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(7) ABSTRACT

The features of blood pressure surges are classified based on
blood pressure information, which is one type of biological
information. An information processing apparatus includes a
classification unit configured to classify a blood pressure
surge determined with reference to time-series data of blood
pressure values that change in conjunction with heartbeats,
into one or more patterns based on a feature point and a
feature amount that characterize the blood pressure surge;
and a display unit configured to, upon one of the classified
patterns being selected, display a waveform that corresponds
to the selected pattern, or display a period in the time-series
data to which the waveform corresponds.
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INFORMATION PROCESSING APPARATUS,
METHOD, AND PROGRAM

TECHNICAL FIELD

[0001] The present invention relates to an information
processing apparatus, a method, and a program that use
continuously measured biological information.

BACKGROUND ART

[0002] It is known that, when breathing is restarted after
apnea, blood pressure rapidly increases and then decreases.
Hereinafter, such a rapid blood pressure fluctuation is
referred to as a “blood pressure surge” (or simply as a
“surge”). Blood pressure information regarding surges
occurring in a patient (e.g., the number of occurrences of
surges per unit of time) is considered to be helpful for
diagnosis or treatment of Sleep Apnea Syndrome (SAS), for
example.

[0003] Forexample, Ambulatory Blood Pressure Monitors
(ABPMs) are used to acquire patterns of blood pressure
fluctuations. An ABPM is a monitor used in such a manner
that an arm band is attached to an upper arm of a patient, and
a small automatic blood pressure meter is always carried by
the patient to regularly measure and record blood pressure
(see, for example, JP 2004-261452A).

[0004] There is also a technique in which a blood pressure
fluctuation pattern can be acquired by integrating blood
pressure data intermittently measured across multiple days,
without a patient always carrying an apparatus over a
prolonged period of time (see, e.g., JP 2007-282668A).

SUMMARY OF INVENTION

[0005] However, the blood pressure measurement appara-
tuses disclosed in JP 2004-261452A and JP 2007-282668A
are suitable to detect a blood pressure fluctuation for a day
or a week, but it may be difficult to detect a blood pressure
surge because continuous measurement is not performed
throughout the day.

[0006] Also, blood pressure surges may occur a few
hundred times a night, and thus, it requires enormous labor
to individually check all patterns of blood pressure surges.
[0007] The present invention was made with attention
given to the aforementioned circumstances, and it is an
object thereof to provide an information processing appara-
tus, a method, and a program that can classify features of
blood pressure surges based on blood pressure information,
which is one type of biological information.

[0008] In order to solve the foregoing problems, the pres-
ent invention according to a first aspect is directed to an
information processing apparatus that includes: a classifica-
tion unit configured to classify a blood pressure surge
determined with reference to time-series data of blood
pressure values that change in conjunction with heartbeats,
into one or more patterns based on a feature point and a
feature amount that characterize the blood pressure surge;
and a display unit configured to, upon one of the classified
patterns being selected, display a waveform that corresponds
to the selected pattern, or display a period in the time-series
data to which the waveform corresponds.

[0009] According to a second aspect of the present inven-
tion, the information processing apparatus further includes a
generating unit configured to generate a numerical value that
characterizes each of the classified patterns.
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[0010] According to a third aspect of the present inven-
tion, the information processing apparatus further includes a
visualization unit configured to visualize and display the
time-series data.

[0011] According to a fourth aspect of the present inven-
tion, the information processing apparatus further includes a
standpoint accepting unit configured to accept a standpoint
based on which classification of the patterns is made.
[0012] According to a fifth aspect of the present invention,
the information processing apparatus further includes a
target accepting unit configured to accept, out of the clas-
sified patterns, a desired target pattern.

[0013] According to the first aspect of the present inven-
tion, a blood pressure surge determined with reference to
time-series data of blood pressure values that change in
conjunction with heartbeats is classified into one or more
patterns based on a feature point and a feature amount that
characterize the blood pressure surge, and when one of the
classified patterns is selected, a waveform that corresponds
to the selected pattern is displayed, or a period in the
time-series data to which the waveform corresponds is
displayed. With this. a user can easily recognize at a glance
what kinds of blood pressure surges have occurred, and
where in the time-series data each kind of blood pressure
surge has occurred.

[0014] According to the second aspect of the present
invention, numerical values that respectively characterize
the classified patterns are generated, and thus it is possible
to differentiate the features of the classified patterns accord-
ing to their quantities, and easily recognize a quantitative
difference.

[0015] According to the third aspect of the present inven-
tion, the time-series data is visualized and displayed, and
thus it is possible to visually see where in the time-series
data periods of blood pressure surges are present. As a result,
it is possible to easily recognize time of occurrence of blood
pressure surges, and frequency of occurrence of the blood
pressure surges.

[0016] According to the fourth aspect of the present inven-
tion, a standpoint based on which classification of the
patterns is made is accepted, and thus a user can set a
standpoint based on which classification is made. Thus, a
request from a medical doctor or a patient can be responded
to since the classification of patterns is possible based on a
standpoint desired by the user.

[0017] According to the fifth aspect of the present inven-
tion, a desired target pattern, out of the classified patterns, is
accepted, and thus it is possible to easily check the wave-
form of blood pressure surges that corresponds to the desired
target pattern, and the periods in time-series data of blood
pressure values that correspond to the blood pressure surges.
[0018] In other words, according to the aspects of the
present invention, it is possible to provide an information
processing apparatus, a method, and a program that can
classify features of blood pressure surges based on blood
pressure information, which is one type of biological infor-
mation.

BRIEF DESCRIPTION OF DRAWINGS

[0019] FIG. 1is a block diagram showing an information
processing system according to an embodiment.

[0020] FIG. 2isa block diagram showing a blood pressure
measurement apparatus included in the information process-
ing system of FIG. 1.
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[0021] FIG. 3 is a diagram showing an example in which
the information processing system of FIG. 1 is attached to
the wrist.

[0022] FIG. 4 is a cross-sectional view of a wrist to which
the information processing system of FIG. 3 is attached.
[0023] FIG. 5 is a diagram showing an example of an
arrangement of sensors of FIGS. 2 to 4.

[0024] FIG. 6 is a diagram showing an example of feature
amounts of a blood pressure surge.

[0025] FIG. 7 is a diagram showing changes over time in
pressure of pressure pulse waves per heartbeat, and one of
the pulse waves.

[0026] FIG. 8 is a diagram showing time-series data of
blood pressure values for one night, and continuous time-
series data in which the occurrence of blood pressure surges
is recognized.

[0027] FIG. 9 is a block diagram showing in detail the
information processing apparatus included in the informa-
tion processing system according to the embodiment.
[0028] FIG. 10 is a diagram showing another example of
feature amounts of a blood pressure surge.

[0029] FIG. 11 is a diagram showing an example in which
time-series data is visualized by a data visualization unit
shown in FIG. 9, a summary of blood pressure surge patterns
is generated by a summary generation unit, and display is
performed by a display unit.

[0030] FIG. 12 is a diagram showing an example in which
patterns are displayed by a selected pattern waveform dis-
play unit shown in FIG. 9, and a selected pattern position
display unit is located at a selection pattern position.
[0031] FIG. 13 is a flowchart showing an example of an
operation of the information processing system of FIG. 9.
[0032] FIG. 14 is a diagram showing an example of
implementing the information processing system of FIG. 1
or 15.

DESCRIPTION OF EMBODIMENTS

[0033] Hereinafter, an information processing apparatus, a
method, and a program according to an embodiment of the
present invention will be described with reference to the
drawings. Note that, in the following embodiment, it is
assumed that portions denoted by identical numbers perform
the same operations, and redundant description thereof will
be omitted.

[0034] An information processing system 100 according
to the present embodiment will be described with reference
to FIGS. 1 to 5. FIG. 1 is a diagram showing functional
blocks of the information processing system 100, and shows
a blood pressure measurement apparatus 101 that measures
blood pressure that changes in conjunction with heartbeats,
a time-series database (abbreviated as “DB”) 102, a blood
pressure surge detection apparatus 103, a blood pressure
surge factor determination apparatus 104, and an informa-
tion processing apparatus 150. Note that these apparatuses
103, 104, and 105 may be provided in the same apparatus
and have different functions, or may be provided in separate
apparatuses and have different functions. FIG. 2 is a diagram
showing functional blocks of the blood pressure measure-
ment apparatus 101, and shows an example in which blood
pressure that changes in conjunction with heartbeats can be
measured for each heartbeat, using tonometry. FIG. 3 is a
diagram showing an image in which the information pro-
cessing system 100 is attached, and FIG. 3 is a schematic
transparent view from the side of a palm of a hand (viewed
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in the direction in which the fingers are aligned when the
hand is spread out). FIG. 3 shows an example in which
pressure pulse wave sensors are aligned in two rows inter-
secting the radial artery. In FIG. 3, it appears as if the
information processing system 100 has merely been placed
on the palm side of the arm, but in actuality, the information
processing system 100 has been wrapped around the arm.
[0035] FIG. 4 is a cross-sectional view of the information
processing system 100 and a wrist W at the position of
sensor units 201, in a state in which the information pro-
cessing system 100 is attached to the wrist. FIG. 4 also
shows that the radial artery RA is being pressed by the
information processing system 100 and the upper portion of
the radial artery RA has been flattened. FIG. 5 is a view from
the side of the information processing system 100 that
comes into contact with a living body, and sensor units 201
are arranged in parallel in two rows on the surface that
comes into contact. In the sensor units 201, multiple sensors
are aligned in a direction B, which intersects a direction A
in which the radial artery extends when the information
processing system 100 is attached to the wrist W.

[0036] As shown in FIG. 1, the information processing
system 100 includes the blood pressure measurement appa-
ratus 101, the time series DB 102, the blood pressure surge
detection apparatus 103, the blood pressure surge factor
determination apparatus 104, and the information processing
apparatus 150.

[0037] For example, the information processing system
100 is ring-shaped, wraps like a bracelet around a wrist or
the like, and measures blood pressure based on biological
information. As shown in FIGS. 2 and 3, the information
processing system 100 is arranged such that the sensor units
201 (specifically, the pressure pulse wave sensor) are located
above the radial artery. Also, the information processing
system 100 is preferably arranged at the same height as the
heart.

[0038] For example, the blood pressure measurement
apparatus 101 measures, using tonometry, the pressure of the
pressure pulse wave for each heartbeat, the pressure pulse
wave changing in conjunction with heartbeats. Tonometry is
a method of measuring pressure pulse waves and determin-
ing blood pressure by pressing a blood vessel with a pressure
sensor (for example, a pressure pulse wave sensor). If a
blood vessel is regarded as a circular tube with a uniform
thickness, a relational expression between the inner pressure
of the blood vessel (blood pressure) and the outer pressure
of the blood vessel (pressure of the pressure pulse wave) can
be derived in accordance with Laplace’s law with consid-
eration given to the blood vessel walls, regardless of the flow
of blood in the blood vessel and whether or not there is a
pulse. With this relational expression, under the condition
that the blood vessel has been pressed in a pressing plane,
the blood pressure can be approximated as being equal to the
pressure of the pressure pulse wave by approximating the
radii of the outer wall and the inner wall of the blood vessel.
Accordingly, thereafter, the pressure of the pressure pulse
wave is regarded as having the same value as the value of the
blood pressure. As a result, the blood pressure measurement
apparatus 101 measures the blood pressure value of the
living body to which it is attached for each heartbeat.
[0039] The time series DB 102 stores time-series data of
the blood pressure values measured by the blood pressure
measurement apparatus 101. In other words, the blood
pressure value measured for each heartheat by the blood
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pressure measurement apparatus 101 is recorded along with
the time of each measurement. As shown in FIG. 8, the time
series DB 102 stores, for example, time-series data 801 of
blood pressure values measured at about thirty thousand
heartbeats for one night. Time-series data of blood pressure
values may include a few hundred blood pressure surges for
one night. In a period 802 obtained by enlarging a period in
the time-series data 801, several blood pressure surges 803
are seen as shown in a lower portion of FIG. 8.

[0040] The blood pressure surge detection apparatus 103
detects blood pressure surges from the time-series data of the
blood pressure values. The blood pressure surge detection
apparatus 103 detects blood pressure surges based on a
feature point and a feature amount of each waveform.
Details thereof will be described later with reference to FIG.
10.

[0041] In the blood pressure surge detection apparatus
103, feature amounts of a blood pressure surge corresponds
to amounts that relate to blood pressure values and time at
points P1, P2, and P4 shown in FIG. 6. The amounts shown
in FIG. 6 include, for example, L1, L3, T1,and T3. L1 is a
difference between the blood pressure value at the peak point
P2 of the blood pressure surge, and the blood pressure value
at the start point P1 of the blood pressure surge. L3 is a
difference between the blood pressure value at the peak point
P2 of the blood pressure surge, and the blood pressure value
at the end point P4 of the blood pressure surge. T1 is a
difference between the time at the peak point P2 of the blood
pressure surge, and the time at the start point P1 of the blood
pressure surge, and is referred to as “elevation time”. T3 is
a difference between the time at the peak point P2 of the
blood pressure surge, and the time at the end point P4 of the
blood pressure surge, and is referred to as “lowering time”.
[0042] Here, a waveform that satisfies typical conditions
for a blood pressure surge is specified as a blood pressure
surge. In other words, conditions for a blood pressure surge
are not exactly defined here. However, the information
processing system 100 according to the present embodiment
is applicable to any condition for a blood pressure surge, by
merely replacing the condition for a blood pressure surge
described herein with another condition.

[0043] Examples of conditions for part of time-series data
of blood pressure values showing a typical blood pressure
surge may be as follows. The following conditions are
expressed by change in the value of systolic blood pressure
(SBP). Note that, in the following processing, time-series
data of blood pressure values may be subjected to smoothing
processing so as to be easily handled, and may be processed
into a continuous, smooth, and differentiable curve, for
example. It is assume here that a curve that indicates
time-series data of blood pressure values has been subjected
to smoothing processing so as to be smooth and differen-
tiable. Hereinafter, description will be given with reference
to FIG. 6.

[0044] After completion of the above-described smooth-
ing processing, as shown in FIG. 6, the peak point P2 that
has the maximal value of the time-series data of SBP is
selected. Typically, a plurality of peak points P2 are found.
Then, the minimum point P1 that is temporally before the
peak point P2 and has the minimum value is searched for,
and if the minimum point P1 is found, the procedure moves
to the next condition, for example. It is determined whether
or not the difference L1 in the blood pressure value between
P2 and P1 is larger than a threshold (e.g., 20 mmHg). If the
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difference L1 is smaller than the threshold, it is determined
that there is no blood pressure surge. Then, it is determined
whether or not the difference T1 in time between the peak
point P2 and the minimum point P1 is larger than a certain
time period (e.g., 5 heartbeats), and if the difference T1 is
larger than the certain time period, it is determined that P1
is the start point of a blood pressure surge. Then, the point
P4 that is later than the peak point P2 and at which the
differential value is larger than a certain value (e.g., 0.2
mmHg/second) is searched for. Then, it is determined
whether or not the difference T3 in time between the point
P2 and the point P4 is larger than a certain time period (e.g,,
7 heartbeats), and if the difference T3 is larger than the
certain time period, it is determined that the point P4 is the
end point of the blood pressure surge. Here, if the difference
T3 is larger than the certain time period, it is determined that
these points P2, P1, and P4 form a blood pressure surge. In
this case, the blood pressure surge detection apparatus 103
regards the time period from the point P1 to the point P4 as
a blood pressure surge.

[0045] The blood pressure surge factor determination
apparatus 104 analyzes the feature amounts of blood pres-
sure surges detected by the blood pressure surge detection
apparatus 103, and determines respective factors of the
blood pressure surges. Examples of a factor of a blood
pressure surge include Sleep Apnea Syndrome (SAS), a
Rapid Eye Movement (REM) sleep condition, and an
arousal response.

[0046] The information processing apparatus 150 stores
the results of detection of blood pressure surges that were
detected and determined by the blood pressure surge detec-
tion apparatus 103 and the blood pressure surge factor
determination apparatus 104, and provides a user with
information regarding blood pressure surges based on the
results of detection, in response to an input such as a user’s
demand. Examples of information regarding blood pressure
surges include a summary of the amount of statistics such as
classification of the blood pressure surges, the number of
events of classified blood pressure surges, representative
events, and feature amounts. Furthermore, the information
processing apparatus 150 displays, based on these pieces of
information, features of the blood pressure surges for the
respective selected patterns, and displays where in the
enormous quantity of data a certain pattern is located, for
example. Details thereof will be described later with refer-
ence to FIG. 9.

[0047] Then, the blood pressure measurement apparatus
101 will be described with reference to FIG. 2.

[0048] The blood pressure measurement apparatus 101
includes: a sensor unit 201; a pressing portion 202; a control
unit 203; a storage unit 204; an operation unit 205; and an
output unit 206. The sensor unit 201 detects a pressure pulse
wave that changes in conjunction with heartbeats. For
example, the sensor unit 201 detects the pressure pulse wave
for each heartbeat. The sensor unit 201 includes sensors that
detect pressure, are arranged on the side of the wrist corre-
sponding to the palm of the hand as shown in FIG. 3, and are
normally arranged in one or more rows in the extension
direction of the arm as shown in FIG. 3, namely, the sensors
being arranged in parallel in two rows.

[0049] In each row of the sensor array including the
multiple sensors, multiple (e.g., 46) sensors are arranged
intersecting (approximately perpendicular to) the extension
direction of the arm. The pressing portion 202 is constituted
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by a pump, a valve, a pressure sensor, and an air bag, and can
increase the sensitivity of the sensors by pressing the sensors
of the sensor units 201 to the wrist with a suitable pressure
due to an air bag inflating. Air is inserted into the air bag
through the pump and the valve, the pressure sensor detects
the pressure inside of the air bag, and the control unit 203
performs monitoring and controlling to perform adjustment
to a suitable pressure. The control unit 203 performs overall
control of the blood pressure measurement apparatus 101,
receives time-series data of the pulse wave from the sensor
units 201, converts the data into time-series data of the blood
pressure values, and stored the result in the storage unit 204.
[0050] The storage unit 204 stores the time-series data of
the blood pressure values, and transmits desired data in
response to a request from the control unit 203. The opera-
tion unit 205 receives an input from a user or the like from
akeyboard, a mouse, a microphone, or the like, and receives
an instruction from an external server or the like through a
wire or wirelessly. The output unit 206 receives the time-
series data of the blood pressure values stored in the storage
unit 204 via the control unit 203, and transmits the received
time-series data to the outside of the blood pressure mea-
surement apparatus 101.

[0051] As shown in FIGS. 3 and 4, the information
processing system 100 is arranged on the side of the wrist
corresponding to the palm of the hand, and the sensor units
201 of the blood pressure measurement apparatus 101 are
arranged so as to be located above the radial artery RA. As
indicated by arrows in FIG. 4, the pressing portion 202
presses the sensor units 201 to the wrist W and presses flat
the radial artery

[0052] RA. Note that the information processing system
100 is ring-shaped, wraps like a bracelet around the wrist or
the like, and measures the blood pressure, although this is
not shown in FIGS. 3 and 4.

[0053] Next, the sensor units 201 of the information
processing system 100 will be described with reference to
FIG. 5. FIG. 5 shows a surface on the side of the sensor units
201 that comes into contact with the wrist W. As shown in
FIG. 5, the sensor units 201 include one or more (in this
example, two) sensor arrays, and each sensor array includes
multiple sensors aligned in the direction B. The direction B
is a direction that intersects the direction A in which the
radial artery extends in a state in which the information
processing system 100 is attached to the measurement
subject.

[0054] For example, the direction A and the direction B
may also be perpendicular. For example, 46 sensors (re-
ferred to as 46 channels) are arranged in one row. Note that
here, the sensors are provided with channel numbers. Also,
the arrangement of the sensors is not limited to the example
shown in FIG. 5.

[0055] The sensors generate pressure data by measuring
the pressure. Piezoelectric elements that convert pressure
into electrical signals can be used as the sensors. A pressure
waveform as shown in FIG. 7 is obtained as the pressure
data. The result of measuring the pressure pulse wave is
generated based on the pressure data output from one sensor
(active channel) selected adaptively from among the sen-
sors. The maximum value in the waveform of a pressure
pulse wave of one heartbeat corresponds to the SBP, and the
minimum value in the waveform of a pressure pulse wave of
one heartbeat corresponds to the diastolic blood pressure
(DBP).
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[0056] The blood pressure data can include the result of
measuring the pressure pulse wave and the pressure data
output from each of the sensors. Also, the information
processing system 100 may calculate the time-series data of
the blood pressure values based on the result of measuring
the pressure pulse wave, and may output the time-series data
of the blood pressure values, instead of the result of mea-
suring the pulse wave.

[0057] Next, time-series data of blood pressure calculated
based on the pressure pulse wave measured by the blood
pressure measurement apparatus 101 will be described with
reference to FIG. 7. FIG. 7 shows the time-series data of
blood pressure calculated based on the pressure of the
pressure pulse wave when the pressure of the pressure pulse
wave for each heartbeat is measured. Also, FIG. 7 shows a
waveform 700 of blood pressure obtained based on one of
the pressure pulse waves. The blood pressure obtained based
on the pressure pulse wave is detected for each heartbeat as
a waveform such as that shown in FIG. 7, and the blood
pressure obtained based on the pressure pulse waves is
continuously detected. The waveform 700 shown in FIG. 7
is a blood pressure waveform obtained based on the pressure
pulse wave of one heartbeat, and a pressure value indicated
by reference number 701 corresponds to the SBP, and a
pressure value indicated by reference number 702 corre-
sponds to the DBP. As indicated by the time series of the
blood pressure corresponding to the pressure pulse wave of
FIG. 7, typically, the SBP 703 and the DBP 704 of the blood
pressure waveform fluctuate for each heartbeat.

[0058] Note that, in the embodiment, the sensor units 201
detect, for example, the pulse wave of the radial artery that
extends in a measurement target region (e.g., the left wrist)
as a change in pressure (tonometry method). However, the
present invention is not limited to this. The sensor units 201
may each include a light emitting element that emits light
toward an artery that extends in a corresponding portion of
the measurement target region, and a light receiving element
that receives the reflected light (or transmitted light) of this
light, and the sensor units 201 may detect the pulse wave of
the artery as a change in volume (photoelectric method).
Also, the sensor units 201 may each include a piezoelectric
sensor that comes into contact with the measurement target
region, and may detect a deformation due to the pressure of
an artery that extends in a corresponding portion of the
measurement target region as a change in electric resistance
(piezoelectric method). Also, the sensor units 201 may each
include a transmission element that transmits a radio wave
(transmission wave) toward an artery that extends in a
corresponding portion of the measurement target region, and
a reception element that receives the reflected wave of this
radio wave, and may detect a change in the distance between
the artery and the sensor due to the pulse wave of the artery,
as a phase shift between the transmission wave and the
reflected wave (radio wave irradiation method). Note that, if
a physical amount that can be used to calculate blood
pressure can be observed, a method other than the above-
described methods may also be applied.

[0059] Next, the information processing apparatus 150
will be described with reference to FIG. 9. FIG. 9 shows the
information processing apparatus 150 in detail.

[0060] The information processing apparatus 150
includes: a blood pressure surge detection result DB 901; a
classification standpoint accepting unit 902; a pattern clas-
sification unit 903; a summary generation unit 904; a check
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target pattern accepting unit 905; a data visualization unit
906; a selected pattern position display unit 907; and a
selected pattern waveform display unit 908.

[0061] The blood pressure surge detection result DB 901
stores results obtained by the blood pressure surge detection
apparatus 103 and the blood pressure surge factor determi-
nation apparatus 104. In other words, the blood pressure
surge detection result DB 901 stores, for each detected blood
pressure surge, feature amounts of the blood pressure surge,
and an occurrence factor of the blood pressure surge.
[0062] The classification standpoint accepting unit 902
accepts, from a user, an instruction relating to classification
of blood pressure surges. The instruction from the user
includes, for example, the degree of risk of a blood pressure
surge, an occurrence factor of a blood pressure surge, and the
shape of the blood pressure waveform of a surge. In this
context, “risk” refers to the danger of developing brain
cardiovascular events.

[0063] The pattern classification unit 903 classifies the
detection results of the blood pressure surges stored in the
blood pressure surge detection result DB 901 based on the
shape of the blood pressure waveform of the surges, in
accordance with the instruction from the classification stand-
point accepting unit 902. If the classification is made only
based on the shape of the blood pressure waveform (pattern)
of the surges, pattern classification will be performed with
unsupervised clustering. Note that the blood pressure wave-
form of one surge may also belong to a plurality of patterns.
[0064] The summary generation unit 904 generates, for
each pattern, a summary of the amount of statistics that
belong to the pattern, such as the number of events (for
example, the number of surges), the surge, and the feature
amounts, for example.

[0065] The check target pattern accepting unit 905
accepts, from a user, an instruction regarding a check target
pattern, which is desired to be checked by the user, from
among the patterns classified by the pattern classification
unit 903.

[0066] The selected pattern waveform display unit 908
displays the blood pressure waveform of the surges of the
pattern selected by the user using the check target pattern
accepting unit 905 on a monitor or the like.

[0067] The data visualization unit 906 displays time-series
data in a desired period, extracted from the time-series data
stored in the time series DB 102, in a format that can be
checked by the user. The data visualization unit 906 visu-
alizes and displays, for example, time-series data of the
blood pressure values for one night from falling asleep to
waking up. For example, the data visualization unit 906
expresses time-series data of the blood pressure values in a
graph with the horizontal axis representing the time from
falling asleep to waking up and the vertical axis representing
the blood pressure values, and displays the graph on the
monitor or the like.

[0068] Note that, if the blood pressure waveform of one
surge belongs to a plurality of patterns, when a summary is
generated or data is visualized, the blood pressure waveform
may be set to belong to the plurality of patterns, or may be
separated individually to be set to belong to any of the
patterns.

[0069] The selected pattern position display unit 907 dis-
plays where in the time-series data visualized by the data
visualization unit 906 the selected pattern is located at, the
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selected pattern being set as a check target by the user using
the check target pattern accepting unit 905.

[0070] Next, feature amounts of a blood pressure surge
stored in the blood pressure surge detection result DB 901
will be described with reference to FIG. 10.

[0071] Feature points of a blood pressure surge may
correspond to arbitrary points on a continuous curve of
time-series data of blood pressure values, but typically
include the start point P1 of the blood pressure surge, the
peak point P2 of the blood pressure surge, and the end point
P4 of the blood pressure surge. In addition, a point P3, which
1s located between P2 and P4 and is set based on P1 and P2,
may also be set as a feature point. Also, feature amounts of
a blood pressure surge include: for example, (1) a difference
in time between feature points; (2) a fluctuation amount of
the blood pressure values between feature points; (3) an area
defined by an envelope curve obtained by (smoothly) con-
necting systolic blood pressure values; (4) an inclination
when the blood pressure values increase or decrease, the
fluctuation amount thereof, and/or, the fluctuation time
period thereof; and (5) a total time in which the blood
pressure value exceeds a certain blood pressure reference
value. Furthermore, feature amounts of a pressure pulse
wave in an area interposed between feature points of a surge
may also be used. Feature amounts of a pressure pulse wave
include, for example, a ratio of reflected waves to ejection
waves, that is to say, an Augmentation Index (Al), a differ-
ence in time between the maximal point and the minimum
point of the pressure pulse wave, a difference in blood
pressure value, and the like.

[0072] Next, a state in which time-series data of blood
pressure values visualized by the data visualization unit 906,
and selected pattern waveforms displayed by the selected
pattern waveform display unit 908 are displayed on the
monitor will be described with reference to FIG. 11.
[0073] The data visualization unit 906 visualizes and
displays, on the monitor, time-series data 1103 of the blood
pressure values for one night obtained from the time series
DB 102, for example. Together with the time-series data
1103, for example, a ratio 1101 and a representative event/
number table 1102 of patterns are displayed on the monitor,
the ratio 1101 and the representative event/number table
1102 being generated by the summary generation unit 904.
[0074] The ratio 1101 is, for example, a ratio of the
number of blood pressure surges that correspond to repre-
sentative events, to the total number of blood pressure surges
of the time-series data 1103. The pattern classification umt
903 may also display, in addition to the ratio 1101, an
average, a standard deviation, or the like of the fluctuation
amounts of the blood pressure surges that are calculated for
each of the patterns that correspond to the representative
events. The representative event/number table 1102 includes
figures of the representative events (or the feature amounts),
and the total number of blood pressure surges and the
number of patterns that correspond to the representative
events.

[0075] Next, the relationship between a pattern selected by
the selected pattern waveform display unit 908 and the
time-series data 1103 will be described with reference to
FIG. 12.

[0076] If, on the picture plane shown in FIG. 11, a pattern
No. 1 is assumed to have been selected by a user (selected
using a cursor 1104 or the like), the picture plane is changed
to the picture plane of FIG. 12, where a plurality of surges
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that belong to the pattern No. 1 are displayed (1202). The
plurality of surges that correspond to this pattern may also
be displayed with information regarding the time at which
the corresponding surge has occurred (such as, for example,
time and date “1/11 1:35” shown in FIG. 12). In other words,
the time at which all of the surges that correspond to the
pattern selected by the user have occurred, and the positions
thereof are displayed on the time-series data. Furthermore,
for example, all of the surges that correspond to all of the
patters of the event/number table 1102 shown in FIG. 11
may be displayed on the time-series data 1103 in different
colors for the patterns. Upon any of the plurality of dis-
played surges 1202 being selected by the user (here, a surge
1203 being selected), the selected pattern position display
unit 907 displays, on the monitor, a position 1201 of the
surge 1203 on the time-series data 1103. For example, if the
user brings the cursor to a desired surge (or if the user selects
the desired surge), the position of this surge on the time-
series data 1103 is displayed. For example, if the user moves
the cursor over (mouses over) a desired surge, the position
on the temporal axis of the time-series data 1103 at which
the desired surge is present is highlighted.

[0077] Next, an operation of the information processing
apparatus 150 will be described with reference to FIG. 13.

[0078] The blood pressure surge detection apparatus 103
detects blood pressure surges from time-series data of blood
pressure values stored in the time series DB 102, and stores
data regarding the results of detection of the blood pressure
surges, together with factors of the blood pressure surges
determined by the blood pressure surge factor determination
apparatus 104, in the blood pressure surge detection result
DB 901 (step S1301).

[0079] The classification standpoint accepting unit 902
accepts a standpoint based on which the results of detection
of the blood pressure surges are classifies (step S1302).
Specifically, for example, a user interface is used to select a
standpoint.

[0080] The pattern classification unit 903 classifies the
results of detection of the blood pressure surges based on the
standpoint selected by the classification standpoint accept-
ing unit 902, converts the classified blood pressure surges
into patterns, and stores the patterns (step S1303). The
summary generation unit 904 generates a summary for each
of the converted patterns made by the pattern classification
unit 903 (step S1304).

[0081] Of a plurality of patterns included in the summary
generated in step S1304, the check target pattern accepting
unit 905 accepts a pattern (check target pattern) checked by
the user (step S1305).

[0082] The selected pattern waveform display unit 908
displays all of the waveforms of the representative patterns
desired by the user (step S1306).

[0083] On the other hand, the data visualization unit 906
visualizes long-term data (e.g., data during sleep for one
night) extracted from the time-series data of the blood
pressure values stored in the time series DB 102 (step
S1307).

[0084] The positions of all of the waveforms of the
representative patterns that were desired by the user and
displayed in step S1306 are displayed on the time-series data
1103 (step S1308). Then, upon the user selecting a specific
waveform (by, for example, moving the cursor over (mous-
ing over) this waveform), the position of this waveform on
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the time-series data 1103 is, for example, highlighted so as
to be immediately recognized by the user.

[0085] According to the above-described embodiment, it
is possible to easily check what kind of blood pressure surge
has occurred and when this blood pressure surge has
occurred, making it possible for the user (a medical doctor
or a patient) to easily recognize a specific type of blood
pressure surge in detail. Furthermore, according to the
present embodiment, multiple patterns of blood pressure
fluctuations can be classified based on various standpoints,
a list of the patterns can be viewed, and a user can recognize
where in the time series the surges are present that corre-
spond to the pattern details of which the user desires to
check. Accordingly, it is easier to recognize the features of
a patient. Also, it is possible to easily recognize a rough
symptom of the patient.

[0086] Next, an example of a hardware configuration of
the information processing system 100 will be described
with reference to FIG. 14.

[0087] The information processing apparatus 150 and the
blood pressure measurement apparatus 101 may be separate
apparatuses. The information processing apparatus 150
includes a CPU 1401, a ROM 1402, a RAM 1403, an
auxiliary storage apparatus 1404, an input apparatus 1405,
an output apparatus 1406, and a blood pressure measure-
ment apparatus 101, and these elements are connected to
each other via a bus system 1407. The above-described
functions of the information processing apparatus 150 can
be realized by the CPU 1401 reading out a program stored
in a computer-readable recording medium (ROM 1402) and
executing the read-out program. The RAM 1403 is used by
the CPU 1401 as a work memory. In addition, the auxiliary
storage apparatus 1404 provided with, for example, a hard
disk drive (HDD) or a solid-state drive (SDD) may also be
included, used as the time series DB 102 and the blood
pressure surge detection result DB 901, and further store a
program.

[0088] For example, the input apparatus 1405 includes a
keyboard, a mouse, and a microphone, and receives opera-
tions from a user. For example, the input apparatus 1405
includes an operation button for causing the blood pressure
measurement apparatus 101 to start measurement, an opera-
tion button for performing calibration, and an operation
button for starting or stopping communication. For example,
the output apparatus 1406 includes a display apparatus such
as a liquid crystal display apparatus, and a speaker. The
information processing apparatus 150 performs transmission
and reception of signals with another computer using a
communication apparatus, for example, and receives mea-
surement data from a blood pressure measurement appara-
tus. The communication apparatus often uses a communi-
cation scheme based on which data can be mutually
exchanged at a short distance, and for example, uses a
near-field wireless communication scheme, specific
examples of which include communication schemes such as
Bluetooth (registered trademark),

[0089] Transferlet (registered trademark), ZigBee (regis-
tered trademark), and IrDA (registered trademark).

[0090] Also, a program for executing the operations per-
formed by the pattern classification unit 903, the summary
generation unit 904, and the data visualization unit 906 may
also be stored in the above-described ROM 1402 or the
auxiliary storage apparatus 1404, and the program may be
executed by the CPU 1401. Alternatively, the program may
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also be stored in a server or the like separate from the
information processing system 100, and may also be
executed by the CPU of the server or the like. In this case,
the degree of reliability can be obtained by transmitting the
time-series data of the pressure pulse wave (or the time-
series data of the blood pressure values) measured by the
blood pressure measurement apparatus 101 to the server and
performing processing in the server. In this case, there is a
possibility that the processing speed will increase since the
processing is performed in the server. Furthermore, the
apparatus portions of the pattern classification unit 903, the
summary generation unit 904, and the data visualization unit
906 are removed from the information processing system
100, and therefore the size and mass of the information
processing system 100 are smaller, and the sensors can be
easily arranged at positions at which measurement can be
performed accurately. As a result, the burden on the user can
be reduced, and accurate measurement of biological infor-
mation can be easily performed.

[0091] The apparatus of the present invention can be
realized also by a computer or a program, and the program
can be recorded in a recording medium and can be provided
via a network.

[0092] Also, the above-described apparatuses and the
apparatus portions thereof can be implemented by any
hardware configuration or combination configuration of
hardware resources and software. A program for causing a
computer to perform functions of the apparatuses by being
installed in a computer in advance from a network or a
computer-readable recording medium and being executed by
a processor of the computer is used as the software of the
combination configuration.

[0093] Note that the present invention is not limited to the
above-described embodiment as-is, and can be realized with
modifications to the constituent elements without departing
from the gist in the implementation stage. Also, various
aspects of the invention can be formed through suitable
combinations of the multiple constituent elements disclosed
in the above-described embodiment. For example, several
constituent elements may also be removed from all of the
constituent elements shown in the embodiment. Further-
more, the constituent elements of different embodiments
may also be combined as appropriate.

[0094] Also, a portion or all of the above-described
embodiment can be described as in the following supple-
mentary notes, but there is no limitation to the following
description.

Supplementary Note 1

[0095] An information processing apparatus comprising: a
hardware processor; and a memory that is coupled to the
hardware processor,

[0096]

[0097] classify a blood pressure surge determined with
reference to time-series data of blood pressure values
that change in conjunction with heartbeats, into one or
more patterns based on a feature point and a feature
amount that characterize the blood pressure surge; and

[0098] display, upon one of the classified patterns being
selected, a waveform that corresponds to the selected
pattern, or a period in the time-series data to which the
waveform corresponds.

wherein the hardware processor is configured to:
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Supplementary Note 2

[0099] An information processing method comprising the
steps of:
[0100] classifying, using at least one hardware processor,

a blood pressure surge determined with reference to time-
series data of blood pressure values that change in conjunc-
tion with heartbeats, into one or more patterns based on a
feature point and a feature amount that characterize the
blood pressure surge; and

[0101] displaying, using at least one hardware processor,
upon one of the classified patterns being selected, a wave-
form that corresponds to the selected pattern, or a period in
the time-series data to which the waveform corresponds.

1. An information processing apparatus comprising:

a classification unit configured to classify a blood pressure
waveform of a blood pressure surge determined with
reference to time-series data of blood pressure values
per heartbeat that change in conjunction with heart-
beats, into one or more patterns, from among multiple
patterns, based on a feature point and a feature amount
that characterize the blood pressure surge; and

a display unit configured to, upon one of the classified
patterns being selected, display a waveform that cor-
responds to the selected pattern, or display a period in
the time-series data to which the waveform corre-
sponds.

2. The information processing apparatus according to

claim 1, further comprising,

a generating unit configured to generate a numerical value
that characterizes each of the classified patterns.

3. The information processing apparatus according to

claim 1, further comprising,

a visualization unit configured to visualize and display the
time-series data.

4. The information processing apparatus according to

claim 1, further comprising,

a standpoint accepting unit configured to accept a stand-
point based on which classification of the patterns is
made.

5. The information processing apparatus according to

claim 1, further comprising,

a target accepting unit configured to accept, out of the
classified patterns, a desired target pattern.

6. An information processing method comprising the

steps of:

classifying a blood pressure waveform of a blood pressure
surge determined with reference to time-series data of
blood pressure values per heartbeat that change in
conjunction with heartbeats, into one or more patterns,
from among multiple patterns, based on a feature point
and a feature amount that characterize the blood pres-
sure surge; and

displaying, upon one of the classified patterns being
selected, a waveform that corresponds to the selected
pattern, or a period in the time-series data to which the
waveform corresponds.

7. A program for causing a computer to function as the

information processing apparatus according to claim 1.
8. The information processing apparatus according to
claim 1,

wherein the feature point includes at least one of a start
point, a peak point, and an end point of the blood
pressure surge, and
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the feature amount includes at least one of (1) a difference
in time between feature points; (2) a fluctuation amount
of blood pressure values between feature points; (3) an
area defined by an envelope curve obtained by con-
necting systolic blood pressure values; (4) an inclina-
tion when the blood pressure values increase or
decrease, an fluctuation amount of the inclination, and
a fluctuation time period of the inclination; and (5) a
total time in which the blood pressure value exceeds a
certain blood pressure reference value.
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