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(57) ABSTRACT

A biological information processing apparatus includes a
pulse wave acquisition part that acquires a pulse wave signal
of a user, an electrocardiogram acquisition part (heart rate
acquisition part) that acquires an electrocardiogram signal of
the user, and a processor (analyzer) that calculates biological
information of the user based on the pulse wave signal. The
processor (analyzer) analyzes the pulse wave signal based
on a heart rate calculated from the electrocardiogram signal
and calculates the biological information of the user if the
pulse wave signal does not satisfy a predetermined condi-
tion.
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BIOLOGICAL INFORMATION PROCESSING
APPARATUS, BIOLOGICAL INFORMATION
PROCESSING SYSTEM, BIOLOGICAL
INFORMATION PROCESSING METHOD
AND BIOLOGICAL INFORMATION
PROCESSING PROGRAM

CROSS-REFERENCES TO RELATED
APPLICATIONS

[0001] This application claims priority to Japanese Patent
Application No. 2015-078026, filed Apr. 6, 2015, the
entirety of which is herein incorporated by reference.

BACKGROUND
[0002] 1. Technical Field
[0003] The present invention relates to a biological infor-

mation processing apparatus, a biological information pro-
cessing system, a biological information processing method
and a biological information processing program.

[0004] 2. Related Art

[0005] In related art, pulsimeters attached to users for
measuring pulse rates as biological information of the users
are known (for example, see Patent Document 1 (JP-A-10-
258040)).

[0006] The pulsimeter has a pulse wave sensor using light
or ultrasonic wave and calculates a pulse rate based on
changes in blood flow of a user detected by the pulse wave
sensor. A pulse wave signal detected in the pulsimeter is a
signal formed by superimposition of a heartbeat component
signal and a body motion component signal of the user.
Accordingly, when the body motion of the user is strenuous,
the ratio of the body motion component signal to the
heartbeat component signal is higher and it may be impos-
sible to appropriately calculate the pulse rate.

[0007] On the other hand, the pulsimeter described in
Patent Document 1 has a function of determining an SN state
of the pulse wave signal, in other words, whether or not the
ratio of the body motion component signal to the heartbeat
component signal is higher. Accordingly, if a determination
that the SN state of the pulse wave signal is good (the ratio
of the body motion component signal to the heartbeat
component signal is lower) is made, the calculated pulse rate
is displayed, and, if a determination that the SN state is bad
is made, the calculated pulse rate is not displayed.

[0008] However, in the pulsimeter described in Patent
Document 1, if the determination that the SN state is bad is
made, the calculated pulse rate is not displayed. For
example, when the user continuously perform strenuous
exercise, the ratio of the body motion component signal is
higher and it is impossible to confirm the pulse rate during
the exercise. In order to solve the problem, removal of the
body motion component signal as noise is conceivable,
however, it may be impossible to remove the body motion
component signal and the pulse rate with lower reliability is
calculated.

[0009] Therefore, a configuration that may calculate a
pulse rate with higher reliability even when the measure-
ment environment is bad e.g. in the bad SN state is
demanded.

SUMMARY

[0010] An advantage of some aspects of the invention is to
provide a biological information processing apparatus, a
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biological information processing system, a biological infor-
mation processing method, and a biological information
processing program that may calculate a pulse rate with
higher reliability.

[0011] A biological information processing apparatus
according to a first aspect of the invention includes a pulse
wave acquisition part that acquires a pulse wave signal of a
user, an electrocardiogram acquisition part that acquires an
electrocardiogram signal of the user, and a processor that
calculates biological information of the user based on the
pulse wave signal, wherein the processor calculates the
biological information of the user based on a heart rate
calculated from the electrocardiogram signal and the pulse
wave signal if the pulse wave signal does not satisfy a
predetermined condition.

[0012] Note that, as the biological information, a pulse
rate of the user may be exemplified. Further, the electrocar-
diogram acquisition part acquires the electrocardiogram
signal of the user.

[0013] According to the first aspect, if the pulse wave
signal does not satisfy the predetermined condition, the
biological information of the user is calculated based on the
heart rate and the pulse wave signal of the user, and thereby,
for example, compared to the case where biological infor-
mation (e.g. pulse rate) is calculated only based on the pulse
wave signal, the biological information (pulse rate) with
higher reliability may be calculated.

[0014] In the first aspect, it is preferable that the prede-
termined condition includes an index of at least one of an SN
ratio of the pulse wave signal and body motion of the user.
[0015] As a magnitude of the body motion of the user,
exercise intensity of the user may be exemplified.

[0016] Here, if the SN ratio of the pulse wave signal is
lower, the body motion noise component is larger and it is
highly possible that the pulse rate calculation from the pulse
rate signal is incorrect. Further, in the case where the user
continuously performs exercise with higher exercise inten-
sity, the frequency of the pulse wave signal and the fre-
quency of the body motion signal (the above described body
motion noise component) overlap and it is possible that the
pulse rate calculation of the user is incorrect. On the other
hand, in the first aspect, the above described predetermined
condition is set based on the index of at least one of the SN
ratio of the pulse wave signal and the body motion of the
user, and thereby, if it is impossible to calculate the correct
pulse rate, the biological information may be calculated
based on the heart rate and the pulse wave signal of the user.
Therefore, the biological information (pulse rate) with even
higher reliability may be calculated.

[0017] Inthe first aspect, it is preferable that the processor
derives frequency information based on the heart rate and
analyzes the pulse wave signal based on the frequency
information.

[0018] According to the first aspect with this configura-
tion, the pulse wave signal is analyzed based on the fre-
quency information of the heart rate, and thereby, the pulse
wave signal of the user may be reliably analyzed.

[0019] In the first aspect, it is preferable that the frequency
information is information estimated based on the heart rate
and representing a frequency range in which the pulse wave
signal exists.

[0020] According to the first aspect with this configura-
tion, whether or not the pulse wave signal acquired by the
pulse wave signal acquisition part exists in the range in
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which the pulse wave signal estimated based on the heart
rate of the user exists. According to the configuration, for
example, if the acquired pulse wave signal is not within the
frequency range, a determination that the pulse rate of the
user calculated based on the pulse wave signal of the user is
incorrect may be made. Further, of the pulse wave signals
existing within the range, biological information (pulse rate)
based on the frequency with the highest peak may be
calculated as the pulse rate of the user. Therefore, the
biological information (pulse rate) with extremely high
reliability may be calculated.

[0021] In the first aspect, it is preferable that a timer that
times a period is provided, and the processor compares a first
time when the pulse wave signal is acquired and a second
time when the electrocardiogram signal is acquired, and, if
a difference between the first time and the second time is
within a predetermined period, analyzes the pulse wave
signal based on the heart rate calculated from the electro-
cardiogram signal according to a comparison result and
calculates the biological information.

[0022] Note that, as the above described predetermined
period, 60 seconds may be exemplified.

[0023] Here, it is extremely lowly possible that the bio-
logical information (pulse rate) based on the pulse wave
signal acquired after the predetermined period or more is
elapsed from the second time when the electrocardiogram
signal is acquired is substantially equal to the heart rate
based on the electrocardiogram signal. Accordingly, even
when the biological information (pulse rate) of the user is
calculated based on the heart rate based on the electrocar-
diogram signal and the pulse wave signal after the prede-
termined period or more is elapsed, the calculated biological
information (pulse rate) does not necessarily have high
reliability.

[0024] On the other hand, according to the first aspect with
the configuration described above, if the difference between
the first time when the pulse wave signal is acquired and the
second time when the electrocardiogram signal is acquired
is within the predetermined period, the pulse wave signal is
analyzed and the biological information is calculated, and
thereby, the possibility of calculation of the pulse rate with
extremely high reliability is higher.

[0025] Inthe first aspect, it is preferable that the frequency
range is wider according to an elapsed time from the second
time when the electrocardiogram signal is acquired.

[0026] Here, as the elapsed time from the second time
when the electrocardiogram signal is acquired is longer, it is
highly possible that the heart rate based on the electrocar-
diogram signal and the biological information (pulse rate)
based on the pulse wave signal are separated from each
other. Accordingly, for example, when the frequency range
of the biological information (pulse wave) of the user is set
to £5x0.0625 Hz regardless of the elapsed time from the
second time, a frequency peak within the range is calculated
as the pulse rate though there is inherently the highest
frequency peak.

[0027] On the other hand, according to the first aspect with
the configuration described above, the frequency range is
wider according to the elapsed time from the second time,
and the highest frequency peak of the frequencies of the user
may be calculated as the pulse rate. Therefore, the possibility
of calculation of the pulse rate with extremely high reliabil-
ity is higher.
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[0028] 1In the first aspect, it is preferable that a report unit
that prompts the user to acquire the electrocardiogram signal
if the difference between the first time and the second time
exceeds the predetermined period is provided.

[0029] According to the first aspect with this configura-
tion, the user may be prompted to measure the heart rate by
the report of the report unit. Therefore, the possibility of
shortening of the elapsed time from the second time is
higher, and the pulse rate with higher reliability may be
calculated.

[0030] A biological information processing system
according to a second aspect of the invention includes a
detection apparatus having a pulse wave detector that detects
a pulse wave signal of the user, an electrocardiogram detec-
tor that detects an electrocardiogram signal of the user, and
a transmitter that transmits the pulse wave signal and the
electrocardiogram signal, and the above described biological
information processing apparatus, wherein the biological
information processing apparatus includes a receiver that
receives the pulse wave signal and the electrocardiogram
signal.

[0031] According to the second aspect, the same advan-
tages as those of the biological information processing
apparatus according to the first aspect may be obtained.
Further, the detection apparatus does not execute the above
described processing, and thereby, the processing in the
detection apparatus may be simplified.

[0032] In the second aspect, it is preferable that the
detection apparatus includes a casing that houses the pulse
wave detector, the electrocardiogram detector, and the trans-
mitter, and the electrocardiogram detector includes a first
surface-side electrode provided on a first surface in the
casing, and a second surface-side electrode provided on a
second surface different from the first surface in the casing.

[0033] According to the second aspect with this configu-
ration, for example, when the second surface is a surface at
the attachment part side in the casing, the second surface-
side electrode provided on the second surface may be
reliably brought into contact with the human body of the
user. Further, the first surface is the opposite surface to the
second surface, and the human body of the user may be
easily brought into contact with the first surface-side elec-
trode provided on the first surface with a hand or the like put
thereon. Therefore, the detection and the measurement of the
electrocardiogram of the user may be easily performed and
the conduction path between the first surface-side electrode
and the second surface-side electrode may be made longer,
and the detection accuracy of the electrocardiogram may be
improved.

[0034] A biological information processing method
according to a third aspect of the invention includes a pulse
wave acquisition step of acquiring a pulse wave signal of a
user, an electrocardiogram acquisition step of acquiring an
electrocardiogram signal of the user, and a processing step
of calculating biological information of the user based on the
pulse wave signal, wherein the processing step calculates the
biological information of the user based on a heart rate
calculated from the electrocardiogram signal and the pulse
wave signal if the pulse wave signal does not satisfy a
predetermined condition.

[0035] According to the third aspect, the same advantages
as those of the biological information processing apparatus
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according to the first aspect and the biological information
processing system according to the second aspect may be
obtained.

[0036] A biological information processing program
according to a fourth aspect of the invention is a biological
information processing program executed by a computer and
allowing the computer to function as a biological informa-
tion processing apparatus including a pulse wave acquisition
part that acquires a pulse wave signal of a user, an electro-
cardiogram acquisition part that acquires an electrocardio-
gram signal of the user, and a processor that calculates
biological information of the user based on the pulse wave
signal, wherein the processor calculates the biological infor-
mation of the user based on a heart rate calculated from the
electrocardiogram signal and the pulse wave signal if the
pulse wave signal does not satisfy a predetermined condi-
tion.

[0037] According to the fourth aspect, the same advan-
tages as those of the biological information processing
apparatus according to the first aspect and the biological
information processing system according to the second
aspect may be obtained.

BRIEF DESCRIPTION OF THE DRAWINGS

[0038] The invention will be described with reference to
the accompanying drawings, wherein like numbers refer-
ence like elements.

[0039] FIG. 1 is a front view showing a biological infor-
mation processing apparatus according to the first embodi-
ment of the invention.

[0040] FIG. 2 is a rear view showing the biological
information processing apparatus according to the first
embodiment.

[0041] FIG. 3 is a block diagram showing a configuration
of the biological information processing apparatus accord-
ing to the first embodiment.

[0042] FIG. 4 is a block diagram showing a configuration
of a controller of the biological information processing
apparatus according to the first embodiment.

[0043] FIG. 5 is a block diagram showing a configuration
of an analyzer of the controller according to the first embodi-
ment.

[0044] FIG. 6 shows an example of an acceptable range set
by a range setting part according to the first embodiment.
[0045] FIG. 7 is a flowchart showing pulsebeat specifica-
tion processing according to the first embodiment.

[0046] FIG. 8 is a flowchart showing pulsebeat confirma-
tion processing according to the first embodiment.

[0047] FIG. 9 is a flowchart showing pulsebeat fixing
processing according to the first embodiment.

[0048] FIG. 10 is a flowchart showing pulsebeat specifi-
cation processing according to a first modified example of
the first embodiment.

[0049] FIG. 11 is a schematic diagram showing a biologi-
cal information processing system according to the second
embodiment of the invention.

[0050] FIG. 12 is a block diagram showing a configuration
of the biological information processing system according to
the second embodiment.
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DESCRIPTION OF EXEMPLARY
EMBODIMENTS

First Embodiment

[0051] As below, the first embodiment of the invention
will be explained with reference to the drawings.

[0052] Schematic Configuration of Biological Information
Processing Apparatus

[0053] FIG. 1 is a front view showing a biological infor-
mation processing apparatus 1A according to the embodi-
ment.

[0054] The biological information processing apparatus
(hereinafter, may be abbreviated as “processing apparatus™)
1A according to the embodiment is a wearable apparatus
attached to an attachment part of a wrist or the like of a user
and used, and detects and stores biological information of
the user. Specifically, the processing apparatus 1A detects
pulse wave and electrocardiogram as biological information
of the user, stores the electrocardiogram and analyzes the
pulse wave detected based on the electrocardiogram, and
calculates and stores a pulse rate based on the analyzed pulse
wave.

[0055] The processing apparatus 1A includes a casing 2A
having a main body part 21A and a pair of bands 28, 29, and
an apparatus main body 3 housed in the casing 2A as shown
in FIG. 1.

[0056] The pair of bands 28, 29 are connected on one end
and the other end of the main body part 21A in the
longitudinal direction, and extend in opposite directions to
each other with respect to the main body part 21A. The pair
of bands 28, 29 are adapted to be fastened by a buckle (not
shown) provided on an end of the band 28 (an opposite end
to the connecting part to the main body part 21A). As
described above, the bands 28, 29 are fastened, and thereby,
the main body part 21A is attached to the attachment part.
Note that the bands 28, 29 may be integrally formed with the
main body part 21A. In this case, the main body part 21A
corresponds to the casing 2A.

[0057] The main body part 21 A houses the apparatus main
body 3, which will be described later. The main body part
21A has a back surface 212 as a surface in contact with a
body of the user when the processing apparatus 1A is
attached to the body of the user, a front surface 211 as a
surface faces the back surface 212, and a right side surface
213 and a left side surface 214 connecting the surfaces. That
is, the back surface 212 is a surface on which a pulse wave
sensor 531 of a pulse wave detector 53 or a light-transmis-
sive member covering the pulse wave sensor 531, which will
be described later, is provided, and the front surface 211 is
a surface opposite to the back surface 212.

[0058] Of them, a display part 61 forming the apparatus
main body 3 is provided nearly at the center of the front
surface 211 (corresponding to a first surface), and the display
part 61 is covered by a circular cover 22. Note that the front
surface 211 is one surface opposite to the back surface 212
as seen along a normal of the display surface in the display
part 61. Accordingly, the front surface 211 may be one flat
surface or partially curved or uneven.

[0059] Further, an annular electrode placement part 23
surrounding the display part 61 and the cover 22 is provided
on the front surface 211. In the electrode placement part 23,
a front surface-side electrode 541 forming an electrocardi-
ography part 54 of a measurement unit 5, which will be
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described later, is provided. Note that the electrode place-
ment part 23 also functions as a bezel.

[0060] The front surface-side electrode 541 corresponds to
a first surface-side electrode according to the invention and
includes two electrodes 5411 and 5412. These electrodes
5411 and 5412 are respectively formed in semi-circular arc
shapes and insulated from each other by an insulating
material such as rubber in the electrode placement part 23.
The placement of the electrodes 5411 and 5412 will be
described later.

[0061] Buttons 41 to 44 of an operation unit 4 forming the
apparatus main body 3 are provided on the right side surface
213 and the left side surface 214. These buttons 41 to 44 are
buttons protruding and receding with respect to the main
body part 21A.

[0062] FIG. 2 is a rear view showing the processing
apparatus 1A and specifically showing the back surface 212
of the main body part 21A.

[0063] The back surface 212 (corresponding to a second
surface) is a surface opposed to the attachment part when the
processing apparatus 1A is attached to the attachment part.
In the back surface 212, the pulse wave sensor 531 and a
back surface-side electrode 542 forming the electrocardiog-
raphy part 54 are exposed.

[0064] The pulse wave sensor 531 is a sensor in a nearly
circular shape forming the pulse wave detector 53 of the
measurement unit 5, and provided nearly at the center of the
back surface 212. Note that the pulse wave sensor 531 may
be directly provided on the back surface 212, and the
light-transmissive member provided on the apparatus main
body 3 provided within the main body part 21A and covering
a light emitting device and a light receiving device of the
pulse wave sensor 531 may be attached to the back surface
212.

[0065] The back surface-side electrode 542 corresponds to
a second surface-side electrode according to the invention
and includes two electrodes 5421, 5422. Of them, the
electrode 5421 is formed in a nearly circular shape and
provided to be exposed in a position surrounding the pulse
wave sensor 531. Further, the electrode 5422 is formed in a
nearly circular shape and provided to be exposed in a
position surrounding the electrode 5421 via an insulator 24.
[0066] That is, the electrodes 5421, 5422 are coaxially
provided with a center C2 of the circular pulse wave sensor
531 at the center.

Configuration of Apparatus Main Body

[0067] FIG. 3 is a block diagram showing a configuration
of the processing apparatus 1A.

[0068] As shown in FIG. 3, the apparatus main body 3
includes the operation unit 4, the measurement unit 5, a
report unit 6, a communicator 7, a memory unit 8, and the
controller 9.

Configuration of Operation Unit

[0069] The operation unit 4 includes the buttons 41 to 44,
and outputs operation signals in response to input operations
for the buttons 41 to 44 to the controller 9. Note that the
operation unit 4 may have a configuration with a touch panel
provided on the display part 61 of the report unit 6, which
will be described later, or a configuration that detects tap
operation of the user, not the configuration with the buttons.
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Configuration of Measurement Unit

[0070] The measurement unit 5 includes a body motion
information detector 51 and a biological information detec-
tor that respectively operate under the control of the con-
troller 9.

[0071] The body motion information detector 51 detects
body motion information representing body motion of the
user and outputs the body motion information to the con-
troller 9. In the embodiment, the body motion information
detector 51 detects an acceleration signal changing with the
body motion of the user as body motion information. Note
that the body motion information detector 51 may detect an
angular velocity changing with the body motion of the user
in addition to the acceleration.

[0072] The biological information detector 52 includes the
pulse wave detector 53 and the electrocardiography part 54.

Configuration of Pulse Wave Detector

[0073] The pulse wave detector 53 includes the pulse
wave sensor 531 and detects pulse wave of the user under
the control of the controller 9. The pulse wave sensor 531 is
a photoelectric sensor having the light emitting device such
as an LED (Light Emitting Diode), the light receiving device
such as a photodiode, and the light-transmissive member
covering the devices. In the pulse wave sensor, light radiated
toward a living organism by the light emitting device is
received by the light receiving device via a vessel of the
living organism. A signal showing a change over time in an
amount of light received by the light receiving device is
output as the pulse wave signal to the controller 9, which
will be described later, and the controller 9 analyzes the
pulse wave signal, and thereby, the pulse rate is calculated.

Configuration of Electrocardiography Part

[0074] The electrocardiography part 54 corresponds to an
electrocardiogram detector according to the invention, and
detects electrocardiogram of the user and outputs an elec-
trocardiogram signal showing the electrocardiogram to the
controller 9. The electrocardiography part 54 includes the
front surface-side electrode 541 and the back surface-side
electrode 542. Operation amplifiers (not shown) are respec-
tively connected to the front surface-side electrode 541 and
the back surface-side electrode 542, and amplify signals
input to the respective electrodes 541, 542. Then, the elec-
trocardiography part 54 processes the amplified signals and
outputs an electrocardiogram signal based on the signals to
the controller 9. Specifically, the electrocardiography part 54
filters the input signal and removes noise components and
outputs the obtained electrocardiogram signal to the con-
troller 9.

Configuration of Report Unit

[0075] The report unit 6 reports various kinds of informa-
tion to the user under the control of the controller 9. The
report unit 6 includes the display part 61, a sound output part
62, and a vibrator 63.

[0076] The display part 61 includes various display panels
of liquid crystal or the like and displays information input
from the controller 9. For example, the display part 61
displays the body motion information and the biological
information (pulse rate) detected and analyzed by the mea-
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surement unit 5. Further, the display part 61 displays pre-
sentation information generated by the controller 9.

[0077] The sound output part 62 includes sound output
means such as a speaker and outputs sound in response to a
sound signal input from the controller 9.

[0078] The vibrator 63 includes a motor operatively con-
trolled by the controller 9, and reports e.g. a warning to the
user by vibration generated by driving of the motor.

Configuration of Communicator

[0079] The communicator 7 includes a communication
module that can communicate with an external apparatus.
The communicator 7 transmits the respectively detected and
measured body motion information and biological informa-
tion to the external apparatus on regular basis, and outputs
information received from the external apparatus to the
controller 9. Note that, in the embodiment, the communi-
cator 7 wirelessly communicates with the external apparatus
by a near field communication system, however, may com-
municate with the external apparatus via a relay unit such as
a cradle and a cable. Further, the communicator 7 may
communicate with the external apparatus via a network.

Configuration of Memory Unit

[0080] The memory unit 8 includes memory means such
as a flash memory and includes a control information
memory part 81 and a detection information memory part
82.

[0081] The control information memory part 81 stores
control information including various programs and data
necessary for the operation of the processing apparatus 1A.
As the programs, a control program for controlling the
processing apparatus 1A and a biological information pro-
cessing program for execution of pulsebeat specification
processing, pulsebeat confirmation processing, and pulse-
beat fixing processing, which will be described later, are
stored.

[0082] The detection information memory part 82 stores
the body motion information and the biological information
detected by the measurement unit 5 and analysis results (e.g.
pulse rate and heart rate) of the body motion information and
the biological information by the controller 9. The detection
information memory part 82 sequentially stores the infor-
mation and, if its memory capacity is insufficient, overwrites
the earliest stored information with newly acquired infor-
mation.

Configuration of Controller

[0083] FIG. 4 is a block diagram showing a configuration
of the controller 9.

[0084] The controller 9 includes a processing circuit and
controls the operation of the processing apparatus 1A
autonomously or in response to the operation signal input
from the operation unit 4. The controller 9 controls e.g. the
measurement unit 5 to detect the body motion information
and the biological information.

[0085] As shown in FIG. 4, the controller 9 includes a
timer 91, a report controller 92, a communication controller
93, a detection controller 94, and an analyzer 95 as func-
tional parts realized by the processing circuit executing the
programs stored in the control information memory part 81.

Oct. 6, 2016

Configuration of Timer, Report Controller, and
Communication Controller
[0086] The timer 91 times current date and time. Further,

the timer times an elapsed time after the SN ratio of the pulse
wave acquired by a pulse wave acquisition part 981 falls
below a predetermined value.

[0087] The report controller 92 controls the operation of
the report unit 6. For example, the report controller 92
allows the report unit 6 to report an operation status of the
processing apparatus 1A and presentation information con-
taining display and sound representing detection results by
the measurement unit 5 etc. Further, the report controller 92
drives a motor of the vibrator 63 as appropriate and allows
the unit to report predetermined information by the vibration
generated by the driving of the motor.

[0088] The communication controller 93 controls the
operation of the communicator 7.

Configuration of Detection Controller

[0089] The detection controller 94 controls the operation
of the measurement unit 5. For example, the detection
controller 94 allows the body motion information detector
51 to detect the body motion of the user and allows the pulse
wave detector 53 to detect the pulse wave of the user. Then,
the detection controller 94 allows the detection information
memory part 82 to store the acceleration signal showing the
body motion and the pulse wave signal showing the pulse
wave with the current date and time.

[0090] Further, the detection controller 94 allows the
electrocardiography part 54 to measure the electrocardio-
gram and allows the detection information memory part 82
to store the electrocardiogram signal showing the measured
electrocardiogram with the current date and time. Note that
the detection controller 94 may allow the detection infor-
mation memory part 82 to store the pulse rate calculated
based on the pulse wave signal as the biological information
with the current date and time.

Configuration of Analyzer

[0091] FIG. 5 is a block diagram showing a configuration
of the analyzer 95.

[0092] The analyzer 95 analyzes the body motion infor-
mation and the biological information input from the body
motion information detector 51 and the biological informa-
tion detector 52. Specifically, the analyzer 95 calculates the
pulse rate of the user based on the pulse wave signal input
from the pulse wave detector 53 and the acceleration signal
input from the body motion information detector 51. For
example, the analyzer 95 removes the body motion noise
component based on the acceleration signal from the pulse
wave signal and obtains the heartbeat signal. Then, the
analyzer performs a frequency analysis of FFT (Fast Fourier
Transform) on the heartbeat signal, extracts the frequency of
the pulsebeat from the obtained analysis result (power
spectrum), and calculates the pulse rate based on the fre-
quency of the pulsebeat. Note that the analyzer 95 may
calculate the pulse rate by another method, not limited to the
calculation of the pulse rate.

[0093] The analyzer 95 includes an electrocardiogram
processor 96, a body motion processor 97, and a pulse wave
processor 98, and executes the pulsebeat confirmation pro-
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cessing for confirmation of the pulse rate calculated by the
above described method and the pulsebeat fixing processing
for fixing the pulse rate.

Configuration of Electrocardiogram Processor

[0094] The electrocardiogram processor 96 includes a
heartbeat acquisition part 961 and a heartbeat timer 962.
[0095] The heartbeat acquisition part 961 receives the
electrocardiogram signal transmitted from the electrocardi-
ography part 54 and acquires the heart rate of the user based
on the electrocardiogram signal. Further, the heartbeat
acquisition part 961 allows the detection information
memory part 82 to store the heart rate with the time when the
electrocardiogram is acquired.

[0096] The heartbeat timer 962 times an elapsed time after
the heart rate of the user is acquired by the heartbeat
acquisition part 961.

Configuration of Body Motion Processor

[0097] The body motion processor 97 includes a body
motion acquisition part 971 and a pitch calculator 972.
[0098] The body motion acquisition part 971 receives the
acceleration signal transmitted from the body motion infor-
mation detector 51 and acquires the body motion informa-
tion of the user based on the acceleration signal.

[0099] The pitch calculator 972 calculates the pace (pitch)
of the user based on the acceleration signal. For example, the
pitch calculator 972 performs the frequency analysis on the
acceleration signal, extracts the frequency of the body
motion from the obtained analysis result, and calculates the
pace based on the frequency of the body motion.

Configuration of Pulse Wave Processor

[0100] The pulse wave processor 98 includes a function of
acquiring the pulse wave signal detected by the pulse wave
detector 53 and calculating the pulse rate of the user based
on the pulse wave signal and the acceleration signal. The
pulse wave processor 98 includes the pulse wave acquisition
part 981, a noise remover 982, a pulsebeat specification part
983, a pulsebeat estimation part 984, and a pulsebeat con-
firmation part 985.

Configurations of Pulse Wave Acquisition Part and Noise
Remover

[0101] The pulse wave acquisition part 981 acquires the
pulse wave signal detected by the pulse wave detector 53.
Specifically, the pulse wave acquisition part 981 amplifies
and AD-converts the pulse wave signal and shapes the
AD-converted pulse wave signal.

[0102] The noise remover 982 amplifies and AD-converts
the acceleration signal acquired by the body motion acqui-
sition part 971 and shapes the AD-converted acceleration
signal. Then, the remover removes the shaped acceleration
signal as the body motion noise component from the pulse
wave signal shaped by the pulse wave acquisition part 981.

Configuration of Pulsebeat Specification Part

[0103] The pulsebeat specification part 983 specifies the
pulse rate of the user based on the pulse wave signal after
removal of the body motion noise component by the noise
remover 982 (hereinafter, may be referred to as “heartbeat
signal”) and executes an determination as to whether or not
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the pulse rate has been successfully specified. Specifically, if
the body motion noise component has been completely
removed, the pulsebeat specification part 983 performs the
frequency analysis of FFT or the like on the heartbeat signal,
extracts the frequency of the pulsebeat from the obtained
analysis result, calculates the pulse rate based on the fre-
quency of the pulsebeat, and specifies the calculated pulse
rate. That is, if the body motion noise component has been
completely removed by the noise remover 982 (the above
described predetermined condition is satisfied), the pulse-
beat specification part 983 may fix the pulse rate and
determines that the pulse rate has been successfully speci-
fied.

Configuration of Pulsebeat Estimation Part

[0104] On the other hand, if the body motion noise com-
ponent has not been completely removed by the noise
remover 982, in other words, if a determination that the
pulse rate has not successfully been specified is made by the
pulsebeat specification part 983, the pulsebeat estimation
part 984 estimates the pulse rate of the user. Specifically, the
pulsebeat estimation part 984 estimates the frequency P1 at
the maximum amplitude (see FIG. 6) of the heartbeat signals
from which the body motion noise components have not
been removed as the current pulse rate of the user.

Configuration of Pulsebeat Confirmation Part

[0105] The pulsebeat confirmation part 985 determines
whether or not the pulse rate estimated by the pulsebeat
estimation part 984 is correct based on a pulsebeat confir-
mation program stored in the control information memory
part 81, and, if the possibility of incorrectness is higher,
analyzes the pulse wave signal (heartbeat signal) of the user
based on the heart rate calculated by the electrocardiogram
processor 96 and calculates the pulse rate as the biological
information of the user. The pulsebeat confirmation part 985
corresponds to a processor according to the invention, and
includes an SN ratio determination part 986, a counter
controller 987, a heartbeat determination part 988, a range
setting part 989, a range determination part 990, and a
pulsebeat calculator 991.

Configuration of SN ratio Determination Part

[0106] The SN ratio determination part 986 detects the SN
ratio of the pulse wave signal of the user acquired by the
pulse wave acquisition part 981 and determines whether or
not the SN ratio is larger than a predetermined threshold
value.

[0107] Here, the SN ratio is a ratio of an amount of signal
to an amount of noise, and a larger SN ratio refers to a
smaller influence of noise and a smaller SN ratio refers to a
larger influence of noise. That is, in the embodiment, the SN
ratio is a ratio of the pulse wave signal to the body motion
noise signal. Accordingly, an SN ratio larger than the pre-
determined threshold value refers to a less body motion
noise component in the pulse wave signal.

Configuration of Counter Controller

[0108] The counter controller 987 resets the counter value
if the SN ratio determination part 986 determines that the SN
ratio is larger than the predetermined threshold value, and
increments the counter value if the part determines that the
SN ratio is smaller than the predetermined threshold value.
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Further, the counter controller 987 executes a determination
as to whether or not the counter value exceeds a predetet-
mined value.

[0109] Note that the counter value is an elapsed time after
the determination that the SN ratio is determined to be
smaller than the predetermined threshold value is made by
the SN ratio determination part 986. The counter value is set
to e.g. five seconds.

Configuration of Heartbeat Determination Part

[0110] If a determination that the counter value exceeds
the predetermined value by the counter controller 987 is
made, the heartbeat determination part 988 determines
whether or not the heart rate most recently measured is
stored in the detection information memory part 82. Spe-
cifically, the heartbeat determination part 988 compares the
time when the pulse wave acquisition part 981 acquires the
pulse wave signal (first time) and the time when the signal
is stored with the heart rate of the user in the detection
information memory part 82 (second time), and determines
whether or not the difference between the first time and the
second time is within a predetermined period (e.g. within 60
seconds). In other words, the heartbeat determination part
988 determines whether or not there is a heart rate stored in
the detection information memory part 82 within 60 seconds
from the first time when the pulse wave signal is acquired.
[0111] Note that, if a determination that there is no heart
rate measured within the predetermined period is made by
the determination of the heartbeat determination part 988,
the report controller 92 allows the display part 61 to display
a screen prompting the user to measure the heart rate.

Configuration of Range Setting Part

[0112] If a determination that there is a heart rate mea-
sured within the predetermined period is made by the
determination of the heartbeat determination part 988, the
range setting part 989 sets an acceptable frequency range in
which the pulse wave signal according to the elapsed time
after the electrocardiogram measurement exists.

[0113] Here, the acceptable frequency range is explained.
The acceptable frequency range is set to a range including
the frequency of the heart rate stored in the detection
information memory part 82 and the neighborhood frequen-
cies. Specifically, within one second from the time when the
electrocardiogram of the heart rate is measured, the range
setting part 989 does not set the range, but sets the heart rate
based on the electrocardiogram as the pulse rate. Further, if
the elapsed time from the time of electrocardiogram mea-
surement is equal to or more than two seconds and less than
five seconds, the range setting part 989 sets the above
described range to “the frequency of the heartbeat and the
frequency of the heart rate +5x0.0625 Hz”. Furthermore, if
the elapsed time from the time of electrocardiogram mea-
surement is equal to or more than five seconds and less than
10 seconds, the range setting part 989 sets the above
described range to “the frequency of the heartbeat and the
frequency of the heart rate £10x0.0625 Hz”. In addition, if
the elapsed time from the time of electrocardiogram mea-
surement is equal to or more than 10 seconds and less than
20 seconds, the range setting part 989 sets the above
described range to “the frequency of the heartbeat and the
frequency of the heart rate +16x0.0625 Hz”. Or, if the
elapsed time from the time of electrocardiogram measure-
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ment is equal to or more than 20 seconds and less than 60
seconds, the range setting part 989 sets the above described
range to “the frequency of the heartbeat and the frequency
of the heart rate +20x0.0625 Hz”.

[0114] Note that, if 60 seconds or more elapse, the deter-
mination that there is no heart rate is made by the heartbeat
determination part 988, and the screen prompting the user to
measure the heart rate is displayed on the display part 61 as
described above.

[0115] FIG. 6 shows an example of the acceptable range
set by the range setting part 989. Note that a value obtained
by multiplication of the numeric value of the pulse wave
(Hz) by “60” is the heart rate.

[0116] For example, when the heart rate stored in the
detection information memory part 82 is “120 bpm” and the
above described elapsed time is “seven seconds”, as shown
in FIG. 6, an acceptable range L1 is set to “the frequency of
the heartbeat (2.0 Hz) and the frequency of the heart rate
+10%0.0625 Hz”. Specifically, the range setting part 989 sets
the acceptable range L1 equal to or more than 1.375 Hz and
less than 2.625 Hz. That is, the frequency range of the
acceptable range [1 set by the range setting part 989
corresponds to frequency information according to the
invention.

Configuration of Range Determination Part

[0117] Returning to FIG. 5, the range determination part
990 determines whether or not the pulse wave estimated in
the pulsebeat estimation part 984 is within the acceptable
range set by the range setting part 989. For example, the
range determination part 990 determines whether or not the
frequency P1 of the pulse wave according to the pulse rate
estimated in the pulsebeat estimation part 984 is within the
acceptable range L1. Thereby, as shown in FIG. 6, if a
determination that the frequency P1 is not within the accept-
able range L1 is made by the range determination part 990,
processing by the pulsebeat confirmation part 985, which
will be described later, is executed.

[0118] On the other hand, if a determination that the
frequency P1 is within the acceptable range L1 is made by
the range determination part 990, the pulse rate estimated in
the pulsebeat estimation part 984 is fixed as the pulse rate of
the user, and the pulsebeat fixing processing and the pulse-
beat confirmation processing are ended.

Configuration of Pulsebeat Calculator

[0119] If the determination that the pulse wave frequency
P1 is not within the acceptable range [.1 is made by the range
determination part 990, the pulsebeat calculator 991 does
not employ the pulse rate estimated by the pulsebeat esti-
mation part 984, but newly calculates a pulse rate of the user.
Specifically, the pulsebeat calculator 991 detects a frequency
corresponding to the peak value within the acceptable range
in the pulse wave signal spectrum. In other words, the
pulsebeat calculator 991 detects a frequency P2 with the
highest peak within the acceptable range .1 shown in FIG.
6. Then, the pulsebeat calculator 991 calculates the pulse
rate based on the frequency P2. For example, the calculator
calculates a value by multiplication of “2 Hz” as the value
of the frequency P2 by “60” as the pulse rate.

[0120] FIG. 7 is a flowchart showing a processing proce-
dure of pulsebeat confirmation processing executed by the
pulse wave processor 98 of the analyzer 95.
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[0121] The pulse wave processor 98 executes the follow-
ing pulsebeat confirmation processing based on a program
stored in the memory unit 8. The pulsebeat confirmation
processing is processing of analyzing the pulse wave signal
based on the heart rate calculated from the electrocardio-
gram signal and calculating the pulse rate of the user if the
pulse wave signal does not satisfy a predetermined condi-
tion. In other words, the pulsebeat confirmation processing
is processing of determining whether or not the pulse rate
estimated by the pulse wave processor 98 is a value with
high reliability, and, if the value is not the value with high
reliability, calculating a pulse rate with high reliability by
executing various kinds of processing and fixing the pulse
rate as the pulse rate of the user.

[0122] Specifically, as shown in FIG. 7, the pulsebeat
specification part 983 in the pulse wave processor 98 speci-
fies the pulse rate of the user based on the pulsebeat signal
after removal of the body motion noise component by the
noise remover 982 and executes a determination as to
whether or not the pulse rate has been successfully specified
(step S11).

[0123] In the determination processing at step S11, if a
determination that the pulse rate has been successfully
specified is made, the pulse wave processor 98 returns the
processing to step S11. Note that, in the determination
processing at step S11, if the determination that the pulse
rate has been successfully specified is made, the specified
pulse rate is displayed on the display part 61 under the
control of the report controller 92.

[0124] On the other hand, in the determination processing
at step S11, if a determination that the pulse rate has not
successfully been specified is made, the pulsebeat estimation
part 984 estimates the pulse rate of the user (step S12).
Specifically, the pulsebeat estimation part 984 estimates the
frequency P1 having the maximum amplitude (see FIG. 6)
of the pulsebeat signals before removable of the body
motion noise component as the current pulse rate of the user.
[0125] Then, the pulse wave processor 98 executes the
pulsebeat confirmation processing (step S13). Note that the
estimation processing of the pulse rate at step S12 is not an
essential configuration, and may be omitted. For example,
on the basis of the SN ratio of the pulse wave signal from the
pulse wave detector 53, if the value of the SN ratio is equal
to or more than a threshold value, the pulse rate may be
calculated based on the pulse wave signal from the pulse
wave detector 53 and, if the value is smaller than the
threshold value, the processing at step S13 may be executed
for specification of the pulse rate.

[0126] FIG. 8 is a flowchart showing the processing pro-
cedure of the pulsebeat confirmation processing.

[0127] The pulsebeat confirmation processing executed at
step S13 will be described in detail.

[0128] First, the SN ratio determination part 986 detects
the SN ratio of the pulse wave signal of the user acquired by
the pulse wave acquisition part 981 (step S131) and deter-
mines whether or not the SN ratio is larger than the prede-
termined threshold value (step S132).

[0129] In the determination processing at step S132, if a
determination that the SN ratio is larger than the predeter-
mined threshold value is made, the counter controller 987
resets the counter value (step S133). Then, the pulsebeat
confirmation processing is ended and the pulse rate esti-
mated in the pulsebeat estimation part 984 is fixed as the
pulse rate of the user.
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[0130] On the other hand, in the determination processing
at step S132, if a determination that the SN ratio is not larger
than the predetermined threshold value is made, the counter
controller 987 increments the counter value (step S134).
[0131] Then, the counter controller 987 determines
whether or not the counter value exceeds a predetermined
value (step S135).

[0132] In the determination processing at step S135, if a
determination that the counter value does not exceed the
predetermined value is made, the pulsebeat confirmation
processing is ended.

[0133] On the other hand, in the determination processing
at step S135, if a determination that the counter value
exceeds the predetermined value is made, the heartbeat
determination part 988 determines whether or not the heart
rate most recently measured is stored in the detection
information memory part (step S136).

[0134] In the determination processing at step S136, if a
determination that the heart rate most recently measured is
not stored in the detection information memory part 82 is
made, the report controller 92 allows the display part 61 to
display a screen prompting the user to measure the heart rate
(step S137).

[0135] On the other hand, in the determination processing
at step S136, if a determination that the heart rate most
recently measured is stored in the detection information
memory part 82 is made, the pulsebeat confirmation part 985
executes the pulsebeat confirmation processing (step S138).
[0136] FIG. 9 is a flowchart showing a processing proce-
dure of the pulsebeat fixing processing.

[0137] The pulsebeat fixing processing executed at step
S138 will be described later in detail.

[0138] First, the range setting part 989 sets an acceptable
frequency range in which the pulse wave signal according to
the elapsed time after the electrocardiogram measurement
exists (step S381).

[0139] Then, the range determination part 990 determines
whether or not the pulse wave estimated in the pulsebeat
estimation part 984 is within the acceptable range set by the
range setting part 989 (step S382).

[0140] In the determination processing at step S382, if a
determination that the pulse wave is within the acceptable
range is made, the pulse rate estimated by the pulsebeat
estimation part 984 is fixed as the pulse rate of the user and
the pulsebeat fixing processing and the pulsebeat confirma-
tion processing are ended.

[0141] On the other hand, in the determination processing
at step S382, if a determination that the pulse wave is not
within the acceptable range is made, the pulsebeat calculator
991 detects frequencies corresponding to the peak values
within the acceptable range in the pulse wave signal spec-
trum (step S383).

[0142] Then, the pulsebeat calculator 991 calculates the
pulse rate based on the frequency corresponding to the value
with the highest peak within the acceptable range (step
S384), and the pulsebeat fixing processing is ended.

Advantages of First Embodiment

[0143] According to the above described biological infor-
mation processing apparatus 1A, the following advantages
are obtained.

[0144] If the pulse wave signal does not satisfy the pre-
determined condition, in other words, if the SN ratio of the
pulse wave signal is lower, the pulse rate of the user is
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calculated based on the heart rate and the pulse wave signal
of the user, and thereby, the pulse rate with higher reliability
may be calculated compared to e.g. the case where the pulse
rate is calculated only based on the pulse wave signal.

[0145] Here, if the SN ratio of the pulse wave signal is
lower, the body motion noise component is stronger and it
is highly possible that the pulse rate calculation from the
pulse wave signal is incorrect. If the frequency of the pulse
wave signal and the frequency of the body motion signal (the
above described body motion noise component) overlap, it
is possible that the pulse wave calculation of the user is
incorrect. On the other hand, in the embodiment, the pre-
determined condition is set using the SN ratio of the pulse
wave signal as an index, and, if it is impossible to calculate
the correct pulse rate, the pulse rate may be calculated based
on the heart rate and the pulse wave signal of the user.
Therefore, the pulse rate with even higher reliability may be
calculated.

[0146] Further, the pulse wave signal is analyzed based on
the frequency information of the heart rate, and thereby, the
pulse wave signal of the user may be reliably analyzed.

[0147] Specifically, the range determination part 990 may
determine whether or not the pulse wave signal acquired by
the pulse wave acquisition part 981 exists in the frequency
range in which the pulse wave signal estimated based on the
heart rate of the user exists (within the acceptable range L1).
According to the configuration, for example, if the acquired
pulse wave signal is not within the frequency range, a
determination that the pulse rate of the user calculated based
on the pulse wave signal of the user is incorrect may be
made. Further, of the pulse wave signals existing within the
range, the pulse rate based on the frequency P2 with the
highest peak may be calculated as the pulse rate of the user.
Therefore, the pulse rate with extremely high reliability may
be calculated.

[0148] It is lowly possible that the pulse rate based on the
pulse wave signal acquired after a predetermined period (60
seconds) or more elapses from the second time when the
electrocardiogram signal is acquired is substantially equal to
the heart rate based on the electrocardiogram signal. Accord-
ingly, if the pulse rate of the user is calculated based on the
heart rate based on the electrocardiogram signal and the
pulse wave signal after 60 seconds or more elapse, the
calculated pulse rate does not necessarily have high reliabil-
ity.

[0149] On the other hand, according to the embodiment, if
the difference between the first time when the pulse wave
signal is acquired and the second time when the electrocar-
diogram signal is acquired is within the predetermined
period (60 seconds), the pulse wave signal is analyzed and
the pulse rate is calculated, and thereby, the possibility of
calculation of the pulse rate with extremely high reliability
is higher.

[0150] As the elapsed time from the second time when the
electrocardiogram signal is acquired is longer, it is highly
possible that the heart rate based on the electrocardiogram
signal and the pulse rate based on the pulse wave signal are
separated from each other. Accordingly, for example, when
the frequency range of the pulse wave of the user is set to
+5%0.0625 Hz regardless of the elapsed time from the
second time, a frequency peak within the range is calculated
as the pulse rate though there is inherently the highest
frequency peak.
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[0151] On the other hand, according to the embodiment,
the frequency range (acceptable range L1) is set to be wider
according to the elapsed time from the second time, and the
highest peak of the frequency P2 of the frequencies of the
user may be calculated as the pulse rate. Therefore, the
possibility of calculation of the pulse rate with extremely
high reliability is higher.

[0152] Under the control of the report controller 92, the
screen prompting the user to measure the heart rate is
displayed on the display part 61, and thereby, the user may
be prompted to measure the heart rate. Therefore, the
possibility of shortening of the elapsed time from the second
time is higher, and the pulse rate with higher reliability may
be calculated.

[0153] The back surface 212 is the surface at the attach-
ment part side in the casing 2A, and the back surface-side
electrode 542 provided on the back surface 212 may be
reliably brought into contact with the human body of the
user. Further, the front surface 211 is the opposite surface to
the back surface 212, and the human body of the user may
be easily brought into contact with the front surface-side
electrode 541 provided on the front surface 211 with a hand
or the like put thereon. Therefore, the detection and the
measurement of the electrocardiogram of the user may be
easily performed and the conduction path between the front
surface-side electrode 541 and the back surface-side elec-
trode 542 may be made longer, and the detection accuracy
of the electrocardiogram may be improved.

First Modification of First Embodiment

[0154] FIG. 10 is a flowchart showing a processing pro-
cedure of pulsebeat confirmation processing executed by the
pulse wave processor 98 of the analyzer 95.

[0155] In the first embodiment, if the determination that
the pulse rate has been successfully specified is made in the
determination processing at step S11, the pulse wave pro-
cessor 98 returns the processing to step S11, and the speci-
fied pulse rate is displayed on the display part 61 under the
control of the report controller 92. However, the processing
is not limited to that. For example, as shown in FIG. 10, even
in the case where the determination that the pulse rate has
been successfully specified is made in the determination
processing at step S11, the pulsebeat confirmation process-
ing (step S13) may be executed.

[0156] According to the configuration, in either case
where the pulse rate has been successfully specified or the
pulse rate is estimated, the pulsebeat confirmation process-
ing may be executed. Therefore, compared to the above
described first embodiment, the more correct pulse rate may
be calculated and presented to the user.

Second Modification of First Embodiment

[0157] In the above described first embodiment, the range
setting part 989 sets an acceptable frequency range in which
the pulse wave signal according to the elapsed time after the
electrocardiogram measurement exists at step S381, and the
range determination part 990 determines whether or not the
pulse wave estimated in the pulsebeat estimation part 984 is
within the acceptable range set by the range setting part 989
at step S382. However, the processing is not limited to that.
For example, the range setting part 989 may set an accept-
able range of pulse rate according to the elapsed time after
the electrocardiogram measurement. Further, the range
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determination part 990 may determine whether or not the
pulse rate is within the acceptable range of pulse rate. Also,
in this case, the same advantages as those of the above
described first embodiment and first modification of the first
embodiment may be obtained.

Second Embodiment

[0158] Next, the second embodiment of the invention will
be explained.
[0159] A biological information processing system

according to the embodiment executes the biological infor-
mation processing executed by the biological information
processing apparatus 1A using a detection apparatus and an
information processing apparatus. The detection apparatus
has substantially the same configuration as that of the
biological information processing apparatus 1A. Further, the
information processing apparatus has substantially the same
function as that of the controller 9 of the biological infor-
mation processing apparatus 1A. In this regard, the biologi-
cal information processing apparatus 1A is different from the
biological information processing system.

[0160] Note that, in the following explanation, the same or
substantially the same parts as those described above have
the same signs and their explanation will be omitted.

Configuration of Biological Information Processing System

[0161] FIG. 11 is a schematic diagram showing a biologi-
cal information processing system 100 according to the
embodiment.

[0162] The biological information processing system 100
includes a biological information detection apparatus 1B and
an information processing apparatus 10. The biological
information detection apparatus 1B has the same exterior
and substantially the same function as those of the above
described biological information processing apparatus 1A.
Further, the information processing apparatus 10 includes
e.g. a smartphone (multifunctional portable telephone), a
tablet, a PC (Personal Computer), or the like. These bio-
logical information detection apparatus 1B and information
processing apparatus 10 are communicably connected to
each other via Bluetooth or the like.

Configuration of Biological Information Detection
Apparatus
[0163] FIG. 12 is a block diagram showing a configuration

of the biological information detection apparatus 1B and the
information processing apparatus 10 according to the
embodiment.

[0164] As shown in FIG. 12, the biological information
detection apparatus 1B includes the operation unit 4, the
measurement unit 5, the report unit 6, the communicator 7,
the memory unit 8, and a controller 9A in place of the
controller 9. The controller 9A includes the timer 91, the
report controller 92, the communication controller 93, and
the detection controller 94. That is, in the embodiment, the
biological information detection apparatus 1B does not
include the analyzer 95.

[0165] Further, the pulse wave signal and the electrocar-
diogram signal of the user measured by the measurement
unit 5 of the biological information detection apparatus 1B
are transmitted to the information processing apparatus 10
via the communicator 7 under the control of the communi-
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cation controller 93. That is, the communicator 7 corre-
sponds to a transmitter according to the invention.

[0166] Note that, in the embodiment, the pulse wave
signal and the electrocardiogram signal are stored in the
detection information memory part 82 of the memory unit 8
and transmitted to the information processing apparatus 10
via the communicator 7. Further, though the details will be
described later, the pulsebeat confirmation processing by the
analyzer 95 is executed in the information processing appa-
ratus 10 and the pulse rate with high reliability after execu-
tion of the confirmation processing is received via the
communicator 7. Thus acquired pulse rate is displayed on
the display part 61 under the control of the report controller
92.

Configuration of Information Processing Apparatus

[0167] As shown in FIG. 12, the information processing
apparatus 10 includes an operation unit 101, a communica-
tor 102, a display unit 103, a sound output unit 104, a
memory unit 105, and a controller 106.

Configuration of Operation Unit

[0168] The operation unit 101 receives an input operation
by a user and outputs operation information in response to
the input operation to the controller 106. The operation unit
101 may include e.g. physical keys and touch panels pro-
vided on a casing of the information processing apparatus
10, and a keyboard and a pointing device connected to the
information processing apparatus 10 in wired or wireless
connection.

Configuration of Communicator

[0169] The communicator 102 includes a first communi-
cation module communicable with an external apparatus
including the biological information detection apparatus 1B
and a second communication module communicable with a
server (not shown) on a network such as the Internet, and
communicates with the external apparatus and the server
under the control of the controller 106. Note that, in the case
where each of the external apparatus and the server and the
communicator 102 can communicate in the same commu-
nication system, the communicator 102 may include only
one of the first communication module and the second
communication module. In the case where the communica-
tion with the server is unnecessary, the second communica-
tion module may not necessarily be provided.

Configurations of Display Unit and Sound Output Unit

[0170] The display unit 103 may include various display
panels of e.g. liquid crystal, organic EL (Electro-Lumines-
cence), electrophoresis, or the like, and displays screens for
displaying the pulse rate etc. generated by the controller 106.
Further, the display unit 103 displays screens prompting the
user to measure the heart rate etc. under the control of the
display controller 108, which will be described later.

[0171] The sound output unit 104 includes a speaker and
outputs sound according to sound information input from the
controller 106. For example, in the case where it is impos-
sible for the controller 106 to specify the pulse rate or the
like, the sound output unit 104 outputs sound according to
information for prompting the user to measure the heart rate.
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Configuration of Memory Unit

[0172] The memory unit 105 includes a memory device
such as an SSD (Solid State Drive), an HDD (Hard Disk
Drive), or a flash memory, and stores programs and data
necessary for the operation of the information processing
apparatus 10. As the programs, the memory unit 105 stores
an OS for controlling the information processing apparatus
10 and applications for execution of the same functions as
those of the analyzer 95.

[0173] Further, the memory unit 105 stores various kinds
of information received from the biological information
detection apparatus 1B.

Configuration of Controller

[0174] As shown in FIG. 12, the controller 106 includes a
communication controller 107, a display controller 108, a
sound output controller 109, a timer 110, and the analyzer
95.

[0175] The communication controller 107 controls the
communicator 102 to communicate with the external appa-
ratus and the server.

[0176] The display controller 108 allows the display unit
103 to display a screen for displaying the pulse rate of the
user, a screen prompting user to measure electrocardiogram,
and execution screens of the other applications and the OS
(execution screens generated by the other configurations).

[0177] The sound output controller 109 outputs sound
information of sound to be output when the OS and the
applications are executed to the sound output unit 104.

[0178] The timer 110 times current date and time.

Configuration of Analyzer

[0179] The analyzer 95 has the same function to that of the
analyzer 95 of the controller 9 of the biological information
processing apparatus 1A. Accordingly, in the information
processing apparatus 10, when the pulse wave signal and the
electrocardiogram signal of the user are received via the
communicator 102, the above described pulsebeat confir-
mation processing and pulsebeat fixing processing (steps
S11 to S13, steps S131 to S138, and steps S381 to S384) are
executed in the analyzer 95.

[0180] Then, the pulse rate with high reliability calculated
by execution of the pulsebeat confirmation processing and
the pulsebeat fixing processing is displayed on the display
unit 103 under the control of the display controller 108.
Further, the pulse rate is transmitted to the biological infor-
mation detection apparatus 1B via the communicator 102
received by the communicator 7 of the biological informa-
tion detection apparatus 1B, and the received pulse rate is
displayed on the display part 61 under the control of the
communication controller 107.

[0181] Furthermore, at step S137, when the user is
prompted to measure electrocardiogram, the communication
controller 107 transmits the screen prompting the electro-
cardiogram measurement via the communicator 102 and
allows the display part 61 of the biological information
detection apparatus 1B to display the screen. Concurrently,
the display controller 108 allows the display unit 103 of the
information processing apparatus 10 to display the screen.
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Advantages of Second Embodiment

[0182] In the above described biological information pro-
cessing system 100 according to the embodiment, besides
the same advantages as those of the biological information
processing apparatus 1A, the following advantages are
obtained.

[0183] The biological information detection apparatus 1B
does not execute the pulsebeat confirmation processing and
the pulsebeat fixing processing, and the processing in the
biological information detection apparatus 1B may be sim-
plified.

[0184] Further, the pulse rate of the user is displayed on
both the display unit 103 of the information processing
apparatus 10 and the display part 61 of the biological
information detection apparatus 1B, and thereby, the con-
venience of the user may be improved.

[0185] Furthermore, the screen prompting measurement
of the heart rate is displayed on both the display unit 103 and
the display part 61, and the possibility of recognition of the
screen by the user is higher. Thereby, the possibility of the
measurement of the heart rate by the user is higher, the
elapsed time from the second time may be further shortened,
and thereby, the possibility of calculation of the pulse rate
with high reliability may be made higher.

Modifications of Embodiments

[0186] The invention is not limited to the above described
respective embodiments, and the invention includes modi-
fications and improvements within the range in which the
purpose of the invention may be achieved.

[0187] In the above described respective embodiments, if
it is impossible to specify the pulse rate of the user, in other
words, if the SN ratio is lower than the predetermined value,
the pulse wave processor 98 calculates the pulse rate of the
user based on the heart rate and the pulse wave signal of the
user. However, the invention is not limited to that. For
example, the above described pulsebeat confirmation pro-
cessing may be executed when the body motion of the user
(exercise intensity of the user) does not reach predetermined
exercise intensity.

[0188] In the above described respective embodiments, if
the difference between the first time and the second time is
the predetermined period (e.g. within 60 seconds), in other
words, the heart rate most recently stored is stored in the
detection information memory part 82, the pulsebeat con-
firmation processing is executed. However, the invention is
not limited to that. For example, even in the case where there
is no most recently stored heart rate, if there is a heart rate
stored in the past, the processing may be executed based on
the heart rate. Or, in the case where there is no most recently
stored heart rate, a heart rate based on the pulse rate most
recently specified by the pulsebeat specification part 983
may be obtained and the processing may be executed based
on the heart rate.

[0189] In the above described respective embodiments,
the frequency range is set to be wider according to the
elapsed time from the second time when the electrocardio-
gram signal is acquired. However, the invention is not
limited to that. For example, a fixed acceptable range may be
set regardless of the elapsed time from the second time.
[0190] In the above described respective embodiments, if
the difference exceeds the predetermined period, in other
words, if there is no most recently stored heart rate, the
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screen prompting the user to measure the electrocardiogram
is displayed on at least one of the display part 61 and the
display unit 103. However, the invention is not limited to
that. For example, the screen may not necessarily be dis-
played or sound prompting the user to measure the electro-
cardiogram may be output in place of the display. Or, in
place of or in addition to that, at least one of the biological
information processing apparatus 1A, the biological infor-
mation detection apparatus 1B, and the information process-
ing apparatus 10 may be vibrated.

[0191] In the above described respective embodiments,
the pitch calculator 972 is provided. However, the invention
is not limited to that. For example, the pitch calculator 972
may not necessarily be provided. Or, in place of the pitch
calculator 972, an exercise intensity detector that detects
exercise intensity of the user based on the pulse rate fixed by
the pulse wave processor 98 and the acceleration signal of
the user may be provided.

[0192] In the above described respective embodiments,
the time when the electrocardiogram is acquired with the
heart rate by the heartbeat acquisition part 961 is stored in
the detection information memory part 82. However, the
invention is not limited to that. For example, the time when
the electrocardiogram signal is detected may be stored with
the heart rate.

[0193] In the above described second embodiment, the
screen prompting the user to measure the electrocardiogram
is displayed on both the display part 61 of the biological
information detection apparatus 1B and the display unit 103
of the information processing apparatus 10. However, the
invention is not limited to that. For example, the screen may
be displayed on one of the display part 61 and the display
unit 103.

[0194] Further, in the above described second embodi-
ment, in addition to the display unit 103, the pulse rate on
which the pulsebeat confirmation processing and the pulse-
beat fixing processing have been executed is also displayed
on the display part 61 of the biological information detection
apparatus 1B. However, the invention is not limited to that.
For example, the screen may be displayed on one of the
display part 61 and the display unit 103.

[0195] In the above described second embodiment, the
controller 106 of the information processing apparatus 10
includes the analyzer 95. However, the invention is not
limited to that. For example, the analyzer 95 may be
provided in a server or the like, the pulse wave signal and the
electrocardiogram signal acquired from the biological infor-
mation detection apparatus 1B by the information process-
ing apparatus 10 are transmitted to the server, and the
pulsebeat confirmation processing and the pulsebeat fixing
processing may be executed in the server. In this case, the
information processing apparatus 10 may acquire the results
of the pulsebeat confirmation processing and the pulsebeat
fixing processing executed by the server and transmit the
results to the biological information detection apparatus 1B.

[0196] In the above described respective embodiments,
the front surface-side electrode 541 and the back surface-
side electrode 542 are provided. However, the invention is
not limited to that. For example, the respective electrodes
541 and 542 may be provided on one of them.

[0197] In the above described respective embodiments,
the analyzer 95 calculates the pulse rate as the biological
information of the user. However, the invention is not
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limited to that. For example, blood pressure, blood sugar
level, or the like of the user may be calculated as the
biological information.

What is claimed is:

1. A biological information processing apparatus com-
prising:

a pulse wave acquisition part that acquires a pulse wave

signal of a user;

an electrocardiogram acquisition part that acquires an

electrocardiogram signal of the user; and

a processor that calculates biological information of the

user based on the pulse wave signal,

wherein the processor calculates the biological informa-

tion of the user based on a heart rate calculated from the
electrocardiogram signal and the pulse wave signal if
the pulse wave signal does not satisfy a predetermined
condition.

2. The biological information processing apparatus
according to claim 1, wherein the predetermined condition
includes an index of at least one of an SN ratio of the pulse
wave signal and body motion of the user.

3. The biological information processing apparatus
according to claim 1, wherein the processor derives fre-
quency information based on the heart rate and analyzes the
pulse wave signal based on the frequency information.

4. The biological information processing apparatus
according to claim 3, wherein the frequency information is
information estimated based on the heart rate and represent-
ing a frequency range in which the pulse wave signal exists.

5. The biological information processing apparatus
according to claim 4, further comprising a timer that times
a period,

wherein the processor compares a first time when the

pulse wave signal is acquired and a second time when
the electrocardiogram signal is acquired, and, if a
difference between the first time and the second time is
within a predetermined period, analyzes the pulse wave
signal based on the heart rate calculated from the
electrocardiogram signal according to a comparison
result and calculates the biological information.

6. The biological information processing apparatus
according to claim 5, wherein the frequency range is wider
according to an elapsed time from the second time when the
electrocardiogram signal is acquired.

7. The biological information processing apparatus
according to claim 5, further comprising a report unit that
prompts the user to acquire the electrocardiogram signal if
the difference between the first time and the second time
exceeds the predetermined period.

8. A biological information processing system compris-
ing:

a detection apparatus having

a pulse wave detector that detects a pulse wave signal of

the user,

an electrocardiogram detector that detects an electrocar-

diogram signal of the user, and

a transmitter that transmits the pulse wave signal and the

electrocardiogram signal; and
the biological information processing apparatus according
to claim 1,

wherein the biological information processing apparatus
includes a receiver that receives the pulse wave signal
and the electrocardiogram signal.
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9. The biological information processing system accord-
ing to claim 8, wherein the detection apparatus includes a
casing that houses the pulse wave detector, the electrocar-
diogram detector, and the transmitter,

the electrocardiogram detector includes

a first surface-side electrode provided on a first surface
in the casing, and

a second surface-side electrode provided on a second
surface different from the first surface in the casing.

10. A biological information processing method compris-
ing:

acquiring a pulse wave signal of a user;

acquiring an electrocardiogram signal of the user; and

a processing of calculating biological information of the

user based on the pulse wave signal,

wherein the processing calculates the biological informa-

tion of the user based on a heart rate calculated from the
electrocardiogram signal and the pulse wave signal if
the pulse wave signal does not satisfy a predetermined
condition.

11. A biological information processing program executed
by a computer and allowing the computer to function as a
biological information processing apparatus, comprising:

a pulse wave acquisition part that acquires a pulse wave

signal of a user;

an electrocardiogram acquisition part that acquires an

electrocardiogram signal of the user; and

a processor that calculates biological information of the

user based on the pulse wave signal,

wherein the processor calculates the biological informa-

tion of the user based on a heart rate calculated from the
electrocardiogram signal and the pulse wave signal if
the pulse wave signal does not satisfy a predetermined
condition.

12. A biological information processing system compris-
ing:

a detection apparatus having

a pulse wave detector that detects a pulse wave signal of

the user,

an electrocardiogram detector that detects an electrocar-

diogram signal of the user, and

a transmitter that transmits the pulse wave signal and the

electrocardiogram signal; and
the biological information processing apparatus according
to claim 2,

wherein the biological information processing apparatus
includes a receiver that receives the pulse wave signal
and the electrocardiogram signal.

13. A biological information processing system compris-
ing:

a detection apparatus having

a pulse wave detector that detects a pulse wave signal of

the user,

an electrocardiogram detector that detects an electrocar-

diogram signal of the user, and

a transmitter that transmits the pulse wave signal and the

electrocardiogram signal; and

the biological information processing apparatus according

to claim 3,
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wherein the biological information processing apparatus
includes a receiver that receives the pulse wave signal
and the electrocardiogram signal.
14. A biological information processing system compris-
ing:
a detection apparatus having
a pulse wave detector that detects a pulse wave signal of
the user,
an electrocardiogram detector that detects an electrocar-
diogram signal of the user, and
a transmitter that transmits the pulse wave signal and the
electrocardiogram signal; and
the biological information processing apparatus according
to claim 4,
wherein the biological information processing apparatus
includes a receiver that receives the pulse wave signal
and the electrocardiogram signal.
15. A biological information processing system compris-
ing:
a detection apparatus having
a pulse wave detector that detects a pulse wave signal of
the user,
an electrocardiogram detector that detects an electrocar-
diogram signal of the user, and
a transmitter that transmits the pulse wave signal and the
electrocardiogram signal; and
the biological information processing apparatus according
to claim 5,
wherein the biological information processing apparatus
includes a receiver that receives the pulse wave signal
and the electrocardiogram signal.
16. A biological information processing system compris-
ing:
a detection apparatus having
a pulse wave detector that detects a pulse wave signal of
the user,
an electrocardiogram detector that detects an electrocar-
diogram signal of the user, and
a transmitter that transmits the pulse wave signal and the
electrocardiogram signal; and
the biological information processing apparatus according
to ¢laim 6,
wherein the biological information processing apparatus
includes a receiver that receives the pulse wave signal
and the electrocardiogram signal.
17. A biological information processing system compris-
ing:
a detection apparatus having
a pulse wave detector that detects a pulse wave signal of
the user,
an electrocardiogram detector that detects an electrocar-
diogram signal of the user, and
a transmitter that transmits the pulse wave signal and the
electrocardiogram signal; and
the biological information processing apparatus according
to claim 7,
wherein the biological information processing apparatus
includes a receiver that receives the pulse wave signal
and the electrocardiogram signal.
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