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(54) Biological information detecting device, heart rate meter, and computer program

(57) A biological information detecting device in-
cludes a pulse-wave-information detecting section con-
figured to detect pulse wave information of a test subject,
a display section, and a processing section configured
to perform measurement processing for the pulse wave
information and discrimination processing for a posture
state of the test subject. The display section displays a
posture state notification image that dynamically chang-

es according to a change in the posture state. The
processing section performs processing for determining
whether the posture state of the test subject is appropri-
ate as a posture for performing the measurement
processing for the pulse wave information, when deter-
mining that the posture state is appropriate, performs the
measurement processing for the pulse wave information.
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Description

BACKGROUND

1. Technical Field

[0001] The present invention relates to a biological in-
formation detecting device, a heart rate meter, a compu-
ter program, and the like.

2. Related Art

[0002] Electronic devices such as a biological informa-
tion detecting device (in a narrow sense, a heart rate
meter) have been widely used. The heart rate meter is a
device for detecting a pulsation deriving from a heat beat
of a human body. For example, the heart rate meter is a
device for detecting a signal deriving from a heat beat on
the basis of a signal output from a pulse wave sensor
amounted on an arm, a palm, a finger, or the like.
[0003] For example, a photoelectric sensor is used as
the pulse wave sensor. In this case, for example, a meth-
od of detecting, with the photoelectric sensor, reflected
light or transmitted light of light irradiated on a living or-
ganism is conceivable. Since an absorption amount and
a reflection amount of the irradiated light are different
according to a blood flow in a blood vessel, sensor infor-
mation (a pulse wave sensor signal) detected by the pho-
toelectric sensor is a signal corresponding to the blood
flow rate or the like. It is possible to acquire information
concerning a pulsation by analyzing the signal.
[0004] For example, JP-A-2008-54890 (Patent Litera-
ture 1) presents a structure that can measure a contact
pressure of a biological-information detecting section for
detecting biological information such as a heart rate me-
ter. Patent Literature 1 also presents a method of deter-
mining whether the contact pressure is a proper pressing
force and displays the pressure as a graph to inform the
user of the pressure. This is because it is known that the
amplitude of a pulse signal is different according to a
pressing force and, since the pulse signal decreases with
an excessively large pressing force or an excessively
small pressing force, it is necessary to set an appropriate
pressing force in order to accurately perform processing
based on the pulse signal (e.g., calculation of pulsation
information).
[0005] However, it is known that a vital sign such as a
pulsation changes according to a posture state of a user,
who is a measurement target. For example, in the exam-
ple of the pressing force, in order to obtain a proper press-
ing force state, not only an external pressure applied to
a living organism from the outside but also an internal
pressure, which is pressure inside a blood vessel, has
to be taken into account. As the internal pressure, a water
head pressure has large influence. When it is determined
whether a pressing force is the proper pressing force, it
is necessary to set the water head pressure in an appro-
priate state (an example of a specific state is explained

below). That is, it is necessary to set the posture state of
the user in an appropriate state. However, in Patent Lit-
erature 1, it is not taken into account that, for example,
the appropriate posture state is clearly presented to the
user.
[0006] This is not a problem limited to the pressing
state. For example, when a posture changes, the water
head pressure changes according to the posture change,
an inertial force is generated by the swing of an arm or
the like and the internal pressure fluctuates, and an active
state of the heart fluctuates because an exercise load is
applied to the user. That is, pulse wave information to be
detected fluctuates according to the posture state. It is
necessary to appropriately set the posture state in order
to accurately detect the pulse wave information.

SUMMARY

[0007] An advantage of some aspects of the invention
is to provide a biological information detecting device, a
computer program, and the like for accurately performing
measurement processing for pulse wave information by
displaying a posture state notification image.
[0008] An aspect of the invention is directed to a bio-
logical information detecting device including: a pulse-
wave-information detecting section configured to detect
pulse wave information of a test subject; a display sec-
tion; and a processing section configured to perform
measurement processing for the pulse wave information
and discrimination processing for a posture state of the
test subject. The display section displays a posture state
notification image that dynamically changes according
to a change in the posture state. The processing section
performs processing for determining whether the posture
state of the test subject is appropriate as a posture for
performing the measurement processing for the pulse
wave information and, when determining that the posture
state is appropriate, performs the measurement process-
ing for the pulse wave information.
[0009] In the aspect of the invention, the posture state
notification image is displayed on the display section.
When it is determined that the posture state is appropri-
ate, the measurement processing for the pulse wave in-
formation is performed. Therefore, the present posture
state is notified to a user in an intuitively understandable
form. It is possible for the user to take the proper posture
state with ease and further to improve accuracy of
processing for performing the measurement processing
in the appropriate posture state, for example.
[0010] In the aspect of the invention, the display sec-
tion may display, as the posture state notification image,
an image in which a display position of an object repre-
senting the posture state changes according to the pos-
ture state.
[0011] With this configuration, it is possible to, for ex-
ample, display the posture state in association with the
display position of the object.
[0012] In the aspect of the invention, when the process-
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ing section determines that the posture state is appropri-
ate, the display section may display, as the posture state
notification image, an image in which the object is dis-
played in a first region in the image.
[0013] With this configuration, it is possible to, for ex-
ample, notify whether the posture state is appropriate
according to whether the display position of the object is
present in the first region. The first region is a region
where the object is displayed when the posture state of
the test subject is appropriate.
[0014] In the aspect of the invention, when the biolog-
ical information detecting device is mounted on the test
subject, a direction from the forearm to the hand of the
test subject is represented as X axis, a direction orthog-
onal to the X axis and orthogonal to a screen of the display
section is represented as Z axis, an axis orthogonal to
the X axis and the Z axis is represented as Y axis, an
angle representing rotation of the X axis around the Y
axis during the discrimination processing with respect to
a horizontal plane orthogonal to the gravity direction is
represented as first angle θx, and an angle representing
rotation of the Y axis around the X axis during the dis-
crimination processing with respect to the horizontal
plane is represented as second angle θy, the processing
section may determine that the posture state is appro-
priate when it is determined that the first angle θx is within
a first angle range and the second angle θy is within a
second angle range.
[0015] With this configuration, it is possible to perform
determination processing for the posture state on the ba-
sis of a rotation state of a given axis.
[0016] In the aspect of the invention, concerning the
second angle θy, when an angle representing rotation
on the gravity direction side with respect to the horizontal
plane is set as a positive value and an angle representing
rotation on the opposite side of the gravity direction is set
as a negative value, the processing section may deter-
mine that the posture state is appropriate when it is de-
termined that the second angle θy is within the second
angle range in which a median is a negative value.
[0017] With this configuration, it is possible to, for ex-
ample, improve possibility that the rotation at the second
angle θy is in a negative direction and suppress a twist
of the arm.
[0018] In the aspect of the invention, when the process-
ing section determines that the posture state is appropri-
ate, the display section may continuously display, as the
posture state notification image, for a given wait time, an
image in which the object is displayed in the first region.
[0019] With this configuration, it is possible to, for ex-
ample, clearly notify the user that the present posture
state is appropriate.
[0020] In the aspect of the invention, the display sec-
tion may display, after the elapse of the wait time, a meas-
urement state notification image representing that the
processing section is performing the measurement
processing for the pulse wave information.
[0021] With this configuration, it is possible to, for ex-

ample, display an image corresponding to the measure-
ment processing during the measurement processing.
[0022] In the aspect of the invention, when the process-
ing section determines that the posture state is inappro-
priate during the display of the measurement state noti-
fication image after the elapse of the wait time, the
processing section may end the measurement process-
ing for the pulse wave information, and the display section
may end the display of the measurement state notifica-
tion image and perform the display of the posture state
notification image.
[0023] With this configuration, it is possible to, for ex-
ample, continue the determination processing for the
posture state even after the start of the measurement
processing and perform the determination processing for
the posture state again when the posture state is inap-
propriate.
[0024] In the aspect of the invention, when the process-
ing section determines that the posture state is inappro-
priate, the display section may display, as the posture
state notification image, an image in which the object is
displayed in a second region different from the first region
in the image and display, as the posture state notification
image, an image in which a display form of the object is
different when the object is displayed in the first region
and when the object is displayed in the second region.
[0025] With this configuration, it is possible to, for ex-
ample, notify whether the posture state is appropriate
according to a difference in a display region of the object
and a difference in a display form of the object.
[0026] In the aspect of the invention, the biological in-
formation detecting device may include a load mecha-
nism configured to generate a pressing force for pressing
the pulse-wave-information detecting section against the
test subject. A load state of the load mechanism may be
set to any one of first to Nth (N is an integer equal to or
larger than 2) load states in which states of the pressing
force are different. The processing section may perform
the discrimination processing for the posture state in an
ith (i is an integer satisfying 1≤i≤N) load state of the load
mechanism. The display section may display the posture
state notification image that dynamically changes ac-
cording to a change in the posture state in the ith load
state.
[0027] With this configuration, it is possible to, for ex-
ample, perform the discrimination processing for the pos-
ture state and the display of the posture state notification
image in each of a plurality of load states.
[0028] In the aspect of the invention, when the process-
ing section determines that the posture state is appropri-
ate as a result of the discrimination processing, the
processing section may perform the measurement
processing for the pulse wave information in the ith load
state, and the display section may display, after the end
of the measurement processing in the processing sec-
tion, an instruction image for performing an instruction to
change the load mechanism to a jth (j is an integer sat-
isfying 1≤j≤N, i:#j) load state different from the ith load
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state.
[0029] With this configuration, it is possible to, for ex-
ample, urge a shift to another load state after the end of
the measurement processing in a given load state and
acquire a measurement results in the plurality of load
states.
[0030] In the aspect of the invention, the processing
section may perform, on the basis of results of the meas-
urement processing for the pulse wave information ac-
quired in at least two load states among the first to Nth
load states, proper pressing force information acquisition
processing for calculating proper pressing force informa-
tion representing a proper value of the pressing force on
the test subject.
[0031] With this configuration, it is possible to, for ex-
ample, calculate a proper pressing force having a large
individual difference from a measurement result of the
pulse wave information.
[0032] Another aspect of the invention is directed to a
biological information detecting device including: a pulse-
wave-information detecting section configured to detect
pulse wave information of a test subject; a presenting
section configured to present information; and a process-
ing section configured to perform measurement process-
ing for the pulse wave information and discrimination
processing for a posture state of the test subject. The
presenting section presents the information concerning
the posture state by taking a different presentation form
according to a change in the posture state. The process-
ing section performs processing for determining whether
the posture state of the test subject is appropriate as a
posture for performing the measurement processing for
the pulse wave information and, when determining that
the posture state is appropriate, performs the measure-
ment processing for the pulse wave information.
[0033] Still another aspect of the invention is directed
to a computer program for causing a computer to function
as: a pulse-wave-information detecting section config-
ured to acquire pulse wave information of a test subject;
a processing section configured to perform measure-
ment processing for the pulse wave information and dis-
crimination processing for a posture state of the test sub-
ject; and a display control section configured to perform
control for displaying, on a display section, a posture state
notification image that dynamically changes according
to a change in the posture state. The processing section
performs processing for determining whether the posture
state of the test subject is appropriate as a posture for
performing the measurement processing for the pulse
wave information and, when determining that the posture
state is appropriate, performs the measurement process-
ing for the pulse wave information.
[0034] Yet another aspect of the invention is directed
to a biological information detecting device including: a
pulse-wave-information detecting section configured to
detect pulse wave information of a test subject; a
processing section configured to perform measurement
processing for a level of the pulse wave information at

the time when a pressing force of the pulse-wave-infor-
mation detecting section on the test subject is in each of
a first pressing state to an Nth (N is an integer equal to
or larger than 2); and a display section configured to dis-
play a first measurement result to an Mth (M is an integer
satisfying M≤N) measurement result among results of
the measurement processing for the level of the pulse
wave information in the first pressing state to the Nth
pressing state.
[0035] In the aspect of the invention, a plurality of
measurement results corresponding to a plurality of
pressing states are displayed. Therefore, when the
pressing states are switched according to various causes
such as determination of a proper pressing force, it is
possible to, for example, present results of the switching
of the pressing states to the user in a format in which the
results can be easily viewed while comparing the results.
[0036] In the aspect of the invention, the display sec-
tion may display the first measurement result to the Mth
measurement result subjected to normalization process-
ing for the level of the pulse wave information.
[0037] With this configuration, since the normalization
processing for the level is performed, it is possible to, for
example, appropriately display a displayable range and
an actual measurement result in association with each
other.
[0038] In the aspect of the invention, the display sec-
tion may display, with a maximum value of the level
among the first measurement result to the Mth measure-
ment result, the first measurement result to the Mth meas-
urement result subjected to the normalization process-
ing.
[0039] With this configuration, it is possible to, for ex-
ample, suppress all of a plurality of measurement results
to be displayed from exceeding a displayable upper limit
value and appropriately display the measurement re-
sults.
[0040] In the aspect of the invention, when results of
the measurement processing for the level of the pulse
wave information in the first pressing state to an ith (i is
an integer satisfying 2≤i≤N) pressing state are acquired
and results of the measurement processing for the level
of the pulse wave information in an i+1th pressing state
to the Nth pressing state are not acquired yet, the display
section may perform the normalization processing with
a maximum value of the level among the first measure-
ment result to a jth (j is an integer satisfying j≤i) meas-
urement result included in the results of the measurement
processing in the first pressing state to the ith pressing
state and display the first measurement result to the jth
measurement result subjected to the normalization
processing.
[0041] With this configuration, even when a measure-
ment result is acquired only in a part of a plurality of press-
ing states, it is possible to, for example, appropriately
display the acquired measurement result.
[0042] In the aspect of the invention, the display sec-
tion may display an instruction screen for performing an
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instruction to change a pressing state to the i+1th press-
ing state and, when the processing section starts the
measurement processing for the level of the pulse wave
information in the i+1th pressing state, display a provi-
sional measurement result of the level of the pulse wave
information in the i+1th pressing state during the meas-
urement processing together with the first measurement
result to the jth measurement result.
[0043] With this configuration, it is possible to, for ex-
ample, display a provisional value of pulse wave infor-
mation currently being measured in addition to the ac-
quired measurement result.
[0044] In the aspect of the invention, the display sec-
tion may perform, as the display of the provisional meas-
urement result, animation display that fluctuates in re-
sponse to fluctuation in the pulse wave information in the
i+1th pressing state.
[0045] With this configuration, it is possible to, for ex-
ample, perform display corresponding to actually ac-
quired pulse wave information as the display of the pro-
visional measurement result.
[0046] In the aspect of the invention, the processing
section may perform, in each of the first pressing state
to the Nth pressing state, discrimination processing for
determining whether the posture state of the test subject
is appropriate as a posture for performing the measure-
ment processing for the pulse wave information. The dis-
play section may display, in each of the first pressing
state to the Nth pressing state, the posture state notifi-
cation image that dynamically changes according to a
change in the posture state.
[0047] With this configuration, the present posture
state is notified to the user in an intuitively understandable
form. Therefore, it is possible to, for example, cause the
user to easily take an appropriate posture state and im-
prove accuracy of processing for performing the meas-
urement processing in the appropriate posture state.
[0048] In the aspect of the invention, the display sec-
tion may display, as the posture state notification image,
an image in which a display position of an object repre-
senting the posture state changes according to the pos-
ture state.
[0049] With this configuration, it is possible to, for ex-
ample, display the posture state in association with the
display position of the object.
[0050] In the aspect of the invention, when results of
the measurement processing in the first pressing state
to an ith (i is an integer satisfying 2≤i≤N) pressing state
are acquired, results of the measurement processing for
the level of the pulse wave information in an i+1th press-
ing state to the Nth pressing state are not acquired yet,
and the processing section determines that the posture
state is appropriate in the i+1th pressing state, the
processing section may start the measurement process-
ing for the level of the pulse wave information in the i+1th
pressing state, and the display section may display the
first measurement result to the jth measurement result
included in results of the measurement processing for

the level of the pulse wave information in the first pressing
state to the ith pressing state and a provisional measure-
ment result of the level of the pulse wave information in
the i+1th pressing state during the measurement
processing.
[0051] With this configuration, it is possible to, for ex-
ample, perform the measurement processing after de-
termining whether the posture state is appropriate in a
given pressing state.
[0052] In the aspect of the invention, when the process-
ing section determines that the posture state is appropri-
ate in the i+1th pressing state, the display section may
continuously display, as the posture state notification im-
age, for a given wait time, an image in which the object
is displayed in a first region in the image corresponding
to a state in which the posture state is appropriate.
[0053] With this configuration, it is possible to, for ex-
ample, notify the user whether the posture state is ap-
propriate according to whether the display position of the
object is present in the first region and, by setting the wait
time, clearly notify the user that the present posture state
is appropriate.
[0054] In the aspect of the invention, the display sec-
tion may display, after the elapse of the wait time, the
first measurement result to the jth measurement result
and the provisional measurement result in the i+1th
pressing state.
[0055] With this configuration, it is possible to, for ex-
ample, display an image corresponding to the measure-
ment processing during the measurement processing.
[0056] In the aspect of the invention, when the process-
ing section acquires a result of the measurement
processing in the i+1th pressing state, the display section
may display an instruction screen for performing an in-
struction to change the pressing state to an i+2th pressing
state. When the pressing state is changed to the i+2th
pressing state according to the instruction screen, the
display section may display the posture state notification
image in the i+2th pressing state.
[0057] With this configuration, it is possible to, for ex-
ample, urge a shift to another pressing state after the end
of the measurement processing in a given pressing state
and acquire measurement results in the plurality of press-
ing states. Further, it is possible to, for example, present
determination processing results of the posture state in
the pressing states to the user using the posture state
notification image.
[0058] In the aspect of the invention, the processing
section may perform, on the basis of results of the meas-
urement processing of the pulse wave information ac-
quired in at least two pressing states among the first
pressing state to the Nth pressing state, proper pressing
force information acquisition processing for calculating
proper pressing force information representing a proper
value of the pressing force on the test subject.
[0059] With this configuration, it is possible to, for ex-
ample, calculate a proper pressing force having a large
individual difference from a measurement result of the
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pulse wave information.
[0060] In the aspect of the invention, the first measure-
ment result to the Mth measurement result may include
at least a measurement result in which the level is the
maximum among results of the measurement processing
for the level of the pulse wave information in the first
pressing state to the Nth pressing state.
[0061] With this configuration, it is possible to, for ex-
ample, set a measurement result in which the level is the
maximum among a plurality of measurement results as
a display target.
[0062] Still yet another aspect of the invention is direct-
ed to a computer program for causing a computer to func-
tion as: a pulse-wave-information detecting section con-
figured to acquire pulse wave information of a test sub-
ject; a processing section configured to perform meas-
urement processing for a level of the pulse wave infor-
mation at the time when a pressing force of the pulse-
wave-information detecting section on the test subject is
in each of a first pressing state to an Nth (N is an integer
equal to or larger than 2) pressing state; and a display
control section configured to perform control for display-
ing, on a display section, a first measurement result to a
Mth (M is an integer satisfying M≤N) measurement result
among results of the measurement processing for the
level of the pulse wave information in the first pressing
state to the Nth pressing state.
[0063] Further another aspect of the invention is direct-
ed to a heart rate meter including: a pulse-wave detecting
section including a pulse wave sensor configured to out-
put a pulse wave sensor signal; a processing section
configured to calculate pulsation information on the basis
of the signal output from the pulse-wave detecting sec-
tion; a display section configured to display a processing
result in the processing section; a storing section config-
ured to store individual information of a test subject and
the processing result in the processing section; and a
holding mechanism for holding the heart rate meter on
the test subject. The processing section estimates a hold-
ing state of the holding mechanism optimum for the test
subject on the basis of the individual information of the
test subject stored in the storing section and determines
whether a pressing force on the test subject in the pulse-
wave detecting section is a proper pressing force. The
storing section stores holding state specifying informa-
tion for specifying a holding state of the holding mecha-
nism at the time when the processing section determines
that the pressing force on the test subject in the pulse-
wave detecting section is the proper pressing force. The
processing section performs control for displaying the
holding state specifying information on the display sec-
tion.
[0064] In the aspect of the invention, a holding state of
the holding mechanism optimum for the test subject is
estimated. It is determined whether the pressing force
on the test subject is the proper pressing force. Informa-
tion for specifying the holding state of the holding mech-
anism at the time when the pressing force is the proper

pressing force is stored and displayed as the holding
state specifying information. Therefore, it is possible to
determine the proper pressing force with the number of
times of determination smaller than the number of times
of determination for determining concerning all holding
states whether the pressing force is the proper pressing
force. The proper pressing force can be stored and dis-
played as the holding state rather than physical informa-
tion such as a pressure value. Therefore, it is possible
to present information concerning the proper pressing
force in a form easy to understand for a user. Further, it
is easy to, for example, reproduce the holding state for
realizing the proper pressing force.
[0065] In the aspect of the invention, the processing
section may determine whether the pressing force is the
proper pressing force on the basis of the pulse wave sen-
sor signal.
[0066] With this configuration, it is possible to perform
proper pressing force determination and the like taking
into account an individual difference of each of users.
[0067] In the aspect of the invention, the processing
section may determine whether the pressing force is the
proper pressing force on the basis of at least one of an
AC component signal corresponding to an AC compo-
nent of the pulse wave sensor signal and a DC compo-
nent signal corresponding to a DC component of the
pulse wave sensor signal.
[0068] With this configuration, it is possible to perform
proper pressing force determination and the like using at
least one of the AC component signal and the DC com-
ponent signal.
[0069] Still further another aspect of the invention is
directed to a heart rate meter including: a pulse-wave
detecting section including a pulse wave sensor; a
processing section configured to determine whether a
pressing force on a test subject in the pulse-wave detect-
ing section is a proper pressing force and calculate pul-
sation information of the test subject on the basis of a
signal output from the pulse-wave detecting section; a
display section configured to display a processing result
in the processing section; and a storing section config-
ured to store individual information of the test subject and
the processing result in the processing section. The
processing section estimates a holding state of a holding
mechanism optimum for the test subject on the basis of
the individual information of the test subject stored in the
storing section and performs control for displaying, on
the display section, an instruction screen for performing
a setting instruction for an environment for determining
whether the pressing force is the proper pressing force.
[0070] In the aspect of the invention, when the proper
pressing force determination is performed, the instruction
screen for performing the setting instruction for the envi-
ronment for determination is displayed on the display
section. Therefore, since it can be expected that an en-
vironment suitable for the proper pressing force determi-
nation is set, it is possible to, for example, improve de-
termination accuracy.
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[0071] Yet further another aspect of the invention is
directed to a computer program for causing a computer
to function as the sections explained above.

BRIEF DESCRIPTION OF THE DRAWINGS

[0072] The invention will be described with reference
to the accompanying drawings, wherein like numbers ref-
erence like elements.

Fig. 1 is a diagram showing a basic configuration
example of a biological information detecting device
in a first embodiment.
Fig. 2 is a diagram showing a configuration example
of a body-motion-noise reducing section including
an adaptive filter.
Figs. 3A to 3C are diagrams showing examples of a
pulse wave detection signal, a body motion detection
signal, a waveform of a signal after body motion
noise reduction processing based on the pulse wave
detection signal and the body motion detection sig-
nal, and a frequency spectrum.
Figs. 4A and 4B are diagrams showing examples of
the biological information detecting device.
Fig. 5 is a diagram showing a detailed configuration
example of the biological information detecting de-
vice in the first embodiment.
Fig. 6 is a relation diagram between a pressing force
and a pulse wave detection signal (an AC component
signal).
Fig. 7 is a diagram showing a structure example of
the biological information detecting device.
Fig. 8 is a plan view showing an expanded state of
an expandable section.
Fig. 9 is a plan view showing a twisted state of the
expandable section.
Fig. 10 is a perspective view showing a coupling
member.
Fig. 11 is a perspective view showing the coupling
member.
Fig. 12 is an exploded perspective view showing the
coupling member.
Fig. 13 is another perspective view of the coupling
member.
Figs. 14A and 14B are diagrams showing a structure
example and a moving state of positioning dies.
Figs. 15A and 15B are diagrams showing a structure
example of a pulse-wave-information detecting sec-
tion.
Fig. 16 is a diagram showing a system configuration
example in which processing is performed in another
electronic device or the like.
Figs. 17A and 17B are diagrams showing examples
of a posture state notification image.
Figs. 18A to 18C are explanatory diagrams of a co-
ordinate system and angles used in discrimination
processing for a posture state.
Figs. 19A and 19B are diagrams for explaining an

appropriate posture state.
Figs. 20A to 20E are diagrams showing examples
of a normalized graph (a measurement state notifi-
cation image).
Fig. 21 is a diagram showing an example of a meas-
urement state notification image including a provi-
sional result.
Fig. 22 is a diagram showing an example of an in-
struction screen for instructing a change in a load
state.
Fig. 23 is a diagram showing an example of an image
for notifying a result of measurement processing.
Fig. 24 is a diagram showing a screen transition ex-
ample of a display image on a display section.
Figs. 25A and 25B are relation diagrams between a
pressing force and an AC component signal.
Fig. 26A is a diagram showing an example of a signal
value of the AC component signal at a given pressing
force.
Fig. 26B is a diagram showing an example of an
amplitude value of the AC component signal at the
given pressing force.
Fig. 27 is a flowchart for explaining processing in the
first embodiment.
Fig. 28 is a flowchart for explaining calculation
processing for a pulse amplitude value.
Fig. 29 is a diagram showing a configuration example
of a band, which is a holding mechanism.
Fig. 30 is a relation diagram between a pressing force
and a DC component signal.
Fig. 31 is a diagram showing an example of a signal
value of the DC component signal at a given pressing
force.
Fig. 32 is a flowchart for explaining proper pressing
force determination processing in which both of the
AC component signal and the DC component signal
are used.
Fig. 33 is a flowchart for explaining processing in the
embodiment including display control and the like.
Figs. 34A to 34C are diagrams showing screen ex-
amples displayed on the display section.
Figs. 35A and 35B are diagrams showing examples
of acceleration detection values used for stability de-
termination for a body motion.
Fig. 35C is a diagram showing a setting example of
axes of an acceleration sensor.
Fig. 36 is a flowchart for explaining stability determi-
nation processing for a body motion.
Figs. 37A and 37B are diagrams showing examples
of acceleration detection values used for posture de-
termination.
Fig. 38 is a flowchart for explaining posture determi-
nation processing.
Figs. 39A to 39C are diagrams for explaining a dif-
ference between change characteristics of the AC
component signal and the DC component signal in
a pressurization process and a depressurization
process.
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Fig. 40 is a diagram showing a correlation between
personal information (BMI, sex, and age) of a user
and band hole positions.
Fig. 41 is a diagram showing an example of deviation
(dispersion) between estimated band hole positions
and actual measurement.
Fig. 42 is a flowchart for explaining processing of
initial holding state estimation.

DESCRIPTION OF EXEMPLARY EMBODIMENTS

[0073] A first embodiment is explained below. The first
embodiment explained below does not unduly limit con-
tents of the invention described in the appended claims.
Not all components explained in the first embodiment are
always essential constituent features of the invention.

First Embodiment

1. Configuration example of a biological information de-
tecting device

[0074] First, a basic configuration example of a biolog-
ical information detecting device (in a broad sense, an
electronic device) in a first embodiment is explained with
reference to Fig. 1. Fig. 1 shows an example of the bio-
logical information detecting device. Components includ-
ed in the biological information detecting device in the
first embodiment are sometimes simplified or omitted.
Components not essential in the biological information
detecting device in the first embodiment are sometimes
included.
[0075] As shown in Fig. 1, the biological information
detecting device in the first embodiment includes a pulse-
wave-information detecting section 10, a body-motion-
information detecting section 20, a processing section
100, and a display section 70. However, the biological
information detecting device is not limited to the config-
uration shown in Fig. 1. Various modifications are possi-
ble to, for example, omit or change a part of the compo-
nents and add other components.
[0076] The pulse-wave-information detecting section
10 outputs a signal on the basis of sensor information (a
pulse wave sensor signal and pulse wave information)
of a pulse wave sensor 11. The pulse-wave-information
detecting section 10 can include, for example, the pulse
wave sensor 11, a filter processing section 15, and an
A/D conversion section 16. However, the pulse-wave-
information detecting section 10 is not limited to the con-
figuration shown in Fig. 1. Various modifications are pos-
sible to, for example, omit a part of the components and
add other components (e.g., an amplifying section con-
figured to amplify a signal).
[0077] The pulse wave sensor 11 is a sensor for de-
tecting a pulse wave signal. For example, a photoelectric
sensor is conceivable as the pulse wave sensor 11. When
the photoelectric sensor is used as the pulse wave sensor
11, a sensor configured to cut a signal component of

external light such as the sunlight may be used. This can
be realized by, for example, a configuration for providing
a plurality of photodiodes and calculating difference in-
formation in feedback processing using signals of the
photodiodes.
[0078] The pulse wave sensor 11 is not limited to the
photoelectric sensor and may be a sensor that uses ul-
trasound. In this case, the pulse wave sensor 11 includes
two piezoelectric elements. The pulse wave sensor 11
excites one piezoelectric element to transmit ultrasound
into a living organism and receives, with the other piezo-
electric element, the ultrasound reflected by a blood flow
of the living organism. A frequency change occurs be-
tween the transmitted ultrasound and the received ultra-
sound according to the Doppler effect of the blood flow.
Therefore, in this case, it is possible to acquire a signal
corresponding to a blood flow rate and estimate pulsation
information. Other sensors may be used as the pulse
wave sensor 11.
[0079] The filter processing section 15 applies high-
pass filter processing to sensor information output from
the pulse wave sensor 11. A cutoff frequency of a high-
pass filter may be calculated from a typical pulse count.
For example, it is extremely rare that the pulse count of
an ordinary person is smaller than 30 per minute. That
is, it is rare that the frequency of a signal deriving from a
heartbeat is equal to or lower than 0.5 Hz. Therefore,
even if information concerning a frequency band in this
range is cut, an adverse effect on a signal desired to be
acquired should be small. Therefore, about 0.5 Hz may
be set as the cutoff frequency. Depending on a situation,
a different cutoff frequency such as 1 Hz may be set.
Further, it is also possible to assume a typical upper limit
value depending on the pulse count of a person. There-
fore, the filter processing section 15 may perform band-
pass filter processing rather than the high-pass filter
processing. A cutoff frequency on the high-frequency
side can also be set freely to some extent. However, a
value such as 4 Hz only has to be used.
[0080] The A/D conversion section 16 performs A/D
conversion processing and outputs a digital signal. The
processing in the filter processing section 15 may be an-
alog filter processing performed before the A/D conver-
sion processing or may be digital filter processing per-
formed after the A/D conversion processing.
[0081] The body-motion-information detecting section
20 outputs a signal (a body motion detection signal) cor-
responding to a body motion on the basis of sensor in-
formation of various sensors. The body-motion-informa-
tion detecting section 20 can include, for example, an
acceleration sensor 21, a pressure sensor 22, and an
A/D conversion section 26. However, the body-motion-
information detecting section 20 may include other sen-
sors (e.g., a gyro sensor) and an amplifying section con-
figured to amplify a signal. It is unnecessary to provide
a plurality of kinds of sensors. The body-motion-informa-
tion detecting section 20 may include one kind of a sen-
sor.
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[0082] The processing section 100 includes a signal
processing section 110 and a pulsation-information cal-
culating section 120. However, the processing section
100 is not limited to the configuration shown in Fig. 1.
Various modifications are possible to, for example, omit
a part of the components and add other components.
The signal processing section 110 applies signal
processing to an output signal output from the pulse-
wave-information detecting section 10 and an output sig-
nal output from the body-motion-information detecting
section 20.
[0083] The signal processing section 110 can include
the pulse-wave-signal processing section 111, a body-
motion-signal processing section 113, and a body-mo-
tion-noise reducing section 115.
[0084] The pulse-wave-signal processing section 111
applies some signal processing to a signal output from
the pulse-wave-information detecting section 10. As an
output from the pulse-wave-information detecting section
10 indicated by S1 in Fig. 1, various signals based on a
pulse wave sensor signal are conceivable. For example,
calculation of pulsation information explained below is
often performed on the basis of a pulse wave sensor
signal after DC component cut (hereinafter also referred
to as pulse wave detection signal; in the following expla-
nation, a signal equivalent to the signal is represented
as AC component signal). Therefore, it is surmised that
a pulse wave sensor signal after the high-pass filter
processing is included in S1. However, a signal not sub-
jected to the high-pass filter may be output. In some case,
a pulse wave sensor signal after the low-pass filter
processing may be output. When a plurality of signals
(e.g., the pulse wave sensor signal before the high-pass
filter processing and the pulse wave sensor signal after
the processing) are included in S1, the processing in the
pulse-wave-signal processing section 111 may be ap-
plied to all the signals included in S1 or may be applied
to a part of the signals. Various processing contents are
also conceivable. For example, the processing may be
equalizer processing for a pulse wave detection signal
or may be other processing.
[0085] The body-motion-signal processing section 113
applies various kinds of signal processing to a body mo-
tion detection signal output from the body-motion-infor-
mation detecting section 20. Like S1, various signals are
conceivable as an output of the body-motion-information
detecting section 20 indicated by S2. For example, in the
example shown in Fig. 1, the body-motion-information
detecting section 20 includes the acceleration sensor 21
and the pressure sensor 22. Therefore, the body motion
detection signal of S2 includes an acceleration signal and
a pressure signal. As the sensor for body motion detec-
tion, other sensors such as a gyro sensor can also be
used. Therefore, an output signal of a type corresponding
to a type of a sensor is included in S2. The processing
in the body-motion-signal processing section 113 may
be applied to all the signals included in S2 or may be
applied to a part of the signals. For example, processing

for performing comparison processing for the signals in-
cluded in S2 and determining a signal used in noise re-
duction processing in the body-motion-noise reducing
section 115 may be performed.
[0086] In the processing in the pulse-wave-signal
processing section 111, the body motion detection signal
may be used together with the signal output from the
pulse-wave-information detecting section 10. Similarly,
in the processing in the body-motion-signal processing
section 113, the signal output from the pulse-wave-infor-
mation detecting section 10 may be used together with
the body motion detection signal.
[0087] A signal obtained by applying, in the pulse-
wave-signal processing section 111, given processing to
the output signal output from the pulse-wave-information
detecting section 10 may be used for the processing in
the body-motion-signal processing section 113 or vice
versa.
[0088] The body-motion-noise reducing section 115
performs, using the body motion detection signal,
processing for reducing noise due to a body motion (body
motion noise) from the pulse wave detection signal. A
specific example of the noise reduction processing per-
formed using an adaptive filter is shown in Fig. 2. The
pulse wave sensor signal acquired from the pulse wave
sensor 11 includes a component due to a body motion
besides a component due to a heartbeat. This is the same
in the pulse wave detection signal (the pulse wave sensor
signal after the DC component cut) used for calculation
of pulsation information. The component due to the heart-
beat is useful for the calculation of pulsation information.
The component due to the body motion hinders the cal-
culation. Therefore, the signal due to the body motion
(the body motion detection signal) is acquired using a
body motion sensor and a signal component (referred to
as estimated body motion noise component) having a
correlation with the body motion detection signal is re-
moved from the pulse wave detection signal to reduce
body motion noise included in the pulse wave detection
signal. However, even if both of the body motion noise
in the pulse wave detection signal and the body motion
detection signal output from the body motion sensor are
signals due to the same body motion, signal levels of the
signals are not always the same. Therefore, filter
processing, a filter coefficient of which is adaptively de-
termined, is applied to the body motion detection signal
to calculate an estimated body motion noise component
and calculate a difference between the pulse wave de-
tection signal and the estimated body motion noise com-
ponent.
[0089] The processing explained above is explained
in Figs. 3A to 3C using a frequency spectrum. In Fig. 3A
and the like, a temporal change waveform of a signal is
shown in an upper part and a frequency spectrum of the
temporal change waveform is shown in a lower part. Fig.
3A represents the pulse wave detection signal before the
body motion noise reduction. As indicated by F1 and F2,
two frequencies having large values appear in the spec-
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trum. One of the frequencies is due to the heartbeat and
the other is due to the body motion. Although some fre-
quencies higher than F1 have large values, since the
frequencies are high-frequency components equivalent
to integer times of F1 and F2, the frequencies are not
taken into account. Although high-frequency compo-
nents are also seen in Figs. 3B and 3C, the high-frequen-
cy components are not taken into account either.
[0090] On the other hand, Fig. 3B represents the body
motion detection signal. If only one kind of a body motion
is a cause of the body motion detection signal, one fre-
quency having a large value as indicated by G1 appears.
The frequency of G1 corresponds to F2 shown in Fig.
3A. In such a case, a signal shown in Fig. 3C is obtained
by calculating a difference between the pulse wave de-
tection signal and the estimated body motion noise com-
ponent using the method shown in Fig. 2. As it is evident
from the figure, the estimated body motion noise com-
ponent having the peak G1 due to the body motion is
subtracted from the pulse wave detection signal having
the two peaks F1 and F2 due to the heartbeat and the
body motion, whereby a body motion component (corre-
sponding to F2) in the pulse wave detection signal is re-
moved. As a result, a peak H1 (the frequency of which
corresponds to F1) due to the heartbeat remains.
[0091] In a situation in which it is guaranteed that, for
example, the body noise included in the pulse wave de-
tection signal and the body motion detection signal cor-
respond to each other and a signal component adversely
affecting the noise reduction processing is not included
in the body motion detection signal, it is unnecessary to
perform a frequency analysis in the body-motion-noise
reducing section 115. Therefore, frequency spectra
shown in lower parts of Figs. 3A and 3B do not have to
be taken into account. However, depending on a type or
the like of a sensor used for acquisition of the body motion
detection signal, the condition explained above is not sat-
isfied in some case. In that case, for example, the body-
motion-signal processing section 113 may process the
body motion detection signal to satisfy the condition or
exclude the body motion detection signal not satisfying
the condition from the output to the body-motion-noise
reducing section 115 or the like. Various methods are
conceivable as a method of determining whether the
body motion detection signal satisfies the condition. How-
ever, the frequency spectra shown in the lower parts of
Figs. 3A and 3B obtain by, for example, a frequency anal-
ysis may be used.
[0092] The pulsation-information calculating section
120 calculates pulsation information on the basis of the
input signal. The pulsation information may be, for ex-
ample, a value of a pulse count. For example, the pulsa-
tion-information calculating section 120 may perform
processing for applying a frequency analysis such as FFT
to the pulse wave detection signal after the noise reduc-
tion processing in the body-motion-noise reducing sec-
tion 115 to calculate a spectrum and setting a represent-
ative frequency in the calculated spectrum as the fre-

quency of a heartbeat. In that case, a value obtained by
multiplying the calculated frequency by 60 is a pulse
count (a heart rate) used in general.
[0093] The pulsation information is not limited to the
pulse count and may be, for example, information repre-
senting the pulse count (the frequency, the cycle, or the
like of the heartbeat). The pulsation information may be
information representing a state of a pulsation. For ex-
ample, a value representing a blood flow rate itself (or
fluctuation in the blood flow rate) may be set as the pul-
sation information. However, there is an individual differ-
ence of each of the users in a relation between the blood
flow rate and a signal value of the pulse wave sensor
signal. Therefore, when the blood flow rate or the like is
set as the pulsation information, it is desirable to perform
correction processing for dealing with the individual dif-
ference.
[0094] Timing when a given value (an upper peak, a
lower peak, a value equal to or larger than a given thresh-
old, etc.) may be detected on a temporal change wave-
form of the input pulse wave detection signal. The cycle
of the heartbeat may be calculated from time equivalent
to an interval of the timing to calculate the pulsation in-
formation. Alternatively, the pulsation information can al-
so be calculated by transforming the waveform of the
pulse wave detection signal into a rectangular wave and
using a rising edge or the like of the rectangular wave.
This method is advantageous in terms of computational
complexity and power consumption because the fre-
quency analysis does not have to be performed. Howev-
er, in this method, since the signal value is directly used
without being converted into a frequency axis, a wave-
form needs to be in good order to some extent. Therefore,
it is desirable to perform the frequency analysis, for ex-
ample, in a situation with much noise.
[0095] The display section 70 (in a broad sense, an
output section) is a section for displaying various display
screens used for presentation of the calculated pulsation
information or the like. The display section 70 can be
realized by, for example, a liquid crystal display or an
organic EL display.
[0096] Specific examples of the biological information
detecting device are shown in Figs. 4A and 4B. Fig. 4A
is an example of a heart rate meter of a watch type. A
base section 400 including the pulse wave sensor 11 and
the display section 70 is mounted on a left wrist 200 of a
test subject (the user) by a loading mechanism (a holding
mechanism) 300 (e.g., a band). Fig. 4B is an example of
a finger mounted type. The pulse wave sensor 11 is pro-
vided in the bottom of a ring-like guide 302 for inserting
in the fingertip of the test subject. However, in the bio-
logical information detecting device shown in Fig. 4B,
since there is no spatial margin for providing the display
section 70, it is assumed that the display section 70 is
provided (and a portion equivalent to the processing sec-
tion 100 is provided according to necessity), for example,
on the other end side of a wire cable connected to the
pulse wave sensor 11. A detailed configuration example
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including the load mechanism (the band) 300 is explained
below. In this embodiment, a force for fixing a device
main body 2 to the body of the user is referred to as "load"
or "pressing force". In a strict sense, the "load" means a
force applied to the device main body 2 by the load mech-
anism (the band) 300 and the "pressing force" means a
force generated in a portion where the sensor and the
skin are actually in contact. However, both of the "load"
and the "pressing force" may be interpreted as being in-
tended to indicate the same force.

2. Method in the first embodiment

[0097] A method in the first embodiment is explained
below. In the following explanation, processing for cal-
culating a proper pressing force is explained as an ex-
ample. However, the method in the first embodiment
(e.g., display of a posture state notification image) can
be applied to processing other than the determination of
the proper pressing force.
[0098] By using the pulse wave sensor 11 such as the
photoelectric sensor as explained above, it is possible to
acquire a pulse wave sensor signal corresponding to a
blood circulation state (e.g., a blood flow rate). However,
as it is easily understood from the fact that, when the arm
or the like is strongly compressed, the blood flow rate
decreases in a region further on the distal side than the
compressed portion, the blood flow rate changes accord-
ing to an external pressure on a living organism (in a
narrow sense, a blood vessel). That is, if the external
pressure is excessively strong, a signal value of the pulse
wave sensor signal is reduced and the influence of noise
relatively increases (an SN state is deteriorated). There-
fore, subsequent processing is hindered (e.g., accuracy
of pulsation information based on the pulse wave sensor
signal) is deteriorated.
[0099] An excessively small external pressure is un-
desirable as well because the signal value of the pulsa-
tion sensor signal decreases. As one of causes of the
decrease in the signal value, the influence of a compo-
nent due to a vein is conceivable. The pulse wave sensor
11 acquires both of a component due to an artery and a
component due to a vein. A method widely in use is a
method of performing, for example, calculation of pulsa-
tion information on the basis of the artery component. On
the contrary, the vein component causes an adverse ef-
fect such as an increase in noise of the pulse wave sensor
signal. That is, the excessively small external pressure
is considered to be undesirable because the vein com-
ponent affects and an S/N ratio of the pulse wave sensor
signal decreases. A change characteristic example of
the AC component signal (the pulse wave detection sig-
nal) with respect to the external pressure is shown in Fig.
6. As it is evident from Fig. 6, it is seen that the signal
value decreases when the pressing force is excessively
large or excessively small.
[0100] The blood flow decreases in both the artery and
the vein when the external pressure is applied thereto.

From characteristics of the living organism, it is known
that the blood flow sufficiently decreases in the vein with
the external pressure smaller than the external pressure
applied to the artery. That is, when pressure at a point
where the blood pressure sufficiently decreases (in a nar-
row sense, vanishes) in the vein (hereinafter referred to
as vein vanishing point) is represented as V1 and pres-
sure at a point where the blood flow sufficiently decreases
in the artery (hereinafter referred to as artery vanishing
point) is represented as V2, a relation V1<V2 holds. In
this case, a situation in which the external pressure is
larger than V2 is equivalent to the situation in which the
external pressure is excessively strong. Even an artery
component originally desired to be acquired vanishes
and a sufficient signal value cannot be obtained. On the
other hand, a situation in which the external pressure is
smaller than V1 is equivalent to the situation in which the
external pressure is excessively small. A signal value is
affected by a vein component and a sufficient signal value
is not obtained either.
[0101] That is, by applying an external pressure V sat-
isfying V1<V<V2 to the test subject, it is possible to suf-
ficiently suppress the influence of the vein component
and prevent the blood flow of the artery component from
decreasing more than necessary. In the first embodi-
ment, V satisfying the condition is set as the proper press-
ing force. The proper pressing force does not have to be
the entire V satisfying the condition and may be a press-
ing force indicating a range of a part of V, a specific pres-
sure value, or the like.
[0102] For example, a method has been disclosed to
measure, using a pressure sensor or the like, a contact
pressure in a portion where biological information is de-
tected and present, on the basis of comparison process-
ing for the contact pressure and a given reference value,
an indication whether present pressure is the proper
pressing force to the user as graph representation. How-
ever, a vital sign such as a pulsation has an extremely
large individual different. The proper pressing force takes
a different value (range) for each of the users. Therefore,
whereas the individual difference cannot be dealt with
unless a reference value to be compared with the meas-
ured contact pressure is determined for each of the users,
in the method in the past, processing based on physical
information of simple pressure is merely described. It is
unlikely that a signal due to the individual difference is
superimposed on the physical information of the pres-
sure. Further, for example, a setting method for a refer-
ence value corresponding to the individual difference is
not disclosed either. This means that a method for dealing
with the individual difference is not disclosed in the meth-
od in the past.
[0103] Therefore, even if adjustment of the magnitude
of the external pressure is instructed to the user through
the graph representation or the like in the method in the
past, since the proper pressing force set as a reference
cannot deal with the individual difference, it is unknown
whether a result obtained by adjusting the magnitude of
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the external pressure according to the instruction is an
appropriate state. This is considered to be a first problem.
[0104] A second problem of the method in the past is
that the influence of a water head pressure is not suffi-
ciently taken into account. It is known that a blood circu-
lation state depends on not only the external pressure
but also an internal pressure, which is pressure inside a
blood vessel. The water head pressure is conceivable
as one cause for determining the internal pressure. Since
the magnitude of the water head pressure changes ac-
cording to a position (i.e., height) in the vertical direction,
the water head pressure takes a value that varies ac-
cording to the posture of the user (in a narrow sense,
relative positions in the height direction of a mounting
position of the biological information detecting device and
the heart of the user). In the first embodiment, as ex-
plained below, since pulse wave signal information in dif-
ferent pressing states is detected and pressing force de-
termination is performed on the basis of the pulse wave
signal information, at least values of the water head pres-
sure in the pressing states should not substantially fluc-
tuate. When time of use of the biological information de-
tecting device can be actually assumed, by determining
the proper pressing force in a state same as a state of
the water head pressure during the use, it is possible to
improve detection accuracy of the pulse wave signal in-
formation during the use. For example, if it is assumed
that the user wears the device on the wrist and uses the
device during running, it is desirable to perform the de-
termination of the proper pressing force in a posture in
which a wrist position during the running is reproduced
as much as possible. However, these points are not taken
into account in the method in the past. Further, between
walking and running, a ratio of superimposition of body
motion noise is larger in the running because the user
swings the arms more quickly. Difficulty in detecting pulse
wave signal information tends to be higher during the
running. Therefore, it is desirable to set an optimum
pressing force assuming an exercise state such as the
running rather than the walking.
[0105] Therefore, the applicant proposes a determina-
tion method for the proper pressing force based on a
pulse wave sensor signal. A characteristic of the pulse
wave sensor signal appears for each of the users. There-
fore, it is possible to deal with an individual difference if
determination based on the pulse wave sensor signal is
performed. Furthermore, although a range of the proper
pressing force could fluctuate according to a change in
a physical condition or the like even in the same user,
the method in the first embodiment can deal with such a
change.
[0106] However, since a signal value of the pulse wave
sensor signal is different for each of the users as ex-
plained above, a signal value at the proper pressing force
is relatively large for some users and is relatively small
for other users. Therefore, even if a signal value in a
certain pressing force is independently used, it is difficult
to determine whether the pressing force is the proper

pressing force. Therefore, in the first embodiment, it is
assumed to acquire the pulse wave sensor signal while
changing a pressing force and determine whether the
pressing force is the proper pressing force using a
change characteristic of the pulse wave sensor signal
with respect to the pressing force.
[0107] Further, before measurement processing in a
given pressing state, a posture state notification image
(e.g., Figs. 17A and 17B referred to below) is displayed
to urge the user to take a posture state suitable for the
measurement processing. By instructing an appropriate
posture to the user using the posture state notification
image, it is possible to solve the problem concerning the
water head pressure. It is known that pulse wave signal
information fluctuates according to an exercise state of
the user. In the proper pressing force determination, the
fluctuation is a cause of accuracy deterioration. There-
fore, it may be instructed in the posture state notification
image to set the water head pressure to a proper pressure
and set a posture in a rest state.
[0108] When results of the measurement processing
in the pressing states are displayed, the individual differ-
ence is taken into account. Since an absolute value of
the pulse wave information has a large individual differ-
ence as explained above, if the graph representation or
the like is performed directly using the absolute value,
depending on a user, the absolute value cannot be dis-
played because a scale of an axis is small for the absolute
value or all values of the pulse wave information are too
small compared with the scale and a difference cannot
be recognized. Therefore, in the first embodiment, after
normalization processing is performed, a value of meas-
ured pulse wave information is displayed. A specific nor-
malization method or the like is explained below with ref-
erence to Figs. 20A to 20E. However, if the normalization
processing is performed, it is possible to absorb the in-
dividual difference of the absolute value of the pulse wave
information and present a result display screen that the
user can easily recognize (in a narrow sense, with which
the user can easily recognize fluctuation in a value of
pulse wave information corresponding to a pressing
state).
[0109] In the first embodiment, when it is determined
whether the pressing force is the proper pressing force,
information representing a state of a load applied when
it is determined that the pressing force is the proper
pressing force is presented to the user. This is, for ex-
ample, information indicating which band hole should be
used to mount the device to enable the proper pressing
force to be applied in the case of this user. Consequently,
a proper mounting state can be specified by, for example,
a state of tightening of the band rather than a value of a
pressing force. This method is intuitive and clear for the
user. If the information is stored and displayed when the
biological information detecting device is mounted again,
the user can easily reproduce a holding state for realizing
the proper pressing force. That is, adjustment or the like
is unnecessary when the biological information detecting
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device is mounted again. This is advantageous from the
viewpoint of convenience and the like.
[0110] In the method in the past, a method of automat-
ically performing pressurization and depressurization us-
ing a pump or the like is also disclosed. This method is
preferable in that manual mounting state adjustment by
the user is unnecessary. However, when it is assumed
that the biological information detecting device is used
in a daily life and during an exercise like a wrist-mounted
device, this method is unrealistic if a size, power con-
sumption, and the like are considered. Therefore, such
a method is not taken into account. That is, in the first
embodiment, the pressing force is changed in the deter-
mination of the proper pressing force as explained above.
It is assumed that the pressing force is manually changed
by the user. Therefore, in order to instruct the user to
appropriately change the pressing force, it is important
to perform interaction with the user using an interface
such as the display section.
[0111] In the following explanation, a specific system
configuration example of the biological information de-
tecting device is explained and then an example of an
image displayed on the display section is explained.
Thereafter, determination processing for the proper
pressing force is explained as a specific example of
processing in which, for example, display of a posture
state notification image and a normalized graph is per-
formed.

3. Configuration example of the biological information de-
tecting device

[0112] A configuration example of the biological infor-
mation detecting device is explained. Specifically, a sys-
tem configuration example of the biological information
detecting device is explained and then the structure of
the load mechanism and the like are explained.

3. 1 Specific system configuration example

[0113] A specific system configuration example of the
biological information detecting device in the first embod-
iment is shown in Fig. 5. The biological information de-
tecting device includes the pulse-wave-information de-
tecting section 10, the body-motion-information detecting
section 20, the processing section 100, the display sec-
tion 70, an external I/F section 80, and a storing section
90. However, the biological information detecting device
is not limited to the configuration shown in Fig. 5. Various
modifications are possible to, for example, omit a part of
the components and add other components. For exam-
ple, in the first embodiment, the reduction in body motion
noise is not essential. The body-motion-noise reducing
section 115 and the like of the processing section 100
may be omitted.
[0114] The pulse-wave-information detecting section
10 includes the pulse wave sensor 11, filter processing
sections 15-1 and 15-2, and A/D conversion sections

16-1 and 16-2. However, the pulse-wave-information de-
tecting section 10 is not limited to the configuration shown
in Fig. 5. Various modifications are possible to, for ex-
ample, omit a part of the components and add other com-
ponents.
[0115] As the pulse wave sensor 11, the photoelectric
sensor or the like is used as explained above with refer-
ence to Fig. 1. In the first embodiment, the filter process-
ing section 15-1 is realized by a high-pass filter config-
ured to perform high-pass filter processing. The filter
processing section 15-2 is realized by a low-pass filter
configured to perform low-pass filter processing. That is,
an output of the filter processing section 15-1 is an AC
component signal, which is a high-frequency component
of a pulse wave sensor signal. An output of the filter
processing section 15-2 is a DC component signal, which
is a low-frequency component of the pulse wave sensor
signal. In the first embodiment, the pulse-wave-informa-
tion detecting section 10 includes the A/D conversion
section 16-1 and the A/D conversion section 16-2, which
respectively convert input analog signals into digital sig-
nals and output the digital signals.
[0116] As shown in Fig. 5, the pulse wave sensor 11
is connected to the filter processing section 15-1 and the
filter processing section 15-2. The filter processing sec-
tion 15-1 is connected to the A/D conversion section 16-1.
The A/D conversion section 16-1 is connected to the
body-motion-noise reducing section 115 and a below-
mentioned proper-pressing-force determining section
119. The filter processing section 15-2 is connected to
the A/D conversion section 16-2. The A/D conversion
section 16-2 is connected to the proper-pressing-force
determining section 119.
[0117] In the pulse-wave-information detecting section
10, the filter processing section 15-2 may be omitted. In
that case, an output of the A/D conversion section 16-2
is a signal including both of the high-frequency compo-
nent and the low-frequency component of the pulse wave
sensor signal. Besides, various modifications are possi-
ble concerning connection of the sections included in the
pulse-wave-information detecting section 10.
[0118] The body-motion-information detecting section
20 includes the acceleration sensor 21 and the A/D con-
version section 26. The acceleration sensor 21 is con-
nected to the A/D conversion section 26. The A/D con-
version section 26 is connected to the body-motion-noise
reducing section 115 and the proper-pressing-force de-
termining section 119. The body-motion-information de-
tecting section 20 only has to include a sensor configured
to detect a body motion. The acceleration sensor 21 may
be changed to another sensor. The body-motion-infor-
mation detecting section 20 may include a plurality of
sensors.
[0119] The processing section 100 includes the signal
processing section 110, the pulsation-information calcu-
lating section 120, a display control section 130, a time
measuring section 140, and an initial-holding-state esti-
mating section 150. The signal processing section 110
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includes the body-motion-noise reducing section 115
and the proper-pressing-force determining section 119.
However, the processing section 100 and the signal
processing section 110 are not limited to the configura-
tion shown in Fig. 5. Various modifications are possible
to, for example, omit a part of the components (e.g., the
body-motion-noise reducing section 115) and add other
components.
[0120] The proper-pressing-force determining section
119 determines, based on at least one of the AC com-
ponent signal output from the A/D conversion section
16-1 and the DC component signal output from the A/D
conversion section 16-2, whether a pressing force cor-
responding to acquisition timing of the signals is the prop-
er pressing force. In the determination, the proper-press-
ing-force determining section 119 may use a body motion
detection signal output from the body-motion-information
detecting section 20, time measurement information out-
put from the time measuring section 140, and the like.
The proper-pressing-force determining section 119 ac-
quires holding state specifying information for specifying
a holding state of the load mechanism 300 at the time
when it is determined that the pressing force is the proper
pressing force on the basis of, for example, information
output from the external I/F section 80 and outputs the
acquired holding state specifying information to the stor-
ing section 90 and the display control section 130. Details
of the processing in the proper-pressing-force determin-
ing section 119 are explained below.
[0121] The body-motion-noise reducing section 115
applies body-motion-noise reduction processing to the
AC component signal output from the A/D conversion
section 16-1 on the basis of the body motion detection
signal output from the body-motion-information detecting
section 20. Processing contents of the body-motion-
noise reducing section 115 are the same as the process-
ing contents explained above with reference to Fig. 2 and
the like. Therefore, detailed explanation of the processing
contents is omitted. Processing in the pulsation-informa-
tion calculating section 120 is also as explained above.
[0122] The display control section 130 performs con-
trol for display on the display section 70. For example, in
the determination in the proper-pressing-force determin-
ing section 119, it is necessary to change the pressing
force. The display control section 130 performs control
for displaying an instruction screen for instructing the us-
er to appropriately change the pressing force. The display
control section 130 may perform control for displaying an
instruction screen for instructing the user to set an envi-
ronment for determining whether the pressing force is
the proper pressing force. Besides, the display control
section 130 performs, for example, display control for
pulsation information calculated by the pulsation-infor-
mation calculating section 120. Details are explained be-
low.
[0123] The time measuring section 140 performs time
measurement processing. For example, a time measur-
ing section is conceivable that includes a timer configured

to acquire time information such as a time stamp at a
given interval and measures time from, for example, a
difference of the acquired time information.
[0124] The initial-holding-state estimating section 150
performs, on the basis of personal information of the user
stored in the storing section 90, processing for estimating
a holding state of the load mechanism 300 optimum for
the user. For example, it is conceivable to perform a sta-
tistical survey or the like beforehand to calculate a cor-
relation between personal information (BMI, sex, age,
etc.) of the user and an optimum band hole position, per-
form polynomial approximation to thereby obtain a cor-
relation expression, and substitute the personal informa-
tion of the user in the correlation expression to estimate
the optimum band hole position.
[0125] The display section 70 displays various kinds
of information according to control contents in the display
control section 130. The external I/F section 80 functions
as an interface with the outside. In a narrow sense, the
external I/F section 80 may be an operation section in-
cluding various buttons and a GUI for the user to perform
various kinds of operation of the biological information
detecting device. The storing section 90 functions as a
work region of the processing section 100 and the like.
A function of the storing section 90 can be realized by a
memory such as a RAM, a HDD (hard disk drive), or the
like. The storing section 90 stores various kinds of infor-
mation. In particular, the storing section 90 stores the
holding state specifying information acquired in the prop-
er-pressing-force determining section 119.

3.2 Configuration example of the load mechanism and 
the like

[0126] Next, the structures of the load mechanism 300
and the pulse-wave-information detecting section 10 (es-
pecially a contact portion with a living organism) will be
explained.
[0127] The biological information detecting device in-
cludes, as shown in Fig. 7, the device main body 2 at-
tached closely to the human body and configured to
measure the biological information and a band (in a broad
sense, a load mechanism) 3 attached to the device main
body 2. The band 3 includes a first band member 4 and
a second band member 5. It is assumed that the pulse-
wave-information detecting section 10, the processing
section 100, and the display section 70 explained above
are included in the device main body 2. The band 3 in-
cludes expandable sections 43 and 53 shown in Fig. 7.
[0128] Fig. 8 is a plan view showing an expanded state
of the expandable section 43. The expandable section
43 includes a first slit 435 and a second slit 436. There-
fore, as shown in Fig. 8, the expandable section 43 is
expandable along an A1 direction according to a tensile
force of a wearer. Since the expandable section 43 has
flexibility, a restoring force for returning to an original state
acts when the expandable section 43 is expanded.
Therefore, when the tensile force of the wearer is can-
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celled, the expandable section 43 contracts in the oppo-
site direction of the A1 direction with the restoring force
and returns to the original state.
[0129] Fig. 9 is a plan view showing a twisted state of
the expandable section 43. The expandable section 43
includes a first slit 435 and a second slit 436. Therefore,
as shown in Fig. 9, the expandable section 43 is twistable.
Since the expandable section 43 is configured to be twist-
able in this way, when the biological information detecting
device is mounted on the wrist or the like, a twist (a tilt)
between the device main body 2 and the first band mem-
ber 4 is allowed. The device main body 2 can be appro-
priately brought into press contact with the wrist.
[0130] The biological information detecting device in-
cludes a coupling member 6 shown in Fig. 7. Figs. 10
and 11 are perspective views showing the coupling mem-
ber 6. Fig. 10 shows the coupling member 6 before a
slide of a slide member 62. Fig. 11 is the coupling member
6 after the slide of the slide member 62. Fig. 12 is an
exploded perspective view showing the coupling mem-
ber 6.
[0131] The coupling member 6 is a member made of
metal or synthetic resin functioning as a buckle config-
ured to couple the first band member 4 and the second
band member 5. As shown in Figs. 10 to 12, to lie along
the wrist, the coupling member 6 is formed in an arcuate
shape such that a cross section extending along the A1
direction has a predetermined curvature.
[0132] The coupling member 6 includes a fixing mem-
ber 61 (Figs. 10 to 12), a slide member 62 (Figs. 10 to
12) configured to slide on the fixing member 61 along the
A1 direction, a projecting bar 63 (Figs. 10 and 11), and
coil springs 65 (Fig. 12).
[0133] As shown in Figs. 10 to 12, the fixing member
61 is a frame-like body configured to slidably support the
slide member 62. The fixing member 61 includes a base
611 extending along a B direction and a pair of extending
sections 612 and 613 connected by the base 611 and
extending along the A1 direction.
[0134] The extending section 612 located on the left
side in Fig. 12 includes an insert-through hole 6121, a
locking section 6122, a convex section 6123, a long hole
6124, and a display section (not shown in the figure).
[0135] The locking section 6122 is formed to project
from an end on the opposite side of the first band member
4 side in the extending section 612 toward the other ex-
tending section 613. The locking section 6122 locks one
end of the coil spring 65.
[0136] The convex section 6123 is formed along the
A1 direction on an upper surface opposed to the slide
member 62 in the extending section 612.
[0137] The long hole 6124 is formed along the A1 di-
rection on a side surface opposed to the extending sec-
tion 613 in the extending direction 612. An end of a below-
mentioned spring bar 64 is inserted into the long hole
6124.
[0138] A display section 6135 is formed along the A1
direction on a side surface on the opposite side of the

extending section 612 in the extending section 613. A
scale indicating a proper slide range of the slide member
62 is added to the display section 6135. Specifically, in
the first embodiment, two points P1 and P2 indicating the
proper slide range are added to the display section 6135.
If the end on the first band member 4 side of the slide
member 62 is located within the range indicated by the
two points P1 and P2, a proper tensile force is caused
to act by the band 3.
[0139] As shown in Figs. 10 and 11, the slide member
62 slides relatively to the fixing member 61 along the A1
direction and adjusts the length dimension of the band 3
and pressure applied to the human body by the device
main body 2. That is, the slide member 62 has a function
of causing a tensile force to act on the band 3 and bringing
the device main body 2 into close contact with the human
body.
[0140] The slide member 62 includes, as shown in
Figs. 10 to 12, a pair of first side sections 621 and 622
extending along the A1 direction and second side sec-
tions 623 and 624 configured to respectively connect
ends of the first side sections 621 and 622 along the B
direction. The slide member 62 is formed in a substan-
tially rectangular frame shape as a whole by the side
sections. The second side section 624 is desirably
present for improvement of the strength of the slide mem-
ber 62. However, the function of the slide member 62 is
satisfied even if the second side section 624 is absent.
[0141] Positioning dies 6136 functioning as second
display sections may be provided separately from the
display section 6135. As shown in Figs. 13 to 14C, holes
6137 are formed on the surfaces of the extending sec-
tions 612 and 613 of the fixing member 61 and the posi-
tioning dies 6136 are welded and embedded in the holes
6137. For example, the fixing member 61 and the posi-
tioning dies 6136 are formed of synthetic resin (e.g., poly-
acetal: POM) of the same quality and colored in different
colors. In the first embodiment, the positioning dies 6136
are molded of synthetic resin colored in yellow.
[0142] When the slide member 62 is slid, a position
where the positioning die 6136 starts to be seen as shown
in Fig. 14B is set as a minimum movement of the slide
member 62. A position where the entire positioning die
6136 is completely seen as shown in Fig. 14C is set as
a maximum movement of the slide member 62. The user
can easily grasp an appropriate pulling position by mov-
ing the slide member 62 to be present within this range.
[0143] By adopting the configuration including the ex-
pandable sections 43 and 53, it is possible to stably
mount the biological information detecting device hori-
zontally with respect to the wrist. By providing the display
section 6135 and the positioning dies 6136, it is possible
to present a state of an applied pressing force to the user.
However, as explained above, since the proper pressing
force has a large individual difference of each of the us-
ers, determination processing for the proper pressing
force is performed using the pulse wave information. That
is, the display section 6135 and the like indicate a stand-
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ard of a general proper pressing force range and are
used for a purpose of, for example, narrowing down a
search range of a pressing state to some extent with ref-
erence to the standard. Concerning actual proper press-
ing force determination processing, it is assumed that a
below-mentioned method is used.
[0144] A configuration example of a contact portion
with the wrist surface of the user in the pulse-wave-infor-
mation detecting section 10 is explained. Figs. 15A and
15B are enlarged schematic diagrams of a part of the
rear surface (on the wrist side) of the device main body
2. Specifically, Fig. 15A is an enlarged diagram of a re-
gion where the pulse-wave-information detecting section
10 is provided in the device main body 2. As shown in
Fig. 15A, the pulse-wave-information detecting section
10 includes an LED 18 configured to irradiate light, a
photodiode (PD) 19 configured to receive reflected light
of the irradiated light reflected by the living organism, and
a convex section 17 functioning as a contact portion with
the living organism. The biological information detecting
device in the first embodiment includes the convex sec-
tion shown in Fig. 15A to efficiently apply pressure to the
living organism. The pressure applied to the living organ-
ism in the convex section is the pressing force explained
above.
[0145] As shown in Figs. 15A and 15B, the pressing
force changes as a load state changes. As a result, a
contact area between the convex section and the living
organism also changes. For example, as shown in Figs.
15A and 15B, if the reflected light is received in a region
that is in contact with the living organism irrespective of
the load state, i.e., a region where the pressing force can
be properly applied, it is possible to accurately measure
pulse wave information on the basis of the received re-
flected light. A structure example of the contact portion
of the wrist surface of the user is shown as a convex
shape. However, the shape of the contact portion is not
limited to this.

3.3 Configuration example of external processing

[0146] In the example explained above, the processing
section 100 configured to perform the measurement
processing for the pulse wave information and the deter-
mination processing for the proper pressing force and
the display section 70 configured to perform the display
of the posture state notification image are explained as
being included in the biological information detecting de-
vice. However, the first embodiment is not limited to this.
The processing and the display may be performed in oth-
er electronic devices such as a smart phone.
[0147] A specific example is shown in Fig. 16. In the
example shown in Fig. 16, a device WA that the user
wears on the wrist or the like includes the pulse wave
sensor 11 configured to detect pulse wave information,
the body motion sensor (the acceleration sensor 21) con-
figured to detect body motion information, and a commu-
nication section configured to transmit the pulse wave

information and the body motion information to another
electronic device. In this case, the processing in the
processing section 100 explained above is not performed
in the device WA.
[0148] The communication section of the device WA
transmits the pulse wave information and the body mo-
tion information to an electronic device SP. The electronic
device SP acquires the pulse wave information and the
body motion information and performs processing. Spe-
cifically, the electronic device SP includes a processing
section and a display section. The processing section of
the electronic device SP performs processing same as
the processing by the processing section 100. The dis-
play section of the electronic device SP performs
processing same as the processing by the display section
70.
[0149] Usually, as the biological information detecting
device, a small biological information detecting device is
used taking into account that, for example, the biological
information detecting device does not hinder an exercise
or the like of the user and is easily mounted for a long
time. Therefore, there are limits in processing perform-
ance of the processing section 100, the size of a display
region of the display section 70, and the like. In this re-
gard, if the device WA is used for acquisition and trans-
mission of sensor information and the other electronic
device SP performs actual processing and display, it is
possible to perform high-speed processing, display on a
relatively large screen, and the like. In particular, a port-
able terminal such as a smart phone can be easily carried
even during detection of biological information (e.g., dur-
ing walk or running). Therefore, the device WA can be
used as a device for display.
[0150] Various modifications are possible for the con-
figuration of the device for performing the processing and
the configuration of the device for performing the display.
For example, the smart phone may process pulse wave
information or the like, generate a display image (or in-
formation corresponding to the display image), and trans-
mit the display image to the device WA. The display sec-
tion 70 of the device WA may display the display image.
This configuration is effective when processing with a
large processing load is assumed.
[0151] The device for performing the processing is not
limited to a device provided in a position close to the user
(e.g. a device that the user wears and carries). For ex-
ample, if the device WA is configured to be capable of
communicating with a network NW such as the Internet,
the device may transmit pulse wave information or the
like acquired from a sensor to a server system SE con-
nected via the network NW. The server system SE may
perform processing corresponding to the processing sec-
tion 100 and transmit a processing result to a device for
performing display of the processing result (which may
be the device WA, the electronic device SP, or other elec-
tronic devices).
[0152] As it is seen from the above, the method in the
first embodiment can be realized by various electronic
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devices.

4. Specific example of a display screen

[0153] An example of a display screen displayed on
the display section 70 in the method in the first embodi-
ment and an example of screen transition are explained.

4. 1 Posture state notification image

[0154] Figs. 17A and 17B are example of a posture
state notification image. As shown in Fig. 17A, an object
A1 is displayed in a position corresponding to the present
posture state of the user in all or a part (in the example
shown in Fig. 17A, a part) of the display region of the
display section 70. When the object A1 is located in a
first region A2 in the display region, a posture state is
appropriate. When the object A1 is located in a region
other than the first region A2, the posture state is inap-
propriate.
[0155] The display section 70 updates the position of
the object A1 on a real time basis according to the posture
state of the user. For the user wearing the biological in-
formation detecting device, the position of the object A1
changes according to the posture state of the user.
Therefore, the user adjusts the posture of the user to set
the object A1 in the first region A2 (the state shown in
Fig. 17B) while viewing the posture state notification im-
age.
[0156] The posture state of the user is determined by
determination processing in the processing section 100.
For example, the processing section 100 may acquire
acceleration information from the acceleration sensor 21,
which is a type of the body motion sensor, and determine
the posture state using the acquired acceleration infor-
mation. A specific example is shown below. However,
the determination processing for the posture state in the
processing section 100 may be realized by other meth-
ods.
[0157] As coordinate axes set in the biological infor-
mation detecting device, coordinate axes shown in Fig.
18A are examined. A direction from the forearm to the
hand of the user is represented as X axis. A direction
orthogonal to the display section 70 and directed from
the wrist to the display section 70 side is represented as
Z axis. An axis orthogonal to the X axis and the Z axis is
represented as Y axis. As shown in Fig. 18A, the X axis,
the Y axis, and the Z axis are assumed to be the axes in
the left-hand system. The acceleration sensor 21 in the
first embodiment detects acceleration values in the axes
as sensor information. For example, when the user is in
a rest state (an acceleration value due to an exercise is
not detected), signals or the like of an X-axis component,
a Y-axis component, and a Z-axis component of gravita-
tional acceleration acquired as values of the X, Y, and Z
axes are the sensor information.
[0158] That is, if shifts of a posture allowed in meas-
urement of values of X, Y, and Z in an appropriate posture

and pulse wave information (fluctuation values allowed
in the X, Y, and Z axes) are determined, numerical value
ranges of X, Y, and Z corresponding to the appropriate
posture are set. It is possible to determine whether the
present posture state is appropriate according to com-
parison processing for acceleration values in the present
posture state and the numerical value ranges.
[0159] As explained above, the posture suitable for
measurement of pulse wave information represents a
posture in which a water head pressure is in the same
degree as a water head pressure in a posture assumed
during measurement. This is because, if the proper
pressing force is determined in such a posture, states of
water head pressures during proper pressing force de-
termination and during actual measurement are close to
each other and improvement of detection accuracy of the
pulse wave information can be expected by using the
proper pressing force, which is a determination result.
The posture assumed during the measurement could
change according to the shape, the mounting position,
and the use of the biological information detecting device.
In this explanation, a posture during an exercise such as
walking or running is examined.
[0160] Since the arm is swung during the walking or
the running, the position (the height) in the vertical direc-
tion of the biological information detecting device chang-
es. As indicated by Fig. 19A and E1 in 19B, a state in
which the elbow is bent and the arm is placed close to
the trunk is set as an appropriate posture. Fig. 19A is a
diagram of the appropriate posture viewed from the front.
Fig. 19B is a diagram of the appropriate posture viewed
from a side.
[0161] Numerical value ranges of X, Y, and Z allowed
when the posture shown in Fig. 19A (El in Fig. 19B) is
set as a reference are examined. A direction of the X axis
in the state of the posture shown in Fig. 19A, i.e., in a
state in which the Z-axis direction coincides with the op-
posite direction of the gravity direction is represented as
X-axis reference direction. A direction of the Y axis in the
state is represented as Y-axis reference direction. As
shown in Figs. 18B and 18C, a rotation (rotation around
the Y axis) angle of the X axis with respect to the X-axis
reference direction is represented as θx and a rotation
(rotation around the X axis) angle of the Y axis with re-
spect to the Y-axis reference direction is represented as
θy. An allowed posture change is determined from θx·θy.
[0162] θx and θy are explained assuming that rotation
on the gravity direction side is a positive value and rota-
tion on the opposite side of the gravity direction is a neg-
ative value.
[0163] What should be examined first is rotation in a
plus direction of θy. As it is seen from Fig. 18B, Fig. 19A,
and Fig. 19B, the rotation in the plus direction of θy is a
motion for turning the display section 70 to the face di-
rection of the user and is a motion that could be usually
performed. However, as it is seen when such a rotating
action in the plus direction and a rotating action in a minus
direction, which is the opposite direction, are actually ex-
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ecuted, ergonomically, the rotation in the plus direction
is an unnatural motion with a narrow movable range.
Such an unnatural motion applies a large twisting force
to the arm. When the arm is twisted, pressure fluctuation
is caused by the influence of the twist. A value of pulse
wave information also fluctuates compared with a value
of pulse wave information obtained when the arm is not
twisted. As explained above, in the determination proc-
ess for the proper pressing force, a state close to a state
during actual measurement is desirable. Such a twist has
to be suppressed from being applied.
[0164] Further, the rotation in the plus direction of θy
is a posture unnatural for the user. Therefore, continua-
tion of the posture for a long time is a load on the user.
As explained below, considering that a certain degree of
time is required to measure pulse wave information in a
given load state, it is undesirable to set such a posture
as a proper posture.
[0165] A posture with θy set to plus is an ergonomically
comfortable state if the arm is lifted as indicated by E2
and E3 in Fig. 19B. That is, if the rotation in the plus
direction of θy is allowed, it is highly likely that the user
lifts the arm in an attempt to cancel the unnatural posture.
As a result, a state of a water head pressure deviates
from a state assumed during measurement.
[0166] If the deterioration in the accuracy of the pulse
wave information due to the twist, the load on the user
due to the unnatural state, the likelihood of the lift of the
arm for cancelling the unnatural posture, and the like are
taken into account, it is considered desirable to secure
a wide allowable range of θy in the minus direction com-
pared with the plus direction. Therefore, a range in which
a median is a negative value as an angle range of θy
such as -18 degrees<θy<+ 6 degrees is set.
[0167] θx is examined. Concerning θx, both of the ro-
tation in the plus direction and the rotation in the minus
direction cause fluctuation in the height of the biological
information detecting device. Therefore, although the
fluctuation should be suppressed, it is undesirable to re-
quire the user to take an excessively accurate posture.
Therefore, a certain degree of an angle range is deter-
mined as a proper posture. Concerning θx, unlike θy,
there is no reason for giving more importance to the plus
direction or the minus direction. Therefore, an angle
range such as -12 degrees<θx<+12 degrees only has to
be set.
[0168] Concerning the Z axis, usually, a value close to
-1 G is taken. A range of angle fluctuation may be set for
the Z axis as well in the same manner as the range setting
for the X axis and the Y axis. However, in this explanation,
the determination processing for a posture state is per-
formed in the two axes of X and Y and a fine angle range
is not set for the Z axis. However, when an acceleration
value of Z is substantially different from -1 G (e.g., a value
of Z is plus), a situation is possible in which an inappro-
priate motion such as a lift of the arm with all the might
is performed or some error occurs. Therefore, it is deter-
mined that a posture is not a proper posture irrespective

of values of the X axis and the Y axis. Alternatively, meas-
ures such as some error processing may be taken.
[0169] In this explanation, it is determined from θx and
θy whether a posture is a proper posture. However, as
explained above, actual sensor information is accelera-
tion values of the X, Y, and Z axes. Therefore, rather than
directly using the angle ranges of θx and θy, numerical
value ranges of acceleration values of the X, Y, and Z
axes corresponding to the angle ranges may be calcu-
lated in advance and the determination processing for a
posture state may be performed using the numerical val-
ue ranges. For example, if a correspondence relation in
which, for example, θy=+6 degrees corresponds to an
acceleration value of the Y axis of about 0.10 G and θy=-
18 degrees corresponds to an acceleration value of about
-0.31 G is calculated in advance, a condition -18 de-
grees<θy<+6 degrees can be converted into a condition
-0.31G<ay<0.10G concerning an acceleration value ay
of the Y axis.
[0170] A posture state only has to be determined by
the processing explained above. A result of the determi-
nation only has to be displayed as the posture state no-
tification image shown in Figs. 17A and 17B. In the ex-
amples shown in Figs. 17A and the like, an allowable
range in the X axis only has to be associated with a range
(A3) in the abscissa direction of the first region. An al-
lowable range in the Y axis only has to be associated
with a range (A4) in the ordinate direction of the first re-
gion. For example, if the numerical range of
-0.31G<ay<0.10G is set for ay as explained above, a
numerical value change amount due to a difference in a
display position of one dot is specified by dividing a nu-
merical value range of the Y axis (in the above example,
0.41 G) by the number of dots corresponding to A4. Then,
it is possible to change a display position of the object
A1 in the ordinate direction and display the object A1
according to a posture change in the Y-axis direction.
Concerning the X-axis direction, when considered the
same way, it is possible to notify the user whether a pos-
ture state is appropriate according to the position of the
object A1 in the posture state notification image. A region
other than the first region only has to be considered the
same way.
[0171] As shown in Figs. 17A and 17B, a display form
of the object A1 may be changed according to whether
the object A1 is present in the first region or present in
the second region other than the first region. In Figs. 17A
and 17B, a difference is that the object A1 is represented
by a black circle (paint-out) or represented by a white
circle (hollow). Consequently, it is possible to clearly
present to the user whether the present posture state is
appropriate. The change in the display form is not limited
to the method shown in Figs. 17A and 17B and may be
a change in a shape or a change in a color. Alternatively,
blinking may be performed in one of the first region or
the second region. Rather than changing the display
form, a method of, for example, generating sound or vi-
bration when the object is located in the first region may
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be used.

4.2 Normalized graph

[0172] When it is determined that the posture state is
appropriate, pulse wave information in the present load
state (pressing state) is measured. In measuring pulse
wave information, since an absolute value of the pulse
wave information has a large individual difference for
each of the users as explained above, it is necessary to
pay attention to scales of axes in graph representation.
Specifically, it is undesirable that a displayable numerical
value range is insufficient and a graph does not appro-
priately reflect numerical values or a numerical value
range is too wide (an upper limit is too large) and therefore
all graphs are displayed small and it is difficult to visually
compare the graphs.
[0173] Therefore, in this explanation, normalization
processing is performed using measurement results (lev-
els in load states) acquired in the past and a graph after
the normalization processing is displayed. Specific ex-
amples are shown in Figs. 20A to 20E. An absolute value
of amplitude is used as a level of pulse wave information.
However, the level of the pulse wave information is not
limited to this.
[0174] First, it is assumed that a level in a first load
state is 300. In this case, the normalization processing
is performed using a value of 300, which is the level, in
order to prevent a numerical value of 300 from being
displayed excessively large (exceeding a displayable
range) or being displayed excessively small. Specifically,
an upper limit is set such that the height of a graph in the
first load state is 80% of a display range. Specifically,
since 300/0.8=375, a maximum value of an axis only has
to be set to 375 (Fig. 20A).
[0175] Next, it is assumed that the first load state shifts
to a second load state and amplitude of 800 is obtained
in the state. In this case, 300 and 800 are compared and
the normalization processing is performed using the larg-
er value 800. Specifically, as in the first load state,
800/0.8=1000 only has to be set as a maximum value of
an axis.
[0176] In this case, a value in the second load state is
80% of the display range. The value of 300 acquired in
the first load state corresponds to a position of 30% with
respect to the display range because the maximum value
of the axis is 1000 (Fig. 20B). In the first embodiment, a
relative relation among the levels in the load states only
has to be visually presented (specific determination
processing for the proper pressing force is explained be-
low). Therefore, as it is seen when Figs. 20A and 20B
are compared, even if absolute values are the same, the
size of a displayed graph fluctuates according to a result
of the normalization processing.
[0177] Subsequently, similarly, if a result in a third load
state is 1300, the normalization processing is performed
using 1300, which is a maximum value among three val-
ues. A graph is created with 1300/0.8=1625 set as a max-

imum value of an axis (Fig. 20C). Similarly, if a result in
a fourth load state is 1400, the normalization processing
is performed using 1400, which is a maximum value
among four values. A graph is created with
1400/0.8=1750 set as a maximum of an axis (Fig. 20D).
[0178] If a result in a fifth load state is 1000, a maximum
value among five values is 1300 corresponding to the
fourth load state. Therefore, as the normalization
processing, processing same as the processing in Fig.
20D is performed. A graph is created with 1300/0.8=1625
set as a maximum value of an axis (Fig. 20E).
[0179] Consequently, it is possible to absorb an indi-
vidual difference of an absolute value of the pulse wave
information. Irrespective of the pulse wave information
of what kind of a value is obtained, it is possible to present
a determination result (or an interim result of the deter-
mination) of the proper pressing force in a visually rec-
ognizable form.
[0180] Although the normalization processing is per-
formed using the maximum value of the level in the ex-
ample explained above, the normalization processing is
not limited to this. Various modifications are possible to,
for example, perform the normalization processing using
both of an upper limit value and a lower limit value. When
a graph is displayed on the display section 70, display of
the ordinate or the abscissa or both the axes may be
omitted. Consequently, visibility of a small screen is im-
proved.
[0181] In Figs. 20A to 20E and the like, the pulse wave
information being measured is not displayed. However,
as shown in Fig. 21, a provisional result of a value cur-
rently being measured may be displayed.
[0182] An effect can be expected that the provisional
result display notifies the user that measurement
processing is also appropriately performed in the next
load state to urge the user to wait or indicate that a failure
or the like has not occurred. From this viewpoint, it is
unnecessary to reflect a provisional result (e.g., a fluctu-
ation state of an AC component signal) during measure-
ment processing on display. Display unrelated to an ac-
tual signal value may be performed.
[0183] Further, since the processing section 100 exe-
cutes measurement processing for pulse wave informa-
tion, display may be performed using an actually acquired
AC component signal. For example, graph representa-
tion moving up and down as indicated by C1 in Fig. 21
may be performed to correspond to an amplitude value
of the pulse wave information that oscillates according
to the elapse of time (arrows in the up down direction in
Fig. 21 do not mean that such an image is displayed but
indicate that a graph moves up and down in a C1 portion).
Consequently, even before the end of the measurement
processing, the user can estimate a rough measurement
result by viewing a display image. Further, when a value
clearly having low appropriateness (an extremely large
value, an extremely small value, etc.) is displayed, for
example, the user can doubt that an error has occurred
and take measures.
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4.3 Instruction image

[0184] In the first embodiment, the determination
processing for the proper pressing force is performed by
comparing measurement results of pulse wave informa-
tion in a plurality of load states (pressing states). There-
fore, when a measurement result in a given load state is
obtained and an unmeasured load state is still present,
it is necessary to shift to the unmeasured load state.
[0185] Therefore, in this explanation, when processing
in the given load state ends, as shown in Fig. 22, an
instruction image for urging the user to change a load
state is displayed on the display section 70.

4.4 Final result image

[0186] When the measurement processing in all the
load states ends or when an unmeasured load state is
present but the measurement processing ends (the bio-
logical information detecting device may determine an
end or may end the measurement processing according
to an end instruction by the user), a determination result
image of the proper pressing force is displayed.
[0187] Specifically, an image shown in Fig. 23 or the
like is displayed to inform the user of an optimum load
state (band position). Like the graph shown in Fig. 20E,
measurement results (levels) of pulse wave information
in the load states may be displayed as a normalized
graph. Consequently, it is possible to not only simply no-
tify the optimum load state but also visually present a
relative relation among the load states.

4.5 Example of screen transition

[0188] An example of screen transition is explained.
When the determination processing for the proper press-
ing force is started, first, the biological information de-
tecting device roughly adjusts a load state and a posture
state. Specifically, the biological information detecting
device displays a load state instruction image as indicat-
ed by D1 in Fig. 24. An adjustment line represents, for
example, the display section 6135 shown in Fig. 11 or
the positioning dies 6136. As explained above, even if
the display section 6135 or the positioning dies 6136 are
used, an individual difference of the proper pressing force
cannot be dealt with. However, it is possible to determine
a generally conceivable range of the proper pressing
force. By displaying the image to instruct a load state, it
is possible to skip processing in a state in which it is
useless to perform the determination processing for the
proper pressing force in the first place, for example, a
state in which a pressing force is extremely small (e.g.,
the band is loose) and a state in which a pressing force
is extremely large (e.g., the band is tight).
[0189] Subsequently, as indicated by D2 in Fig. 24, the
biological information detecting device displays a posture
state instruction image for instructing a rough posture
state. If such an instruction is not given, the user can take

an arbitrary posture. It is likely that it is difficult to effec-
tively use the posture state notification image. Therefore,
the biological information detecting device instructs the
rough posture state using the posture state instruction
image.
[0190] Subsequently, the biological information de-
tecting device displays the posture state notification im-
age. Specific explanation is omitted because the posture
state notification image is explained above. When it is
determined that a posture state indicated by D4 is ap-
propriate, the biological information detecting device
shifts to the measurement processing for the pulse wave
information and displays an image shown in Fig. 21. In
displaying the image, when it is determined that a posture
state is an appropriate posture state (a state indicated
by D4), the biological information detecting device may
continue the display of the posture state notification im-
age of D4 for a given wait time. If the processing section
100 determines that the posture state is appropriate, the
biological information detecting device has shifted to the
measurement processing for the pulse wave information.
However, when the display of D4 ends instantaneously
and shifts to display of D5, this is undesirable for the user
because there is no time for sufficiently recognizing that
the posture of the user is appropriate. Therefore, even if
the posture state becomes appropriate the display sec-
tion 70 may continue the display of the posture state no-
tification image for the given wait time (e.g., 3 seconds)
and notify the user that the present posture state is ap-
propriate.
[0191] An image during the measurement processing
for the pulse wave information is as explained above with
reference to Fig. 21. However, it is also likely that the
posture state becomes inappropriate during the meas-
urement processing. In this case, even if the measure-
ment processing is continued in the inappropriate posture
state, accuracy of the determination processing for the
proper pressing force is deteriorated. Therefore, in that
case, it is desirable to once return to the display D4 of
the posture state notification image and instruct the user
to take the appropriate posture again. When the user
returns to the appropriate posture state, the biological
information detecting device resumes the measurement
processing.
[0192] When the measurement processing ends, the
biological information detecting device instructs a
change in the load state as indicated by D6 and repeats
the same processing in the load state after the change.
Specifically, the biological information detecting device
displays the posture state notification images D3 and D4
and, when a posture state is appropriate, displays an
image of D5.
[0193] When the measurement processing ends, as
explained above using Fig. 23, the biological information
detecting device displays a final result image D7 includ-
ing information concerning a load state for applying the
proper pressing force. In an example of the displays D5
and D7, all measurement processing results for each of
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load states are displayed. However, the display of meas-
urement processing results is not limited to this. For ex-
ample, the biological information detecting device may
be configured to, to clearly show a peak of pulse wave
amplitude, display three measurement processing re-
sults having large amplitudes among changed load
states on the displays D5 and D7 or display the immedi-
ately preceding measurement processing result and the
measurement processing result of this time. That is, in
the measurement processing carried out while changing
the load state, the biological information detecting device
only has to be capable of displaying an image including
a measurement processing result having largest ampli-
tude of a pulse wave.

5. Proper pressing force determination based on a pulse 
wave sensor signal

[0194] A specific example of proper pressing force de-
termination performed in a proper posture when the user
takes the proper posture according to the display of the
posture state notification image is explained. It is as-
sumed that an amplitude value of a below-mentioned AC
component signal is displayed in the normalized graphs
(Figs. 20A to 21).

5.1 Determination of the proper pressing force

[0195] As explained above, a signal value of a pulse
wave sensor signal is different depending on a user.
Therefore, a signal value in the case of the proper press-
ing force is relatively large for some users and is relatively
small for other users. Therefore, even if only a signal
value at the time of a given pressing force is acquired, it
is difficult, based on the signal value, to determine wheth-
er the pressing force is the proper pressing force. For
example, even if it is attempted to determine whether the
pressing force is the proper pressing force according to
comparison processing for a signal value and a given
threshold, it is difficult to set a threshold that can be gen-
erally used for a plurality of users.
[0196] Therefore, in the first embodiment, a pressing
force on a living organism is changed. The proper press-
ing force is determined based on a change characteristic
of a pulse wave sensor signal with respect to the pressing
force change. The magnitude of a signal value has an
individual difference. This is because a change charac-
teristic of the pulse wave sensor signal has the same
tendency in any user. For example, when a discrete
pressing force change is examined, first to Nth pressing
forces different from one another are sequentially applied
to a living organism and pulse wave sensor signals at
the respective pressing forces (in a narrow sense, since
one pulse wave sensor signal corresponds to one press-
ing force, first to Nth pulse wave sensor signals) are ac-
quired. It only has to be determined on the basis of the
acquired first to Nth pulse wave sensor signals which of
the first to Nth pressing forces is the proper pressing

force.
[0197] The proper pressing force has a certain degree
of a range (a range satisfying V1<V<V2 explained above)
in view of characteristics of the living organism. There-
fore, a pressing force determined as the proper pressing
force according to the first embodiment is not limited to
one pressure value. The pressing force may have a plu-
rality of values or may be represented by a given range.
Consequently, the user can select a tightening position
comfortable for the user within the range of the proper
pressing force. Therefore, it is possible to reduce a sense
of load on the user even when the user wears the bio-
logical information detecting device for a long time.
[0198] A pressing force is changed by the user. How-
ever, in order to realize the pressing force change, display
control for, for example, displaying an instruction image
(e.g., Fig. 22) on the display section 70 is performed. In
this explanation, on the premise that the pressing force
change is appropriately performed, determination
processing based on an acquired pulse wave sensor sig-
nal is explained.
[0199] As explained above, in the first embodiment,
processing is performed with the proper pressing force
associated with a holding state of the load mechanism
300 rather than a physical quantity of a unit such as kPa.
Therefore, in the following explanation, to simplify de-
scription, a pressing force is changed to determine the
proper pressing force. However, the change in the press-
ing force is equivalent to a change in a load state (a hold-
ing state) in the load mechanism 300. The determination
of the proper pressing force is equivalent to determination
of a holding state for realizing the proper pressing force.

5.2 Proper pressing force determination based on an AC 
component signal

[0200] As specific determination processing, determi-
nation based on an AC component signal corresponding
to an AC component of a pulse wave sensor signal is
explained. A change characteristic of a signal value of
the AC component signal with respect to a pressing force
change is shown in Figs. 25A and 25B. Fig. 25A is a
diagram for explaining a general change tendency of the
AC component signal with respect to the pressing force.
The abscissas of Figs. 25A and 25B represent time. As
it is evident from a temporal change in the pressing force,
Fig. 25B is a graph in a depressurizing direction in which
the pressing force is reduced according to time.
[0201] As shown in Fig. 25A, the amplitude of the AC
component signal is a small value when the pressing
force is large. However, the amplitude value increases
as the pressing force is reduced. When the pressing force
is smaller than a given value, the amplitude value chang-
es to a decreasing tendency. When it is taken into ac-
count that the AC component signal is a signal due to a
heartbeat and is used for calculation of pulsation infor-
mation, a pressing force having a large amplitude value
of the AC component signal only has to be set as the
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proper pressing force. For example, in Fig. 25A, a range
indicated by I1 is the proper pressing force.
[0202] That is, when the AC component signal is used,
it is sufficient that amplitude values at the pressing forces
are calculated and a pressing force having a large cal-
culated amplitude value is set as the proper pressing
force. A specific example is shown in Figs. 26A and 26B.
Fig. 26A shows a temporal change in the AC component
signal that occurs when a band hole position is set in a
given position. A unit of the abscissa is second. A former
half portion (a period of 0 second to about 10 seconds)
of Fig. 26A is timing when the band hole position is set
and a period in which an elapsed time from the timing is
short. Since a signal value of the AC component signal
is unstable in this period, an amplitude value is not cal-
culated. That is, the amplitude value is calculated on the
basis of a signal value after a given time elapses after
the band is mounted (e.g., a signal value in a period of
J1 of Fig. 26A).
[0203] The amplitude value only has to be calculated
on the basis of a peak. One of an upper peak and a lower
peak may be used. However, in this explanation, the am-
plitude value is calculated from both of the upper peak
and the lower peak. Specifically, a maximum value (the
upper peak) and a minimum value (the lower peak) in
one cycle of the AC component signal (corresponding to
a motion of one beat of the heart) are detected. A differ-
ence value (peak to peak) between the maximum value
and the minimum value is set as an amplitude value in
the cycle. As indicated by J1 in Fig. 26A, it is assumed
that a calculation period for the amplitude value is longer
than one cycle of the AC component signal. Therefore,
a plurality of difference values are acquired in the calcu-
lation period. Fig. 26B is an example of a temporal
change in the difference values. Difference values ac-
quired once at every one cycle of a pulsation are arranged
in order of the acquisition (the abscissa represents ac-
quisition order and is not a unit such as second). In the
first embodiment, an average of the plurality of difference
values in the amplitude value calculation period J1 only
has to be set as an amplitude value in the set band hole
position (and a pressing force corresponding to the band
hole position).
[0204] The average may be a simple average or may
be a trimmed mean calculated by excluding extremely
large (or small) data. If the trimmed mean is used, an
excluded range only has to be set from a standard devi-
ation σ or the like. For example, 3σ only has to be used.
[0205] According to the processing explained above,
an amplitude value of the AC component signal at a given
pressing force (band hole position) can be calculated. In
the determination of the proper pressing force, it is suf-
ficient that amplitude values at the pressing forces are
respectively calculated and a pressing force having a
maximum amplitude value is set as the proper pressing
force.

6. Details of the processing

[0206] A flow of the determination processing for the
proper pressing force in the first embodiment is explained
with reference to a flowchart of Fig. 27. In Fig. 27, a bi-
ological information detecting device that can take five
positions as load states (band positions) is assumed.
However, the biological information detecting device is
not limited to this.
[0207] When the processing is started, first, the bio-
logical information detecting device displays, on the dis-
play section 70, a message indicating that the determi-
nation processing for the proper pressing force is started
and notifies the user of the processing start (S101). Al-
ternatively, the display is not limited to display for simply
notifying the start of the processing and may be display
of an image for performing an instruction to limit a load
state to some degree using the display section 6135 or
the like as indicated by D1 in Fig. 24 or may be display
of an image for performing an instruction to limit a posture
state to some degree as indicated by D2 in Fig. 24. When
the image of D1 is displayed and a load state is limited,
it is likely that the measurement processing is not per-
formed in all load states that the load mechanism 300
could take. However, that point is not taken into account
in the flowchart of Fig. 27.
[0208] Subsequently, the biological information de-
tecting device displays an instruction screen for setting
a band position to 1 (the first load state) on the display
section 70 (S102) and performs initialization processing
(S103). The initialization processing is processing for re-
setting a posture control flag representing whether a pos-
ture state is appropriately maintained for a fixed period
(setting the posture control flag to OFF) and processing
for setting an inclination normal counter, which corre-
sponds to time in which an appropriate posture is main-
tained, to 0.
[0209] The biological information detecting device de-
termines a measurable posture change using the posture
control flag (S104). If the posture control flag is OFF, the
biological information detecting device displays the pos-
ture state notification image shown in Figs. 17A and 17B
or the like (S105). When the posture control flag is ON
in S104, this corresponds to a state in which an appro-
priate posture is maintained for the fixed period and a
measurement result (and a provisional result) is acquired
by processing in S114 and subsequent steps explained
later. Therefore, the biological information detecting de-
vice displays a result screen shown in Fig. 21 (S106).
[0210] After the processing in S105 or S106, the bio-
logical information detecting device acquires an acceler-
ation signal as information for determining a posture state
(S107). The biological information detecting device per-
forms smoothing processing (e.g., processing for calcu-
lating a moving average) for the acquired acceleration
(S108) and determines whether the present posture state
is appropriate on the basis of a result of the smoothing
processing (S109). Specifically, the biological informa-
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tion detecting device only has to perform the processing
using θx and θy or an acceleration value or the like ac-
quired on the basis of θx and θy.
[0211] When it is determined in S109 that the posture
state is inappropriate, the biological information detecting
device returns to S103. That is, the posture control flag
is set to OFF and the inclination normal counter is set to
0. According to the processing shown in Fig. 27, the ap-
propriate posture state is maintained and, even after a
shift to measurement processing in S114 and subse-
quent steps, if it is determined by the posture state de-
termination in S109 that the posture state is not the ap-
propriate posture state, the flag and the counter are reset
and the biological information detecting device returns
to the processing for taking the appropriate posture state
again.
[0212] Subsequently, the biological information de-
tecting device determines whether the posture control
flag is ON (S110). When the posture control flag is ON,
the biological information detecting device shifts to S114
and performs the measurement processing. That is,
when the posture control flag is set to ON and the appro-
priate posture state is maintained thereafter, the meas-
urement processing is performed by repeating loops of
S104 to S110 and S114 to S117.
[0213] When it is determined that the posture control
flag is OFF (NO in S110), this corresponds to a state in
which, although the present posture state is appropriate,
a predetermined period has not elapsed after the posture
changed to the appropriate posture earlier (time enough
for pulse wave information to stabilize has not elapsed).
Therefore, the biological information detecting device in-
crements the inclination normal counter representing du-
ration of the appropriate posture state (S111) and com-
pares a value of the counter with a specified time (3 sec-
onds) to determine whether the pulse wave information
is considered to stabilize (S112).
[0214] When it is determined that the pulse wave in-
formation is not considered to stabilize (NO in S112), the
biological information detecting device returns to S107
and determines a posture state at the next timing. If the
posture state is appropriate, a loop of S107 to S112 is
repeated, whereby a value of the inclination normal coun-
ter increases.
[0215] When it is determined that the pulse wave in-
formation is considered to stabilize (YES in S112), the
appropriate posture state is maintained for the fixed pe-
riod and the pulse wave information changes to a state
suitable for measurement. Therefore, the biological in-
formation detecting device sets the posture control flag
to ON (S113) and shifts to the measurement processing.
[0216] As specific measurement processing, the bio-
logical information detecting device performs measure-
ment of an amplitude value of the pulse wave signal
(S114), display of a provisional result using the measured
amplitude value (S115), and peak detection based on
the amplitude value (S116). The biological information
detecting device determines whether six upper peaks

and six lower peaks are acquired (S117). When six upper
peaks and six lower peaks are not acquired, the biological
information detecting device returns to S104 and checks
whether the appropriate posture state is maintained. As
explained above, if the appropriate posture state is main-
tained, the biological information detecting device per-
forms the graph representation in S106, determines that
the posture control flag is ON (YES in S110), and returns
to S114.
[0217] When six peak to peaks are acquired in S117,
the biological information detecting device acquires an
amplitude average from an average of the peak to peaks
and ends the measurement processing in the load state
(the band position) (S118).
[0218] Subsequently, the biological information de-
tecting device determines whether the band position is
5 (the measurement ends in all the band positions)
(S119). When it is determined that the band position is
not 5 (NO in S119), the biological information detecting
device displays the instruction screen shown in Fig. 22
and urges the user to update the band position (S120).
Further, since it is likely that the processing is forcibly
ended by the user, the biological information detecting
device determines whether the user ends the processing
(e.g., displays "end the processing?") on the display sec-
tion 70 and determines on the basis of an input of the
user responding to the display whether the user ends the
processing) (S121). When the user ends the processing,
the biological information detecting device determines
an optimum band position (a load state for applying the
proper pressing force) using results obtained to the end
of the processing (S123). In determining whether the user
ends the processing, it is desirable to display the image
shown in Fig. 23 as well. When it is determined that the
band position is 5 (the measurement ends in all the band
positions) (YES in S119), the biological information de-
tecting device also shifts to S123 and determines the
optimum band position using all the results.
[0219] When it is determined that the user does not
end the processing (NO in S121), the biological informa-
tion detecting device updates the band state (S122), re-
turns to S103, and continues the processing. S122 is
update processing for band position information retained
by the biological information detecting device and does
not indicate whether the band position is actually manu-
ally changed by the user.
[0220] A specific example of the measurement
processing in S114 to S118 is explained with reference
to a flowchart of Fig. 28. When the processing is started,
first, the biological information detecting device initializes
a variable MIN representing a lower peak value to 0
(S201). The biological information detecting device ac-
quires pulse wave information (specifically, AC compo-
nent signals) at respective timings (S202) and calculates
a moving average of latest five points to smooth the pulse
wave information (S203).
[0221] The biological information detecting device ap-
plies differential processing to a result of the moving av-
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erage (S204). The biological information detecting de-
vice performs processing for calculating a difference val-
ue of a moving average of adjacent two points. The bio-
logical information detecting device detects an extreme
value using a result of the differential processing (S205).
Specifically, the biological information detecting device
detects a lower peak of the extreme value and performs
processing with the lower peak set at a point where a
differential value changes from negative to positive (in-
cluding 0). When the extreme value is detected, the bi-
ological information detecting device performs process-
ing with a value of the moving average set as a lower
peak value (S206).
[0222] When the lower peak is not detected in S205 or
after the update processing in S206, the biological infor-
mation detecting device calculates a difference value Wn
between the variable MIN at that point and the present
value of the moving average and sets the difference value
Wn as a value of pulse amplitude (S207). That is, a latest
lower peak value is always retained and a difference be-
tween the lower peak value and the present value is set
as the pulse amplitude.
[0223] Thereafter, the biological information detecting
device determines whether the user ends the processing
(S208). When it is determined that the user ends the
processing (YES in S208), the biological information de-
tecting device ends the processing. When the user does
not end the processing (NO in S208), the biological in-
formation detecting device returns to S202.

7. Modifications

[0224] In the first embodiment, the biological informa-
tion detecting device is configured to display the display
image shown in Fig. 24 on the display section 70 of the
device main body 2. However, the biological information
detecting device is not limited to this. For example, the
biological information detecting device may be config-
ured to cause an external electronic device having an
image display function such as a smart phone or a tablet
electronic device to perform data communication with the
device main body 2 on a real time basis and display the
display image. By adopting such a configuration, it is pos-
sible to perform pressing force adjustment while viewing
a larger screen. It is possible to improve convenience for
the user. Since the external electronic device including
the screen larger than the display section 70 of the device
main body 2 is caused to display the display image, it is
also possible to cause the external electronic device to
display additional information as well. It is possible to
feed back information useful for the user.
[0225] The device main body 2 is configured to include
the display section 70. However, the device main body
2 is not limited to this and may be configured not to include
the display section 70. In this case, as in the modification
example 1 explained above, the biological information
detecting device may be configured to perform data com-
munication between the external electronic device and

the device main body 2 on a real time basis and perform,
on the external electronic device, display same as the
display on the display section 70. The biological informa-
tion detecting device may be configured to use a plurality
of optical elements such as LEDs (Light Emitting Diodes)
to notify the user of various kinds of information neces-
sary for adjustment of a pressing force. For example, the
biological information detecting device may be config-
ured to give meanings to LEDs having specific colors and
numbers or LEDs in specific positions to correspond to
D1 to D7 shown in Fig. 24 and light the LEDs correspond-
ing to a posture state of the user or a pulse wave meas-
urement state. The biological information detecting de-
vice may be configured to change the luminance of the
LEDs stepwise in order to display D3 and D4. For exam-
ple, it is also possible to configure the biological informa-
tion detecting device to gradually increase the luminance
of the LEDs from the state of D3 to the state of D4. By
configuring the biological information detecting device in
this way, the size of the device main body 2 can be sub-
stantially reduced. Therefore, a sense of wearing of the
user is remarkably improved. Even in an environment of
use in which the user always wears the electronic device
SP, it is possible to substantially reduce a load on the
user.
[0226] In the first embodiment, the biological informa-
tion detecting device includes, as shown in Fig. 5, the
pulse-wave-information detecting section 10 configured
to detect pulse wave information of the test subject, the
display section 70, and the processing section 100 con-
figured to perform the measurement processing for the
pulse wave information and the discrimination process-
ing for a posture state of the test subject. The display
section 70 displays the posture state notification image
that dynamically changes according to a change in a pos-
ture state. The processing section 100 performs, as the
discrimination processing, processing for determining
whether a posture state of the test subject is appropriate
as a posture for performing the measurement processing
for the pulse wave information and performs the meas-
urement processing for the pulse wave information when
it is determined that the posture state is appropriate.
[0227] Consequently, the biological information de-
tecting device can display the posture state notification
image and urge the user to take an appropriate posture.
As a result, it is possible to improve accuracy of the meas-
urement processing for the pulse wave information. The
appropriate posture state may be, for example, the pos-
ture shown in Fig. 19A. As an example, a posture in which
a water head pressure is a value close to a desired value,
a stable posture in which fluctuation in pulse wave infor-
mation due to an exercise or the like is suppressed, and
the like are conceivable.
[0228] The display section 70 may display, as the pos-
ture state notification image, an image in which a display
position of an object representing a posture state chang-
es according to the posture state.
[0229] Consequently, since the change in the posture
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state is reflected on the change in the display position of
the object, it is possible to give an instruction concerning
a posture state to the user in an intuitively understandable
form. A specific posture state display image may be the
image shown in Figs. 17A and 17B or the like.
[0230] When the processing section 100 determines
that the posture state is appropriate, the display section
70 may display, as the posture state notification image,
an image in which the object is displayed in the first region
of the image.
[0231] Consequently, it is possible to notify the user
whether the present posture state is appropriate in an
intuitively understandable form indicating whether the
object is present in a given region. The position and the
size of the first region in the display section 70 are arbi-
trary. However, the first region may be, for example, a
region indicated by A2 in Fig. 17A.
[0232] The biological information detecting device is
mounted on the wrist of the test subject as shown in Fig.
18A. A direction from the forearm to the hand of the test
subject is represented as X axis. A direction orthogonal
to the screen of the display section 70 and directed from
the wrist of the test subject to the display section 70 side
is represented as Z axis. An axis orthogonal to the X axis
and the Z axis is represented as Y axis. When an angle
representing rotation around the Y axis of the X axis dur-
ing the discrimination processing with respect to a hori-
zontal plane orthogonal to the gravity direction as shown
in Figs. 18B and 18C is represented as first angle θx and
an angle representing rotation around the X axis of the
Y axis during the discrimination processing with respect
to the horizontal plane is represented as second angle
θy, the processing section 100 may determine that the
posture state is appropriate when it is determined that
the first angle θx is within a first angle range and the
second angle θy is within a second angle range. In a
narrow sense, the X axis, the Y axis, and the Z axis form
a left-hand system as shown in Fig. 18A.
[0233] Consequently, it is possible to determine wheth-
er a posture state is appropriate on the basis of the ro-
tation angles of the axes set as shown in Fig. 18A. By
using the rotations of the axes, it is possible to specify
the position (the height) in the vertical direction of the
biological information detecting device, a twist of a
mounting position (the arm), and the like. It is possible
to set an appropriate posture state taking into account
these elements. In actual determination processing, rath-
er than directly using the angle values, as explained
above, the angle ranges may be converted into numerical
value ranges of sensor values of the acceleration sensor
21.
[0234] Concerning the second angle θy, when an angle
representing rotation on the gravity direction side with
respect to the horizontal plane is set as a positive value
and an angle representing rotation on the opposite side
of the gravity direction is set as a negative value as shown
in Fig. 18B, the processing section 100 may determine
that the posture state is appropriate when it is determined

that the second angle θy is within the second angle range
in which a median is a negative value.
[0235] Consequently, it is possible to increase possi-
bility that a state in which θy is a negative value is deter-
mined as an appropriate posture state. As explained
above, the rotation of the arm in a direction in which θy
is a positive value is a motion for applying a twist in an
ergonomically unnatural direction. Fluctuation is caused
in a blood flow state by the twist. Therefore, by setting
the angle range of θy wide in the negative direction, it is
possible to reduce possibility of occurrence of a twist (re-
duce a degree of the twist even if the twist occurs) and
accurately measure pulse wave information.
[0236] When the processing section 100 determines
that the posture state is appropriate, the display section
70 may continuously display, as the posture state notifi-
cation image, for a given wait time, an image in which
the object is displayed in the first region.
[0237] Consequently, even when the posture state is
appropriate, it is possible to continue the image display
shown in Fig. 17B for a certain degree of time rather than
immediately shifting to a display image shown in Fig. 21.
Therefore, it is possible to clearly inform the user that the
present posture state is appropriate. As a result, it is pos-
sible to smoothly perform maintenance of the appropriate
posture state or subsequent adjustment of the posture
state.
[0238] The display section 70 may display, after the
elapse of the weight time, a measurement state notifica-
tion image representing that the measurement process-
ing for the pulse wave information is performed in the
processing section 100.
[0239] Consequently, after the elapse of the wait time,
it is possible to display the display image shown in Fig.
21 or the like and notify the user that the measurement
processing for the pulse wave information is normally in
progress.
[0240] When the processing section 100 determines
during the display of the measurement state notification
image after the elapse of the wait time that the posture
state is inappropriate, the processing section 100 may
end the measurement processing for the pulse wave in-
formation. The display section 70 may end the display of
the measurement state notification image and perform
display of the posture state notification image.
[0241] Consequently, even if the posture state is de-
termined as appropriate and the measurement process-
ing and the display of the measurement state notification
image are started once, it is possible to determine wheth-
er the appropriate posture state is maintained. If the pos-
ture state is not the appropriate posture state any more,
naturally, the state is not suitable for measurement of
pulse wave information. Therefore, accurate processing
cannot be performed even if the measurement process-
ing is continued. Accordingly, the determination process-
ing for a posture state is continued even during the meas-
urement processing (this is equivalent to, for example, a
flow for performing the processing in S104 to S110 after
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S117 in Fig. 27).
[0242] When the processing section 100 determines
that the posture state is inappropriate, the display section
70 may display, as the posture state notification image,
an image in which the object is displayed in the second
region different from the first region in the image and may
display, as the posture state notification image, an image
in which a display form of the object is different when the
object is displayed in the first region and when the object
is displayed in the second region.
[0243] Consequently, as shown in Figs. 17A and 17B,
it is possible to notify the user whether the posture state
is the appropriate posture state according to the display
position of the object and notify the user whether the pos-
ture state is the appropriate posture state according to a
change in the display form of the object. Therefore, it is
possible to notify the user of the posture state in a visually
recognizable form.
[0244] The biological information detecting device may
include the load mechanism 300 configured to generate
a pressing force of the pulse-wave-information detecting
section 10 on the test subject. A load state of the load
mechanism 300 may be to any one of first to Nth (N is
an integer equal to or larger than 2) load states having
different states of pressing forces. The processing sec-
tion 100 may perform the discrimination processing for
a posture state in an ith (i is an integer satisfying 1≤i≤N)
load state of the load mechanism 300. The display sec-
tion 70 may display a posture state notification image
that dynamically changes according to a change in the
posture state in the ith load state.
[0245] Consequently, it is possible to generate a plu-
rality of load states with the load mechanism (in a narrow
sense, the band structure shown in Fig. 7) 300 and per-
form the processing in the respective load states.
[0246] When the processing section 100 determines
that the posture state is appropriate as a result of the
discrimination processing, the processing section 100
may perform the measurement processing for the pulse
wave information in the ith load state. After the end of
the measurement processing by the processing section
100, the display section 70 may display an instruction
image for performing an instruction to change the load
mechanism 300 to a jth (j is an integer satisfying 1≤j≤N,
i≠j) load state different from the ith load state.
[0247] Consequently, when the measurement
processing in a given load state ends, it is possible to
display an image for instructing the user to change the
load state as shown in Fig. 22. A pressing state changes
according to the load state and, for example, accuracy
of the measurement processing for the pulse wave infor-
mation changes according to the change in the pressing
state. Therefore, when the biological information detect-
ing device can take a plurality of load states, it is useful
to change the load state.
[0248] The processing section 100 may perform, on
the basis of a result of the measurement processing for
the pulse wave information acquired in at least two load

states among the first to Nth load states, proper pressing
force information acquisition processing for calculating
proper pressing force information representing a proper
value of a pressing force on the test subject.
[0249] Consequently, it is possible to estimate the
proper pressing force from measurement results in a plu-
rality of pressing states. Whereas since the estimation
processing is performed using the proper pressing force
having a large individual difference, actual pulse wave
information of individuals, it is possible to obtain a result
corresponding to the individual difference. A blood flow
state changes because of various causes such as a water
head pressure, an exercise state, a twist of the arm, and
the like. However, since the posture state notification im-
age is displayed to instruct the user to take a posture, it
is possible to accurately perform the proper pressing
force information acquisition processing.
[0250] The first embodiment can be applied to a bio-
logical information detecting device including the pulse-
wave-information detecting section 10 configured to de-
tect pulse wave information of a test subject, a presenting
section configured to perform presentation of the infor-
mation, and the processing section 100 configured to per-
form measurement processing of the pulse wave infor-
mation and discrimination processing for a posture state
of the test subject. The presenting section takes a differ-
ent presentation form according to a change in the pos-
ture state to present information concerning the posture
state. The processing section 100 performs processing
for determining whether the posture state of the test sub-
ject is appropriate as a posture for performing the meas-
urement processing for the pulse wave information and,
when determining that the posture state is appropriate,
performs the measurement processing for the pulse
wave information.
[0251] The presenting section is not limited to the dis-
play section 70. For example, as explained in the modi-
fication, the presenting section may be configured by one
or a plurality of optical elements (the optical elements are
LEDs in a narrow sense but are not limited to the LEDs).
In this case, it is conceivable that the presenting section
takes a presentation form for emitting light in a first color
(e.g., green) when the posture state is appropriate and
takes a presentation form for emitting light in a second
color (e.g., red) when the posture state is inappropriate.
Consequently, when the presenting section is emitting
light in red, the user adjusts the posture state such that
the red light emission changes to green light emission.
However, when convenience for the user is taken into
account, it is preferable that it is possible to discriminate
whether immediately preceding adjustment (an opera-
tion for changing the posture state) is a change in an
appropriate direction or a change in a deteriorating di-
rection. Therefore, the posture state may be divided into
three or more states rather than two states and different
colors may be respectively allocated to the states to im-
prove a response of a change in the presentation form
to a change in the posture state. A presentation state is
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not limited to the light emission color of the optical ele-
ments. The presentation state may be determined ac-
cording to which of the plurality of light-emitting elements
provided in different positions is emitting light. The pre-
senting section is not limited to the presenting section
configured by the optical elements. The presenting sec-
tion may be a presenting section configured to generate
sound or a presenting section configured to vibrate the
device. In this case, it is conceivable that the change in
the presentation state is performed according to a
change in the volume of sound, a change in the pitch of
sound or a change in vibration strength and vibration cy-
cle, or the like. Other various modifications are possible
for the presenting section.
[0252] Consequently, a method of urging the user to
take an appropriate posture is not limited to the display
section 70 configured to display the posture state notifi-
cation image. It is possible to urge the user to take an
appropriate posture using various methods. As a result,
it is possible to improve accuracy of the measurement
processing for the pulse wave information. Unlike when
the display section 70 is used, when the LEDs or the like
is used, even if the size of the presenting section is small,
it is possible to improve visibility of a change in the pres-
entation form corresponding to a change in the posture
state. When sound or vibration is used, visibility is not a
problem in the first place. Therefore, although a presen-
tation mechanism corresponding to the presentation
form such as the light-emitting elements or a device that
generates sound or vibration is necessary, in general, it
is possible to reduce the size of the biological information
detecting device compared with the biological informa-
tion detecting device including the display section 70. It
is possible to reduce a wearing load on the user. In par-
ticular, since it is assumed that the biological information
detecting device according to the first embodiment is con-
tinuously worn for a certain degree of time, the advantage
of the reduction in the load on the user is significant.
[0253] When results of the measurement processing
in the first to an ith (i is an integer satisfying 2≤i≤N) press-
ing states are acquired, results of the measurement
processing in an i+1th pressing state to the Nth pressing
state are not acquired, and the processing section 100
determines that the posture state is appropriate in the
i+1th pressing state, the processing section 100 starts
the measurement processing in the i+1th pressing state.
Further, the display section 70 may display a first meas-
urement result to a jth (j is an integer satisfying j≤i) meas-
urement result included in the results of the measurement
processing in the first pressing state to the ith pressing
state and an provisional measurement result of the level
of the pulse wave information in the i+1th pressing state
during the measurement processing.
[0254] Consequently, after the update of the pressing
state, it is possible to perform, after determining whether
the posture state is appropriate, the measurement
processing and the display of a provisional result when
the posture state is the appropriate posture state. There-

fore, even when the pressing state is updated, it is pos-
sible to perform the measurement processing using the
appropriate posture state in the respective pressing
states. Therefore, it is possible to improve accuracy of
the measurement processing.
[0255] In the i+1th pressing state, when the processing
section 100 determines that the posture state is appro-
priate, the display section 70 may continuously display,
as the posture state notification image, for a given wait
time, an image in which the object is displayed in a first
region in the image corresponding to a state in which the
posture state is appropriate.
[0256] When the processing section 100 acquires a
result of the measurement processing in the i+1th press-
ing state, the display section 70 may display an instruc-
tion screen for performing an instruction to change the
pressing state to an i+2th pressing state and, when the
pressing state is changed to the i+2th pressing state ac-
cording to the instruction screen, display the posture
state notification image in the i+2th pressing state.
[0257] Consequently, after performing a change in-
struction for the pressing state using the image shown in
Fig. 22 or the like, it is possible to start processing after
the change in the pressing state. It is possible to, for
example, smoothly update the pressing state.
[0258] The processing section 100 may perform, on
the basis of the results of the measurement processing
for the pulse wave information acquired in at least two
pressing states among the first pressing state to the Nth
pressing state, the proper pressing force information ac-
quisition processing for calculating proper pressing force
information representing a proper value of a pressing
force on the test subject.
[0259] The first measurement result to the Mth meas-
urement result may include at least a measurement result
in which the level is the maximum among results of the
measurement processing for the level of the pulse wave
information in the first pressing state to the Nth pressing
state.
[0260] Consequently, even when a part of the acquired
measurement results is set as a display target, it is pos-
sible to perform effective display. In particular, in the first
embodiment, the determination processing for the proper
pressing force is assumed. Therefore, it is necessary to
search for a pressing state in which the level of the pulse
wave information is large (in a narrow sense, the maxi-
mum). That is, when a part of the acquired measurement
results is used, it is possible to appropriately notify the
user of a determination state of the proper pressing force
by using a maximum value of the measurement results.
[0261] In the first embodiment explained above, the
biological information detecting device includes, as
shown in Fig. 5, the pulse-wave-information detecting
section 10 configured to detect pulse wave information
of a test subject, the processing section 100 configured
to perform the measurement processing for the level of
the pulse wave information at the time when a pressing
force of the pulse-wave-information detecting section 10

51 52 



EP 2 774 532 A1

28

5

10

15

20

25

30

35

40

45

50

55

on the test subject is in each of the first pressing state to
the Nth (N is an integer equal to or larger than 2) pressing
state, and the display section 70 configured to display
the first measurement result to the Mth (M is an integer
satisfying M≤N) measurement result among results of
the measurement processing for the level of the pulse
wave information in the first pressing state to the Nth
pressing state.
[0262] The level of pulse wave information may be an
amplitude value of pulse wave information or may be, for
example, power at a frequency subjected to the Fourier
transform or the like.
[0263] In the explanation in the first embodiment, typ-
ically, all the load states that the load mechanism 300
can take are selected one by one, measurement results
are acquired in the pressing states corresponding to the
load states, and all the measurement results are dis-
played. That is, when the load mechanism 300 takes the
first to the Nth load states, whereby the pressing force
of the pulse-wave-information detecting section 10 on
the test subject is in the first pressing state to the Nth
pressing state to correspond to the first to the Nth load
states, the first to the Nth measurement results are ac-
quired and all the measurement results are set as display
targets on the display section 70. However, the display
targets are not limited to this. A part of the acquired first
to Nth measurement results may be set as the display
targets. The first to the Mth measurement results set as
the display targets do not mean that the order of acqui-
sition of results of the measurement processing is not
first to Mth and mean that arbitrary M results among re-
sults acquired in N pressing states can be set as the
display targets. In the following explanation of this spec-
ification, as explained above, the first measurement re-
sult to the Mth measurement result among results of the
measurement processing in the first pressing state to the
Nth pressing state are displayed. However, when M=N,
it goes without saying that the above explanation applies.
[0264] Consequently, in the biological information de-
tecting device that can take a plurality of pressing states,
it is possible to display a plurality of measurement results
corresponding to the plurality of pressing states. In the
processing for calculating the proper pressing force, it is
necessary to compare pulse wave information actually
measured in the plurality of pressing states in order to
deal with the individual difference. Even in the case other
than the determination of the proper pressing force, it is
useful to display a plurality of measurement results if it
is taken into account that a pressing state affects, for
example, detection accuracy of pulse wave information.
Therefore, in the first embodiment, the first measurement
result to the Mth measurement result are displayed.
[0265] The display section 70 may display the first
measurement result to the Mth measurement result sub-
jected to normalization processing for the level of the
pulse wave information.
[0266] Consequently, it is possible to display, for ex-
ample, the image shown in the upper part of Fig. 23. An

absolute value of the pulse wave information is likely to
be substantially different for each of the users. It is un-
desirable to determine a scale (e.g., an upper limit and
a lower limit of an axis of a graph) as a general value.
Specifically, differences among a plurality of measure-
ment results are not clarified because a value of meas-
ured pulse wave information exceeds a displayable max-
imum value or a value of pulse wave information is ex-
tremely small compared with a range of a graph. There-
fore, in the first embodiment, the normalization process-
ing shown in Figs. 20A to 20E or the like is performed to
enable appropriate display of a measurement result of
pulse wave information having a large individual differ-
ence.
[0267] The display section 70 may display the first
measurement result to the Mth measurement result sub-
jected to the normalization processing according to a
maximum value of the level among the first measurement
result to the Mth measurement result.
[0268] Consequently, it is possible to perform the nor-
malization processing using the maximum value of the
level. When a measurement result of the pulse wave in-
formation exceeds a displayable value, a displayed value
does not reflect the measurement result. It is highly likely
that the user is caused to misrecognize the measurement
result. Therefore, it is necessary to prevent the measure-
ment result of the pulse wave information from exceeding
the displayable value. In particular, when processing for
calculating the proper pressing force using the method
in the first embodiment is performed, it is assumed that
a determination method for determining that a pressing
state having a large level is the proper pressing force.
Therefore, it is useful to normalize the measurement re-
sult with the maximum value of the level and appropriately
display the maximum value. However, the use of a min-
imum value and other values in the normalization
processing is not prevented.
[0269] When results of the measurement processing
for the level of the pulse wave information in the first
pressing state to the ith (i is an integer satisfying 2≤i≤N)
pressing state are acquired and results of the measure-
ment processing for the level of the pulse wave informa-
tion in the i+1th pressing state to the Nth pressing state
are not acquired, the display section 70 may perform the
normalization processing with a maximum value of a level
among the first measurement result to the jth (j is an
integer satisfying j≤i) measurement result included in re-
sults of the measurement processing for the level of the
pulse wave information in the first pressing state to the
ith pressing state and display the first measurement re-
sult to the jth measurement result subjected to the nor-
malization processing.
[0270] Consequently, even when the measurement
processing ends only for a part of a plurality of pressing
states, it is possible to display results only for the part of
the processing states. Since a certain degree of time is
required for the measurement processing for the pulse
wave information, it is assumed that, for example, the
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user sometimes desires to end the processing halfway
because of convenience of time or the like. For example,
when the user desires to learn a pressing state that gives
the maximum value of the level (e.g., calculate the proper
pressing force), if a result that the level rises until a given
pressing state and thereafter changes to a decrease is
obtained, it is possible to estimate at that point in time
that a point that gives an extreme value is the pressing
state to be calculated. That is, by displaying an interim
result as appropriate, it is possible to perform, for exam-
ple, determination by the user based on the displayed
result and realize a more user-friendly device. The interim
result is not limited to display of all measurement results
acquired to that point. A part of the measurement results
may be set as display targets.
[0271] The display section 70 may display an instruc-
tion screen for performing an instruction to change the
pressing state to the i+1th pressing state. When the
processing section 100 starts the measurement process-
ing for the level of the pulse wave information in the i+1th
pressing state, the display section 70 may display a pro-
visional measurement result of the level of the pulse wave
information in the i+1th pressing state during the meas-
urement processing together with the first measurement
result to the jth measurement result.
[0272] When displaying the provisional measurement
result, the display section 70 may perform, as the display
of the provisional measurement result, animation display
that fluctuates in response to fluctuation in the pulse wave
information in the i+1th pressing state.
[0273] Consequently, the instruction screen can be
displayed. Therefore, it is possible to, for example, up-
date the pressing state and acquire measurement results
in a large number of pressing states and display a pro-
visional measurement result corresponding to the press-
ing state being measured. By displaying the provisional
measurement result, it is possible to clearly indicate to
the user that the measurement processing is executed
in the present pressing state. When displaying the pro-
visional measurement result, as shown in Fig. 21, the
display is changed using fluctuation in actual pulse wave
information. Consequently, even before the end of the
measurement processing, it is possible to estimate, to a
certain degree, a measurement result corresponding to
the pressing state at that point. When an unexpected
value (an extremely large value, an extremely small val-
ue, etc.) is acquired, it is possible to, for example, take
possibility of an error or the like into account.
[0274] The processing section 100 may perform, in
each of the first pressing state to the Nth pressing state,
the discrimination processing for determining whether
the posture state of the test subject is appropriate as a
posture for performing the measurement processing for
the pulse wave information. The display section 70 may
display, in each of the first pressing state to the Nth press-
ing state, the posture state notification image that dynam-
ically changes according to a change in the posture state.

Second Embodiment

[0275] A second embodiment of the invention is ex-
plained with reference to Figs. 29 to 42. In the following
explanation, components same as the components ex-
plained above are denoted by the same reference nu-
merals and signs and explanation of the components is
omitted.
[0276] In the second embodiment, a heart rate meter
is a watch-type device including a band functioning as
the holding mechanism 300 shown in Fig. 4A. A plurality
of holes are provided in the band as shown in Fig. 29. It
is assumed that a pressing force can be changed accord-
ing to which of the holes is used to hold the heart rate
meter. However, the configuration of the holding mech-
anism 300 is not limited to this.
[0277] A pressing force is changed by the user. How-
ever, in order to realize the pressing force change, display
control for, for example, displaying an instruction screen
on the display section 70 is performed. A specific inter-
action based on the display control or the like is explained
below. In this explanation, on the premise that the press-
ing force change is appropriately performed, determina-
tion processing based on an acquired pulse wave sensor
signal is explained. For improvement of determination
accuracy, it is necessary to set an appropriate environ-
ment for determination. The environment setting is also
performed by the display control for the instruction screen
or the like. Details of the environment setting are ex-
plained below. Like the pressing force change, it is as-
sumed that appropriate environment for determination is
set.
[0278] As explained above, in the second embodi-
ment, processing is performed with the proper pressing
force associated with a holding state of the load mecha-
nism 300 rather than a physical quantity of a unit such
as kPa. Therefore, in the following explanation, to simplify
description, a pressing force is changed to determine the
proper pressing force. However, the change in the press-
ing force is equivalent to a change in a holding state in
the load mechanism 300. The determination of the proper
pressing force is equivalent to determination of a holding
state for realizing the proper pressing force.

8. 1 Proper pressing force determination based on a DC 
component signal

[0279] In the second embodiment, determination
based on a DC component signal corresponding to a DC
component of a pulse wave sensor signal is explained.
[0280] A change characteristic of a signal value of the
DC component signal with respect to a pressing force
change is shown in Fig. 30. Fig. 30 is a diagram for ex-
plaining a general change tendency of the DC component
signal with respect to a pressing force. Unlike Figs. 25A
and 25B, the abscissa of Fig. 30 represents the pressing
force.
[0281] As shown in Fig. 30, in a change characteristic
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curve of the DC component signal with respect to the
pressing force change, both of a pressing force corre-
sponding to a vein vanishing point and a pressing force
corresponding to an artery vanishing point are inflection
points. That is, by detecting the inflection points of the
DC component signal, it is possible to detect the pressing
force corresponding to the vein vanishing point and the
pressing force corresponding to the artery vanishing
point. As explained above, the proper pressing force only
has to be pressure larger than the pressing force at the
vein vanishing point and smaller than the pressing force
at the artery vanishing point. Therefore, the proper press-
ing force only has to be determined in a range satisfying
this condition. In the pressure range satisfying the con-
dition, one pressure value may be set as the proper
pressing force. For example, an average of the pressing
force at the vein vanishing point and the pressing force
at the artery vanishing point may be set as the proper
pressing force.
[0282] Various detecting methods for the inflection
points of the change characteristic curve of the DC com-
ponent signal are conceivable. For example, as shown
in Fig. 25B, when a pressing force changes as time elaps-
es, a temporal change curve of the DC component signal
corresponding to the pressing force change (i.e., a graph
with the abscissa representing time and the ordinate rep-
resenting a signal value of the DC component signal)
also represents a change characteristic of the DC com-
ponent signal corresponding to the pressing force
change. Therefore, inflection points of the curve may be
detected. With this method, since signal values of the DC
component signal acquired at respective times can be
directly used, preprocessing or the like is unnecessary.
[0283] On the other hand, in the temporal change
curve, since the abscissa of the graph represents the
time and does not represent the pressing force, when a
change in the abscissa direction is considered, the
change does not correspond to a linear change in the
pressing force. For example, when a pressing force in a
period of time T1 to time T2 is considered, it is less likely
that the pressing force changes with a fixed gradient. It
is conceivable that the pressing force in the period is
invariable or the pressing force excessively changes to
be a first pressing force in T1 to T3 (T3<T2) and a second
pressing force in T3 to T2. That is, it is expected that the
change characteristic to the pressing force markedly ap-
pears when a pressing force change curve shown in Fig.
30 (a graph with the abscissa representing the pressing
force and the ordinate representing the signal value of
the DC component signal) is used rather than the tem-
poral change curve. As explained concerning the AC
component signal, it is conceivable that a signal value
does not stabilize for a given time after the band is worn.
However, in the temporal change curve, since such an
unstable signal value directly appears, it is likely that
processing is adversely affected.
[0284] Therefore, in the second embodiment, when a
given pressing force is set, one representative value is

calculated on the basis of the DC component signal at
the pressing force. By performing the processing at a
plurality of pressing forces, it is possible to acquire a
graph (the pressing force change curve) representing a
corresponding relation between the pressing force and
the DC component signal. Therefore, inflection points in
the acquired graph only have to be detected.
[0285] A method of calculating a representative value
when the given pressing force is set is explained with
reference to Fig. 31. Fig. 31 represents a temporal
change in the DC component signal at the time when a
band hole position is set in a given position. As in Fig.
26A, a former half portion of Fig. 31 is timing when the
band hole position is set and a period in which an elapsed
time from the timing is short. Since a signal value of the
DC component signal is unstable in this period, a repre-
sentative value is not calculated. The subsequent period
indicated by G1 is used. Various method of calculating
a representative value are conceivable. For example, an
average of signal values of the DC component signal in
a calculation section (Gl in Fig. 31) only has to be calcu-
lated. As in the processing in the AC component signal,
the average may be a simple average or a trimmed mean
calculated by excluding extremely large (or small) data
in the average calculation. By calculating representative
values at the respective pressing forces in this way, it is
possible to calculate the pressing force change curve of
the DC component signal.
[0286] Detection of inflection points from a curve is a
mathematically important field. There are many existing
arts concerning inflection point detection in a computer
system and the like. In the second embodiment, an ar-
bitrary method among the related arts can be used.
Therefore, detailed explanation concerning a detection
method for inflection points is omitted.

8.2 Proper pressing force determination based on the 
AC component signal and the DC component signal

[0287] Proper pressing force determination in the sec-
ond embodiment is not limited to processing based on
one of the AC component signal and the DC component
signal and may be processing performed using both of
the signals.
[0288] A specific example is shown in a flowchart of
Fig. 32. When this processing is started, first, the heart
rate meter calculates a pressing force VA having a max-
imum amplitude value on the basis of the AC component
signal (S1101). The heart rate meter performs inflection
point detection for the DC component signal and calcu-
lates a pressing force VD1 at a vein vanishing point and
a pressing force VD2 at an artery vanishing point
(S1102). Specific processing in S1101 and S1102 is as
explained above.
[0289] Thereafter, the heart rate meter determines
whether a relation of VD1<VA<VD2 holds (S1103). When
it is determined that the relation holds (YES in S1103),
since the pressing force VA is included in a proper range
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calculated from the DC component signal, the heart rate
meter sets the pressing force VA as the proper pressing
force assuming that reliability of the pressing force VA is
secured (S1104). On the other hand, when it is deter-
mined that the relation does not hold (NO in S1103), since
the reliability of the pressing force VA is unconvincing,
the heart rate meter determines the proper pressing force
on the basis of the pressing force VD1 and the pressing
force VD2 calculated from the DC component signal
(S1105 Specifically, an average of the pressing force
VD1 and the pressing force VD2 only has to be set as
the proper pressing force.
[0290] Consequently, it is possible to perform proper
pressing force determination based on both of the AC
component signal and the DC component signal. For ex-
ample, improvement of accuracy of the determined prop-
er pressing force can be expected. The processing based
on both of the AC component signal and the DC compo-
nent signal is not limited to the processing shown in the
flowchart of Fig. 32. Other processing may be performed.

8. 3 Display control method

[0291] The user changes the pressing force in the
proper pressing force determination by adjusting the
holding mechanism 300 (e.g., adjusting the band hole
position). However, it is undesirable for the user to grasp
all procedures of the proper pressing force determination
because a load on the user is large. Therefore, in the
second embodiment, the heart rate meter and the user
interact with each other using an interface such as the
display section 70. A system (the heart rate meter) gives
an appropriate instruction to the user to attain a reduction
in the load on the user.
[0292] In the proper pressing force determination, fluc-
tuation in a signal value due to a cause other than a press-
ing force change is undesirable because determination
accuracy is deteriorated. Therefore, in order to suppress
the undesirable fluctuation in the signal value, it is deter-
mined whether given conditions for an environment for
determination is satisfied. The proper pressing force de-
termination is performed when it is determined that the
condition is satisfied. When the condition is not satisfied,
some instruction for the user is necessary. Therefore, it
is desirable to use the interface such as the display sec-
tion 70.
[0293] The interaction between the user and the sys-
tem in the second embodiment and display control and
the like performed in the interaction are explained with
reference to a flow of typical processing in the proper
pressing force determination.
[0294] A flowchart for explaining the processing of the
proper pressing force determination is shown in Fig. 33.
When the processing is started, first, the heart rate meter
measures the AC component signal and the DC compo-
nent signal (S1200). As shown in an upper part of Fig.
34B, the heart rate meter displays a waveform or the like
of the AC component signal on the display section 70

(S1201). The display in S1201 is not essential. However,
it is possible to notify the user that a signal can be ap-
propriately acquired by the pulse wave sensor 11. There-
fore, it is possible to give a sense of security to the user
to assure that there is no failure or the like in the device.
[0295] Subsequently, the heart rate meter estimates
an initial value of the band hole position suitable for the
user (S1202). Specific contents of processing for the es-
timation are explained below.
[0296] Fig. 42 is a flowchart for explaining processing
for initial holding state estimation. In the processing, first,
the heart rate meter acquires personal information input
by the external I/F section 80 and stored in the storing
section 90 and sets the personal information as a con-
stant (S1501). In an example explained below, three con-
stants are used: X1=BMI (Body Mass Index) calculated
from height and weight, X2=sex, and X3=age. A calcu-
lation method for BMI is not explained because the cal-
culation method is a method by publicly-known means.
[0297] Subsequently, the heart rate meter acquires a
correlation equation stored in the storing section 90. The
heart rate meter calculates an initial band hole position
α optimum for each individual by performing calculation
of the correlation equation using the three constants of
BMI, sex, and age (S1502).
[0298] Fig. 40 is a diagram showing a correlation be-
tween the personal information (BMI, sex, and age) of
the user and the band hole position. In the figure, circles
indicate a relation between BMIs of males in the age of
20 to 24 and the optimum band hole position and crosses
indicate a relation between BMIs of females in the age
of 20 to 24 and the optimum band hole position. In the
figure, a solid line is obtained by linearly approximating
the relation between the BMIs of males in the age of 20
to 24 and the optimum band hole position. A dotted line
is obtained by linearly approximating the relation be-
tween the BMIs of females in the age of 20 to 24 and the
optimum band hole position. A correlation between the
three constants of BMI, sex, and age obtained by per-
forming, for example, a statistical survey beforehand and
a proper band hole position obtained by determination
of an optimum pressing force is calculated and the cor-
relation is subjected to polynomial (a function having a
first-order or higher-order variable) approximation to ob-
tain the correlation equation. The correlation equation is
stored in the storing section 90. The statistical survey or
the like is necessary beforehand to obtain the correlation
shown in Fig. 40. However, in this explanation, Fig. 40
is a simulation result obtained by generating random
numbers on the basis of data of human body dimension
averages of the Ministry of Economy, Trade and Industry.
[0299] In processing of optimum pressing force deter-
mination explained below, when second to Nth pressing
force adjustment directions are a depressurizing direc-
tion (i.e., a direction in which the band hole position is
loosened), by instructing the user to set the initial band
hole position α tight in advance, possibility of adjustment
to an optimum pressing force is improved. As a result, it
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is possible to improve convenience for the user.
[0300] Fig. 41 is an example of deviation (dispersion)
between estimated band hole positions and an actual
optimum band hole position. In the figure, circles indicate
a relation between BMIs of males in the age of 21 to 54
and the optimum band hole position. A solid line is ob-
tained by linearly approximating the relation between the
BMIs of males in the age of 21 to 54 and the optimum
band hole position. In the figure, an alternate long and
short dash line indicates an example in which the esti-
mated initial band hole position α is incremented by 2
(the band is loosened by two band holes). A dotted line
indicates an example in which the estimated initial band
hole position α is decremented by 2 (the band is tightened
by two band holes). Fig. 41 is actual measurement data
obtained by using the heart rate meter in the second em-
bodiment in thirty samples and males in the age of 21 to
45.
[0301] A scale instructed to the user to set tight in ad-
vance as explained above can be determined from the
correlation equation, a scale σ of deviation of an actual
value obtained by statistics, and a hole interval d of band
holes (a band hole pitch). For example, an optimum
pressing force can be obtained in most people (3σ) by
instructing the user to set the scale tight by the number
of band holes obtained by conversion into an integer of
3σ/d. As a calculation method for the scale σ of the de-
viation of the actual value obtained by statistics, there
are a plurality of methods by publicly-known statistical
methods. An arbitrary method only has to be used. There-
fore, explanation of the calculation method is omitted.
[0302] Consequently, the user can determine the prop-
er pressing force with the number of times of determina-
tion smaller than the number of times of determination
for determining whether pressing forces are the proper
pressing force concerning all the holding states. There-
fore, convenience for the user is improved.
[0303] However, the personal information used in cal-
culating the initial band hole position α does not need to
be limited to the three variable constants of BMI, sex,
and age and may be, for example, the circumference of
a region where the device is held or body fat percentage.
[0304] The correlation equation may be obtained by
subjecting data by an external large database extremely
larger than the data by the statistical survey or the like
to the polynomial approximation and stored in the storing
section 90 through communication means such as radio
communication.
[0305] The correlation equation may be obtained by
subjecting data by an external large database extremely
larger than the data by the statistical survey or the like
to the polynomial approximation. The personal informa-
tion stored in the storing section 90 may be uploaded by
communication means such as radio communication.
The large database may perform calculation using the
correlation equation to thereby calculate the initial band
hole position α optimum for each individual. The device
may acquire the initial band hole position α.

[0306] In the processing of optimum pressing force de-
termination explained below, when second to Nth press-
ing force adjustment directions are a pressurizing direc-
tion (i.e., a direction in which the band hole position is
tightened), the user may be instructed to set the initial
band hole position α loose in advance.
[0307] Thereafter, the heart rate meter sets a variable
n representing a band hole position to n=α (S1203). The
variable n represents a band hole position recognized by
the heart rate meter side and does not guarantee that an
actual holding state of the holding mechanism 30 is a
holding state by the band hole position corresponding to
n. However, when the user follows an instruction on an
instruction screen as explained below, the band hole po-
sition recognized by the system and the actual holding
position correspond to (coincide) each other.
[0308] Subsequently, as shown in a lower part of Fig.
34B, the heart rate meter performs control for displaying
an instruction screen for an instruction to the user such
that the band hole position recognized on the system
side and the actual holding state coincide with each other
and, at the same time, receives an input from the user
(S1204). In an example shown in Fig. 34B, the user at-
tempts to hold the heart rate meter in the instructed band
hole position. If the band can be tightened, the user inputs
OK. If, for example, the band is too tight and cannot be
tightened or the band is too loose and cannot be suffi-
ciently fixed, the user inputs NG. However, the interaction
with the user is not limited to this.
[0309] The heart rate meter receives the input of the
user responding to the instruction in S1204 and deter-
mines whether OK is input (S1205). When it is deter-
mined that the OK is input (Yes in S1205), considering
that the heart rate meter can be mounted in the band
hole position instructed by the instruction screen, the
heart rate meter shifts to processing based on the AC
component signal and the DC component signal in that
holding state (and a pressing force corresponding to the
holding state). Specifically, the heart rate meter deter-
mines in S1206 to S1211 whether conditions for an en-
vironment for determination are satisfied. When the con-
ditions for the environment for determination are satis-
fied, the heart rate meter performs actual processing in
S1212 and S1213. The processing is specifically ex-
plained below.
[0310] First, as a condition for the environment for de-
termination, the heart rate meter determines whether a
body motion is stable (S1206). This is because, when
the body motion is unstable, a component due to the
body motion (body motion noise) is included in the AC
component signal and proper pressing force determina-
tion is hindered. The processing in S1206 only has to be
performed based on a body motion detection signal out-
put from a body motion sensor. The body motion sensor
is, for example, the acceleration sensor 21. The body
motion detection signal is an acceleration detection val-
ue.
[0311] A specific example of the acceleration detection
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value is shown in Fig. 35B. As it is evident from Fig. 35B,
compared with an acceleration detection value obtained
when the body motion is absent, the magnitude of the
acceleration detection value is extremely large when the
body motion is present. Therefore, the heart rate meter
only has to determine that the body motion is unstable
when the acceleration detection value is large and de-
termine that the body motion is stable when the acceler-
ation detection value is small.
[0312] The acceleration sensor 21 is a three-axis ac-
celeration sensor. Directions of axes of the acceleration
sensor 21 are as shown in Fig. 35C. As shown in Fig.
35C, when a plane including a dial portion of a watch (in
the heart rate meter, equivalent to the display section 70)
is considered, a 12 o’clock direction of the watch included
in the plane is a Y axis and a 3 o’clock direction of the
watch included in the plane is an X axis. A Z axis is an
axis in a direction orthogonal to the plane including the
X axis and the Y axis and directed toward the wrist side
of the test subject with respect to the dial portion. How-
ever, the directions of the axes are not limited to this.
[0313] The heart rate meter calculates combined ac-
celeration of the three axes shown in Fig. 35A and de-
termines whether the body motion is stable on the basis
of comparison processing for the magnitude of the cal-
culated combined acceleration and a given threshold. A
flowchart is shown in Fig. 36. The heart rate meter cal-
culates a square root of a sum of squares of the axes as
three-axis combined acceleration (S1301) and performs
comparison processing for the calculated three-axis
combined acceleration and a body motion stability
threshold (S1302). When the three-axis combined accel-
eration is larger than the body motion stability threshold,
the heart rate meter determines that the body motion is
present (the body motion is unstable) (S1303). Other-
wise, the heart rate meter determines that the body mo-
tion is absent (the body motion is stable) (S1304).
[0314] When it is determined by the processing that
the body motion is unstable (NO in S1206), the heart rate
meter waits for the body motion to stabilize. By instructing
the user to stabilize the body motion from the system
side, it is considered possible to efficiently realize the
conditions for the environment for determination. There-
fore, the heart rate meter performs control for displaying,
on the display section 70, an instruction screen for in-
structing stabilization of the body motion (S1207).
[0315] When it is determined that the body motion is
stable (Yes in S1206), as a second condition for the en-
vironment for determination, the heart rate meter deter-
mines whether a posture of the user is not abnormal
(S1208). The posture indicates, in a narrow sense, a pos-
ture determined by a height relation between a mounted
region (assumed to be the wrist) of the pulse wave sensor
11 and the heart. That is, since the magnitude of a water
head pressure applied to a blood vessel changes when
the posture changes, a blood flow rate changes. There-
fore, the posture determination is performed as a condi-
tion for suppressing deterioration in accuracy of the prop-

er pressing force determination due to the change in the
blood flow rate.
[0316] As an example, a typical posture of the user in
viewing the dial portion of the watch only has to be set
as a reference posture. On the other hand, a posture in
which the height relation between the wrist and the heart
is substantially different only has to be set as an abnormal
posture.
[0317] An example of the acceleration detection value
in this case is shown in Figs. 37A and 37B. Figs. 37A
and 37B are only shown as separate figures because of
a problem of visibility of a graph. Values of the X axis,
the Y axis, and the Z axis are acquired from the same
acceleration sensor 21. Axes of the acceleration sensor
21 are the axes shown in Fig. 35C. Therefore, a typical
range in the reference posture of acceleration detection
values of the axes (which are mainly gravitational accel-
eration components acting on the axes because the ac-
celeration detection values are based on the premise that
the body motion is small) can be specified to a certain
degree. For example, it is conceivable that the plane in-
cluding the dial portion is close to the horizontal plane
and the Z axis and the gravity direction are close to each
other. In this case, values of the X axis and the Y axis
are close to 0 and a value of the Z axis is close to 1 G.
Therefore, proper ranges of values of the axes in the
reference posture are set on the basis of these values.
A posture is determined according to whether the accel-
eration detection values are within the proper ranges. As
shown in Figs. 37A and 37B, in the abnormal posture,
values of the axes deviate from the proper ranges.
[0318] A flowchart is shown in Fig. 38. When this
processing is started, first, the heart rate meter measures
acceleration detection values in the X, Y, and Z axes
(S1401). The heart rate meter performs comparison
processing for the proper ranges of the axes set in ad-
vance and the acceleration detection values measured
in S1401 (S1402). When all the acceleration detection
values of the axes are within the proper ranges, the heart
rate meter determines that the posture is the normal pos-
ture (S1403). Otherwise, the heart rate meter determines
that the posture is the abnormal posture (S1404).
[0319] It is assumed that a portion above the elbow of
the arm is kept in a state close to the horizontal. There-
fore, the proper range of the X axis may be a narrow
range including 0 G (e.g., as shown in Fig. 38, -0.1 to
+0.1 G). On the other hand, it is also highly likely that an
angle of the wrist is different depending on a person. It
is desirable to set proper ranges wider than the proper
range of the X axis as the proper ranges of the Y axis
and the Z axis while setting 0 G and 1 G respectively as
references for the Y axis and the Z axis. The proper rang-
es are not limited to the numerical values shown in S1402
in Fig. 38.
[0320] When it is determined by the processing that
the posture is the abnormal posture (NO in S1208), the
heart rate meter waits for the posture to be normal. In
waiting for the posture to be normal, as in the stabilization
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of the body motion, the heart rate meter desirably per-
forms display control for an instruction screen for instruct-
ing the user to take the normal posture (S1209). In this
case, when convenience for the user or the like is taken
into account, it is desirable to display the instruction
screen that clearly shows what posture is the normal pos-
ture. The heart rate meter may instruct the user to take
the normal posture using a sentence shown in S1209 in
Fig. 33 or may instruct the user to take the normal posture
by displaying a figure if there is no problem in the reso-
lution or the like of the display section 70.
[0321] When it is determined that the posture is not the
abnormal posture (YES in S1208), as a third condition
for the environment for determination, the heart rate me-
ter determines whether a fixed time has elapsed from the
wearing of the band (S1210). When the holding mecha-
nism 300 is realized by a band or the like including holes,
for wearing by a given band hole, it is necessary to once
fasten the band more tightly than during the wearing by
the band hole. Therefore, as shown in Fig. 29A or Fig.
31, the AC component signal and the DC component
signal during the wearing greatly fluctuate undesirably
for the proper pressing force determination. Besides, a
signal value is unstable for a fixed time thereafter. There-
fore, in order to perform appropriate proper pressing
force determination, it is desirable to exclude such an
unstable signal value from the processing. Specifically,
the heart rate meter stays on standby without performing
the processing for a fixed time after the wearing and starts
the processing after the elapse of the fixed time.
[0322] In S1210, the heart rate meter only has to de-
termine whether the given time has elapsed on the basis
of time measurement information from the time measur-
ing section 140 realized by a timer or the like. When it is
determined that the given time has not elapsed (NO in
S1210), the heart rate meter performs control for display-
ing an instruction screen for instructing the user to stay
on standby (S1211).
[0323] When it is determined that the given time has
elapsed (YES in S1210), since the condition for the en-
vironment for determination is satisfied, the heart rate
meter performs processing based on the AC component
signal and processing based on the DC component sig-
nal (S1212 and S1213). In S1212, the heart rate meter
performs processing for calculating an amplitude value
of the AC component signal. In S1213, the heart rate
meter performs processing for calculating a representa-
tive value (an average) of the DC component signal.
Since the specific processing is explained above, de-
tailed explanation of the processing is omitted.
[0324] After the processing in S1213 or when it is de-
termined that OK is not input (NO in S1205), the heart
rate meter increments n (S1214) and determines whether
the processing in all the band holes ends (S1215). When
it is determined that the processing does not end (NO in
S1215), it is necessary to perform the processing in a
band hole position equivalent to n incremented in S1214.
Therefore, the heart rate meter returns to S1204, per-

forms control for displaying an instruction screen for giv-
ing an instruction to the user such that a band hole po-
sition recognized on the system side and an actual hold-
ing state coincide with each other, and, at the same time,
receives an input from the user. Subsequent processing
is the same as the processing explained above.
[0325] When it is determined that the processing ends
(YES in S1215), since the processing in all the band hole
positions ends, the heart rate meter determines the prop-
er pressing force on the basis of amplitude values of the
AC component signal and representative values of the
DC component signal calculated in the band hole posi-
tions (S1216). Specifically, the heart rate meter only has
to perform, for example, the processing shown in the flow-
chart of Fig. 32.
[0326] The heart rate meter stores a band hole position
corresponding to the proper pressing force (in a broad
sense, holding state specifying information) and per-
forms control for displaying, on the display section 70, a
screen for notifying the user of the proper band hole po-
sition as shown in Fig. 34C (S1217).
[0327] In the second embodiment explained above,
the heart rate meter includes, as shown in Fig. 5, the
pulse-wave detecting section 10 including the pulse wave
sensor 11 configured to output a pulse wave sensor sig-
nal, the processing section 100 configured to calculate
pulsation information on the basis of the signal output
from the pulse-wave detecting section 10, the display
section 70 configured to display a processing result in
the processing section 100, the storing section 90 con-
figured to store personal information of a test subject and
the processing result in the processing section 100, and
the holding mechanism 300 (shown in Fig. 24A) config-
ured to hold the heart rate meter on the test subject. The
processing section 100 estimates a holding state of the
holding mechanism optimum for the test subject on the
basis of the personal information of the test subject stored
in the storing section and determines whether a pressing
force on the test subject in the pulse-wave detecting sec-
tion 10 is the proper pressing force. The storing section
90 stores the holding state specifying information at the
time when it is determined that the pressing force on the
test subject in the pulse-wave detecting section 10 is the
proper pressing force. The processing section 100 per-
forms control for displaying the holding state specifying
information on the display section 70.
[0328] The holding state specifying information is in-
formation for specifying a holding state in the holding
mechanism (the load mechanism) 300.
[0329] For example, if the heart rate meter is the device
held by the band as shown in Fig. 4A, the holding state
specifying information is information for specifying a state
of the band. Specifically, when the band is fixed using
the holes as shown in Fig. 29, information indicating
which band hole position is used to hold the heart rate
meter is the holding state specifying information. The
band is not limited to the band held using the holes. A
band of a Velcro type having a scale or a band of a ratchet
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type may be used. The holding mechanism 300 is not
limited to the band. An arbitrary mechanism can be used
as long as the mechanism can fix the heart rate meter to
the test subject and does not prevent acquisition of sen-
sor information in the pulse wave sensor 11.
[0330] Consequently, after determining the proper
pressing force in the heart rate meter, it is possible to
store and display the holding state specifying information
corresponding to the proper pressing force. Even if the
proper pressing force can be calculated in a unit of kPa,
mmHg, or the like, it is not easy to determine in which
state the holding mechanism 300 is set in order to realize
the proper pressing force. In this regard, by associating
the proper pressing force and the holding state specifying
information, the user does not need to be aware of a
numerical value or the like of the proper pressing force.
The user can recognize whether the pressing force is the
proper pressing force according to an intuitive method
such as a tightening state of the band. Therefore, after
the determination of the proper pressing force is per-
formed once, it is possible to easily reproduce, even when
the device is mounted again, a state in which the proper
pressing force is applied. It is possible to expect, for ex-
ample, improvement of convenience for the user.
[0331] As explained above, the proper pressing force
is pressure in a range larger than the pressing force cor-
responding to the vein vanishing point (a vein recovery
point) and smaller than the pressing force corresponding
to the artery vanishing point (an artery recovery point).
That is, in the second embodiment explained above, the
heart rate meter may include the pulse-wave detecting
section 10 including the pulse wave sensor 11 configured
to output a pulse wave sensor signal, the processing sec-
tion 100 configured to calculate pulsation information on
the basis of the signal output from the pulse-wave de-
tecting section 10, the display section 70 configured to
display a processing result of the processing section 100,
the storing section 90 configured to store personal infor-
mation of a test subject and a processing result in the
processing section 100, and the holding mechanism 300
configured to hold the heart rate meter on a test subject.
The processing section 100 may estimate a holding state
of the holding mechanism optimum for the test subject
on the basis of the personal information of the test subject
stored in the storing section and determine whether a
pressing force on the test subject in the pulse-wave de-
tecting section 10 is included in the range larger than the
pressing force corresponding to the vein vanishing point
(the vein recovery point) and smaller than the pressing
force corresponding to the artery vanishing point (the ar-
tery recovery point). The storing section 90 may store
the holding state specifying information for specifying a
holding state of the holding mechanism 300 at the time
when it is determined that the pressing force on the test
subject in the pulse-wave detecting section 100 is includ-
ed in the range. The processing section 100 may perform
control for displaying the holding state specifying infor-
mation on the display section 70.

[0332] The processing section 100 may determine
whether the pressing force is the proper pressing force
on the basis of the pulse wave sensor signal.
[0333] Consequently, it is possible to perform the prop-
er pressing force determination taking into account an
individual difference. In the method in the past, since
processing based on physical information such as a pres-
sure value is performed, the individual difference is not
taken into account. However, by using the pulse wave
sensor signal, which is a vital sign having a large individ-
ual difference, it is possible to appropriately determine
the proper pressing force for each of the users. It is also
possible to deal with fluctuation in the proper pressing
force based on a physical condition change or the like of
the same user. In a state in which the proper pressing
force determined by the method in the first embodiment
is applied, by performing, for example, calculation of pul-
sation information, it is possible to, for example, improve
accuracy of the calculated pulsation information.
[0334] The processing section 100 may determine
whether the pressing force is the proper pressing force
on the basis of one of the AC component signal corre-
sponding to the AC component of the pulse wave sensor
signal and the DC component signal corresponding to
the DC component of the pulse wave sensor signal.
[0335] The AC component signal corresponds to a
high-frequency component and the DC component sig-
nal corresponds to a low-frequency component. Howev-
er, a frequency set as a reference for determining a level
of the AC component signal and the DC component sig-
nal may be determined on the basis of, for example, the
frequency of a pulsation. If it is taken into account that
the AC component signal is also used for, for example,
calculation of pulsation information, the AC component
signal is required to include a component due to a heart-
beat. When biological characteristics of the test subject
are considered, it is possible to set a typical lower limit
value of a pulse count to some degree. For example, it
does not often occur that the pulse count is smaller than
30 per minute.
[0336] Therefore, it is considered to be rare that a sig-
nal due to the heartbeat is included in a frequency band
equal to or lower than a frequency (0.5 Hz) corresponding
to the pulse count of 30 per minute. Therefore, a frequen-
cy higher than the frequency may be set as the high-
frequency component and a frequency lower than the
frequency may be set as the low-frequency component.
[0337] Consequently, it is possible to perform the prop-
er pressing force determination using at least one of the
AC component signal and the DC component signal. In
the AC component signal, a characteristic appears in an
amplitude value. In the DC component signal, a charac-
teristic appears in an inflection point.
[0338] The proper pressing force can be determined
from one of the AC component signal and the DC com-
ponent signal. However, it is possible to improve deter-
mination accuracy by using both the signals as shown in
the flowchart of Fig. 32.
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[0339] The processing section 100 may determine
whether the pressing force is the proper pressing force
on the basis of a characteristic of a change in the AC
component signal that occurs when the pressing force is
changed. Specifically, the processing section 100 may
determine whether the pressing force is the proper press-
ing force on the basis of the characteristic of the change
in the amplitude of the AC component signal that occurs
when the pressing force is changed.
[0340] Consequently, it is possible to perform determi-
nation based on the change characteristic of the AC com-
ponent signal with respect to the pressing force. The
pulse wave sensor signal is a vital sign having a large
individual difference. The AC component signal corre-
sponding to the AC component of the pulse wave sensor
signal also has a large individual difference. Therefore,
since there is an individual difference in the magnitude
of a signal value during the proper pressing force as well,
it is difficult to determine, only from a signal value at a
given pressing force, whether the pressing force is the
proper pressing force. In this regard, if the change char-
acteristic with respect to the pressing force is used, it is
possible to perform appropriate determination not de-
pending on the individual difference. As shown in Fig.
25A, since it is known that the AC component signal has
a relatively large amplitude value at the proper pressing
force, specifically, the determination only has to be per-
formed on the basis of a change characteristic of the
amplitude value.
[0341] The processing section 100 may determine
whether the pressing force is the proper pressing force
on the basis of a characteristic of a change in the DC
component signal that occurs when the pressing force is
changed. Specifically, the processing section 100 may
detect an inflection point of the DC component signal on
the basis of the characteristic of the change in the DC
component signal that occurs when the pressing force is
changed and determine whether the pressing force is the
proper pressing force on the basis of the detected inflec-
tion point.
[0342] Consequently, it is possible to perform determi-
nation based on the change characteristic of the DC com-
ponent signal with respect to the pressing force. The DC
component signal represents the volume of a blood flow.
In a pressurization (depressurization) process, since in-
flection points appear at the vein vanishing point (the vein
recovery point) and the artery vanishing point (the artery
recovery point), it is possible to perform accurate proper
pressing force determination. Further, when the proper
pressing force is calculated as a range, it is possible to
accurately determine an upper limit value and a lower
limit value of the proper pressing force.
[0343] The processing section 100 may perform con-
trol for displaying, on the display section 70, an instruction
screen for performing a setting instruction for an environ-
ment for determining whether the pressing force is the
proper pressing force.
[0344] The environment for determination means an

environment that satisfies a condition that, for example,
a body motion is stable, a posture is not abnormal, and
a fixed time has elapsed after a holding state in the hold-
ing mechanism 300 is determined. Conditions other than
the above may be added to the environment for determi-
nation. A part or all (when the other conditions are added)
of the conditions may be excluded. Various settings are
possible for contents of the environment for determina-
tion.
[0345] Consequently, it is possible to perform the set-
ting instruction for the environment for determination. Un-
like the method of determining a pressing force using a
pressure value or the like in the past, in the second em-
bodiment, since the determination is performed on the
basis of the pulse wave sensor signal, which is the vital
sign, a signal value also fluctuates because of a cause
other than a change in the pressing force. It is difficult to
specify or isolate the fluctuation cause only from the sig-
nal value of the pulse wave sensor signal. Therefore, it
is necessary to suppress the fluctuation in the signal val-
ue due to the cause other than the pressing force as
much as possible. In this explanation, an environment
satisfying such a condition is set as the environment for
determination and the user is instructed to satisfy the
environment for determination. Therefore, it is possible
to accurately perform the proper pressing force determi-
nation.
[0346] The processing section 100 may perform con-
trol for displaying, as an instruction screen, on the display
section 70, a screen for instructing stabilization of the
body motion of the test subject.
[0347] Consequently, it is possible to perform a stabi-
lization instruction for the body motion. When the body
motion is large, a component due to the body motion
(body motion noise) is mixed in the pulse wave sensor
signal. The body motion noise is superimposed on the
AC component signal and the DC component signal cal-
culated from the pulse wave sensor signal. Therefore, in
order to suppress the influence of the body motion noise
and perform accurate proper pressing force determina-
tion, it is desirable to attain stabilization of the body mo-
tion. The body motion is performed by the user and it is
difficult for the heart rate meter to physically suppress
the body motion of the user. Therefore, it is a realistic
and effective method to instruct, in a simple form, the
user to stabilize the body motion.
[0348] The processing section 100 may perform con-
trol for displaying, as an instruction screen, on the display
section 70, a screen for causing the test subject to take
a given posture for determination.
[0349] The posture for determination indicates a pos-
ture specified on the basis of a relative positional relation
between the heart of the test subject and the pulse-wave
detecting section 10. When the relative positional relation
(specifically, height relation) between the heart of the test
subject and the pulse-wave detecting section 10 fluctu-
ates, a water head pressure fluctuates. For example, in
a state in which the arm is lifted, compared with a state
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in which the arm is lowered, a blood flow rate decreases
because of a change in the water head pressure. That
is, the posture for determination is a posture set for sup-
pressing the blood flow rate from fluctuating because of
the water head pressure (independently from a pressing
force change).
[0350] Consequently, it is possible to suppress the ab-
normal posture from being taken during the proper press-
ing force determination. Therefore, it is possible to sup-
press deterioration in accuracy of the proper pressing
force determination due to the water head pressure. In
the second embodiment based on the premise that the
interaction on the display section 70 is performed, the
posture for determination is preferably a posture for en-
abling the user to naturally view the display section 70
(e.g., a posture in viewing the dial portion of the wrist
watch). However, the posture for determination is not lim-
ited to this. As the instruction to the user, as in the sta-
bilization of the body motion, a method of displaying the
instruction on the display section 70 is simple and effec-
tive.
[0351] The processing section 100 may perform con-
trol for displaying, as an instruction screen, on the display
section 70, a screen for instructing the test subject to stay
on standby for a given time.
[0352] Consequently, it is possible to accurately per-
form the proper pressing force determination by causing
the user to stay on standby for the fixed time. This is
because a certain degree of time is required when band
adjustment is actually manually performed and a fixed
time (about 10 seconds) is necessary until the signal val-
ue itself stabilizes as shown in Figs. 26A and 31.
[0353] The processing section 100 may determine
whether the condition for the environment for determina-
tion displayed on the instruction screen is satisfied and,
when it is determined that the condition is satisfied, de-
termine whether the pressing force is the proper pressing
force. Specifically, the processing section 100 deter-
mines whether the conditions for the environment for de-
termination displayed on the instruction screen is satis-
fied on the basis of a body motion detection signal output
from the body motion sensor or time measurement infor-
mation output from the time measuring section 140.
[0354] Consequently, when the condition for the envi-
ronment for determination is satisfied, it is possible to
perform the proper pressing force determination. By dis-
playing the instruction screen on the display section 70,
it is possible to send an instruction to realize the environ-
ment for determination to the user. However, it is not
guaranteed whether the user actually follows the instruc-
tion. Therefore, it is possible to attain, for example, im-
provement of determination accuracy by determining on
the system side whether the condition is satisfied and,
when the condition is satisfied, performing the process-
ing. Concerning the stabilization of the body motion and
the exclusion of the abnormal posture, the body motion
sensor such as the acceleration sensor 21 only has to
be used as shown in Figs. 35A, 37A, and 37B. Concern-

ing the elapse of time, time measurement information
output from the time measuring section 140 realized by
a timer or the like only has to be used.
[0355] The processing section 100 may include, as
processing modes, a holding state specifying information
acquisition mode and a pulsation information calculation
mode for calculating pulsation information. When the
processing section 100 is set in the holding state speci-
fying information acquisition mode, the processing sec-
tion 100 acquires holding state specifying information on
the basis of a determination result concerning whether
the pressing force is the proper pressing force and stores
the acquired holding state specifying information in the
storing section 90. When the processing section 100 is
set in the pulsation information calculation mode after
the acquisition of the holding state specifying information,
the processing section 100 may perform control for read-
ing out the holding state specifying information stored in
the storing section 90 and displaying the read-out holding
state specifying information on the display section 70.
[0356] Consequently, after performing the proper
pressing force determination and acquiring the holding
state specifying information in the holding state specify-
ing information acquisition mode, it is possible to display
the acquired holding state specifying information on the
display section 70 in the pulsation information calculation
mode. Therefore, during calculation of pulsation informa-
tion, it is possible to easily realize a holding state suitable
for the calculation. Even if the proper pressing force is
determined and the holding state specifying information
at the proper pressing force is calculated, it is ineffective
if a result of the calculation cannot be used for the cal-
culation of the pulsation information, which is main
processing of the heart rate meter. Therefore, if even the
acquisition of the holding state specifying information,
non-continuation of the calculation of the pulsation infor-
mation, and the like are taken into account, it is necessary
to once store the acquired holding state specifying infor-
mation in the storing section 90. If the processing section
100 enters the pulsation information calculation mode, it
is necessary to present the holding state specifying in-
formation to the user in a simple form.
[0357] The holding mechanism 300 may take, as the
holding state, first to Nth (N is an integer equal to or larger
than 2) states in which pressing forces on the test subject
in the pulse-wave detecting section 10 are different. The
processing section 100 acquires, based on a determina-
tion result concerning whether the pressing force in each
of the first to Nth states is the proper pressing force, as
the holding state specifying information, information cor-
responding to at least one of the first to Nth states.
[0358] Consequently, in the holding mechanism 300
(e.g., a band including holes) that can take a plurality of
discrete holding states, it is possible to perform the
processing and acquire, as the holding state specifying
information of a result of the processing, at least one
state (e.g., in which band hole position the band is held)
among the plurality of holding states.
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[0359] After determining whether a pressing force in
an ith (i is an integer satisfying 1≤i≤N) state is the proper
pressing force, the processing section 100 may perform
control for displaying, on the display section 70, an in-
struction screen for performing an instruction to change
the holding state in the holding mechanism 300 to a jth
(j is an integer satisfying 1≤j≤N, j≠i) in which a pressing
force is smaller than the pressing force in the ith state.
[0360] Consequently, it is possible to perform the prop-
er pressing force determination in the depressurization
process. An example is shown in Figs. 39A to 39C. As
shown in Fig. 39C, pressurization is performed in the
former half and depressurization is performed in the latter
half. An extremely large pressing force appears during a
change of a band hole position. A large signal value ap-
pears in the AC component signal corresponding to the
pressing force. However, as shown in Fig. 26A and the
like, the pressing force and the signal value are excluded
in the proper pressing force determination.
[0361] As shown in Fig. 39B, in the AC component sig-
nal, large amplitude appears before and after a band hole
position 7 in both of the pressurization process and the
depressurization process. Therefore, the determination
of the proper pressing force is possible. However, since
an amplitude value is larger in the depressurization proc-
ess, the determination is considered to be easy.
[0362] On the other hand, as shown in Fig. 39A, where-
as an inflection point of the DC component signal is clear
in the depressurization process, the inflection point is un-
clear in the pressurization process. If even small fluctu-
ation of a signal value is taken into account, it is possible
to detect the inflection point of the DC component signal
in the pressurization process. However, the determina-
tion is easier in the depressurization process as in the
AC component signal.
[0363] Consequently, by performing the proper press-
ing force determination in the depressurization process,
it is possible to accurately perform the determination
compared with the determination performed using the
pressurization process.
[0364] The second embodiment explained above can
be applied to a heart rate meter including the pulse-wave
detecting section 10 including the pulse wave sensor 11,
the processing section 100 configured to determine
whether a pressing force on a test subject in the pulse-
wave detecting section 10 is a proper pressing force and
calculate pulsation information of the test subject on the
basis of a signal output from the pulse-wave detecting
section 10, the display section 70 configured to display
a processing result in the processing section 100, and
the storing section 90 configured to store the processing
result in the processing section 100. The processing sec-
tion 100 performs control for displaying, on the display
section 70, an instruction screen for performing a setting
instruction for an environment for determining whether
the pressing force is the proper pressing force.
[0365] Consequently, even when the pressing force is
changed by a method other than holding by the holding

mechanism 300, by displaying the instruction screen for
the environment for determination, it is possible to per-
form the pressing force determination in an appropriate
situation. Irrespective of what kind of method is adopted
as a method of a pressing force change, since it is un-
desirable that a signal value used for the proper pressing
force determination fluctuates because of a cause other
than the pressing force change, setting of the environ-
ment for determination is important. There is a significant
advantage in displaying, on the display section 70, the
instruction screen for performing the setting instruction
for the environment for determination.
[0366] The processing section 100 may determine
whether a condition for the environment for determination
displayed on the instruction surface is satisfied and de-
termine whether the pressing force is the proper pressing
force on the basis of a signal output from the pulse-wave
detecting section 10 when it is determined when the con-
dition is satisfied.
[0367] Consequently, it is possible to perform the prop-
er pressing force determination based on a signal (in a
narrow sense, a pulse wave sensor signal and, in a nar-
rower sense, at least one of an AC component signal and
a DC component signal) output when the condition for
the environment for determination is satisfied. Advantag-
es in determining on the system side whether the condi-
tion for the environment for determination is satisfied and
using the signal output from the pulse-wave detecting
section 10 for the proper pressing force determination
are as explained above.
[0368] A part or most of the processing of the biological
information detecting devices (or the electronic device
SP and the server system SE shown in Fig. 16) in the
first embodiment and the second embodiment may be
realized by a computer program. In this case, a processor
such as a CPU executes the computer program, whereby
the biological information detecting device and the like
in the first embodiment are realized. Specifically, the
computer program stored in a non-transitory information
storage medium is read out and the processor such as
the CPU executes the read-out computer program. The
information storage medium (a computer-readable me-
dium) is a medium for storing computer programs, data,
and the like. The function of the information storage me-
dium can be realized by an optical disk (a DVD, a CD,
etc.), an HDD (hard disk drive), a memory (a card type
memory, a ROM, etc.), or the like. The processor such
as the CPU can perform the various kinds of processing
in the first embodiment on the basis of a computer pro-
gram (data) stored in the information storage medium.
That is, in the information storage medium, a computer
program for causing a computer (an apparatus including
an operation section, a processing section, a storing sec-
tion, and an output section) to function as the sections in
the first embodiment (a computer program for causing
the computer to execute the processing of the sections)
is stored.
[0369] The first embodiment and the second embodi-
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ment are explained in detail above. However, those
skilled in the art could easily understand that various
modifications are possible without substantively depart-
ing from the new matters and the effects of the invention.
Therefore, all such modifications are regarded as being
included in the scope of the invention. For example, the
terms described at least once together with broader or
synonymous different terms in the specification or the
drawings can be replaced with the different terms in any
place in the specification or the drawings. The configu-
rations and the operations of the biological information
detecting device and the like are not limited to those ex-
plained in the first embodiment. Various modifications of
the configurations and the operations are possible.

Claims

1. A biological information detecting device comprising:

a pulse-wave-information detecting section con-
figured to detect pulse wave information of a test
subject;
a display section; and
a processing section configured to perform
measurement processing for the pulse wave in-
formation and discrimination processing for a
posture state of the test subject, wherein
the display section displays a posture state no-
tification image that dynamically changes ac-
cording to a change in the posture state, and
the processing section performs processing for
determining whether the posture state of the test
subject is appropriate as a posture for perform-
ing the measurement processing for the pulse
wave information and, when determining that
the posture state is appropriate, performs the
measurement processing for the pulse wave in-
formation.

2. The biological information detecting device accord-
ing to claim 1, wherein the display section displays,
as the posture state notification information, an im-
age in which a display position of an object repre-
senting the posture state changes according to the
posture state.

3. The biological information detecting device accord-
ing to claim 1 or 2, wherein, when the processing
section determines that the posture state is appro-
priate, the display section displays, as the posture
state notification image, an image in which the object
is displayed in a first region in the image.

4. The biological information detecting device accord-
ing to any one of the preceding claims, wherein,
when the biological information detecting device is
mounted on the test subject, a direction from the fore-

arm to the hand of the test subject is represented as
X axis, a direction orthogonal to the X axis and or-
thogonal to a screen of the display section is repre-
sented as Z axis, an axis orthogonal to the X axis
and the Z axis is represented as Y axis, an angle
representing rotation of the X axis around the Y axis
during the discrimination processing with respect to
a horizontal plane orthogonal to a gravity direction
is represented as first angle θx, and an angle repre-
senting rotation of the Y axis around the X axis during
the discrimination processing with respect to the hor-
izontal plane is represented as second angle θy, the
processing section determines that the posture state
is appropriate when it is determined that the first an-
gle θx is within a first angle range and the second
angle θy is within a second angle range.

5. The biological information detecting device accord-
ing to claim 4, wherein, concerning the second angle
θy, when an angle representing rotation on the grav-
ity direction side with respect to the horizontal plane
is set as a positive value and an angle representing
rotation on an opposite side to the gravity direction
is set as a negative value, the processing section
determines that the posture state is appropriate
when it is determined that the second angle θy is
within the second angle range in which a median is
a negative value.

6. The biological information detecting device accord-
ing to claim 3, 4 or 5, wherein, when the processing
section determines that the posture state is appro-
priate, the display section continuously displays, as
the posture state notification information, for a given
wait time, an image in which the object is displayed
in the first region.

7. The biological information detecting device accord-
ing to claim 6, wherein the display section displays,
after elapse of the wait time, a measurement state
notification image representing that the processing
section is performing the measurement processing
for the pulse wave information.

8. The biological information detecting device accord-
ing to claim 6 or 7, wherein
when the processing section determines that the
posture state is inappropriate during the display of
the measurement state notification image after the
elapse of the wait time,
the processing section ends the measurement
processing for the pulse wave information, and
the display section ends the display of the measure-
ment state notification image and performs the dis-
play of the posture state notification image.

9. The biological information detecting device accord-
ing to any one of claims 3 to 8, wherein, when the
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processing section determines that the posture state
is inappropriate, the display section displays, as the
posture state notification image, an image in which
the object is displayed in a second region different
from the first region in the image and displays, as
the posture state notification image, an image in
which a display form of the object is different when
the object is displayed in the first region and when
the object is displayed in the second region.

10. The biological information detecting device accord-
ing to any one of the preceding claims, further com-
prising a load mechanism configured to generate a
pressing force for pressing the pulse-wave-informa-
tion detecting section against the test subject, where-
in
a load state of the load mechanism is set to any one
of first to Nth (N is an integer equal to or larger than
2) load states in which states of the pressing force
are different,
the processing section performs the discrimination
processing for the posture state in an ith (i is an in-
teger satisfying 1≤i≤N) load state of the load mech-
anism, and
the display section displays the posture state notifi-
cation image that dynamically changes according to
a change in the posture state in the ith load state.

11. The biological information detecting device accord-
ing to claim 10, wherein,
when the processing section determines that the
posture state is appropriate as a result of the dis-
crimination processing,
the processing section performs the measurement
processing for the pulse wave information in the ith
load state, and
the display section displays, after an end of the
measurement processing in the processing section,
an instruction image for performing an instruction to
change the load mechanism to a jth (j is an integer
satisfying 1≤j≤N, i≠j) load state different from the ith
load state.

12. The biological information detecting device accord-
ing to claim 10 or 11, wherein the processing section
performs, on the basis of results of the measurement
processing for the pulse wave information acquired
in at least two load states among the first to Nth load
states, proper pressing force information acquisition
processing for calculating proper pressing force in-
formation representing a proper value of the pressing
force on the test subject.

13. The biological information detecting device accord-
ing to any one of the preceding claims, wherein
the processing section performs measurement
processing for a level of the pulse wave information
at time when a pressing force of the pulse-wave-

information detecting section on the test subject is
each of a first pressing state to an Nth (N is an integer
equal to or larger than 2) pressing state, and
the display section displays a first measurement re-
sult to an Mth (M is an integer satisfying M≤N) meas-
urement result among results of the measurement
processing for the level of the pulse wave information
in the first pressing state to the Nth pressing state.

14. The biological information detecting device accord-
ing to claim 13, wherein the display section displays
the first measurement result to the Mth measurement
result subjected to normalization processing for the
level of the pulse wave information.

15. The biological information detecting device accord-
ing to claim 13 or 14, wherein the display section
displays, with a maximum value of the level among
the first measurement result to the Mth measurement
result, the first measurement result to the Mth meas-
urement result subjected to the normalization
processing.

16. The biological information detecting device accord-
ing to any one of claims 13 to 15, wherein
when results of the measurement processing for the
level of the pulse wave information in the first press-
ing state to an ith (i is an integer satisfying 2≤i≤N)
pressing state are acquired and results of the meas-
urement processing for the level of the pulse wave
information in an i+1th pressing state to the Nth
pressing state are not acquired yet, the display sec-
tion performs the normalization processing with a
maximum value of the level among the first meas-
urement result to a jth (j is an integer satisfying j≤i)
measurement result included in the results of the
measurement processing in the first pressing state
to the ith pressing state and displays the first meas-
urement result to the jth measurement result sub-
jected to the normalization processing.

17. The biological information detecting device accord-
ing to any one of claims 13 to 16, wherein the display
section displays an instruction screen for performing
an instruction to change a pressing state to the i+1th
pressing state and, when the processing section
starts the measurement processing for the level of
the pulse wave information in the i+1th pressing
state, displays a provisional measurement result of
the level of the pulse wave information in the i+1th
pressing state during the measurement processing
together with the first measurement result to the jth
measurement result.

18. The biological information detecting device accord-
ing to claim 17, wherein the display section performs,
as the display of the provisional measurement result,
animation display that fluctuates in response to fluc-
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tuation in the pulse wave information in the i+1th
pressing state.

19. The biological information detecting device accord-
ing to any one of claims 13 to 18, wherein
the processing section performs, in each of the first
pressing state to the Nth pressing state, discrimina-
tion processing for determining whether the posture
state of the test subject is appropriate as a posture
for performing the measurement processing for the
pulse wave information, and
the display section displays, in each of the first press-
ing state to the Nth pressing state, the posture state
notification image that dynamically changes accord-
ing to a change in the posture state.

20. The biological information detecting device accord-
ing to claim 19, wherein the display section displays,
as the posture state notification image, an image in
which a display position of an object representing
the posture state changes according to the posture
state.

21. The biological information detecting device accord-
ing to any one of claims 13 to 20, wherein
when results of the measurement processing in the
first pressing state to an ith (i is an integer satisfying
2≤i≤N) pressing state are acquired, results of the
measurement processing in an i+1th pressing state
to the Nth pressing state are not acquired yet, and
the processing section determines that the posture
state is appropriate in the i+1th pressing state,
the processing section starts the measurement
processing for the level of the pulse wave information
in the i+1th pressing state, and
the display section displays the first measurement
result to a jth (j is an integer satisfying j≤i) measure-
ment result included in results of the measurement
processing in the first pressing state to the ith press-
ing state and a provisional measurement result of
the level of the pulse wave information in the i+1th
pressing state during the measurement processing.

22. The biological information detecting device accord-
ing to any one of claims 13 to 21, wherein, when the
processing section determines that the posture state
is appropriate in the i+1th pressing state, the display
section continuously displays, as the posture state
notification image, for a given wait time, an image in
which the object is displayed in a first region in the
image corresponding to a state in which the posture
state is appropriate.

23. The biological information detecting device accord-
ing to any one of claims 13 to 22, wherein the display
section displays, after elapse of the wait time, the
first measurement result to the jth measurement re-
sult and the provisional measurement result in the

i+1th pressing state.

24. The biological information detecting device accord-
ing to claim 21, wherein
when the processing section acquires a result of the
measurement processing in the i+1th pressing state,
the display section displays an instruction screen for
performing an instruction to change the pressing
state to an i+2th pressing state, and
when the pressing state is changed to the i+2th
pressing state according to the instruction screen,
the display section displays the posture state notifi-
cation image in the i+2th pressing state.

25. The biological information detecting device accord-
ing to any one of claims 13 to 24, wherein the
processing section performs, on the basis of results
of the measurement processing of the pulse wave
information acquired in at least two pressing states
among the first pressing state to the Nth pressing
state, proper pressing force information acquisition
processing for calculating proper pressing force in-
formation representing a proper value of the pressing
force on the test subject.

26. The biological information detecting device accord-
ing to any one of the preceding claims, wherein the
first measurement result to the Mth measurement
result include at least a measurement result in which
the level is a maximum among results of the meas-
urement processing for the level of the pulse wave
information in the first pressing state to the Nth press-
ing state.

27. A computer program for causing a computer to func-
tion as:

a pulse-wave-information detecting section con-
figured to acquire pulse wave information of a
test subject;
a processing section configured to perform
measurement processing for the pulse wave in-
formation and discrimination processing for a
posture state of the test subject; and
a display control section configured to perform
control for displaying, on a display section, a
posture state notification image that dynamically
changes according to a change in the posture
state, wherein
the processing section performs processing for
determining whether the posture state of the test
subject is appropriate as a posture for perform-
ing the measurement processing for the pulse
wave information and, when determining that
the posture state is appropriate, performs the
measurement processing for the pulse wave in-
formation.
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28. A computer program for causing a computer to func-
tion as:

a pulse-wave-information detecting section con-
figured to acquire pulse wave information of a
test subject;
a processing section configured to perform
measurement processing for a level of the pulse
wave information at time when a pressing force
of the pulse-wave-information detecting section
on the test subject is in each of a first pressing
state to an Nth (N is an integer equal to or larger
than 2) pressing state; and
a display control section configured to perform
control for displaying, on a display section, a first
measurement result to a Mth (M is an integer
satisfying M≤N) measurement result among re-
sults of the measurement processing for the lev-
el of the pulse wave information in the first press-
ing state to the Nth pressing state.

29. A biological information detecting device comprising:

a pulse-wave-information detecting section con-
figured to detect pulse wave information of a test
subject;
a presenting section configured to present infor-
mation; and
a processing section configured to perform
measurement processing for the pulse wave in-
formation and discrimination processing for a
posture state of the test subject, wherein
the presenting section presents the information
concerning the posture state by taking a different
presentation form according to a change in the
posture state, and
the processing section performs processing for
determining whether the posture state of the test
subject is appropriate as a posture for perform-
ing the measurement processing for the pulse
wave information and, when determining that
the posture state is appropriate, performs the
measurement processing for the pulse wave in-
formation.

30. A heart rate meter comprising:

a pulse-wave detecting section including a pulse
wave sensor configured to output a pulse wave
sensor signal;
a processing section configured to calculate pul-
sation information on the basis of the signal out-
put from the pulse-wave detecting section;
a display section configured to display a
processing result in the processing section;
a storing section configured to store individual
information of a test subject and the processing
result in the processing section; and

a holding mechanism for holding the heart rate
meter on the test subject, wherein
the processing section estimates a holding state
of the holding mechanism optimum for the test
subject on the basis of the individual information
of the test subject stored in the storing section
and determines whether a pressing force on the
test subject in the pulse-wave detecting section
is a proper pressing force,
the storing section stores holding state specify-
ing information for specifying a holding state of
the holding mechanism at time when the
processing section determines that the pressing
force on the test subject in the pulse-wave de-
tecting section is the proper pressing force, and
the processing section performs control for dis-
playing the holding state specifying information
on the display section.

31. The heart rate meter according to claim 30, wherein
the processing section determines whether the
pressing force is the proper pressing force on the
basis of the pulse wave sensor signal.

32. The heart rate meter according to claim 30 or 31,
wherein the processing section determines whether
the pressing force is the proper pressing force on
the basis of at least one of an AC component signal
corresponding to an AC component of the pulse
wave sensor signal and a DC component signal cor-
responding to a DC component of the pulse wave
sensor signal.

33. A heart rate meter comprising:

a pulse-wave detecting section including a pulse
wave sensor;
a processing section configured to determine
whether a pressing force on a test subject in the
pulse-wave detecting section is a proper press-
ing force and calculate pulsation information of
the test subject on the basis of a signal output
from the pulse-wave detecting section;
a display section configured to display a
processing result in the processing section; and
a storing section configured to store individual
information of the test subject and the process-
ing result in the processing section, wherein
the processing section estimates a holding state
of a holding mechanism optimum for the test
subject on the basis of the individual information
of the test subject stored in the storing section
and performs control for displaying, on the dis-
play section, an instruction screen for perform-
ing a setting instruction for an environment for
determining whether the pressing force is the
proper pressing force.
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34. A computer program for causing a computer to func-
tion as:

a pulse-wave detecting section including a pulse
wave sensor configured to output a pulse wave
sensor signal;
a processing section configured to calculate pul-
sation information on the basis of the signal out-
put from the pulse-wave detecting section;
a display section configured to display a
processing result in the processing section; and
a storing section configured to store individual
information of a test subject and the processing
result in the processing section, wherein
the processing section estimates a holding state
of a holding mechanism optimum for the test
subject on the basis of the individual information
of the test subject stored in the storing section
and determines whether a pressing force on the
test subject in the pulse-wave detecting section
is a proper pressing force,
the storing section stores holding state specify-
ing information for specifying a holding state of
the holding mechanism, which holds a heart rate
meter on the test subject, at time when the
processing section determines that the pressing
force on the test subject in the pulse-wave de-
tecting section is the proper pressing force, and
the processing section performs control for dis-
playing the holding state specifying information
on the display section.

35. A computer program for causing a computer to func-
tion as:

a pulse-wave detecting section including a pulse
wave sensor;
a processing section configured to determine
whether a pressing force on a test subject in the
pulse-wave detecting section is a proper press-
ing force and calculate pulsation information of
the test subject on the basis of a signal output
from the pulse-wave detecting section;
a display section configured to display a
processing result in the processing section; and
a storing section configured to store individual
information of the test subject and the process-
ing result in the processing section, wherein
the processing section estimates a holding state
of a holding mechanism optimum for the test
subject on the basis of the individual information
of the test subject stored in the storing section
and performs control for displaying, on the dis-
play section, an instruction screen for perform-
ing a setting instruction for an environment for
determining whether the pressing force is the
proper pressing force.
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