart rate esti-
mating process illustrated in FIG. 14 may be executed
by the CPU 11 illustrated in FIG. 2, or by functional blocks
including the power spectrum converters 421-1 and
421-2, the peak frequency specifying units 422-1 and
422-2, the heart rate information estimator 423-1, the
peak frequency comparator 423-2, and the peak frequen-
cy specifying unit 424-1 illustrated in FIG. 9.

[0049] The heart rate estimating process illustrated in
FIG. 14 may be started when the detected result from
the microwave receiver 2 is input via the communication
interface 17 and the sensed result from the microphone
31 is input via the sensing unit 18. In FIG. 14, step S1
checks the input sensor data, including the detected re-
sult and the sensed result, and decides whether the sen-
sordata are loss-free (that s, includes noloss). The proc-
ess advances to step S2 when the sensor data are loss-
free and the decision result in step S1 becomes YES.
Step S2 separates the sensor data into the detected re-
sult of the reflected wave data detected by the microwave
receiver 2, and the sensed result of the sound data
sensed by the microphone 31. Step S11 stores the re-
flected wave data and the sound data, separated in step
S2, in the storage unit.

[0050] Step S3 acquires the reflected wave data, and
step S4 subjects the acquired reflected data to a LPF
(Low-Pass Filter) process in order to limit the peak fre-
quency to be searched to a frequency range of 5 Hz or
lower, for example. Step S5 subjects the reflected wave
data that are subjected to the LPF process to a FFT that
is an example of the frequency analysis. Step S6 extracts
the feature points from the frequency analysis result of
the reflected wave data that are subjected to the LPF
process, and the process advances to step S12.

[0051] On the other hand, step S7 acquires the sound
data, and step S8 subjects the acquired sound data to a
LPF process in order to limit the peak frequency to be
searched to a frequency range of 5 Hz or lower, for ex-
ample, similarly to step S4. Step S9 subjects the sound
data that are subjected to the LPF process to a FFT that
is an example of the frequency analysis. Step S10 ex-
tracts the feature points from the frequency analysis re-
sult of the sound data that are subjected to the LPF proc-
ess, and the process advances to step S12.

[0052] Step S12 decides whether a feature point ex-
tracted in step S6 matches a feature point extracted in
step S10. When matching feature points exist and the
decision result in step S10 is YES, step S13 excludes
the matching feature points from the heart rate candi-
dates, by not using the matching feature points. After
step S13 or when the decision result in step S12 is NO,
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step S14 computes a BPF value to be used by a BPF
process that is performed in order to accurately extract
the heart rate that may fluctuate for each heart beat. In
addition, step S15 uses the BPF value computed in step
S14, in order to perform the BPF process on the reflected
wave data stored in the storage unit in step S11, about
the feature point (peak frequency) extracted as the heart
rate candidate, thatis, using the peak frequency specified
as the heart rate candidate as a center of the BPF proc-
ess.

[0053] StepS16acquirestheheartbeatinterval by per-
forming a first order differentiation on the reflected wave
data that are subjected to the BPF process in step S15
in order to obtain the feature points. Step S17 computes
the heart rate from the heart beat interval acquired in step
S16.

[0054] Next, adescription will be given of the operation
for a case in which the acceleration sensor 32 is used as
an example of the sensor to sense the movement of the
subject 5, by referring to FIG. 15. FIG. 15 is a block dia-
gramiillustrating an example of a functional configuration
of the mobile phone 10 in the case in which the acceler-
ation sensor 32 is used. In FIG. 15, those parts that are
the same as those corresponding parts in FIG. 9 are des-
ignated by the same reference numerals, and a descrip-
tion thereof will be omitted. In this example, an inertia
sensor illustrated in FIG. 15is formed by the acceleration
sensor 32.

[0055] The relationship between the subject 5 and the
XYZ coordinate axes is as illustrated in FIG. 10. FIG. 16
is a diagram illustrating an example of an analysis result
obtained by frequency analysis of measured results from
the contact type heart rate measuring apparatus using
the ear clip.

[0056] The power spectrum converter 421-1 may con-
vert a power spectrum by frequency analysis of the re-
flected wave data detected by the microwave receiver 2.
In this example, FFT is used for the frequency analysis,
and an analysis result illustrated in FIG. 17 may be ob-
tained, for example. FIG. 17 is a diagram illustrating an
example of the analysis result obtained by frequency
analysis of detected result of the reflected wave data from
the subject 5 irradiated with the microwave. FIG. 17 il-
lustrates the analysis result that is obtained simultane-
ously as the measurement to obtain the analysis result
illustrated in FIG. 16, for example. The peak frequency
specifying unit 422-1 may specify, from the analysis re-
sult illustrated in FIG. 17, the frequency at which a peak
greater than or equal to a predetermined amplitude is
generated.

[0057] On the other hand, the power spectrum con-
verter 421-2 may convert a power spectrum by frequency
analysis of acceleration data sensed by the acceleration
sensor 32. In this example, the FFT is used for the fre-
quency analysis, and analysis results illustrated in FIGs.
18 through 20 may be obtained, for example. FIG. 18 is
a diagram illustrating an example of the analysis result
obtained by frequency analysis of the sensed results for
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an X-axis of the acceleration sensor 32. FIG. 19 is a di-
agram illustrating an example of the analysis result ob-
tained by frequency analysis of the sensed results for a
Y-axis of the acceleration sensor 32. FIG. 20 is adiagram
illustrating an example of the analysis result obtained by
frequency analysis of the sensed results for a Z-axis of
the acceleration sensor 32. The peak frequency speci-
fying unit 422-2 may specify, from the analysis results
illustrated in FIGs. 18 through 20, the frequency at which
a peak greater than or equal to a predetermined ampli-
tude is generated.

[0058] The peak frequency comparator 423-2 may
compare the frequencies (hereinafter also referred to as
"peak frequencies") at which the peaks specified by the
peak frequency specifying units 422-1 and 422-2 are
generated, and input a compared result to the heart rate
information estimator 423-1. The heart rate estimator
423-1 may search the peak frequency in a frequency
range of 0.5 Hz or higherand 4.0 Hz or lower, forexample,
in order to estimate the heart rate information. The heart
rate estimator 423-1 may exclude, from the heart rate
candidates, the peak frequency located in a vicinity (that
is, within a predetermined frequency range) of the peak
frequencies illustrated in FIGs. 18 and 20, amongst the
peak frequencies illustrated in FIG. 17. As illustrated in
FIG. 16, a correct peak Pc corresponding to the heart
beat is located in a vicinity of 1.5 Hz. On the other hand,
as illustrated in FIG. 17, according to the frequency anal-
ysis result obtained from the detected result of the re-
flected wave, the peak Pc in the vicinity of 1.5 Hz and a
peak Pn in a vicinity of 0.95 Hz exist. However, as illus-
trated in FIGs. 18 through 20, according to the frequency
analysis result obtained from the sensed result of the
acceleration data from the acceleration sensor 32, no
peak exists in the vicinity of 1.5 Hz, and peaks Pax1 and
Paz1 exist in a vicinity of 0.95 Hz. Hence, it may be seen
thatthe peak Pnin FIG. 17 is due to noise. In other words,
the compared result from the peak frequency comparator
423-2 may indicate that the peak Pn illustrated in FIG.
17 and the peaks Pax1 and Paz1 illustrated in FIGs. 18
and 20 exist in the vicinity of 0.95 Hz, and the heart rate
information estimator 423-1 may exclude the peak Pn
from the heart rate candidates. In this example, a peak
in a vicinity of the frequencies of peaks Pax2, Pay2, and
Paz2 in FIGs. 18 through 20 does not exist in the fre-
quency analysis result obtained from the detected result
of the reflected wave data illustrated in FIG. 17.

[0059] The peak frequency specifying unit 424-1 may
specify the frequency (that is, peak frequency) of the
peak, excluding the peak Pn that is excluded from the
heart rate candidates by the heart rate information esti-
mator 423-1. The filter 425-1 may perform a filter process
with respect to the reflected wave data, about the peak
frequency specified as the heart rate candidate, that is,
using the peak frequency specified as the heart rate can-
didate as a center of the filter process. In this example,
the filter process may be a BPF process, in order to ac-
curately extract the heart rate that may fluctuate for each
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heart beat. The reflected wave data subjected to the filter
process of the filter 425-1 may be input to the feature
recognition unit 428 via the adder 427.

[0060] The process performed thereafter may be sim-
ilar to that of the process illustrated in FIG. 9. In addition,
the heart rate estimating process may be realized by
steps similar to those illustrated in the flow chart of FIG.
14.

[0061] Next, adescription will be given of the operation
for a case in which the angular velocity sensor 33 is used
as an example of the sensor to detect the movement of
the subject 5. An example of the functional configuration
of the mobile phone 10 in the case in which the angular
velocity sensor 33 is used may be similar to thatillustrated
in FIG. 15. In this case, the inertia sensor illustrated in
FIG. 15 is formed by the angular velocity sensor 33.
[0062] FIG. 21 is a diagram illustrating a relationship
between the mobile phone 10 and the XYZ coordinate
axes, and FIG. 22 is a diagram illustrating an example
of an analysis result obtained by frequency analysis of
measured results from the contact type heart rate meas-
uring apparatus using the ear clip.

[0063] The power spectrum converter 421-1 may con-
vert a power spectrum by frequency analysis of the re-
flected wave data detected by the microwave receiver 2.
In this example, FFT is used for the frequency analysis,
and an analysis result illustrated in FIG. 23 may be ob-
tained, for example. FIG. 23 is a diagram illustrating an
example of the analysis result obtained by frequency
analysis of detected result of the reflected wave data from
the subject 5 irradiated with the microwave. FIG. 23 il-
lustrates the analysis result that is obtained simultane-
ously as the measurement to obtain the analysis result
illustrated in FIG. 22, for example. The peak frequency
specifying unit 422-1 may specify, from the analysis re-
sult illustrated in FIG. 23, the frequency at which a peak
greater than or equal to a predetermined amplitude is
generated.

[0064] On the other hand, the power spectrum con-
verter 421-2 may convert a power spectrum by frequency
analysis of angular velocity data sensed by the angular
velocity sensor 33. In this example, the FFT is used for
the frequency analysis, and analysis results illustrated in
FIGs. 24 through 26 may be obtained, for example. FIG.
24 is a diagram illustrating an example of the analysis
result obtained by frequency analysis of the sensed re-
sults for an X-axis of the angular velocity sensor 33. FIG.
25 is a diagram illustrating an example of the analysis
result obtained by frequency analysis of the sensed re-
sults for a Y-axis of the angular velocity sensor 33. FIG.
26 is a diagram illustrating an example of the analysis
result obtained by frequency analysis of the sensed re-
sults for a Z-axis of the angular velocity sensor 33. The
peak frequency specifying unit 422-2 may specify, from
the analysis results illustrated in FIGs. 24 through 26, the
frequency at which a peak greater than or equal to a
predetermined amplitude is generated.

[0065] The peak frequency comparator 423-2 may
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compare the frequencies (hereinafter also referred to as
"peak frequencies") at which the peaks specified by the
peak frequency specifying units 422-1 and 422-2 are
generated, and input a compared result to the heart rate
information estimator 423-1. The heart rate estimator
423-1 may search the peak frequency in a frequency
range of 0.5 Hz or higherand 4.0 Hz or lower, forexample,
in order to estimate the heart rate information. The heart
rate estimator 423-1 may exclude, from the heart rate
candidates, the peak frequency located in a vicinity (that
is, within a predetermined frequency range) of the peak
frequencies illustrated in FIGs. 24 and 26, amongst the
peak frequencies illustrated in FIG. 23. As illustrated in
FIG. 22, a correct peak Pc corresponding to the heart
beat is located in a vicinity of 1.5 Hz. On the other hand,
as illustrated in FIG. 23, according to the frequency anal-
ysis result obtained from the detected result of the re-
flected wave, the peak Pc in the vicinity of 1.5 Hz and a
peak Pn in a vicinity of 0.95 Hz exist. However, as illus-
trated in FIGs. 24 through 26, according to the frequency
analysis result obtained from the sensed result of the
angular velocity data from the angular velocity sensor
33, no peak exists in the vicinity of 1.5 Hz, and peaks
Pax1, Pay1, and Paz1 exist in a vicinity of 0.95 Hz.
Hence, it may be seen that the peak Pn in FIG. 23 is due
to noise. In other words, the compared result from the
peak frequency comparator 423-2 may indicate that the
peak Pnillustrated in FIG. 23 and the peaks Pax1, Pay1,
and Paz1 illustrated in FIGs. 24 and 26 exist in the vicinity
of 0.95 Hz, and the heartrate information estimator 423-1
may exclude the peak Pn from the heart rate candidates.
In this example, a peak in a vicinity of the frequencies of
peaks Pax2, Pay2, Paz2, Pax3, Pay3, and Paz3 in FIGs.
24 through 26 does not exist in the frequency analysis
result obtained from the detected result of the reflected
wave data illustrated in FIG. 23.

[0066] The peak frequency specifying unit 424-1 may
specify the frequency (that is, peak frequency) of the
peak, excluding the peak Pn that is excluded from the
heart rate candidates by the heart rate information esti-
mator 423-1. The filter 425-1 may perform a filter process
with respect to the reflected wave data, about the peak
frequency specified as the heart rate candidate, that is,
using the peak frequency specified as the heart rate can-
didate as a center of the filter process. In this example,
the filter process may be a BPF process, in order to ac-
curately extract the heart rate that may fluctuate for each
heart beat. The reflected wave data subjected to the filter
process of the filter 425-1 may be input to the feature
recognition unit 428 via the adder 427.

[0067] The process performed thereafter may be sim-
ilar to that of the process illustrated in FIG. 9. In addition,
the heart rate estimating process may be realized by
steps similar to those illustrated in the flow chart of FIG.
14.

[0068] A combination of frequency analysis results of
sensed data from two or more sensors, amongst the mi-
crophone 31, the acceleration sensor 32, and the angular
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velocity sensor 33, may be used to exclude, from the
heart rate candidates, the peak corresponding to the
noise within the frequency analysis result that is obtained
from the detected result of the reflected wave. By using
the combination of the frequency analysis results of the
sensed data from two or more sensors, the accuracy of
extracting the peak corresponding to the noise may be
improved.

[0069] Accordingtothe disclosed heartrate estimating
apparatus, the heart rate estimating method, and the
computer-readable storage medium, the accuracy of the
heart rate estimation may be improved without requiring
contact with the subject, and the estimated heart rate
may be used for various purposes. For example, the
health condition, sleepiness (or drowsy state), and the
like of the subject may be estimated from the estimated
heart rate.

[0070] A portable heart rate estimating apparatus may
be a dedicated electronic apparatus that is provided with
the heart rate estimating function, or may be builtinto an
electronic apparatus that is provided with a function other
than the heart rate estimating function, such as a mobile
phone, a PC, and the like. By holding the portable heart
rate estimating apparatus at a predetermined location
within a vehicle, for example, the heart rate of a driver,
who is an example of the subject, may be estimated by
the heart rate estimating apparatus while the driver is
riding on the vehicle. In this case, the sleepiness and the
like of the driver may be estimated by a known method,
for example, based on the estimated heart rate of the
driver.

[0071] In addition, the heart rate estimating apparatus
is not limited to the portable type apparatus, and may
be fixedly set within the vehicle, for example. In this case,
the heart rate of the driver, who is an example of the
subject, may be estimated by the heart rate estimating
apparatus while the driver is riding on the vehicle, and
the sleepiness and the like of the driver may be estimated
by aknown method, for example, based on the estimated
heart rate of the driver. When setting the heart rate esti-
mating apparatus within the vehicle, the heart rate esti-
mating apparatus may be mounted on a steering wheel,
a seat, a door, and the like, for example.

[0072] All examples and conditional language recited
herein are intended for pedagogical purposes to aid the
reader in understanding the invention and the concepts
contributed by the inventor to furthering the art, and are
to be construed as being without limitation to such spe-
cifically recited examples and conditions, nor does the
organization of such examples in the specification relate
to a showing of the superiority and inferiority of the in-
vention. Although the embodiments of the present inven-
tion have been described in detail, it should be under-
stood that the various changes, substitutions, and alter-
ations could be made hereto without departing from the
spirit and scope of the invention.
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Claims

A heart rate estimating apparatus characterized in
that there are provided:

a transmitter (1) configured to transmit micro-
wave with respect to a subject (5);

a receiver (2) configured to receive and detect
reflected wave from the subject irradiated with
the microwave, and acquire a detected result;
a sensor (31-33) configured to sense a move-
ment of the subject, and acquire a sensed result;
and

an estimating unit (11, 420) configured to esti-
mate a heart rate based on feature points re-
maining after excluding, from heart rate candi-
dates, feature points that are obtained by fre-
quency analysis of the detected result and are
located in a vicinity of frequencies at which fea-
ture points are obtained by frequency analysis
of the sensed result.

The heart rate estimating apparatus as claimed in
claim 1, characterized in that the sensor includes
at least one of a microphone (31), an acceleration
sensor (32), and an angular velocity sensor (33).

The heart rate estimating apparatus as claimed in
claim 1 or 2, characterized in that the estimating
unit includes

a first frequency analyzer (11, 421-1) configured to
perform frequency analysis of the detected result;
a second frequency analyzer (11, 421-2) configured
to perform frequency analysis of the sensed result;
a first specifying unit (11, 422-1) configured to spec-
ify a peak frequency from a frequency analysis result
of the first frequency analyzer;

a second specifying unit (11, 422-2) configured to
specify a peak frequency from a frequency analysis
result of the second frequency analyzer;

a comparator unit (11, 423-2) configured to compare
the peak frequencies specified by the first and sec-
ond specifying units; and

a heart rate estimator (11, 423-1) configured to ex-
clude, from the heart rate candidates, the peak fre-
quency specified by the first specifying unit and lo-
cated in a vicinity of peak frequency specified by the
second specifying unit.

The heart rate estimating apparatus as claimed in
claim 3, characterized in that the heart rate estima-
tor searches the peak frequency to be excluded from
the heart rate candidates in a range of 0.5 Hz or
higher and 4.0 Hz or lower.

The heart rate estimating apparatus as claimed in
any of claims 1 to 4, wherein the estimating unit in-
cludes a filter unit (11, 425-1) configured to perform
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7.

10.

a filter process with respect to the detected result of
the reflected wave, about the peak frequency spec-
ified as the heart rate candidate.

The heart rate estimating apparatus as claimed in
claim 5, characterized in that there are further pro-
vided:

a feature recognition unit (11, 428) configured
to obtain the feature points by performing a first
order differentiation on output data of the filter
unit, in order to acquire a heart beat interval; and
a computing unit (11, 41) configured to compute
the heart rate based on the heart beat interval.

A heart rate estimating method characterized by:

acquiring a detected result from a receiver that
receives and detects reflected wave from a sub-
ject irradiated with microwave;

acquiring a sensed result from a sensor that
senses a movement of the subject; and
estimating a heart rate based on feature points
remaining after excluding, from heart rate can-
didates, feature points that are obtained by fre-
quency analysis of the detected result and are
located in a vicinity of frequencies at which fea-
ture points are obtained by frequency analysis
of the sensed result.

The heart rate estimating method as claimed in claim
7, characterized in that the acquiring the sensed
result senses the movement by at least one of a mi-
crophone, an acceleration sensor, and an angular
velocity sensor.

The heart rate estimating method as claimed in claim
7 or 8, characterized in that the estimating includes
first performing frequency analysis of the detected
result;

second performing frequency analysis of the sensed
result;

first specifying a peak frequency from a frequency
analysis result of the first performing;

specifying a peak frequency from a frequency anal-
ysis result of the second performing;

comparing the peak frequencies specified by the first
and second specifying; and

excluding, from the heart rate candidates, the peak
frequency specified by the first specifying and locat-
ed in a vicinity of peak frequency specified by the
second specifying.

A non-transitory computer-readable storage medi-
um having stored therein a program for causing a
computer to execute a process for estimating a heart
rate, characterized in that the process comprises:
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acquiring a detected result from a receiver that
receives and detects reflected wave from a sub-
ject irradiated with microwave;

acquiring a sensed result from a sensor that
senses a movement of the subject; and
estimating a heart rate based on feature points
remaining after excluding, from heart rate can-
didates, feature points that are obtained by fre-
quency analysis of the detected result and are
located in a vicinity of frequencies at which fea-
ture points are obtained by frequency analysis
of the sensed result.

The non-transitory computer-readable storage me-
dium as claimed in claim 10, characterized in that
the process further comprises:

sensing the movement of the subject from an
output of at least one of a microphone, an ac-
celeration sensor, and an angular velocity sen-
sor.

The non-transitory computer-readable storage me-
dium as claimed in claim 10 or 11, characterized in
that the estimating includes

first performing frequency analysis of the detected
result;

second performing frequency analysis of the sensed
result;

first specifying a peak frequency from a frequency
analysis result of the first performing;

specifying a peak frequency from a frequency anal-
ysis result of the second performing;

comparing the peak frequencies specified by the first
and second specifying; and

excluding, from the heart rate candidates, the peak
frequency specified by the first specifying and locat-
ed in a vicinity of peak frequency specified by the
second specifying.

The non-transitory computer-readable storage me-
dium as claimed in claim 12, characterized in that
the excluding searches the peak frequency to be ex-
cluded from the heart rate candidates in a range of
0.5 Hz or higher and 4.0 Hz or lower.

The non-transitory computer-readable storage me-
dium as claimed in any of claims 10 to 13, charac-
terized in that the estimating includes a filter proc-
ess withrespect to the detected result of the reflected
wave, about the peak frequency specified as the
heart rate candidate.

The non-transitory computer-readable storage me-
dium as claimed in claim 14, characterized in that

the process further comprises:

obtaining the feature points by performing a first
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order differentiation on output data of the filter
process, in order to acquire a heart beat interval;
and

computing the heartrate based onthe heartbeat
interval.
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