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FIG. 31

<(3) CALCULATION FLOW OF SPEED CHARACTERISTIC QUANTITY>

ACQUIRE MEAL TINE SNy

¥
CALGULATE MAXIMUM HEARTBEAT TIME YT
OF FIRST PEAK

¥

CALCULATE RISING SPEED OF FIRST PEAK
BY APPROXIMATION OF FUNCTION o 543

¥

CALCULATE RESTORATION SPEED OF FIRST PEAK | |
BY APPROXIMATION OF FUNCTION o SA4

i

X

CALCULATE WAXINUW HEARTBEAT TINE
OF SECOND PEAK - S49

¥

CALCULATE RISING SPEED OF SECOND PEAK | |
BY APPROXINATION OF FUNCTION - $46

v

CALCULATE RESTORATION SPEED OF SECOND PEAK e SAT
BY APPROXIMATION OF FUNCTION e




Patent Application Publication =~ Mar. 3,2016 Sheet22 0f42  US 2016/0058328 A1

FIG. 32
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FIG. 34
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FIG. 62
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FIG. 64
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SUBJECT PERSON SPECIFYING APPARATUS
AND SUBJECT PERSON SPECIFYING
METHOD

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application is based upon and claims the ben-
efit of priority of the prior Japanese Patent Application No.
2014-179040, filed on Sep. 3, 2014, the entire contents of
which are incorporated herein by reference.

FIELD

[0002] The embodiments discussed herein are related to a
subject person specifying apparatus and a subject person
specifying method.

BACKGROUND

[0003] With an increase in number of aged persons, a num-
ber of patients commuting to a variety of medical institutions
tends to rise. On the other hand, such a situation is presumed
that medical workers engaging in the medical institutions will
be deficient in number for the increased number of patients. It
is considered for coping with the deficiency in number of
medical workers to reduce a load on the medical worker by
acquiring biological information instanced by a heart rate and
other equivalent data of the patient as a medical treatment
target person and continuously grasping a health state of the
individual patient. The health state at a resting time can be
grasped by continuously acquiring the biological informa-
tion. Upon detecting an abnormal value in the biological
information acquired from the patient on a basis of the bio-
logical information at the resting time, the medical worker is
notified of this abnormal value and is thereby enable to
promptly perform a treatment against the abnormal value.

[0004] A use of a wearable sensor, which is worn to an arm
region, a chest region and other equivalent regions of the
patient and is capable of acquiring the biological information
exemplified by vital information (a body temperature, a heart-
beat, breathing, a blood pressure and other equivalent vital
data), is assumed as a method of continuously acquiring the
biological information of the patient. The wearable sensor is
capable of acquiring the biological information exemplified
by the vital information and other equivalent vital data
through a variety of sensors in contact with patient’s body.
However, the wearable sensor based method of continuously
acquiring the biological information of the patient might
cause the patients to wear incorrect wearable sensors as the
case may be. If the wearable sensor is incorrectly worn or
another equivalent event happens, it is desirable to confirm
that the wearer of the wearable sensor is a true wearer from
the biological information acquired via the wearable sensor.
[0005] Proposed as a method of specifying the individual
from the acquired biological information are a method of
using short-time biological features instanced by electrocar-
diographic waveforms and other equivalent features, and a
method of using long-time biological features instanced by a
resting heart rate, a maximum blood pressure, a minimum
blood pressure and other equivalent features. Proposed fur-
ther as a method of continuously specifying a user from data
acquired from the sensor and other equivalent devices is a
method of using a user’s behavior pattern instanced by user’s
motion characteristics of a stride, a posture, a hand waving
manner and other equivalent motions, and a positional his-
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tory, which are detected by an acceleration sensor mounted on
a portable equipment and other equivalent equipments.
[0006] Note that the following patent documents are given
as prior art documents containing descriptions of technolo-
gies related to a technology to be described in the present
specification.

Non-Patent Document

[0007] [Non-Patent document 1] “A Study on the Personal
Authentication Using Sensor Data of Mobile Terminal”,
Hiroki Kasahara and five others, [online], August in 2012, the
Institute of Electronics, Information and Communication
Engineers, the first study meeting for biometrics, [searched
on May 30, 2014, Internet <URL: https://www.ieice.org/
~biox/limited/2012/001-kenkyukai/pdf/Bio X2012-09.pdf>

Patent Document

[0008] [Patent document 1] International Publication Pam-
phlet No. WO 2004/096045

[Patent document 2] Japanese Laid-Open Patent Publication
No. 2004-310207

[Patent document 3] Japanese Laid-Open Patent Publication
No. 2007-213196

[Patent document 4] Japanese Laid-Open Patent Publication
No. H11-197136

[Patent document 5] Japanese Laid-Open Patent Publication
No. H6-142065

SUMMARY

[0009] An aspect of the embodiments is exemplified by a
configuration of a subject person specifying apparatus that
follows. To be specific, the subject person specifying appara-
tus includes a processor, and a memory storing a program
causing the processor to perform acquiring characteristic
quantities of variations of heart rate related to a meal of a
subject person from heart rate data of the subject person as a
target of an individual specifying process, calculating a dis-
tribution range of history values of the characteristic quanti-
ties associated with a plurality of candidates, and extracting
the candidate corresponding to the subject person from within
the plurality of candidates, based on a relation between the
characteristic quantities acquired from the subject person and
the distribution range of the history values of the character-
istic quantities.

[0010] The object and advantages of the invention will be
realized and attained by means of the elements and combina-
tions particularly pointed out in the claims. It is to be under-
stood that both the foregoing general description and the
following detailed description are exemplary and explanatory
and are not restrictive of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] FIG. 1is an explanatory diagram of characteristics
of heartbeats pertaining to a meal,

[0012] FIG. 2 is an explanatory diagram of a heart rate
variation pertaining to a digestive activity and other equiva-
lent activities;

[0013] FIG. 3 is an explanatory diagram of the heart rate
variation pertaining to the digestive activity and other equiva-
lent activities;

[0014] FIG. 4 is an explanatory diagram of the heart rate
variation pertaining to the digestive activity and other equiva-
lent activities;
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[0015] FIG. 5 is an explanatory diagram of characteristic
quantities of the heartbeats pertaining to the meal;

[0016] FIG. 6 is an explanatory diagram of the character-
istic quantities of the heartbeats pertaining to the meal;
[0017] FIG.7isanexplanatory diagram of an area size ratio
between a first peak area and a second peak area;

[0018] FIG. 8isan explanatory diagram of amplitudes of a
first peak and a second peak;

[0019] FIG. 9 is an explanatory diagram of a rising
response speed of the first peak;

[0020] FIG. 10 is an explanatory diagram of a restoration
response speed of the first peak;

[0021] FIG. 11 is an explanatory diagram of a rising
response speed of the second peak;

[0022] FIG. 12 is an explanatory diagram of the restoration
response speed of the second peak;

[0023] FIG. 13 is an explanatory diagram of the rising
response time and the restoration response time of the first
peak;

[0024] FIG. 14 is an explanatory diagram of the rising
response time and the restoration response time of the second
peak;

[0025] FIG. 15 is an explanatory diagram of a table to store
the characteristic quantities of the heartbeats pertaining to the
meal;

[0026] FIG. 16 and FIG. 17 are explanatory diagrams of
narrowing down the subject person by use of the characteris-
tic quantities of the heartbeats pertaining to the meal;

[0027] FIG. 18 is an explanatory diagram of narrowing
down the subject person by use of the characteristic quantities
of the heartbeats pertaining to the meal;

[0028] FIG. 19 is a diagram illustrating an information
processing system according to an embodiment;

[0029] FIG. 20 is an explanatory diagram illustrating an
example of a hardware configuration of an information pro-
cessing apparatus;

[0030] FIG. 21 is an explanatory diagram illustrating a
configuration of functions of the information processing sys-
tem according to the embodiment;

[0031] FIG. 22 is an explanatory diagram illustrating a
variation of acceleration detected when performing an exer-
cise;

[0032] FIG. 23 is an explanatory diagram illustrating a
variation of acceleration detected when having the meal;
[0033] FIG. 24 is an explanatory diagram illustrating a
rising variation of the heart rate pertaining to the exercise;
[0034] FIG. 25 is an explanatory diagram illustrating an
elimination period of the heart rate;

[0035] FIG. 26 is an explanatory diagram of a table to store
the characteristic quantities of the heartbeats pertaining to the
meal;

[0036] FIG. 27 is a flowchart of a whole subject person
specifying process;

[0037] FIG. 28 is a flowchart of a process of calculating
meal characteristic quantities in S3 of FIG. 27,

[0038] FIG. 29 is a flowchart of a process of calculating
area size characteristic quantities in S12 of FIG. 28;

[0039] FIG. 30 is a flowchart of a process of calculating
amplitude characteristic quantities in S13 of FIG. 28;

[0040] FIG. 31 is a flowchart of a process of calculating
speed characteristic quantities in S14 of FIG. 28;

[0041] FIG. 32 is a flowchart of a process of calculating
time characteristic quantities in S15 of FIG. 28;
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[0042] FIG. 33 is a flowchart of a subject person narrowing
process in S10 of FIG. 27

[0043] FIG. 34 is a flowchart of processes in a modified
example 1;

[0044] FIG. 35 is an explanatory diagram of a baseline
heart rate;

[0045] FIG. 36 is an explanatory diagram of a correlation
between the meal anterior period, the meal period and the
baseline heart rate;

[0046] FIG. 37 is an explanatory diagram of an area size
ratio between the first peak area and the second peak area;
[0047] FIG. 38 is an explanatory diagram of a correlation
between the meal period, the postprandial period and the
baseline heart rate;

[0048] FIG. 39 and FIG. 40 are explanatory diagrams of
calculating amplitude characteristic quantities of the first
peak;

[0049] FIG. 41 and FIG. 42 are explanatory diagrams of
calculating amplitude characteristic quantities of the second
peak;

[0050] FIG. 43 is an explanatory diagram of calculating a
rising response speed of the first peak;

[0051] FIG. 44 is an explanatory diagram of a relation
between the meal period, the approximation target period and
the approximation function;

[0052] FIG. 45 is an explanatory diagram of calculating a
restoration response speed of the first peak;

[0053] FIG. 46 is an explanatory diagram of a relation
betweena period from meal start time up to meal end time, the
approximation target period and the approximation function
[0054] FIG. 47 is an explanatory diagram of calculating a
rising response speed of the second peak;

[0055] FIG. 48 is an explanatory diagram of a relation
between the postprandial period, the approximation target
period and the approximation function;

[0056] FIG. 49 is an explanatory diagram of calculating a
restoration response speed of the second peak;

[0057] FIG. 50 is an explanatory diagram of a relation
between the postprandial period, the approximation target
period and the approximation function;

[0058] FIGS. 51 and 52 are explanatory diagrams of calcu-
lating a restoration response time of the first peak;

[0059] FIG. 53 and FIG. 54 are explanatory diagrams of
calculating a restoration response time of the second peak;

[0060] FIG. 55 is an explanatory diagram of an approxima-
tion error;
[0061] FIG. 56 is a flowchart of a derivation process of

parameters ¢, [3 of an approximation function;

[0062] FIG.57,FIG.58, FIG. 59 and FIG. 60 are diagrams
illustrating examples of experimentally acquired heart rate
data;

[0063] FIG. 61 is a diagram illustrating one example of a
unique range list generated based on experimental values;
[0064] FIG. 62 is a diagram illustrating a plotted example
using two sets of meal characteristic quantities;

[0065] FIG. 63 is a diagram illustrating a plotted example
using the two sets of meal characteristic quantities;

[0066] FIG. 64 is a diagram illustrating a plotted example
using the two sets of meal characteristic quantities;

[0067] FIG. 65 is a diagram illustrating a plotted example
using the two sets of meal characteristic quantities;

[0068] FIG. 66 is a diagram illustrating an example of a
narrowing result table in an experimental example;
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[0069] FIG. 67 is a diagram illustrating an information
processing system in a modified example 2;

[0070] FIG. 68 is anexplanatory diagram of a configuration
of functions of the information processing system in the
modified example 2;

[0071] FIG. 69 is a diagram illustrating the information
processing system in a modified example 3; and

[0072] FIG.701s an explanatory diagram ofa configuration
of functions of the information processing system in a modi-
fied example 3.

DESCRIPTION OF EMBODIMENTS

[0073] Thewearerofthe wearable sensor is specified by the
method using the biological features, in which case the short-
time biological features instanced by the electrocardio-
graphic waveforms tend to be affected by a deviation of
wearing position and a contact state of the sensor. Conse-
quently, erroneous authentication might occur, e.g., when the
sensor is re-worn or performing an exercise instanced by
going up and down stairs, and other exercises.

[0074] Moreover, the deviation of the wearing position and
other equivalent states are not of any problem when using the
vital information instanced by the resting heart rate and other
equivalent information, and, however, the wearer is not speci-
fied as a true wearer in every aspect because of there being a
situation in which another person different from the wearer
has similar vital information. As a result, when the wearable
sensor is mistakenly worn or other equivalent states occur, the
erroneous authentication of deeming the wearer as the true
wearer might be passed.

[0075] Further, when specifying the true wearer of the
wearable sensor from a characteristic of action instanced by
walking, the wearer can be impersonated as the true wearer by
simulating the walking characteristic. When specifying the
true wearer of the wearable sensor from the behavior pattern
instanced by the positional history, and when there are less of
variations of the behavior pattern (behaviors within the medi-
cal institution instanced by a hospital and other equivalent
institutions), an individual difference is hard to occur as a
tendency. Consequently, the wearer is not specified as the true
wearer in every aspect as the case may be.

[0076] A subject person specifying apparatus according to
one embodiment will hereinafter be described with reference
to the drawings. A configuration of the following embodi-
ment is an exemplification, and the subject person specifying
apparatus is not limited to the configuration of the embodi-
ment.

[0077] The subject person specifying apparatus will here-
inafter be described based on the drawings in FIGS. 1 through
70.

Example 1

[0078] An inventor of the present application found that a
characteristic of heartbeats associated with meals tend to fall
within a fixed range irrespective of an amount of meals,
digestive easiness of foods ingested at meals and other
equivalent properties, and that the characteristic of heartbeats
associated with the meals has differences among individuals.
The inventor of the present application further found that a
comparison between the characteristics of heartbeats associ-
ated with meals, serves to specify the individual without using
items of information instanced by a physical constitution
(height, weight), an age, a distinction of sex, a race and other
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equivalent information and also other items of information
instanced by 24-hour circadian rhythm data on a month/year
basis and other equivalent data of the subject persons, the
characteristics being acquired from a plurality of subject pet-
sons.

[0079] The characteristics of heartbeats associated with
meals will hereinafter be described as biological features
according to the present embodiment with reference to the
drawings illustrated in FIGS. 1-4. FIG. 1 illustrates an
explanatory diagram of a variation of heartbeats that occurs
afterastartof meals. FIG. 1 represents a graph of the variation
of heartbeats after the start of meals, in which an axis of
ordinates indicates the heartbeats per unit time, while an axis
of abscissa indicates elapse time (a period of time) since just
before the start of meals.

[0080] As illustrated in FIG. 1, with the subject person’s
action to take a meal, there exist two peaks at which the
heartbeats rises (increases) and falls (decreases) in turn with
the time elapse in the variation of heartbeats after the start of
meals. Note that an anterior peak of heartbeats with the time
elapse since a meal start time (Ts) is referred to as a “first
peak”, while a posterior peak of heartbeats is referred to as a
“second peak”. A predetermined area including the “first
peak”is termed a “first peak area A1”, while a predetermined
area including the “second peak™ is termed a “second peak
area A2. Note that the predetermined areas will be described
later on in conjunction with FIG. 7.

[0081] In the two peaks of heartbeats that occur after the
start of meal as illustrated in FIG. 1, the first peak is the rise of
heartbeats associated with the action to take the meal and is
presumed as a rise ofheartbeats due to a peristaltic movement
of, e.g., an esophageal. The second peak is presumed as a rise
of heartbeats due to a digestive activity within a digestive
organ (gastrointestinal and other equivalent organs) with
respect to an acquisition (foods and other equivalent ele-
ments) acquired by the action to take the meal. Therefore, the
action to take the meal, the peristaltic movement and the
digestive activity tend to have individual differences about the
following points (a)-(c). The following discussion will give
exemplifications based on this presumption in order to
explain the variation of heartbeats and the individual differ-
ences.

[0082] (a) Digestive Speed

[0083] FIG. 2 illustrates an explanatory diagram of the
variation associated with the digestive activity and other
equivalent activities. Similarly to the explanatory diagram
illustrated in FIG. 1, the explanatory diagram of FIG. 2 rep-
resents a graph of the variation of heartbeats after the start of
meal, in which the axis of ordinates indicates the heartbeats
per unit time, while the axis of abscissa indicates the elapse
time (the period of time) since just before the start of meal.
Note that the same is applied to explanatory diagrams in
FIGS. 3 and 4.

[0084] In the explanatory diagram illustrated in FIG. 2, a
curve C1 represents a variation of heartbeats of a subject
person having a high digestive speed, while a curve C2 rep-
resents a variation of heartbeats of a subject person having a
low digestive speed. A broken line BL1 parallel to the axis of
abscissa represents a baseline of the heartbeats. Herein, a
heartbeat value serving as the baseline may be exemplified by
an average value of the heartbeats for a predetermined period
of time instanced by 10 minutes, one hour and other equiva-
lent time values before the start of meal. The heartbeat value
serving as the baseline may be further exemplified by the
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heartbeats upon the start of meal of the subject person and the
heartbeats being minimized between the first peak and the
second peak. A method of setting the baseline of the heart-
beats may be sufficient if common between or among the
plurality of subject persons.

[0085] In comparison of the variation of heartbeats
between the curve C1 and the curve C2, the curve C1 tends to
be relatively short compared with the curve C2 in period till
reaching the second peak, and also to be relatively shorter in
period till reaching the heartbeat value set as the baseline BLL1
after the second peak than the curve C2. In other words, the
curve C1 tends to be relatively high (steep gradient) in speed
(rising speed) kept rising till reaching the second peak of the
heartbeats, and also to be relatively high (steep gradient) in
speed (restoration speed) till reaching the baseline BL1 from
the second peak.

[0086] Thecurve C1 tends to be relatively large in variation
width till reaching the heartbeats of the second peak. Further,
the curve C1 tends to be short in period T1 till reaching the
heartbeats of the second peak since the meal start time (Ts),
and also to beshort in period T2 till reaching the baseline BL.1
after the second peak since the meal start time (Ts).

[0087] Presumption of a reason for occurrence of the ten-
dencies described above lies in that the subject person having
a high digestive speed has a large quantity of secretes
instanced by digestive juice and other equivalent secretes
within the gastrointestinal, and exhibits a steep rise in quan-
tity of blood flow to the gastrointestinal and other equivalent
organs and a steep fall thereafter. It therefore follows that the
subject person having the high digestive speed consumes a
large quantity of energy related to the digestion in a short
period of time during the digestive activity as compared with
the subject person having a low digestive speed. The subject
person having the high digestive speed tends to cause a short-
period variation of heartbeats, following the consumption of
energy.

[0088] (b) Energy Related to Digestion

[0089] FIG. 3 illustrates an explanatory diagram of the
variation of heartbeats associated with the digestive activity
and other equivalent activities. In the explanatory diagram
illustrated in FIG. 3, a curve C3 represents a variation of
heartbeats of a subject person having high energy related to
the digestion (digestive energy), while a curve C4 represents
a variation of heartbeats of a subject person having low
energy related to the digestion.

[0090] In comparison of the variation of heartbeats
between the curve C3 and the curve C4, the curve C3 tends to
be relatively high compared with the curve C4 in heartbeats of
the second peak and to be relatively easy to rise in variation of
heartbeats. Further, the curve C3 tends to be relatively large in
overall area size of the second peak area A2 in relation to the
heartbeats, and also tends to be relatively large in maximum
variation width till reaching the second peak.

[0091] Presumption of a reason for occurrence of the ten-
dencies described above lies in that the subject person having
the high energy related to the digestion is large in total amount
of digestive juice secreted for the digestion and is also large in
quantity of blood flow to the gastrointestinal and other
equivalent organs during a digestive activity period through-
out. Therefore, the subject person having the high energy
related to the digestion is large in total amount of energy
consumed during the digestive activity period throughout as
compared with a subject person having low energy related to
the digestion. The subject person having the high energy
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related to the digestion tends to be high in total sum of the
heartbeats varied during the digestive activity period.

[0092] (c) Peristaltic Movement and Activity Load Ratio of
Digestive Activity

[0093] FIG. 4 illustrates an explanatory diagram of the
variation of heartbeats associated with the digestive activity
and other equivalent activities. [n the explanatory diagram
illustrated in FIG. 4, a curve C5 represents a variation of
heartbeats of a subject person having a high activity load ratio
of the digestive activity, while a curve C6 represents a varia-
tion of heartbeats of a subject person having a low activity
load ratio of the digestive activity. Herein, the activity load
ratio represents a ratio of total energy related to the peristaltic
movement of the subject person to total energy related to the
digestive activity.

[0094] In comparison of the variation of heartbeats
between the curve C5 and the curve C6, the curve C5 tends to
be high compared with the curve C6 in total energy (area size
of the second peak area A2) for the digestion but low in total
energy (area size of the first peak area A1) for the peristaltic
movement. The curve C5 also tends to be relatively high in
area ratio of the area size of the second peak area A2 to the
area size of the first peak area A1. The subject person having
the high activity load ratio of the digestive activity tends to be
high in total energy for the digestion but low in total energy
for the peristaltic movement. Note that the area sizes of the
first peak area Al and the second peak area A2 will be
described with reference to FIG. 7.

[0095] As described in (a)-(c), the characteristic tendencies
derived from the peristaltic movement and the digestive activ-
ity and other equivalent activities of the subject person,
appear in the two peaks of the variations of heartbeats that
occur after the start of meal. It is therefore feasible to narrow
down candidates for specifying the individual from within the
plurality of candidates by using characteristic quantities with
respect to the two peaks of the variations of heartbeats that
oceur, e.g., after the start of meal. The individual (correct
result) narrowed down from the plurality of candidates will
hereinafter be call the subject person.

[0096] For example, following characteristic quantities
R1-R4 can be defined with respect to the two peaks of the
variations of heartbeats that occur after the start of meal
described in (a)-(c). FIGS. 5 and 6 illustrate explanatory
diagrams of the characteristic quantities R1-R4 with respect
to the two peaks of the variations of heartbeats that occur after
the start of meal as being defined according to the embodi-
ment. Notethat FIGS. 5 and 6 illustrate graphs of the variation
of heartbeats after the start of meal when having a lunch, in
which the axis of ordinates indicates the heartbeats per unit
time, while the axis of abscissa indicates the elapse time (the
period of time) since just before the start of meal.

[0097] FIG. 5 illustrates an explanatory diagram of the
characteristic quantities R1, R2 with respect to the two peaks
of the variations of heartbeats that occur after the start of meal
when having the lunch. As described in (a)-(c), the peristaltic
movement and the activity load ratio of the digestive activity
differ per subject person, and hence, e.g., as illustrated in FIG.
5, an area size ratio of the first peak area A1 to the second peak
area A2 after the start of meal can be set as a characteristic
quantity (characteristic quantity R1). Note that the area sizes
of the first peak area Al and the second peak area A2 will be
described in F1G. 7.

[0098] Every subject person has difference characteristics
of the peristaltic movement and the digestive activity, and
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therefore, e.g., as illustrated in FIG. 5, each of maximum
heartbeat values P1, P2 at each of the first peak and the second
peak can be set as the characteristic quantity (characteristic
quantity R2). Note that the maximum heartbeat value at each
of the first peak and the second peak is referred to also as an
“amplitude”.

[0099] FIG. 6 illustrates an explanatory diagram of the
characteristic quantities R3, R4 with respect to the two peaks
of the variations of heartbeats that occur after the start of meal
when having the lunch. As described in (a)-(c), every subject
person has different characteristics of the peristaltic move-
ment and the digestive activity, and hence, e.g., as illustrated
in FIG. 5, the rising speed of the heartbeats till reaching the
maximum heartbeat values P1, P2 at each of the first peak and
the second peak can be set as a characteristic quantity (char-
acteristic quantity R3).

[0100] Similarly, e.g., as illustrated in FIG. 6, a restoration
speed to restore the heartbeats from the maximum heartbeat
values P1, P2 at each of the first peak and the second peak can
be set as the characteristic quantity (characteristic quantity
R3). Note that a characteristic quantity embracing the rising
speed and the restoration speed at the first peak and the second
peak is referred to also as a “response speed”. At the first peak
and the second peak, the rising speed is also termed a “rising
response speed”, and the restoration speed is termed a “res-
toration response speed”. Note that in-depth descriptions of
the various response speeds at the first peak and the second
peak will be made in FIGS. 9-12.

[0101] As illustrated in FIG. 6, the peristaltic movement
and the digestive activity at the first peak and the second peak
have different characteristics per subject person, and hence,
various response times since the meal start time (T's) can be
set as a characteristic quantity (characteristic quantity R4),
the various response times at the first peak may include, e.g.,
an elapse time (t1) till reaching the maximum heartbeat value
P1 since the meal start time (Ts) and an elapse time (t2) till a
restoration of the heartbeats having reached the maximum
heartbeat value P1 since the meal start time (Ts). The various
response times at the second peak may include, e.g., an elapse
time (3) till reaching the maximum heartbeat value P2 since
the meal start time (Ts) and an elapse time (t4) till the resto-
ration of the heartbeats having reached the maximum heart-
beat value P2 since the meal start time (Ts).

[0102] Note that a magnitude relation between the various
response times since the meal start time (Ts) is given by
t1<12<t3<t4. Herein, at every peak, the elapse time till reach-
ing the maximum heartbeat value since the meal start time
(Ts) is referred to also as a “rising response time”, and the
elapse time till the restoration of the heartbeats having
reached the maximum heartbeat value P1 since the meal start
time (T's) is referred to also as a “restoration response time”
since the meal start time (Ts). It is to be noted that in-depth
descriptions of the various response speeds at the first peak
and the second peak will be made in FIGS. 13-14.

[0103] According to the embodiment, biological features
related to the heartbeats of the plurality of candidates can be
narrowed down by detecting the characteristic quantity R1
defined with respect to the first peak area Al and the second
peak area A2, e.g., after the start of meal. Similarly, the
biological features related to the heartbeats of the plurality of
candidates can be narrowed down by detecting at least one of
the characteristic quantities R2-R4 defined with respect to
each of the first peak and the second peak after the start of
meal. For example, at least one of the characteristic quantities
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R1-R4 can be used as a parameter for narrowing down to the
subject person from within the plurality of candidates. Detec-
tion and other equivalent processes ofthe characteristic quan-
tities R1-R4 will next be described.

[0104] [Detection of Characteristic Quantity R1]

[0105] FIG. 7 illustrates an explanatory diagram of detec-
tion of the characteristic quantity (1) as an area size ratio of
the first peak area A1 to the second peak area A2 after the start
of meal. The explanatory diagram illustrated in FIG. 7 is a
graph of the variation of heartbeats after the start of meal, in
which the axis of ordinates indicates the heartbeats per unit
time, while the axis of abscissa indicates the elapse time (the
period of time) since just before the start of meal.

[0106] In the explanatory diagram illustrated in FIG. 7, an
area size (S1) of the first peak area A1 may be deemed as a
total of rise widths of the heartbeats for, e.g., a meal period
(Tal). Herein, as indicated by a broken line, the meal period
(Tal) may be exemplified by a period for which the heartbeats
having risen since the meal start time (Ts) are restored to the
baseline heartbeats (BL1) via the first peak. Note that the
baseline heartbeats (BL1) may adopt, e.g., the heartbeats
upon the start of meal of the subject person or an average
value of the average value of the heartbeats for the predeter-
mined period instanced by 10 minutes, one hour and other
equivalent periods before the start of meal. A method of
setting the baseline heartbeats for calculating the area size
(S1) of the first peak area A1 may be sufficient if common
between or among the plurality of subject persons.

[0107] Note that the first peak area Al involves assuming
such acase that the heartbeats having risen since after the start
of meal are not restored to the baseline heartbeats (BL1) via
the first peak because of being affected by the peristaltic
movement of the subject person. Therefore, the meal period
(Tal) may adopt, e.g., a period for which the heartbeats hav-
ing varied since the meal start time (Ts) reach minimum
heartbeats between the first peak and the second peak. Fur-
ther, the meal period (Tal) may adopt a period obtained by
adding, a meal end time, a fixed period (e.g., 10-20 minutes)
expended for the peristaltic movement as the elapse time
since the meal start time (T's) because of being affected by the
peristaltic movement of the subject person. Similarly to the
setting of the baseline heartbeats, a method of setting the meal
period (Tal) for calculating the area size (S1) of the first peak
area A1 may be sufficient if common between or among the
plurality of subject persons.

[0108] Anareasize (S2) of the second peak area A2 may be
deemed as a total of rise widths of the heartbeats for, e.g., a
postprandial period (Ta2). Herein, the postprandial period
(Ta2) may be exemplified by, e.g., a period for which the
heartbeats having risen since end time of the meal period
(Tal) in the first peak area Al are restored to the baseline
heartbeats (BL1) via the second peak.

[0109] Note that the second peak area A2 involves assum-
ing such a case that the heartbeats having risen since after the
start of meal are not restored to the baseline heartbeats (BL1)
via the second peak because ofbeing affected by the digestive
activity of the subject person. Therefore, the postprandial
period (Ta2) may be delimited into a fixed period (e.g., 4
hours or thereabout) expended for the digestive activity. For
instance, the fixed period expended for the digestive activity
since the end time of the meal period (Tal) of the first peak
area Al may be set as the postprandial period (Ta2). Similarly
to the setting of the meal period (Tal), a method of setting the
postprandial period (Ta2) for calculating the area size (S2) of



US 2016/0058328 Al

the first peak area A2 may be sufficient if common between or
among the plurality of subject persons.

[0110] The characteristic quantity (1) can be detected by
“S1/S2” from the area size (S1) calculated in the first peak
area Al and the area size (S2) calculated in the second peak
area A2.

[0111] [Detection of Characteristic Quantity R2]

[0112] FIG. 8 illustrates an explanatory diagram of detec-
tion of the characteristic quantity R2 as an amplitude at each
of the first peak and the second peak. The explanatory dia-
gram illustrated in FIG. 8 is a graph of the variation of heart-
beats after the start of meal, in which the axis of ordinates
indicates the heartbeats per unit time, while the axis of
abscissa indicates the elapse time (the period of time) since
just before the start of meal.

[0113] Inthe explanatory diagram illustrated in FIG. 8, the
amplitude of the first peak can be detected as, e.g., the maxi-
mum heartbeat value (P1) in the meal period (Tal). Similarly,
the amplitude of the second peak can be detected as, e.g., the
maximum heartbeat value (P2) in the postprandial period
(Ta2).

[0114] Note that the detection of the amplitude of the first
peak may involve detecting a maximum value of the heartbeat
rising width from the baseline heartbeats (BL1) illustrated in
FIG. 7 in the meal period (Tal). Similarly, the detection of the
amplitude of the second peak may involve detecting a maxi-
mum value of the heartbeat rising width from the baseline
heartbeats (BL1) illustrated in FIG. 7 in the postprandial
period (Ta2).

[0115] Note that a time zone for detecting the maximum
heartbeat value (P2) in, e.g., the postprandial period (Ta2)
may be limited to a time zone in which the digestive activity
will become most active because of being affected by the
digestive activity of the subject person at the second peak. The
time zone in which the digestive activity will become most
active may be exemplified by a period of, e.g., 30-80 minutes
after the meal start time (T's).

[0116] [Detection of Characteristic Quantity R3]

[0117] FIGS.9-12illustrate explanatory diagrams of detec-
tion of the characteristic quantity R3 as each of the various
response speeds at the first peak and the second peak. Each of
the explanatory diagrams illustrated in FIGS. 9-12 is a graph
of the variation of heartbeats after the start of meal, in which
the axis of ordinates indicates the heartbeats per unit time,
while the axis of abscissa indicates the elapse time (the period
of time) since just before the start of meal.

[0118] FIG.9is the explanatory diagram of detection of the
rising response speed at the first peak, and FIG. 10 is the
explanatory diagram of detection of the restoration response
speedat the first peak. The maximum heartbeats P1 defined as
the amplitude of the first peak exist within a circle indicated
by a broken line in each of FIGS. 9 and 10. A rectangular area
indicated by a broken line in each of FIGS. 9 and 10 repre-
sents the meal period (Tal). Similarly, FIG. 11 is an explana-
tory diagram of the detection of the rising response speed at
the second peak, and FIG. 12 is an explanatory diagram of the
detection of the restoration response speed at the second peak.
The maximum heartbeats P2 defined as the amplitude of the
second peak exist within a circle indicated by a broken line in
each of FIGS. 11 and 2F. A rectangular area indicated by a
broken line in each of FIGS. 11 and 12 represents the post-
prandial period (Ta2).

[0119] Inthe explanatory diagram illustrated in FIG. 9, the
rising response speed at the first peak may be detected as, e.g.,
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a rising variation speed of the heartbeats since the meal start
time (Ts) on the basis of the time when reaching the maxi-
mum heartbeats (P1) in the meal period (Tal). Forinstance, a
period till reaching maximum heartbeats (P1) since the meal
start time (Ts) is set as an “approximate target period (Ts_
P1)” (an area encompassed by a one-dotted chain line in FIG.
9). Then, a transition of the heartbeats in the approximate
target period (Ts_P1) is extracted, and approximation of
functions based on a linear function and other equivalent
functions is conducted about the extracted transition of the
heartbeats. Obtained subsequently is a gradient of the func-
tion approximated to the transition of the heartbeats in the
approximate target period (Ts_P1), and this gradient can be
detected as the rising response speed of the first peak.
[0120] The restoration response speed of the first peak can
be likewise detected. In the explanatory diagram illustrated in
FIG. 10, for instance, the restoration response speed of the
first peak can be detected as a restoration variation speed of
the heartbeats till the fixed period has elapsed after the end of
meal since the time when reaching the maximum heartbeats
(P1) in the meal period (Tal). For example, a period till the
elapse of the fixed period after the end of meal since the time
when reaching the maximum heartbeats (P1) is set as an
“approximate target period (Tal_P1)” (an area encompassed
by aone-dotted chain linein FIG. 10). Herein, the fixed period
after the end of meal may be exemplified by a minute-base
period instanced by 5 minutes.

[0121] Then, a transition of the heartbeats in the approxi-
mate target period (Tal_P1)is extracted, and the approxima-
tion of functions based on the linear function and other
equivalent functions is conducted about the extracted transi-
tion of the heartbeats. Obtained subsequently is a gradient of
the function approximated to the transition of the heartbeats
in the approximate target period (Tal_P1), and this gradient
can be detected as the restoration response speed of the first
peak.

[0122] The detections of the rising response speed and the
restoration response speed at the second peak will next be
described with reference to FIGS. 11 and 12. The rising
response speed and the restoration response speed at the
second peak can be detected based on, e.g., the time when
reaching the maximum heartbeats (P2) in the postprandial
period.

[0123] In the explanatory diagram illustrated in FIG. 11,
the rising response speed of the second peak can be detected
as arising variation speed of the heartbeats since the start time
of postprandial period (Ta2) (the end time of the meal period)
on the basis of the time when reaching the maximum heart-
beats (P2)in, e.g., the postprandial period (Ta2). For example,
a period till the time when reaching the maximum heartbeats
(P1) since the start time of the postprandial period (Ta2) is set
as an “approximate target period (Ta2_P2) (an area encom-
passed by a one-dotted chain line in FIG. 11). Then, a transi-
tion of the heartbeats in the approximate target period (Ta2_
P2) is extracted, and the approximation of functions based on
the linear function and other equivalent functions is con-
ducted about the extracted transition of the heartbeats.
Obtained subsequently is a gradient of the function approxi-
mated to the transition of the heartbeats in the approximate
target period (Ta2_P2), and this gradient can be detected as
the rising response speed of the second peak.

[0124] In the explanatory diagram illustrated in FIG. 12,
e.g., the restoration response speed of the second peak can be
detected as a restoration variation speed of the heartbeats till
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a digestion end time since the time when reaching the maxi-
mum heartbeats (P2) in the postprandial period (Ta2). The
digestion end time may be set as an end time of the postpran-
dial period (Ta2). For instance, a period till the end time of the
postprandial period since the time when reaching the maxi-
mum heartbeats (P2) in the postprandial period (Ta2)is set as
an “approximate target period (TP2_a2)” (an area encom-
passed by a one-dotted chain line in FIG. 12). Then, a transi-
tion of the heartbeats in the approximate target period (TP2_
a2)is extracted, and the approximation of functions based on
the linear function and other equivalent functions is con-
ducted about the extracted transition of the heartbeats.
Obtained subsequently is a gradient of the function approxi-
mated to the transition of the heartbeats in the approximate
target period (TP2_a2), and this gradient can be detected as
the restoration response speed of the second peak.

[0125] [Detection of Characteristic Quantity R4]

[0126] FIGS. 13-14 illustrate explanatory diagrams of
detection of the characteristic quantity R4 as each of the
various response times at the first peak and the second peak.
Each of the explanatory diagrams illustrated in FIGS. 13-14 is
a graph of the variation of heartbeats after the start of meal, in
which the axis of ordinates indicates the heartbeats per unit
time, while the axis of abscissa indicates the elapse time (the
period of time) since just before the start of meal. FIG. 13 is
an explanatory diagram of detecting the rising response time
and the restoration response time of the first peak, and F1G. 14
is an explanatory diagram of detecting the rising response
time and the restoration response time of the second peak.
[0127] Inthe explanatory diagram illustrated in FIG. 13, an
area encompassed by a short broken line represents the meal
period (Tal), and the maximum heartbeats P1 defined as the
amplitude of the first peak exists within a region encircled by
a broken line in the area encompassed by the short broken
line. The rising response time of the first peak can be detected
as a period of time till the time when reaching the maximum
heartbeats (P1) in the meal period (Tal) since the start time
(the meal start time (Ts)) of, e.g., the meal period (Tal).
[0128] Further, the restoration response time of the first
peak can be detected as a period of time till the heartbeats are
restored to the baseline heartbeats (BL1) since the time when
reaching the maximum heartbeats P1 in, e.g., the meal period
(Tal). Note that the first peak involves assuming such a case
that the heartbeats are not restored to the baseline heartbeats
(BL1) for a period till reaching the second peak because of
being affected by the peristaltic movement of the subject
person. Therefore, the restoration response time of the first
peak may also be obtained by using the restoration response
speed of the first peak in the characteristic quantity R3
described in, e.g., F1G. 10.

[0129] The restoration response speed of the first peak
described in FIG. 10 is detected as, e.g., a gradient of the
approximate function approximated from the transition of the
heartbeats to be restored after the first peak. In other words, as
illustrated in FIG. 13, an elapse time till a time variation of the
heartbeats to transition with the gradient of the approximate
function from the heartbeats (the maximum heartbeats P1) of
the first peak reaches the baseline heartbeats (BL1). may be
detected as the restoration response time of the first peak.
[0130] In the explanatory diagram illustrated in FIG. 13,
the elapse time till reaching the baseline heartbeats (BL1) in
the approximate function representing the restoration varia-
tion of the heartbeats that intersects the maximum heartbeats
P1, is exemplified as a “restoration response time”. Note that
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a circle indicated by the one-dotted chain line represents an
intersection between the approximate function representing
the restoration variation intersecting the maximum heartbeats
P1 and the baseline heartbeats (BL1). The restoration
response time of the first peak can be detected by, e.g., obtain-
ing a differential heartbeat between the maximum heartbeats
P1 in the meal period (Tal) and the baseline heartbeats (BL1),
and dividing this differential heartbeat by the gradient of the
approximate function defined as the restoration response
speed of the first peak.

[0131] The rising response time and the restoration
response time of the second peak can be likewise detected. In
the explanatory diagram illustrated in FIG. 14, the areas
encompassed by the short broken lines represent the meal
period (Tal) and the postprandial period (Ta2), and the circle
indicated by the broken line of the postprandial period (Ta2)
contains the maximum heartbeats P2 defined as an amplitude
of the second peak. The rising response time of the second
peak can be detected as, e.g., a period of time till the time
when reaching the maximum heartbeats (P2) in the postpran-
dial period (Ta2) since the start time (the meal start time (Ts))
of the meal period (Tal).

[0132] The restoration response time of the second peak
can be detected as, e.g., a period of time till the heartbeats are
restored to the baseline heartbeats (BL1) since the time when
reaching the maximum heartbeats P2 in the postprandial
period (Ta2). Herein, the second peak involves assuming such
a case that the heartbeats are note restored to the baseline
heartbeats (BL1) from the second peak onward because of
being affected by the digestive activity of the subject person.
Consequently, the restoration response time of the second
peak may also be obtained by using the restoration response
speed of the second peak in the characteristic quantity R3
described in, e.g., F1IG. 12.

[0133] The restoration response speed of the second peak
described in FIG. 12 is detected as a gradient of the approxi-
mate function approximated from the transition of the heart-
beats to be restored, e.g., after the second peak. To be specific,
as illustrated in F1G. 14, the elapse time till the time variation
of the heartbeats to transition with the gradient of the approxi-
mate function from the heartbeats (the maximum heartbeats
P2) of the second peak reaches the baseline heartbeats (BL1),
may be detected as the restoration response time of the second
peak.

[0134] In the explanatory diagram illustrated in FIG. 14,
the elapse time till reaching the baseline heartbeats (BL1) in
the approximate function representing the restoration varia-
tion of the heartbeats that intersects the maximum heartbeats
P2, is exemplified as a “restoration response time”. Note that
a circle indicated by the one-dotted chain line represents an
intersection between the approximate function representing
the restoration variation intersecting the maximum heartbeats
P2 and the baseline heartbeats (BL1). The restoration
response time of the second peak can be detected by, e.g,,
obtaining a differential heartbeat between the maximum
heartbeats P2 in the postprandial period (Ta2) and the base-
line heartbeats (BL1), and dividing this differential heartbeat
by the gradient of the approximate function defined as the
restoration response speed of the second peak.

[0135] FIG. 15 illustrates an example of a table in which the
characteristic quantities R1-R4 detected at the first peak and
the second peak after the start of the meal of the subject
person are sorted as parameters for narrowing down the sub-
ject person.
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[0136] Inthe example of the tableillustrated in FIG. 15, the
characteristic quantities R1-R4 detected at the first peak and
the second peak after the start of the meal of the subject
person are registered in a “heartbeat characteristic quantity”
field. An “area size ratio” registered in the “heartbeat charac-
teristic quantity” field corresponds to an area size ratio of the
area size (S1) of the first peak area A1 (1) to the area size (S2)
of the second peak area A2 of the characteristic quantity.
Similarly, an “amplitude” corresponds to the maximum
heartbeats P1 of the first peak and the maximum heartbeats P2
of the second peak of the characteristic quantity R2.

[0137] Further, in the example of the table of FIG. 15, a
“response speed” registered in the “heartbeat characteristic
quantity” field corresponds to the various response speeds of
the characteristic quantity R3 at the first peak and the second
peak, respectively. To be specific, the “response speed”
responds to, with respect to the first peak, the rising response
speed and the restoration response speed at the first peak, and
corresponds to, with respect to the second peak, the rising
response speed and the restoration response speed at the first
peak. A “response time” registered in the “heartbeat charac-
teristic quantity” field corresponds to the various response
times about each of the first peak and the second peak in the
characteristic quantity R4. To be specific, the “response time”
corresponds, with respect to the first peak, the rising response
time and the restoration response time at the first peak, and
corresponds to, with respect to the second peak, the rising
response time and the restoration response time at the first
peak.

[0138] Eleven characteristic quantities of four categories
illustrated in FIG. 15 are acquired as, e.g., parameters repre-
senting the characteristics of the heartbeats per candidate, and
the thus-acquired parameters are managed as a database (DB)
by being associated with the candidates. Upon occurrence of
an event instanced by narrowing down the subject person and
other equivalent events, the parameters of eleven character-
istic quantities of four categories stored in the database and
acquired from the individual candidates containing the sub-
ject person are checked with any one of the parameters of
eleven characteristic quantities of four categories acquired
from the subject person. The check of the characteristic quan-
tity acquired from the subject person and representing the
characteristic of the heartbeats with the characteristic quan-
tities stored in the database, enables the candidates to be
narrowed down, who may be deemed to be the subject per-
sons, from within the plurality of candidates.

[0139] Note that the variation of heartbeats associated with
the mealis assumed to be affected by, e.g., thetime zone of the
meal and the 24-hour circadian rhythm data of a human body.
The characteristic quantities illustrated in FIG. 15 may also
be managed by being associated a plurality of time zones.
When narrowing down the subject person, a check with the
characteristic quantity per time zone may be carried out. The
use of the characteristic quantity per time zone enables the
subject person to be narrowed done corresponding to a living
habit of the subject person.

[0140] Division of the time zone for acquiring the charac-
teristic quantities can be exemplified by segmentation into
four time zones, e.g., a breakfast. a lunch, a supper and a late
night snack. When segmented into the four time zones, for
instance, the breakfast may be set to cover a time zone from
5:00 to 11:00, the lunch may be set to cover a time zone from
11:00 to 17:00, the supper may be set to cover a time zone
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from 17:00 to 24:00, and the late night snack may be set to
cover a time zone from 24:00 to 5:00, respectively.

[0141] [Narrowing-Down of Subject Person|

[0142] Described next with reference to the drawing in
FIGS. 16 and 17 are how the subject person is narrowed down
by use of the eleven characteristic quantities of four catego-
ries representing the characteristic quantities R1-R4 of the
heartbeats, the quantities being detected about the first peak
and the second peak after the start of meal of the subject
person. FIG. 16 illustrates an example of a plotted diagram
configured by associating the respective characteristic quan-
tities with each other by using the restoration speed of the
second peak and the amplitude of the first peak in the eleven
parameters of four categories. In FIG. 16, the axis of ordinates
indicates the restoration speed of the second peak, while the
axis of abscissa indicates the amplitude. The number of sub-
ject persons from whom the characteristic quantities are
acquired is “4”, a sample count with the characteristic quan-
tities being acquired is “8”, and a target time zone for acquir-
ing the characteristic quantities is the time zone (11:00-17:
00) for the lunch.

[0143] Inthe explanatory diagram illustrated in FIG. 16, a
rectangular area Z1 represents a sample detection range of the
characteristic quantities (the restoration speed of the second
peak, the amplitude range of the first peak) detected about a
candidate A. Similarly, a rectangular area 72 represents a
sample detection range of the characteristic quantities
detected about a candidate B, a rectangular area 73 is about a
candidate C, and a rectangular area 74 is about a candidate D.
[0144] As depicted in FIG. 16, the samples of the charac-
teristic quantities detected from the individual candidates are
scattered in predetermined detection ranges, and therefore
result in having the range areas (the rectangular areas 71-74)
associated with, e.g., maximum values and minim values of
the detected samples. It is then recognized that each of the
rectangular areas specified from the range areas with the
samples being scattered becomes the area unique to each
candidate.

[0145] 1In the example of FIG. 16, the rectangular area Z1
defined as a range for detecting the characteristic quantity of
the candidate A is a substantially broad area of the range,
while the rectangular area Z3 defined as a range for detecting
the characteristic quantity of the candidate C is a substantially
narrow area of the range. It is recognized that in a relation
between the restoration speed of the second peak and the
amplitude range of the first peak of the candidate A, the
detection values tend to be grouped over a broad range, while
in the same relation therebetween about the candidate C, the
detection values tend to be grouped concentratedly in a nar-
row range.

[0146] Further in the example of FIG. 16, the rectangular
area 71 of the candidate A, the rectangular area 73 of the
candidate C and the rectangular area 74 of the candidate D
have an overlapped area of the ranges; however, the rectan-
gular area 73 of the candidate B is overlapped with none of
the rectangular areas 71, 72, 74 of other candidates. It is
understood that the rectangular area 73 of the candidate B
deviates relatively from the detection range of the character-
istic quantities of other candidates. It is therefore construed
that the candidates A, C, D are hard to be narrowed down for
other candidates as the case may be, depending on the
detected characteristic quantities, in the relation between the
restoration speed of the second peak and the amplitude range
of the first peak. While on the other hand, the candidate B can
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be narrowed down for the candidate B to a substantially high
degree of coincidence with the detected characteristic quan-
tities at least in the relation between the restoration speed of
the second peak and the amplitude range of the first peak.
[0147] For example, when the characteristic quantity indi-
cated by a mark “x” in FIG. 16 is detected, the subject person
having the detected characteristic quantity among the plural-
ity of candidates A-D can be associated with the candidate B
to the substantially high degree of coincidence.

[0148] Thus, the subject person is narrowed down from
within the plurality of candidates, in which case the range
area is specified on a candidate-by-candidate basis, the range
area being associated with the maximum value and the mini-
mum value ofthe characteristic quantity detected with respect
to each of the eleven characteristic quantities of four catego-
ries representing, e.g., the pre-acquired characteristic quanti-
ties R1-R4 of the heartbeats. Then, the specified range area of
each of the parameters of the eleven characteristic quantities
of four categories is checked with the characteristic quantity
detected from the subject person. When the characteristic
quantity detected from the subject person is detected from
within a unique range area specified per candidate, the rel-
evant candidate can be extracted as a candidate who may be
deemed to be the subject person.

[0149] The explanatory diagram in FIGS. 16 and 17 have
described so far that the range of the characteristic quantity
detected on the candidate-by-candidate basis is unique by
using the two characteristic quantities (parameters) in the
eleven characteristic quantities of four categories for the con-
venience of representation to be visualized. The range areas,
detected on the candidate-by-candidate basis, of the eleven
characteristic quantities of four categories are further orga-
nized into pluralities of combinations (combinations of
eleven parameters at the maximum), thereby enabling clari-
fication of the range area unique to each candidate. In the
explanatory example of FIG. 16, it is feasible to further clarify
the respective characteristic quantities of the candidates A, C,
D having the overlapped range area, and it is also possible to
perform the narrowing-down among the candidates A, C, D
with respect to the detected characteristic quantities.

[0150] FIG. 18 illustrates an explanatory diagram of the
range area of the characteristic quantity when increasing the
number of parameters. S01 in FIG. 18 is an explanatory
diagram of the range area when using an area size ratio and
the characteristic quantity of the restoration speed of the
second peak with respect to the candidates C, D illustrated in
FIG. 16.In S01 of FIG. 18, the axis of ordinates indicates the
area size ratio, while the axis of abscissa indicates the resto-
ration speed of the second peak, and a sample count of the
characteristic quantity is set to 8 samples given by targeting
on the lunch time zone. S02 in FIG. 18 is an explanatory
diagram of the range area when adding a characteristic quan-
tity of a first peak amplitude with respect to the candidates C,
D. In the explanatory diagram of S02 in 18, a triaxial charac-
teristic quantity space based on the area size ratio, the resto-
ration speed of the second peak and a first peak amplitude is
configured by adding a reference axis representing the first
peak amplitude.

[0151] As illustrated in S01 of FIG. 18, a range area of a
rectangular area Z5 about the candidate C is configured from
the maximum value and the minimum value of the samples of
the detected characteristic quantities (the area size ratio, the
restoration speed of the second peak); and a range area of a
rectangular area Z6 about the candidate D is thus configured.
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Tt is understood that the rectangular area Z5 of the candidate
C and the rectangular area Z6 of the candidate D have an
overlapped area in the vicinity of the area size ratio being,
e.g., “0.04”. It is also recognized that a majority of the rect-
angular area 75 of the candidate C falls within a range with
the area size ratio being roughly equal to or smaller than
“0.04”, while a majority of the rectangular area 76 of the
candidate D falls within a range with the area size ratio being
roughly equal to or larger than “0.04”.

[0152] For example, an assumption is that an overlap rate
(%) and a determination disabled rate (%) of the detected
characteristic quantity with respect to the overlapped area
between the rectangular area Z5 and the rectangular area 76
are to be obtained in the following Mathematical Expressions

A), B).

Overlap Rate (%): (2x(Overlapped Area))/((Rectangu-
lar Area Z5)+(Rectangular Area Z6Mathematical Expression (A)

Determination Disabled Rate (%): (Sample Count
Detected in Overlapped Area)/(Sample Count of
Candidate C+Sample Count of CanMdtiferittical Expression (B)

Herein, each rectangular area may be exemplified as a mini-
mum rectangle (left upper point, left lower point) covering a
sample data existing range per candidate. Note that the “area”
in the mathematical expression (A) is defined by a range
width (maximum value-minimum value) of the dispersion
(distribution) of the characteristic quantity, e.g., when giving
one set of the characteristic quantity for use. When giving two
sets of the characteristic quantities for use, the area is
expressed as a quantity of the two-dimensional area obtained
by multiplying (combining) range widths of dispersions of
the two sets of characteristic quantities; and when giving
three sets of the characteristic quantities for use, the area is
expressed as a quantity of the three-dimensional volume
obtained by multiplying (combining) range widths of disper-
sions of the three sets of characteristic quantities.

[0153] Upon applying the overlap rate (%) in the math-
ematical expression (A) and the determination disabled rate
(%) in the mathematical expression (B) to the characteristic
quantities detected with respect to the candidates C, D in S01
of FIG. 18, for example, the overlap rate (%) becomes 17.0
(%), and the determination disabled rate (%) becomes 17.6
(%).

[0154] In SO1 of FIG. 18, when adding next the first peak
amplitude as the characteristic quantity, it follows that the
area of the characteristic quantity unique to the candidate is,
as illustrated in S02 of FIG. 18, expressed in the triaxial
characteristic quantity space based on the area size ratio, the
restoration speed of the second peak and the first peak ampli-
tude. As depicted in S02 of FIG. 18, an area Z7 for the
candidate C is configured from the maximum value and the
minimum value of the samples of the detected characteristic
quantities (the area size, the restoration speed of the second
peak, the first peak amplitude), and an area Z8 for the candi-
date D is also thus configured.

[0155] Upon applying the overlap rate (%) in the math-
ematical expression (A) and the determination disabled rate
(%) in the mathematical expression (B) to the characteristic
quantities detected with respect to the candidates C, D in S02
of FIG. 18, the overlap rate becomes 10.0(%), and the deter-
mination disabled rate becomes 11.8(%). With respect to the
eleven characteristic quantities of four categories detected on
the candidate-by-candidate basis, the number of characteris-
tic quantity sets to be used for specifying the range of the
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characteristic quantities unique to the individuals is increased
to “3” from “2”, in which case it is recognized that the overlap
rate and the determination disabled rate are improved (de-
crease in numetic value).

[0156] As described above, the area overlapped between or
among the candidates can be further reduced by obtaining a
plurality of combinations (combinations of the eleven param-
eters at the maximum) of the range areas of the eleven char-
acteristic quantities of four categories detected on the candi-
date-by-candidate basis, thereby enabling the overlap rate
and the determination disabled rate to be improved. In other
words, it is feasible to improve accuracy of extracting the
candidates who can be deemed as the subject persons from
within the plurality of candidates.

[0157] Note thata checking range suited to a purpose canbe
set as the range area of the each parameter used on the occa-
sion of performing the narrowing-down. For example, in the
explanatory diagram illustrated in FIG. 16, the rectangular
area 71 about the candidate A encompasses an area not ovet-
lapped with the candidates C, D, and the rectangular area 74
about the candidate D encompasses an area not overlapped
with the candidate C. For example, the range area to be
checked about the restoration speed of the second peak illus-
trated in F1G. 16 is set to a range of “—4” through “~7”, while
the first peak amplitude is set to a range of “80” through
“100”, thereby enabling segmentation of checking data used
for narrowing down the subject person.

Example 2

[0158] FIG. 19 illustrates one example of an information
processing system 1 according to the embodiment. An infor-
mation processing system 1 depicted in FIG. 19 detects char-
acteristics of the heartbeats associated with the meals from,
e.g., a plurality of patients (candidates). The information
processing system 1 has a function to narrow down the can-
didates who can be deemed as the subject persons having the
detected characteristics of the heartbeats by referring to pre-
acquired characteristics of the heartbeats associated with the
meals on a patient-by-patient basis from the detected charac-
teristics of the heartbeats. The information processing system
1 narrows down the candidates from the detected character-
istics of the heartbeats, thereby enabling confirmation of a
true wearer of a sensor equipment 11 worn to every patient in
order to continuously grasp a state of health of each patient.
[0159] The information processing system 1 illustrated in
FIG. 19 includes an information processing apparatus 10 and
a plurality of sensor equipments 11, which are connected to,
e.g., anetwork N. The network N embraces a public network
instanced by the Internet and other equivalent networks, a
wireless network instanced by a mobile phone network and
other equivalent networks, and a network instanced by LAN
(Local Area Network) and other equivalent networks.

[0160] In the information processing system 1 of FIG. 19,
the information processing apparatus 10 is exemplified by a
computer instanced by a server, a personal computer (PC)and
other equivalent apparatuses. The information processing
apparatus 10 accepts the characteristics of the heartbeats
associated with the meals, the characteristics being detected
by the sensor equipments 11 connected thereto via the net-
work N. The information processing apparatus 10 accepts the
eleven characteristic quantities of four categories of the heart-
beats associated with the meals, the characteristic quantities
being illustrated in FIG. 15 and other equivalent Figures. The
information processing apparatus 10 refers to the character-
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istic quantities associated with the meals on the patient-by-
patient basis, which are stored beforehand in a database and
other equivalent storages, and checks these characteristic
quantities with the accepted characteristic quantities of the
heartbeats.

[0161] The information processing apparatus 10 deter-
mines whether the characteristic quantities, accepted from
the sensor equipments 11, of the heartbeats associated with
the meals are embraced by a predetermined area specified by
the maximum value and the minimum value of the character-
istic quantities stored in the database and other equivalent
storages, and narrows down the candidates who can be
deemed to be the wearers of the sensor equipments 11. The
information processing apparatus 10, when there is a discrep-
ancy between an identification number allocated to the sensor
equipment 11 and the candidate being narrowed down from
the characteristic quantities of the heartbeats, issues an alert
instanced by an alarm and other equivalent signals, and out-
puts a list of candidates who can be deemed to be the wearers
of the sensor equipments 11. As a result, the information
processing apparatus 10 can confirm the true wearer even
when the sensor equipment 11 worn to each patient is erro-
neously worn due to a mistake and other equivalent errors.
[0162] Thesensorequipment 11 is an information process-
ing apparatus including an input unit equipped with a sensor
to detect the characteristics of the heartbeats associated with
the meals of the wearer. The identification number or other
equivalent information for uniquely identifying the wearer is
previously allocated to the sensor equipment 11. In the
example of FIG. 19, anidentification number “A” is allocated
to the sensor equipment 11 worn to a patient A. Similarly,
identification numbers “B”, “C”, “D” are allocated to patients
B, C, D. In the following discussion, the sensor equipment 11
worn to the patient A is also referred to as a “sensor equipment
11A”. The sensor equipments 11 worn to the patients B-D are
likewise termed a “sensor equipment 11B”, a “sensor equip-
ment 11C”, a “sensor equipment 11C” and a “sensor equip-
ment 1D”, respectively.

[0163] Note that the example in FIG. 19 illustrates a state in
which the sensor equipment 11A to be worn to the patient A
is mistakenly worn to the patient B, while the sensor equip-
ment 11B to be worn to the patient B is mistakenly wornto the
patient A.

[0164] The sensor equipment 11 includes a heartbeat sen-
sor to detect a heart rate of the wearer per unit time, an
acceleration sensor to detect vibrations (a variation in accel-
eration) of the wearer in vertical, bilateral and back-and-forth
directions associated with actions in meal, and other equiva-
lent sensors. The sensor equipment 11 detects, e.g., a time-
series variation in heart rate per unit time, the heart rate being
detected by the heartbeat sensor. The sensor equipment 11
specifies, e.g., a meal start time and other equivalent times
from the vibrations and other equivalent actions in the verti-
cal, bilateral and back-and-forth directions, the vibrations
being detected by the acceleration sensor. The sensor equip-
ment 11 specifies a kinetic activity instanced by patient’s
walking, going up and down stairs and other equivalent activi-
ties from the vibrations and other equivalent actions in the
vertical, bilateral and back-and-forth directions, the vibra-
tions being detected by the acceleration sensor.

[0165] The sensor equipment 11 detects, e.g., the eleven
characteristic quantities of four categories illustrated in FIG.
15 from sensor information on the detected variation in heart
rate, the detected variation in acceleration in the vertical,
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bilateral and back-and-forth directions, and other equivalent
variations. The sensor equipment 11 associates the eleven
characteristic quantities of four categories with, e.g., the iden-
tification number allocated to the sensor equipment 11, and
thus outputs these characteristic quantities to the network N.
The information processing apparatus 10 accepts the eleven
characteristic quantities of four categories being output to the
network N.

[0166] Note that the detection of the heart rate of the wearer
wearing the sensor equipment 11 is not limited to using a
contact type sensor to detect the heart rate by being brought
into contact with the wearer. For example, the detection of the
heart rate may also be specified from a time-series variation of
captured images of the wearer of the sensor equipment 11, the
variations being acquired at a time interval of %20 sec. The
detection of the heart rate may further be specified by detect-
ing a Doppler frequency associated with pulsations by use of,
e.g., RF (Radio Frequency) and other equivalent frequencies.
Tt may be sufficient that the variation of heartbeats after the
start of meal of the subject person can be detected. However,
the sensor equipment 11 may notify the information process-
ing apparatus 10 of detection values of the variations of the
heart rate, the acceleration and other equivalent variations,
and the information processing apparatus 10 may calculate
physical quantities based on the detection values.

[0167] [Configuration of Apparatus]

[0168] FIG. 20 illustrates a hardware configuration of an
information processing apparatus 90. The information pro-
cessing apparatus 90 illustrated in FIG. 20 has a configuration
of a so-called general computer. The information processing
apparatus 10 and the sensor equipment 11 depicted in FIG. 19
are attained by the information processing apparatus 90 illus-
trated in, e.g., FIG. 20.

[0169] The information processing apparatus 90 illustrated
in FIG. 20 includes a CPU (Central Processing Unit) 91, a
main storage unit 92, an auxiliary storage unit 93, an input
unit 94, an output unit 95 and a communication unit 96, which
are interconnected via a connection bus B1. The main storage
unit 92 and the auxiliary storage unit 93 are non-transitory
recording mediums being readable by the information pro-
cessing apparatus 90.

[0170] The information processing apparatus 90 controls
peripheral devices by the CPU 91 deploying a program stored
in the auxiliary storage unit 93 into an operation area of the
main storage unit 92 in an executable manner and executing
the program. The information processing apparatus 90 is
thereby enabled to attain functions suited to predetermined
purposes.

[0171] In the information processing apparatus 90 illus-
trated in FIG. 20, the CPU 91 is a central processing unit to
control the whole information processing apparatus 90. The
CPU 91 executes processes based on the program stored in
the auxiliary storage unit 93. The main storage unit 92 is a
non-transitory storage medium that caches the program and
data, and to deploys the operation area. The main storage unit
92 includes, e.g., a RAM (Random Access Memory) and a
ROM (Read Only Memory).

[0172] The auxiliary storage unit 93 stores various catego-
ries of programs and various items of data on the non-transi-
tory recording medium in a readable/writable manner. The
auxiliary storage unit 93 is also called an external storage
device. The auxiliary storage unit 93 stores Operating System
(O8S), the various categories of programs, various types of
tables and other equivalent software components. The OS
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includes a communication interface program to transfer and
receive the data to and from external devices and other
equivalent devices connected via the communication unit 96.
The external devices include, e.g., other information process-
ing apparatuses instanced by the servers and other equivalent
apparatuses, the external storage devices, and devices having
communication functions and other equivalent devices.
[0173] The auxiliary storage unit 93 is exemplified by an
EPROM (Erasable Programmable ROM), a solid state drive,
a hard disk drive (HHD) and other equivalent storages. The
auxiliary storage unit 93 may be instanced by a CD drive, a
DVD drive, a BD (Blu-ray (registered trademark) Disc) drive
and other equivalent drives. The recording medium is exem-
plified by a silicon disk including a nonvolatile semiconduc-
tor memory (flash memory), ahard disk, a CD,a DVD, a BD,
a USB (Universal Serial Bus) memory, a memory card and
other equivalent mediums.

[0174] The input unit 94 accepts an operation instruction
and other events from a user or other equivalent persons. The
input unit 94 is an input device exemplified by an input button,
akeyboard, a pointing device, a wireless remote controller, a
microphone, a camera and other equivalent devices. The input
unit 94 includes a variety of sensors instanced by the heart-
beat sensor to detect the heart rate of the wearer, and the
acceleration sensor to detect the accelerations in the vertical,
bilateral and back-and-forth directions. The input unit 94
notifies the CPU 91 of the information inputted from the input
unit 94 via the connection bus B1.

[0175] The output unit 95 outputs the data to be processed
by the CPU 91 and the data to be stored on the main storage
unit 92. The output unit 95 is an output device instanced by a
CRT (Cathode Ray Tube) display, an LCD (Liquid Crystal
Display), a PDP (Plasma Display Panel), an EL (Electrolu-
minescence) panel, an organic EL panel, a printer, a speaker
and other equivalent devices. The communication unit 96 is
an interface with, e.g., the network N and other equivalent
networks.

[0176] The information processing apparatus 10 attains a
variety of processing units illustrated in FIG. 21 along with
execution of target programs by the CPU 91 reading OS, the
various categories of programs and the various items of data
stored in the auxiliary storage unit 93 into the main storage
unit 92 and executing these software components. Along with
the execution of the target programs, the information process-
ing apparatus 10 attains a data reception unit 101, a DB
information acquiring unit 102, a candidate unique range
generating unit 103, a subject person narrowing unit 104, and
aresult display unit 105 illustrated in FIG. 21. However, any
or a part of these processing units illustrated in FIG. 21 may
also be operated by hardware circuits.

[0177] Note that any of the processing units may be
included in another information processing apparatus or
another equivalent apparatus. For example, the information
processing apparatus including the data reception unit 101,
the information processing apparatus including the DB infor-
mation acquiring unit 102, the information processing appa-
ratus including the candidate unique range generating unit
103, and the information processing apparatus including the
result display unit 105 may be interconnected via the network
N or other equivalent networks. The information processing
apparatus including the subject person narrowing unit 104
and a meal characteristic quantity DB 201 stored in the exter-
nal storage device may be connected to the network N, result-
ing in functioning as the information processing apparatus 10.
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The information processing apparatus 10 can be attained as
cloud computing, i.e., a group of computers on the network N,
thereby enabling processing loads on the respective process-
ing units to be reduced.

[0178] The sensor equipment 11 attains the respective pro-
cessing units illustrated in FIG. 21 along with the execution of
the target programs by the CPU 91 reading the OS, the various
categories of programs and the various items of data stored in
the auxiliary storage unit 93 into the main storage unit 92 and
executing these software components. Along with the execu-
tion of the target programs, the sensor equipment 11 attains a
sensor wearing determination unit 111, a heart rate data
acquiring unit 112, an acceleration data acquiring unit 113, an
exercise period determination unit 114, a meal period deter-
mination unit 115, and a noise heart rate eliminating unit 116
depicted in FIG. 21. Along with the execution of the target
programs, the sensor equipment 11 further attains an area size
characteristic quantity calculation unit 117, an amplitude
characteristic quantity calculation unit 118, a speed charac-
teristic quantity calculation unit 119, a time characteristic
quantity calculation unit 120, and a data transmission unit 121
illustrated in FIG. 21. However, the sensor equipment 11 may
also provide the processing units in FIG. 21 not by being
installed with the OS but by using a control program for
executing a control sequence and processing arithmetic
operations, and using firmware or other equivalent software
components.

[0179] Note that in the processing units of the sensor equip-
ment 11, e.g., the information processing apparatus 10 may
include other processing units exclusive of the sensor wearing
determination unit 111, the heart rate data acquiring unit 112,
the acceleration data acquiring unit 113 and the data trans-
mission unit 121.

[0180] Further, the sensor equipment may also include the
processing units, i.e., the DB information acquiring unit 102,
the candidate unique range generating unit 103, the subject
person narrowing unit 104 and the result display unit 105 of
the information processing apparatus 10. The sensor equip-
ment 11 including the aforementioned processing units of the
information processing apparatus 10 may connect to the meal
characteristic quantity DB 201 connected to the network N or
other equivalent networks, thereby notifying the wearer of the
sensor equipment 11 that the sensor equipment is mistakenly
worn.

[0181] [Configuration of Processing Block]

[0182] FIG. 21 illustrates an explanatory diagram of pro-
cessing blocks in the information processing system 1
according to the embodiment. In the explanatory diagram
illustrated in FIG. 21, the information processing apparatus
10 includes the processing units, i.e., the data reception unit
101, the DB information acquiring unit 102, the candidate
unique range generating unit 103, the subject person narrow-
ing unit 104 and the result display unit 105. The information
processing apparatus 10 includes the auxiliary storage unit 93
equipped with the meal characteristic quantity DB 201 as a
storage location of the data to which the aforementioned
processing units refer or the data to be managed by the pro-
cessing units. History values of the meal characteristic quan-
tities of each candidate are stored in the meal characteristic
quantity DB 201.

[0183] In the explanatory diagram illustrated in FIG. 21,
the sensor equipment 11 include the processing units, i.e., the
sensor wearing determination unit 111, the heart rate data
acquiring unit 112, the acceleration data acquiring unit 113,
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the exercise period determination unit 114, the meal period
determination unit 115 and the noise heart rate eliminating
unit 116. The sensor equipment 11 further includes the pro-
cessing units, i.e., the area size characteristic quantity calcu-
lation unit 117, the amplitude characteristic quantity calcula-
tion unit 118, the speed characteristic quantity calculation
unit 119, the time characteristic quantity calculation unit 120
and the data transmission unit 121. The sensor equipment 11
receives allocation of the identification number or other
equivalent information for uniquely identifying the wearers
of the sensor equipments 11.

[0184] [Sensor Equipment]

The sensor wearing determination unit 111 illustrated in FIG.
21 determines a state of wearing the sensor equipment 11,
based on a peak interval of electrocardiographic waveforms
detected per unit time (e.g., 10 sec). For example, the sensor
equipment 11 previously acquires a resting heart rate of the
wearer of the sensor equipment 11 specified by the identifi-
cation number and other equivalent information, and stores
the acquired heart rate in the auxiliary storage unit 93. The
sensor equipment 11 refers to the resting heart rate stored in
the auxiliary storage unit 93, and may determine that the
wearing state of the sensor equipment 11 is normal, based on
the peak interval of the electrocardiographic waveforms
determined per unit time.

[0185] The sensor wearing determination unit 111 may
determine the wearing state of the sensor equipment 11 from
an event that a sensor output for a predetermined period
instanced by 10 sec and 1 min is acquired from the accelera-
tion sensor. The sensor wearing determination unit 111 may
determine that the wearing state of the acceleration sensor is
normal when outputting of a value in the vicinity of “0” as the
output value of the acceleration sensor does not continue over
the predetermined period. When the wearing state of the
sensor equipment 11 is not normal, the sensor wearing deter-
mination unit 111 may notify the wearer via the output unit 95
by emission of a sound of alarm, flickering of an LED and
other equivalent signaling.

[0186] The heart rate data acquiring unit 112 acquires the
heart rate detected per unit time, and temporarily stores the
acquired heart rate in a predetermined location of the main
storage unit 92 by associating the acquired heart rate with
time information. The time information contains calendar
time of a year, a month, a day, an hour, a minute and other
equivalent time information. Note that the heart rate detected
per unit tine may be expressed by, e.g., bpm (beats per
minute) and other equivalent notations. The acceleration data
acquiring unit 113 acquires the accelerations detected per unit
tine in the vertical, bilateral and back-and-forth directions,
and temporarily stores the acquired acceleration value in a
predetermined location of the main storage unit 92 by asso-
ciating the acquired acceleration value with the time infor-
mation. The time information contains the calendar time of
the year, the month, the day, the hour, the minute and other
equivalent time information.

[0187] Theexercise period determination unit 114 specifies
an exercise period of walking, running, going up and down
the stairs and other equivalent exercises from time series of
the accelerations in the vertical, bilateral and back-and-forth
directions, the accelerations being acquired by the accelera-
tion data acquiring unit 113. The exercise period determina-
tion unit 114 temporarily stores start time information and
end time information related to the specified exercise period
in a predetermined location of the main storage unit 92.
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[0188] FIG. 22 illustrates an explanatory diagram of a
variation of the acceleration in the vertical direction (direc-
tion of gravity), the acceleration being detected when exer-
cising. An explanatory diagram illustrated in FIG. 22 is a
graph of the variation of the acceleration in the direction of
gravity, in which the axis of ordinates indicates the accelera-
tion in the direction of gravity, while the axis of abscissa
indicates the elapse time (the period of time) when exercising.
Note that the subject person wears the sensor equipment 11
including the sensor to detect the acceleration in the vertical
direction, the sensor equipment 11 being attached to a region
of chest of the subject person.

[0189] Inthe explanatory diagram of FIG. 22, as indicated
in a rectangular area encompassed by a broken line, when
performing walking, running, going up and down the stairs
and other equivalent exercises, the subject person receives a
reactive force from the ground or other equivalent founda-
tions upon legs kicking out while touching the ground, and
hence there are detected rapid rising/falling variations of the
acceleration value in the vertical direction. Then, as illus-
tratedin F1G. 22, the variations in the vertical direction during
an exercise period are periodically detected, these variations
being accompanied with the rapid rising/falling variations of
the acceleration value.

[0190] The exercise period determination unit 114 detects a
pattern of the rapid rising/falling variations of the accelera-
tion value about the detected acceleration values in the verti-
cal direction, and specifies the exercise activity of the wearer
when the pattern is detected as the time series of the accel-
eration at an interval of a predetermined period. It may be
herein sufficient that the predetermined period is set by
experimentally acquiring a cycle of the variations of the
acceleration in the vertical direction when the wearer per-
forms the exercise activity in a state of wearing the sensor
equipment 11 beforehand, the acceleration variations being
accompanied with the rapid rising/falling variations of the
acceleration value in association with the exercise activity.
Then, the predetermined period may be set from the experi-
mentally acquired cycle of the variations of the acceleration
in the vertical direction, the acceleration variations being
accompanied with the rapid rising/falling variations of the
acceleration value in association with the exercise activity. It
may be sufficient that the thus-set predetermined period is
stored in the auxiliary storage unit 93 by being associated
with, e.g., identifying information of the wearer. The exercise
period determination unit 114 may specify the exercise activ-
ity of the wearer by referring to, e.g., the set value for the
predetermined period, the value being stored in the auxiliary
storage unit 93.

[0191] The exercise period determination unit 114, when
the exercise activity of the wearer is specified, may specify
the exercise start time and the exercise end time from, e.g., the
time information associated with acceleration value. The
exercise period determination unit 114 can specify the exer-
cise period, based on the exercise start time and the exercise
end time.

[0192] Referring back to the explanatory diagram illus-
trated in FIG. 21, the meal period determination unit 115
specifies a meal action period associated with the meal of the
wearer from the time series of the accelerations in the vertical,
bilateral and back-and-forth directions, the accelerations
being acquired by the acceleration data acquiring unit 113.
The meal period determination unit 115 obtains the meal
period by adding, e.g., a fixed period expended for the peri-
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staltic movement explained in FIG. 7 to the specified meal
action period. The meal period determination unit 115 tem-
porarily stores, e.g., pieces of information on meal period
start time and meal period end time counted from the obtained
meal period in a predetermined location of the main storage
unit 92.

[0193] FIG. 23 illustrates an explanatory diagram of varia-
tions, detected when conducting the meal action, of accelera-
tion in the back-and-forth direction. The explanatory diagram
illustrated in FIG. 23 is a graph of the variations of the accel-
eration in the back-and-forth direction, in which the axis of
ordinates indicates the acceleration in the back-and-forth
direction, while the axis of abscissa indicates the elapse time
(the period of time) when conducting the meal action. Note
that the subject person wears the sensor equipment 11 includ-
ing the sensor to detect the acceleration in the back-and-forth
direction, the sensor equipment 11 being attached to the
region of chest of the subject person.

[0194] Inthe explanatory diagram illustrated in F1G. 23, as
indicated in a rectangular area encompassed by a broken line,
the meal action involves repeating a motion for taking an
acquisition to aregion of lip, and consequently there is repeat-
edly detected such a pattern that the acceleration value in the
back-and-forth direction rises after falling, and a post-rising
acceleration value continues for a fixed period and again falls.
[0195] The meal period determination unit 115 detects a
pattern of falling/rising variations of the detected acceleration
value in the back-and-forth direction, and specifies the meal
action of the wearer when this pattern is detected a predeter-
mined number of times or more within a fixed period of time
as the time series of the acceleration. Herein, the fixed period
of time is a period expended for the meal and can be exem-
plified by a period of time, e.g., 10 through 30 minutes.
Further, the predetermined number of times may involve set-
ting an experimentally acquired number of detections with
repetition of a pattern of the falling/rising variations associ-
ated with the meal action conducted by the wearer in the state
of wearing the sensor equipment 11 beforehand. The prede-
termined number of times may be set from the experimentally
acquired number of detections. The predetermined number of
times being thus set may be stored in the auxiliary storage unit
93 by being associated with, e.g., the identifying information
of the wearer. The meal period determination unit 115 may
specify the meal action of the wearer by referring to, e.g., a set
value of the predetermined number of times, which is stored
in the auxiliary storage unit 93.

[0196] The meal period determination unit 115 may
specify, when the meal action of the wearer is specified, the
meal action start time and the meal action end time from the
time information associated with, e.g., the acceleration value.
The meal period determination unit 115 can specify the meal
period based on the meal action start time, the meal action end
time and the fixed period of time expended for the peristaltic
movement.

[0197] Referring back to the explanatory diagram illus-
trated in FIG. 21, the noise heart rate eliminating unit 116
specifies a rising variation of the heart rate pertaining to the
kinetic activity that affects the time-series variations of the
detected heart rate, noise variations of the heart rate, which
are occur randomly during the meal period and the postpran-
dial period. The noise heart rate eliminating unit 116 elimi-
nates heart rate data detected in relation to the specified rising
variations of the heart rate pertaining to the kinetic activity,
and the noise variations or other equivalent variations of the
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heart rate, which occur randomly during the meal period and
the postprandial period from the time series of the heart rate
acquired by the heart rate data acquiring unit 112.

[0198] S03-S05 in FIG. 24 illustrate explanatory diagrams
of the rising variations of the heart rate due to the exercise.
The explanatory diagrams illustrated in S03-S05 of FIG. 24
are graphs of'the variations of the heart rate, in which the axis
of ordinates indicates the heart rate per unit time, while the
axis of abscissa indicates the elapse time (the period of time)
including the meal time and the postprandial period.

[0199] As indicated in a rectangular area of a right upward
oblique line in S03 of FIG. 24, in a transition of the heart rate
to be acquired in time series, there are detected the rising
variation of the heart rate and a restoration variation of the
rising heart rate due to the time elapse during the exercise
period. Therefore, with respect to a long-term transition of the
heart rate associated with the digestive activity during, e.g.,
the postprandial period, this results in detecting the rising/
restoration variations of the heart rate due to the exercise in
superposition on the transition of the heart rate. It is assumed
that characteristics of the variations, associated with the meal,
of the heart rate does not be grasped from the characteristic
quantity of the heartbeats associated with the meal when the
variations of the heart rate related to the exercise are super-
posed because of detecting variations of transition of the heart
rate acquired over a long period of time.

[0200] Inthe explanatory diagram illustrated in S04 of FIG.
24, a transition variation of the heart rate indicated by a
broken line with an arrow represents a transition not accom-
panied with the rising/restoration variation of the heart rate
related to the exercise. For example, the transition accompa-
nied with the rising/restoration variation of the heart rate
related to the exercise results in detecting a heart rate over-
lapped with the heart rate corresponding to the rising/resto-
ration variation related to the exercise with respect to the
transition variation of the heart rate indicated by the broken
line with the arrow. This likely leads to a false detection of the
characteristic quantities of the amplitude, the response speed
(the rising response speed, the restoration response speed)
and the response time (the rising response time, the restora-
tion response time) about, e.g., the second peak.

[0201] Itisassumed that a heart rate value of, e.g., Px is to
be detected as the amplitude (the maximum heart rate) about
the second peak in S04 of FIG. 24. As indicated by a solid line
with an arrow, it is also assumed that the response speed (the
rising response speed, the restoration response speed) and the
response time (the rising response time, the restoration
response time) about the second peak are detected based on
the transition variation of the heart rate overlapped with the
rising/restoration variation of the heart rate related to the
exercise.

[0202] For preventing the overlap of the rising/restoration
variation of the heart rate related to the exercise, the noise
heart rate eliminating unit 116 specifies, e.g., the exercise
period and eliminates the heart rate data associated with the
time information of the exercise period. The noise heart rate
eliminating unit 116 specifies the exercise period based on
exercise start time and exercise end time, the exercise period
being (originally) specified by the exercise period determina-
tion unit 114. The noise heart rate eliminating unit 116 cal-
culates an elimination period related to the exercise by adding
a fixed period till the heart rate rising due to the exercise is
restored since, e.g., the exercise end time to the exercise end
time. Herein, the fixed period till the heart rate rising due to
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the exercise is restored since the exercise end time can be
exemplified by an experimentally acquired period of time.
The fixed period may involve setting minutes, e.g., 5 minutes
and 10 minutes as a time unit in common among all of the
subject persons from whom the heart rates associated with the
meals are acquired.

[0203] The noise heart rate eliminating unit 116 eliminates
the heart rate data, based on the time information correspond-
ing to the elimination period, from the heart rate data associ-
ated with the meal, which is acquired by the heart rate data
acquiring unit 112. S05 of FIG. 24 depicts such an exaniple of
graph that the heart rate corresponding to the elimination
period is elimination from the heart rate data illustrated in S03
of FIG. 24. A rectangular area encompassed by a broken line
in S05 of FIG. 24 represents the elimination period. In the
example of graph of S05 of FIG. 24, a transition of the heart
rate associated with the meal does not include the rising/
restoration variation of the heart rate due to the exercise,
which is detected in superposition on the transition of the
heart rate associated with the meal, the heart rate being
acquired for the elimination period. It is therefore feasible to
detect the characteristic quantity of the heart rate variation
associated with the meal without being affected by the rising/
restoration variation of the heart rate due to, e.g., the exercise.
The noise heart rate eliminating unit 116 temporarily stores,
in a predetermined location of the main storage unit 92, the
heart rate data from which the heart rate data corresponding to
the elimination period is eliminated.

[0204] Note that the time-series variation of the heart rate
associated with the meal tends to, as indicated by the broken
line with the arrow in S04 of FIG. 24, transition along a
relative lower limit of the detected heart rate. Consequently,
the heart rate values being anterior and posteriorin time series
are compared with each other, there is grasped such variation
points that a differential value between the anterior heart rate
value and the posterior heart rate value becomes equal to or
larger or smaller than a predetermined threshold value, and an
interval specified by this variation points may also be set as
the elimination period.

[0205] S06 and S07 in FIG. 25 illustrate explanatory dia-
grams of the elimination period based on the variation points.
The explanatory diagrams of S06 and S07 in FIG. 25 illustrate
graphs of the variations of the heart rate, in which the axis of
ordinates indicates the heart rate per unit time, while the axis
of abscissa indicates transition time of the heart rate. In the
explanatory diagram of S06 of FIG. 25, rapid rising/falling
variation points of the heart rate transitioning in time series
are indicated in areas encircled by solid lines.

[0206] The noise heart rate eliminating unit 116 compares,
e.g., the anterior and posterior heart rate values in time series
with each other, and specifies such variation points that the
differential value between the anterior heart rate value and the
posterior heart rate value becomes equal to or larger or
smaller than the predetermined threshold value. The noise
heart rate eliminating unit 116 allocates, e.g., the identifica-
tion numbers to the specified variation points, the identifica-
tion numbers each uniquely identifying the variation point.
The noise heart rate eliminating unit 116 temporarily stores,
in a predetermined location of the main storage unit 92, the
identification number allocated to the variation point by being
associated with the heart rate value being anterior in time
series and the time information when detecting the anterior
heart rate value when the differential value between the ante-
rior and posterior heart rate values becomes equal to or larger
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than the predetermined threshold value. Further, the noise
heart rate eliminating unit 116 temporarily stores, in the pre-
determined area of the main storage unit 92, the identification
number allocated to the variation point by being associated
with the heart rate value being posterior in time series and the
time information when detecting the posterior heart rate value
when the differential value between the anterior and posterior
heart rate values becomes equal to or smaller than the prede-
termined threshold value.

[0207] The noise heart rate eliminating unit 116 specified
the elimination period from the time information associated
with the variation point at which the differential value
between the anterior and posterior heart rate values becomes
equal to or larger than the predetermined threshold value, and
from the time information associated with the variation point
at which the differential value between the anterior and pos-
terior heart rate values becomes equal to or smaller than the
predetermined threshold value. Note that such a case is
assumed that the variation point at which the differential
value between the heart rate values becomes equal to or larger
than the predetermined value, is consecutively detected in
time series. In the consecutive case of the variation points at
which the differential value between the heart rate values
becomes equal to or larger than the predetermined threshold
value in time series, for example, the variation point with the
heart rate value being anterior in time series or the variation
point with the lower (smaller) heart rate value associated with
the variation point, may be set as the start time of the elimi-
nation period. Similarly, in such a case that the variation point
at which the differential value between the heart rate values
becomes equal to smaller than the predetermined threshold
value is consecutively detected in time series, for example,
the variation point with the heart rate value being posterior in
time series or the variation point with the lower (smaller)
heart rate value associated with the variation point, may be set
as the end time of the elimination period.

[0208] S07 of FIG. 25 illustrates an example of graph, in
which the heart rate corresponding to the elimination period
is eliminated from the heart rate data depicted in S06 of FIG.
25.

[0209] A rectangular area encompassed by a broken line in
S07 of FIG. 25 represents the elimination period. The
example of graph of S07 of FIG. 25 does not include the heart
rate values acquired in the elimination period. It is therefore
possible to detect the characteristic quantities of the heart rate
variation associated with the meal without being affected by
the rising/restoration variation of the heart rate in, e.g., elimi-
nation period. For example, it is feasible to eliminate the heart
rate data like a noise instanced by the rising/restoration varia-
tion of the heart rate, which occurs randomly during the meal
period and the postprandial period.

[0210] Referring back to FIG. 21, the area size character-
istic quantity calculation unit 117 calculates an area size ratio
between the first peak area and the second peak area as, e.g,,
a characteristic quantity R1 of the heartbeats associated with
the meal. Thearea size characteristic quantity calculation unit
117 calculates the characteristic quantity R1 targeting on the
heart rate data obtained by the noise heart rate eliminating
unit 116 eliminating, e.g., an amount of variation of the heart
rate with respect to the exercise period and other equivalent
periods from the heart rate data acquired by the heart rate data
acquiring unit 112. Note that the calculation of the area size
ratio between the first peak area and the second peak area as
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the characteristic quantity R1 of the heartbeats associated
with the meal, has been already described in F1G. 7.

[0211] Theareasize characteristic quantity calculation unit
117 temporarily stores, in a predetermined location of the
main storage unit 92, the calculated area size ratio between
the first peak area and the second peak area in association with
a time zone of the meal. The time zone of the meal can be
exemplified by the four time zones, i.e., the breakfast (5:00-
1:00), the Iunch (11:00-17:00), the supper (17:00-24:00) and
the late night snack (24:00-5:00).

[0212] The amplitude characteristic quantity calculation
unit 118 calculates, e.g., a first peak amplitude (maximum
heart rate P1) and a second peak amplitude (maximum heart
rate P2) as a characteristic quantity (2) of the heartbeats
associated with the meal. The amplitude characteristic quan-
tity calculation unit 118 calculates the characteristic quantity
(2) targeting on the heart rate data obtained by the noise heart
rate eliminating unit 116 eliminating, e.g., an amount of
variation of the heart rate with respect to the exercise period
and other equivalent periods from the heart rate data acquired
by the heart rate data acquiring unit 112. Note that the calcu-
lation of the first and second peak amplitudes as the charac-
teristic quantity (2) of the heartbeats associated with the meal,
has been already described in FIG. 8. The amplitude charac-
teristic quantity calculation unit 118 temporarily stores, in a
predetermined location of the main storage unit 92, the cal-
culated first and second amplitudes in association with the
time zone of the meal.

[0213] The speed characteristic quantity calculation unit
119 calculates, e.g., the response speed (the rising response
speed, the restoration response speed) of the first peak and
response speed (the rising response speed, the restoration
response speed) of the second peak as a characteristic quan-
tity R3 of the heartbeats associated with the meal. The speed
characteristic quantity calculation unit 119 calculates the
characteristic quantity R3 targeting on the heart rate data
obtained by the noise heart rate eliminating unit 116 elimi-
nating, e.g., an amount of variation of the heart rate with
respect to the exercise period and other equivalent periods
from the heart rate data acquired by the heart rate data acquir-
ing unit 112. Note that the calculation of the response speeds
of the first and second peaks as the characteristic quantity R3
of the heartbeats associated with the meal, has been already
described in FIGS. 9-12. The speed characteristic quantity
calculation unit 119 temporarily stores, in a predetermined
location of the main storage unit 92, the calculated response
speeds of the first and second peaks in association with the
time zone of the meal.

[0214] Thetime characteristic quantity calculation unit 120
calculates, e.g., the response time (the rising response time,
the restoration response time) of the first peak and response
time (the rising response time, the restoration response time)
of the second peak as a characteristic quantity R4 of the
heartbeats associated with the meal. The time characteristic
quantity calculation unit 120 calculates the characteristic
quantity R4 targeting on the heart rate data obtained by the
noise heart rate eliminating unit 116 eliminating, e.g., an
amount of variation of the heart rate with respect to the
exercise period and other equivalent periods from the heart
rate data acquired by the heart rate data acquiring unit 112.
Note that the calculation of the response time of the first and
the response time of the second peaks as the characteristic
quantity R4 of the heartbeats associated with the meal has
been already described in FIGS. 13-14. The time character-
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istic quantity calculation unit 120 temporarily stores, in a
predetermined location of the main storage unit 92, the cal-
culated response time of the first and the calculated response
time of the second peaks in association with the time zone of
the meal.

[0215] The data transmission unit 121 outputs, to the net-
work N, the characteristic quantities R1-R4 calculated by the
area size characteristic quantity calculation unit 117, the
amplitude characteristic quantity calculation unit 118, the
speed characteristic quantity calculation unit 119 and the time
characteristic quantity calculation unit 120. The calculated
characteristic quantities R1-R4 are output to the network N by
associating these quantities with the identification number
allocated to the wearers of the sensor equipments 11 and the
time zone of the meal.

[0216] Note that the data transmission unit 121 may also
register the eleven characteristic quantities of four categories,
i.e., the calculated characteristic quantities R1-R4 in, e.g.,
records of the table illustrated in FIG. 15, which are associ-
ated with the respective characteristic quantities, and may
thus output this table to the network N.

[0217] FIG. 26 illustrates an example of a meal character-
istic quantity table having registered the eleven characteristic
quantities of four categories related to the meal. The data
transmission unit 121 registers the calculated eleven charac-
teristic quantities of four categories in (four) “calculation
result” fields associated with the four categories of character-
istic quantities, thus generating the meal characteristic quan-
tity table. Note that the meal characteristic quantity table
illustrated in FIG. 26 may contain the identification number
associated with the wearers of the sensor equipments 11
beforehand. The meal characteristic quantity table illustrated
in FIG. 26 may also contain a field corresponding to the time
zone of the meal. The data transmission unit 121 registers the
identification number of the sensor equipment 11 and the time
zone of the meal in the generated meal characteristic quantity
table, and outputs the meal characteristic quantity table to the
network N.

[0218] [Information Processing Apparatus]

[0219] The data reception unit 101 illustrated in FIG. 21
accepts the meal characteristic quantity table depicted in FIG.
26, which has been output to the network N from the sensor
equipment 11. The accepted meal characteristic quantity
table contains, e.g., the identification number associated with
the wearers of the sensor equipments 11, the time zones of the
meals at which the respective characteristic quantities are
acquired, and other equivalent information. The data recep-
tion unit 101 temporarily stores the accepted meal character-
istic quantity table in a predetermined location of the main
storage unit 92.

[0220] The DB information acquiring unit 102 acquires the
characteristic quantities associated with meal of every candi-
date registered beforehand by referring to, e.g., a meal char-
acteristic quantity DB 201. The meal characteristic quantity
DB 201 stores the meal characteristic quantity table (FIG. 15)
per time zone of the meal as an actual result acquired from
every candidate. The DB information acquiring unit 102
searches the meal characteristic quantity DB 201 for acquir-
ing the characteristic quantity per candidate, which is coinci-
dent with the time zone of the meal, on the basis of the meal
time zones registered in the meal characteristic quantity table
accepted by the data reception unit 101. The DB information
acquiring unit 102 temporarily stores, in a predetermined
location of the main storage unit 92, the characteristic quan-
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tity per candidate, which is coincident with the time zone of
the meal, the characteristic quantity being acquired from the
meal characteristic quantity DB 201.

[0221] The DB information acquiring unit 102, when the
meal characteristic quantity table accepted by the data recep-
tion unit 101 is of a true wearer of the sensor equipment 11,
associates the meal characteristic quantity table with the true
wearer and stores this table in the meal characteristic quantity
DB 201. The DB information acquiring unit 102 updates the
meal characteristic quantity DB 201, based on, e.g., the iden-
tification number of the sensor equipment and the time zone
of the meal.

[0222] The candidate unique range generating unit 103
generates aunique range of each characteristic quantity about
each candidate, based on the data of the characteristic quan-
tities related to the meal of every candidate, the characteristic
quantities being acquired from the meal characteristic quan-
tity DB 201. The unique range of the characteristic quantity is
generated by obtaining, e.g., the maximum value and the
minimum value of the characteristic quantities. However, the
unique range may entail using a 30 range as broad as a
standard deviation (o) of the characteristic quantities in place
of the maximum value and the minimum value. When calcu-
lating the unique range of each characteristic quantity
detected per candidate, for example, an irregular abnormal
value (e.g.. a detection value derived from incorrectly wear-
ing the sensor equipment 11, and other equivalent causes) can
be eliminated.

[0223] The candidate unique range generating unit 103
compares the acquired data in magnitude per characteristic
quantity in the eleven characteristic quantities of four catego-
ries of every candidate, and specifies the maximum value and
the minimum value of the target characteristic quantities. The
candidate unique range generating unit 103 temporarily
stores, in a predetermined location of the main storage unit
92, the maximum value and the minimum value of every
specified characteristic quantity by being associated with the
candidate from whom the data are acquired.

[0224] The subject person narrowing unit 104 narrows
down the wearer of the sensor equipment 11, based on the
unique range of each of the eleven characteristic quantities of
four categories per candidate, the unique range being genet-
ated by the candidate unique range generating unit 103. The
subject person narrowing unit 104 determines whether each
of the eleven characteristic quantities of four categories
accepted from the sensor equipment 11 falls within the unique
range of each candidate per characteristic quantity. The deter-
mination as to whether the characteristic quantity accepted
from the sensor equipment 11 falls within the unique range of
each candidate is made per candidate. Further, the determi-
nation about whether included in the unique range of the
candidate is made based on the maximum value and the
minimum value of the unique range and a magnitude relation
of the characteristic quantity data accepted from the sensor
equipment 11.

[0225] The subject person narrowing unit 104, when the
characteristic quantities accepted from the sensor equipments
11 fall within the unique ranges of the characteristic quanti-
ties about the respective candidates, extracts all of the relevant
candidates who may be deemed as the wearers (subject per-
sons) of the sensor equipments 11. The subject person nar-
rowing unit 104 temporarily stores, in a predetermined loca-
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tion of the main storage unit 92, all of the extracted candidates
by being associated with the identification numbers of the
sensor equipments 11.

[0226] The result display unit 105 outputs the candidates
extracted by the subject person narrowing unit 104 to the
output unit 95 of the information processing apparatus 10, the
candidates being associated with the identification numbers
or other equivalent information of the sensor equipments 11.
For example, the result display unit 105 displays the candi-
dates extracted by the subject person narrowing unit 104 on a
display screen of a CRT (Cathode Ray Tube) and other
equivalent displays by being associated with the identifica-
tion numbers of the sensor equipments 11, and other equiva-
lent information.

[0227] Note that the extracted candidates may be displayed
in any arbitrary display mode. For example, the arbitrary
display mode can be exemplified by a display mode based on
a table format in which names of the processing target can-
didates are associated with the identification numbers of the
sensor equipments 11. Another arbitrary display mode may
be such that the names of the extracted candidates and the
identification numbers of the sensor equipments 11 are reg-
istered in a message prepared as a template beforehand, and
this message is displayed on the display screen of the CRT
and other equivalent displays to inform of erroneous wearing
of the sensor equipment 11.

[0228] For example, an administrator or another equivalent
person of the information processing system 1 can check
wearing states of the sensor equipments 11 of the patients
with occurrence of mis-wearing, based on the information
displayed on the display screen of the CRT and other equiva-
lent displays of the information processing apparatus 10.
Further, the administrator or another equivalent person may
accumulate the acquired characteristic quantity tables as
update information when determining that the subject person
wearing the sensor equipment 11 is the true wearer, based on
the information displayed on the display screen of the CRT
and other equivalent displays of the information processing
apparatus 10. For example, the information processing appa-
ratus 10 can store, in the meal characteristic quantity DB 201,
the acquired characteristic quantity tables as the update infor-
mation of the true wearers in accordance with an operation
input accepted via the input unit 94 instanced by the keyboard
and other equivalent devices. The characteristic quantity
tables are stored in the meal characteristic quantity DB 201
via, e.g., the DB information acquiring unit 102.

[0229] [Processing Flow]
[0230] (Whole Processing)
[0231] A subject person specifying process of the informa-

tion processing system 1 in the embodiment will hereinafter
be described with reference to the drawings illustrated in
FIGS.27-56. FIG. 27 illustrates a flowchart related to a whole
of the subject person specifying process. In the flowchart
illustrated in FIG. 27, the sensor equipment 11 depicted in
FIG. 19 executes processes in S1-S7, and the information
processing apparatus 10 executes processes in S8-S10.

[0232] It is to be noted that the subject person specifying
process illustrated in FIG. 27 is not limited to the embodi-
ment. For example, a configuration may be such that the
respective sensor equipments 11 are connected to the meal
characteristic quantity DB 201 via the network N, and each
sensor equipment 11 executes the subject person specifying
process in S1-S10. The sensor equipment 11 is connected to
the meal characteristic quantity DB 201 via the network N
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and executes the subject person specifying process, in which
case the process in, e.g., S7 illustrated in FIG. 27 may be
skipped. Another available configuration is that the sensor
equipment 11 is integrally configured to include the meal
characteristic quantity DB 201. When the sensor equipment
11 includes the meal characteristic quantity DB 201, for
example, in addition to skipping the process in S7, the subject
person specifying process can be started and ended within the
sensor equipment 11 without depending on a status of the
meal characteristic quantity DB 201 connected thereto.

[0233] In the flowchart illustrated in FIG. 27, a timing for
starting the subject person specifying process can be exem-
plified by detecting the heart rate corresponding to the time
zone of the meal after, e.g., wearing the sensor equipment 11.
The sensor equipment 11 determines a wearing state of the
sensor equipment 11, based on a peak interval of the electro-
cardiographic waveforms detected per unit time (e.g., 10 sec)
of the wearer. The sensor equipment 11 determines the wear-
ing state of the sensor equipment 11 from an event that the
acceleration value does not keep holding a value in the vicin-
ity of “0” within a predetermined period instanced by 10 sec
and 1 minute (S1). Incidentally, the determination about
wearing the sensor has already been described in FIG. 21.

[0234] The sensor equipment 11 acquires the heart rates
detected per unit time and the accelerations detected per unit
time in the vertical, bilateral and back-and-forth directions
(S2). The sensor equipment 11 temporarily stores, in a pre-
determined location of the main storage unit 92, the acquired
heart rates and the accelerations in the vertical, bilateral and
back-and-forth directions by being associated with, e.g., the
time information. The time information contains the calendar
time of the year, the month, the day, the hour, the minute and
other equivalent time information. The main storage unit 92
accumulates the acquired heart rates and the accelerations in
the vertical, bilateral and back-and-forth directions in time
series. Incidentally, the acquisition of the heart rates and the
acquisition of the accelerations 1n the vertical, bilateral and
back-and-forth directions have already been described in
FIG. 21.

[0235] The sensor equipment 11 specifies the meal period
and the exercise period of the wearer from the acceleration in
the back-and-forth direction and the acceleration in the ver-
tical direction, which are acquired in the process of S2 (S3).
The sensor equipment 11 temporarily stores the start time
information and the end time information about the specified
meal period in a predetermined location of the main storage
unit 92. Similarly, the sensor equipment 11 temporarily stores
the start time information and the end time information about
the specified exercise period in a predetermined location of
the main storage unit 92. Incidentally, the description of how
the meal period and the exercise period are specified has
already been made in FIGS. 22 and 23.

[0236] Inthe process of S4, the sensor equipment 11 deter-
mines whether the time-series heart rate data acquired in the
process of S2 contain the meal period specified in the process
of S3. For examiple, a case of not taking the meal even in the
time zone (5:00-11:00) to take the breakfast, is assumed due
to a habit of the wearer or for a reason of having no appetite.
This is because the heart rate peak derived from the peristaltic
movement and the digestive activity does not occur in the case
of not taking the meal, and hence it is difficult to detect the
eleven characteristic quantities of four categories of the heart-
beats associated with the meals.
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[0237] Thesensor equipment 11 finishes the subject person
specifying process in progress when the time-series heart rate
data acquired in the process of S2 do not contain the meal
period specified in the process of S3 (S4, no). Whereas when
the time-series heart rate data acquired in the process of S2
contain the meal period specified in the process of S3 (54,
yes), the sensor equipment 11 shifts to S5 and continues the
subject person specifying process in progress.

[0238] Inthe process of S5, the sensor equipment 11 elimi-
nates the rapid rising/restoration variation of the heart rate to
be superposed on the transition of the heart rate associated
with the meal from the time-series heart rate data acquired in
the process of S2. The sensor equipment 11 temporarily
stores, in a predetermined location of the main storage unit
92, the heart rate data obtained by eliminating the rapid rising/
restoration variation of the heart rate to be superposed on the
transition of the heart rate associated with the meal from the
time-series heart rate data acquired in the process of S2.
Incidentally, the elimination of the noise heart rate has
already been described in S03-S05 in FIG. 24 and S06-S07 in
FIG. 25.

[0239] In the process of S6, the sensor equipment 11 cal-
culates the eleven characteristic quantities of four categories
(meal characteristic quantities) about the heart rates associ-
ated with the meals. The sensor equipment 11 calculates the
eleven meal characteristic quantities of four categories, based
on the heart rate data obtained by eliminating the rapid rising/
restoration variation of the heart rate to be superposed on the
transition of the heart rate associated with the meal in the
process of S5. The sensor equipment 11 temporarily stores, in
a predetermined location of the main storage unit 92, the
calculated eleven meal characteristic quantities of four cat-
egories by being associated with the time zones of the meals
and the identifying information of the sensor equipment 11.
Note that the process of calculating the meal characteristic
quantities in S6 will be described in FIGS. 28-32.

[0240] The sensor equipment 11 outputs the eleven meal
characteristic quantities of four categories about the heart
rates associated with the meals, which are calculated in the
process of S6, to the network N (S7). The information pro-
cessing apparatus 10 accepts the eleven meal characteristic
quantities of four categories that are output to the network N.
Incidentally, the process in S7 has already been described in
FIG. 26.

[0241] In the process of S8, the information processing
apparatus 10 accepts the eleven meal characteristic quantities
of four categories associated with the meals of the wearer
from the sensor equipment 11, the characteristic quantities
having been output to the network N. The meal characteristic
quantities contain, e.g., the time zones of the meals and the
identifying information of the sensor equipment 11. The
information processing apparatus 10 temporarily stores, in a
predetermined location of the main storage unit 92, the
accepted eleven meal characteristic quantities of four catego-
ries associated with the meals by being associated with the
time zones of the meals and the identifying information of the
sensor equipment 11.

[0242] As triggered by accepting the eleven meal charac-
teristic quantities of four categories output from the sensor
equipment 11, the information processing apparatus 10
acquires the meal characteristic quantities associated with the
meals of every candidate registered beforehand by referring
to the meal characteristic quantity DB 201. The information
processing apparatus 10 searches the meal characteristic
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quantity DB 201, based on the meal time zones of the
accepted meal characteristic quantities, and thus acquires the
meal characteristic quantities of every candidate, which are
matched with the time zones of the meals. The information
processing apparatus 10 temporarily stores, in a predeter-
mined location of the main storage unit 92, the characteristic
quantities of every candidate, which are acquired from the
meal characteristic quantity DB 201 and matched with the
meal time zones.

[0243] In the process of S9, the information processing
apparatus 10 compares the acquired data in magnitude per
characteristic quantity with respect to the eleven characteris-
tic quantities of four categories per candidate, which are
acquired in the process of S8, thereby specifying the maxi-
mum value and the minimum value ofthe target characteristic
quantities as the unique range. The information processing
apparatus 10 temporarily stores, in a predetermined location
of the main storage unit 92, the unique range (the maximum
value, the minimum value) per specified characteristic quan-
tity by being associated with the candidate from whom the
meal characteristic quantities are acquired.

[0244] In the process of S10, the information processing
apparatus 10 narrows down the wearer (subject person) of the
sensor equipment 11 accepted in the process of S8, based on
the unique range of the meal characteristic quantities per
candidate, which are specified in the process of S9. Note that
asubject person narrowing process in S10 will be described in
FIG. 33.

[0245] The information processing apparatus 10, when the
unique range of the meal characteristic quantities about each
candidate embraces the meal characteristic quantities
accepted from the sensor equipment 11, extracts all of the
relevant candidates deemed as the wearers (subject persons)
of the sensor equipments 11. The information processing
apparatus 10 temporarily stores all of the extracted candidates
in a predetermined location of the main storage unit 92 by
being associated with the identification numbers of the sensor
equipments 11.

[0246] The information processing apparatus 10 displays
all of the candidates extracted in the process of S10 on the
display screen of the CRT or other equivalent displays of the
output unit 95 of the information processing apparatus 10 by
being associated with the identification numbers and other
equivalent information of the sensor equipments 11.

[0247] Herein, the processes in S1-S6 executed by the
information processing apparatus 10 or the sensor equipment
11 are one example of acquiring characteristic quantities of
variations of a heart rate pertaining to a meal of a subject
person from heart rate data of the subject person defined as a
target person of a process of specitying an individual. Further,
the information processing apparatus 10 or the CPU 11 and
other equivalent units of the sensor equipment 11 execute the
processes in S1-S6 as one example of a unit to acquire char-
acteristic quantities of variations of a heart rate pertaining to
ameal of a subject person from heart rate data of the subject
person defined as a target person of a process of specifying an
individual.

[0248] The processes in S8-S9 executed by the information
processing apparatus 10 or the sensor equipment 11 are one
example of calculating a distribution range of history values
of characteristic quantities associated with a plurality of can-
didates. Further, the information processing apparatus 10 or
the CPU 11 and other equivalent units of the sensor equip-
ment 11 execute the processes in S8-S9 as one example of
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calculating a distribution range of history values of charac-
teristic quantities associated with a plurality of candidates.
[0249] The process in S10 executed by the information
processing apparatus 10 or the sensor equipment 11 is one
example of extracting a candidate corresponding to a subject
person from within the plurality of candidates, based on a
relation between the characteristic quantities acquired from
the subject person and the distribution range of the history
values of the characteristic quantities. Moreover, the infor-
mation processing apparatus 10 or the CPU 11 and other
equivalent units of the sensor equipment 11 execute the pro-
cess in S10 one example of a unit to extract a candidate
corresponding to a subject person from within the plurality of
candidates, based on a relation between the characteristic
quantities acquired from the subject person and the distribu-
tion range of the history values of the characteristic quanti-
ties.

[0250] (Calculation Process of Meal Characteristic Quan-
tities)
[0251] A calculation process of the meal characteristic

quantities in S3 illustrated in FIG. 27 will be described with
reference to flowcharts depicted in FIGS. 28-32. The calcu-
lation process of the meal characteristic quantities illustrated
in FIGS. 28-32 involve calculating the eleven meal charac-
teristic quantities of four categories about the heart rates
pertaining to the meals of the wearer of the sensor equipment
11.

[0252] Inthe flowchart illustrated in FIG. 28, in the process
of S11, the sensor equipment 11 determines a category of
meal characteristic quantity to be processed within the eleven
meal characteristic quantities of four categories. For example,
the sensor equipment 11 determined the meal characteristic
quantity as a processing target in accordance with the cat-
egory of the meal characteristic quantity to be preset in the
auxiliary storage unit 93 and other equivalent storages. The
meal characteristic quantity to be preset may be set as anyone
of the eleven meal characteristic quantities of four categories,
and may also be set a combination of plural meal character-
istic quantities (eleven quantities at the maximum) in the
eleven meal characteristic quantities of four categories.
[0253] The sensor equipment 11 selects and executes the
processes in S12-S14 in accordance with the category of the
meal characteristic quantity determined in the process of S11.
Note that the area size ratio between the first peak area and the
second peak area is calculated as the characteristic quantity
R1 of the heartbeats pertaining to the meal in the process in
S12. The first peak amplitude (the maximum heart rate P1)
and the second peak amplitude (the maximum heart rate P2)
are calculated as the characteristic quantity (2) of the heart-
beats pertaining to the meal in the process in S13. The
response speed (the rising response speed, the restoration
response speed) of the first peak and the response speed (the
rising response speed, the restoration response speed) of the
second peak are calculated as the characteristic quantity R3 of
the heartbeats pertaining to the meal in the process in S14.
The response time (the rising response time, the restoration
response time) of the first peak and the response time (the
rising response time, the restoration response time) of the
second peak are calculated as the characteristic quantity R4 of
the heartbeats pertaining to the meal in the process in S15.
[0254] For example, the area size ratio between the first
peak area and the second peak area, and the restoration
response speed of the second peak and the restoration
response time of the second peak are set as the categories of
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the meal characteristic quantities to be processed, in which
case the processes in S12, S14, S15 are selected. The sensor
equipment 11 may calculate three sets of meal characteristic
quantities by executing the processes in S12, S14, S15 in
accordance with the categories of the meal characteristic
quantities being set. Note that the process in S12 will be
explained with reference to a flowchart in FIG. 29; the process
in 813 will be explained with reference to a flowchart in FIG.
30; the process in S14 will be explained with reference to a
flowchart in FIG. 31; and the process in S15 will be explained
with reference to a flowchart in FIG. 32.

[0255] (Calculation of Area Size Characteristic Quantity)

[0256] In the flowchart illustrated in FIG. 29, the sensor
equipment 11 in the process of S21 acquires the meal period
specified in the process of S2 in FIG. 27. The sensor equip-
ment 11 calculates a baseline heart rate based on the meal
period acquired in the process of S2 (S22). The sensor equip-
ment 11 temporarily stores, in a predetermined location of the
main storage unit 92, the baseline heart rate calculated in the
process of S22 by being associated with the time zone of the
meal and the identification number of the sensor equipment.

[0257] FIGS. 35 and 36 illustrate explanatory diagrams of
the baseline heart rate. The explanatory diagram illustrated in
S08 of FIG. 35 indicates an example of the heart rate data
from which to have eliminated the rapid rising/restoration
variation of the heart rate superposed on the transition of the
heart rate pertaining to the meal in the process of S5 in FIG.
27. In the example of the heart rate in S08 of FIG. 35, the
detected heart rate per unit time is registered by being asso-
ciated with the time information when the heart rate is
detected. Note that the time information in S08 of FIG. 35 is
expressed in a timestamp format of “month/day/hour/minute/
second”. The heart rate per unit time is associated with the
meal period expressed in a binary status of “0” and “1”. In the
S08 of FIG. 35, “1” represents the meal period, while “0”
represents a period other than the meal period.

[0258] The sensor equipment 11 specifies, as a meal ante-
rior period, a predetermined period (e.g., 0 through 30 min-
utes) before the meal start time of the meal period. The sensor
equipment 11 extracts the heart rate data in the meal anterior
period from the heart rate data as depicted in a rectangular
area encompassed by abold line in S08 of FIG. 35. Then, the
sensor equipment 11 compares the extracted sets ofheart rate
data with each other, thereby setting a minimum heart rate as
the baseline heart rate. S09 in FIG. 35 illustrates an example
of setting the minimum heart rate in the rectangular area
encompassed by the bold line in S08 of FIG. 35 as the baseline
heart rate. As illustrated in S09 of FIG. 35, the minimum heart
rate in the rectangular area encompassed by the bold line in
S08 of FIG. 35 15 “59.0”, in which this minimum heart rate is
set as the baseline heart rate.

[0259] FIG. 36 depicts a correlation between the meal ante-
rior period, the meal period and the baseline heart rate. FIG.
36 illustrates a graph of the transition of the heart rate, in
which the axis of ordinates indicates the heart rate per unit
time, while the axis of abscissa indicates the elapse time (the
period of time). In FIG. 36, a rectangular area encompassed
by a bold line indicates the meal anterior period, a rectangular
area encompassed by a bold broken line indicates the meal
period, and an elongate broken line parallel to the axis of
abscissa indicates the baseline heart rate. Note that a rectan-
gular area encompassed by a fine line indicates an elimination
period targeted by the noise elimination process in S5.
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[0260] FIGS. 35 and 36 illustrate examples of setting the
baseline heart rate to the minimum heart rate in the meal
anterior period. The baseline heart rate may be the heart rate
at the meal start time as described in FIG. 2, and may also be
an average value of the heart rates acquired during the meal
anterior period. A setting method common between or among
the plurality of subject persons may be sufficient for setting
the baseline heart rate.

[0261] Referring back to the flowchart in FIG. 29, the sen-
sor equipment 11 calculates the area size of the first peak area,
based on the baseline heart rate calculated in the process of
S22 (S23). The area size of the first peak area can be
expressed as a total value of the rising widths of the heart rates
in the meal period from the baseline heart rate. The sensor
equipment 11 extracts, from the heart rate data, the heart rates
in the meal period, which are acquired in the process of S2 in
FIG. 27. Then, the sensor equipment 11 obtains differences
between the extracted heart rates in the meal period and the
baseline heart rate, and totalizes the differences of the heart
rates with respect to the meal period. The sensor equipment
11 temporarily stores, in a predetermined location of the main
storage unit 92, a total of the differences between the heart
rates in the meal period and the baseline heart rate as the area
size of the first peak area.

[0262] Note that the characteristic quantity R1 of the heart
rate pertaining to the meal is an area size ratio between the
first peak area and the second peak area. Herein, the area sizes
of the first and second peak areas can be each obtained as a
period-based total of the rising widths from the baseline heart
rate. Therefore, in place of the respective area sizes, a period-
based average may also be obtained by averaging the period-
based totals of the rising widths from the baseline heart rate
with the respective periods.

[0263] For example, the sensor equipment 11 divides the
total of the differences between the heart rates in the meal
period by the meal period, thereby calculating a period-based
average of the rising widths. The sensor equipment 11 may
replace the calculated period-based average of the rising
widths with the area size of the first peak area for detecting the
characteristic quantity R1 of the heart rate pertaining to the
meal.

[0264] Similarly to the process in S21, the sensor equip-
ment 11 calculates an area size of the second peak, based on
the baseline heart rate calculated in the process of S22 (S24).
The area size of the second peak area can be expressed as a
total value of the rising widths of the heart rates in the post-
prandial period from the baseline heart rate. The postprandial
period is described as a fixed period (e.g., 4 hours and there-
about) since the end time of the meal period. Incidentally, the
postprandial period has already been explained in FIG. 7.
[0265] The sensor equipment 11 extracts, from the heart
rate data, the heart rates in the postprandial period, which are
acquired in the process of S2 in FIG. 27. Then, the sensor
equipment 11 obtains differences between the extracted heart
rates in the postprandial period and the baseline heart rate,
and totalizes the differences of the heart rates with respect to
the postprandial period. The sensor equipment 11 temporarily
stores, in a predetermined location of the main storage unit
92, a total of the differences between the heart rates in the
postprandial period and the baseline heart rate as the area size
of the second peak area.

[0266] Note that the period-based average of the rising
widths of the heart rates in the postprandial period from the
baseline heart rate may also be applied to the area size of the
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second peak area similarly to the area size of the first peak
area. It may be sufficient that the sensor equipment 11 calcu-
late the period-based total of the rising widths and the period-
based average of the rising widths with respect to the area
sizes of the first and second peak areas in accordance with,
e.g., a preset condition.

[0267] The sensor equipment 11 calculates the area size
ratio between the first peak area and the second peak area
from the area size of the first peak area and the area size of the
second peak area, the area sizes being calculated in the pro-
cesses of S22-S23 (S25). The sensor equipment 11 tempo-
rarily stores, in a predetermined location of the main storage
unit 92, the area size ratio calculated in the process of S25 by
being associated with, e.g., the time zone of the meal and the
identification number of the sensor equipment. The sensor
equipment 11 temporarily stores, in a predetermined location
of the main storage unit 92, the area size ratio calculated in the
process of S25 by being associated with the time zone of the
meal and the identification number of the sensor equipment.
[0268] FIGS. 8B(1) and 8B(2) illustrate explanatory dia-
grams of the area size ratio between the first peak area and the
second peak area. FIG. 8B(1) depicts an example of the heart
rate data from which to have eliminated the rapid rising/
restoration variation of the heart rate superposed on the tran-
sition of the heart rate pertaining to the meal in the process of
S5 in FIG. 27. In the example of the heart rate in FIG. 8B(1),
the detected heart rate per unit time is registered by being
associated with the time information when detecting the heart
rate. Further, the heart rate per unit time is associated with
each of the meal periods.

[0269] In the example of FIG. 8B(1), the difference of the
acquired heart rate from the baseline heart rate is associated
with each heart rate as a “rising width”. Further, a rectangular
area encompassed by a thin broken line represents the meal
period, while a rectangular area surrounded by a bold broken
line represents the postprandial period. An area size of the
first peak area is calculated as atotal of the rising widths in the
rectangular area encompassed by the thin broken line. An area
size of the second peak area is calculated as a total of the rising
widths in the rectangular area encompassed by the bold bro-
ken line.

[0270] In the example of FIG. 8B(1), let “S1” be the area
size of the first peak area and “S2” be the area size of the
second peak area, the area size ratio between the first peak
area and the second peak area is calculated by “S1/52=0.82"
as the characteristic quantity R1 of the heart rate pertaining to
the meal.

[0271] FIG. 8B(2) depicts a correlation between the meal
period, the postprandial period and the baseline heart rate.
FIG. 8B(2) illustrates a graph of the transition of the heart
rate, in which the axis of ordinates indicates the heart rate per
unit time, while the axis of abscissa indicates the elapse time
(the period of time). In FIG. 8B(2), a rectangular area encom-
passed by a thin broken line indicates the meal period, a
rectangular area encompassed by a bold broken line indicates
the postprandial period, and an elongate broken line parallel
to the axis of abscissa indicates the baseline heart rate. Note
thata rectangular area encompassed by a fine line indicates an
elimination period targeted by the noise elimination process
in S5.

[0272] As seen in the postprandial period in FIG. 8B(2),
such a case is assumed that the heart rate data includes the
elimination period derived from the exercise period and other
equivalent periods when calculating the area size of the sec-
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ond peak area. When the postprandial period covers the elimi-
nation period in the calculation of the area size of the second
peak area, the rising width of the heart rate can be approxi-
mated to the restoration with a fixed gradient from the heart
rate of the start time of the elimination period to the heart rate
of the end time thereof.

[0273] The sensor equipment 11 extracts the heart rate data
of the start time of the elimination period and the heart rate
data of the end time thereof, and calculates a difference
between these two sets of heart rate data. Then, the sensor
equipment 11 divides the calculated difference by the elimi-
nation period, thus calculating a restoration gradient to be
approximated. Subsequently, the sensor equipment 11 may
obtain the rising width of the heart rate data in the elimination
period by using the approximated restoration gradient. In the
example of FIG. 8B(2), a total value of the rising widths of the
heart rates in the elimination period is a value given by this
calculation: (((Rising Width At Elimination Period Start
Time)-(Rising Width At Elimination Period End Time))x
(Elimination Period))/2)+((Rising Width At Elimination
Period End Time)x(Elimination Period))).

[0274] (Calculation of Amplitude Characteristic Quantity)
[0275] A calculation of an amplitude characteristic quan-
tity will be described with reference to the flowchart illus-
trated in FIG. 30 and diagrams in FIGS. 39-42. FIGS. 39 and
41 illustrate examples of the heart rate data from which to
have eliminated the rapid rising/restoration variation of the
heart rate superposed on the transition of the heart rate per-
taining to the meal in the process of S5 in FIG. 27. In the
examples of the heart rates in FIGS. 39 and 41, the detected
heart rate per unit time is registered by being associated with
the time information when detecting the heart rate. Further,
the heart rate per unit time is associated with each of the meal
periods.

[0276] A rectangular area encompassed by a bold broken
line in FIG. 39 represents the meal period, and the heart rate
in an area surrounded by a bold line indicates a maximum
heart rate (P1) in the meal period. Similarly, a rectangular area
encompassed by a bold broken line in FIG. 41 represents the
postprandial period, and the heart rate in an area surrounded
by a bold line indicates a maximum heart rate (P2) in the
postprandial period. FIGS. 40 and 42 are graphs of the tran-
sition of the heart rate, in which the axis of ordinates indicates
the heart rate per unit time, while the axis of abscissa indicates
the elapse time (the period of time).

[0277] Inthe flowchart illustrated in FIG. 30, ina process of
S31, the sensor equipment 11 acquires the meal period speci-
fied in the process of S2 in FIG. 27. The sensor equipment 11
extracts the heart rate data associated with the time informa-
tion, based on the time information of the meal period
acquired in the process of S31. The sensor equipment 11
calculates the maximum heart rate (P1) in the meal period by
comparing extracted pieces of heart rate data in magnitude,
and specifies the calculated maximum heart rate (P1) as the
amplitude of the first peak (S32).

[0278] The sensor equipment 11 temporarily stores, in a
predetermined location of the main storage unit 92, the first
peak amplitude specified in the process of S32 by being
associated with the time zone of the meal and the identifying
information of the sensor equipment 11.

[0279] In the example of FIG. 39, the calculation of the
maximum heart rate (P1) in the meal period results in “85.2”.
FIG. 40 depicts a correlation between the meal period and the
maximum heart rate (P1) of the first peak. In FIG. 40, a
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rectangular area encompassed by a bold broken line indicates
the meal period, and the heart rate data having the maximum
heart rate (P1) exists in an area encircled by a bold line. Note
thata rectangular area encompassed by a fine line indicates an
elimination period targeted by the noise elimination process
in S5.

[0280] Referring back to the flowchart in FIG. 30, in the
process of S33, the sensor equipment 11 specifies a second
peak aniplitude in the postprandial period similarly to the
process in S31. The sensor equipment 11 specifies the post-
prandial period, based on the time information of the meal
period acquired in the process of S31, and extracts the heart
rate data corresponding to the postprandial period. Then, the
sensor equipment 11 calculates the maximum heart rate (P2)
in the postprandial period by comparing extracted pieces of
heart rate data in magnitude, and specifies the calculated
maximum heart rate (P2) as the amplitude of the second peak.

[0281] Inthe example of FIG. 41, the maximum heart rate
(P2)inthe postprandial period is calculated at “83.7”. FIG. 42
depicts a correlation between the postprandial period and the
maximum heart rate (P2) of the second peak. In FIG. 42, a
rectangular area encompassed by a bold broken line indicates
the postprandial period, and the heart rate data having the
maximum heart rate (P2) exists in an area encircled by a bold
line. Note that a rectangular area encompassed by a fine line
indicates an elimination period targeted by the noise elimi-
nation process in S5.

[0282] The sensor equipment 11 temporarily stores, in a
predetermined location of the main storage unit 92, the sec-
ond peak amplitude specified in the process of S33 by being
associated with the time zone of the meal and the identifying
information of the sensor equipment 11.

[0283] (Calculation of Speed Characteristic Quantity)

[0284] A calculation of a speed characteristic quantity will
hereinafter be described with reference to the flowcharts illus-
trated in FIGS. 31, 56 and diagrams in FIGS. 43-55. FIGS.
43-49 illustrate examples of the heart rate data from which to
have eliminated the rapid rising/restoration variation of the
heart rate superposed on the transition of the heart rate per-
taining to the meal in the process of S5 in FIG. 27. In the
examples of the heart rates in FIGS. 43-49, the detected heart
rate per unit time is registered by being associated with the
time information when detecting the heart rate. Further, the
heart rate per unit time is associated with each of the meal
periods. FIGS. 44-50 are graphs of the transition of the heart
rate, in which the axis of ordinates indicates the heart rate per
unit time, while the axis of abscissa indicates the elapse time
(the period of time).

[0285] Inthe flowchartillustrated in F1G. 31, ina process of
S41, the sensor equipment 11 acquires the meal period speci-
fied in the process of S2 in FIG. 27. The sensor equipment 11
extracts the heart rate data associated with the time informa-
tion, based on the time information of the meal period
acquired in the process of S41. The sensor equipment 11
calculates the maximum heart rate (P1) in the meal period by
comparing extracted pieces of heart rate data in magnitude,
and acquires time (reaching time) of the calculated maximum
heart rate (P1) (S42).

[0286] The sensor equipment 11 specifies the heart rate
data for calculating the rising/response speed of the first peak
from the reaching time of the maximum heart rate (P1)
acquired in the process in S42. The sensor equipment 11
performs approximation of function about the specified heart
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rate data of (Meal Period Start Time-Maximum Heart Rate
Reaching Time), thereby calculating the rising/response
speed of the first peak (S43).

[0287] The approximation of function performed in the
process of S43 can be exemplified by the approximation of
function using a linear function instanced by “f(t)=at+p”.
The approximation of function using the linear function can
involve performing the approximation of function suited to
approximation target data by obtaining such a combination of
parameters (¢, ) as to minimize an approximation error
(squared error) at each point of time of the approximation
target data.

[0288] FIG.55 illustrates an explanatory diagram about the
approximation error. In the explanatory diagram illustrated in
FIG. 55, the axis of ordinates indicates the heart rate per unit
time, while the axis of abscissa indicates the elapse time (the
period of time). The approximation target data are assumed to
be the heart rate data in a range from the meal start time to the
reaching time of the maximum heart rate (P1). Each piece of
heart rate data is indicated by a blackened circle “@”. In FIG.
55, time: t1 designates the meal start time, and time: tN
represents the reaching time of the maximum heart rate (P1).
Each heart rate data per time can be expressed by “yi(i=1-N)
[0289] In the explanatory diagram illustrated in F1G. 55, a
bold line represents a linear function: f(t)=at+f, which indi-
cates approximation to the transition of the heart rate data in
the range from the meal start time to the reaching time of the
maximum heart rate (P1). An approximation error between
the heart rate data: yi at the time: ti and the linear function:
f(t)=ct+p, can be expressed as a square of {yi-(ati+f)}.
[0290] For obtaining an approximation function suited to
the transition of the heart rate data from the meal start time to
the reaching time of the maximum heart rate (P1), it may be
sufficient to obtain such a combination of (¢, p) as to mini-
mize a sum of squares of approximation error: {yi-(ati+p)}
per heart rate. A mathematical expression 1 illustrates an error
function: E(a, B) about an approximation function: f{t)=at+

[Mathematical Expression 1]

N
El@, B =) Ay~ ot + B

where

[0291] o a gradient parameter,

[0292] f: an intercept parameter,

[0293] yi: a heart rate of i-th data,

[0294] ti: time of i-th data,

[0295] N: data count of target range.

[0296] In the mathematical expression 1, “o” represents a

gradient parameter of the approximation function, and “p”
denotes an intercept parameter of the approximation func-
tion. Further, “yi” designates i-th data (heart rate), and “ti”
represents time of the i-th data. Note that “N” in the math-
ematical expression 1 designates an approximation target
data count.

[0297] For obtaining such a combination of (a, p) as to
minimize the sum in the mathematical expression 1, it may be
sufficient to obtain such a combination of (a, ) that when
performing partial differentiation of the mathematical
expression 1 by using any one of “o” and “B” as a variable
while using the other as a constant and vice versa, both of
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values result in “0”. A mathematical expression 2 is an
example of a function form when performing the partial dif-
ferentiation of a right side of the mathematical expression 1
by using “c”, while a mathematical expression 3 is an
example of the function form when performing the partial
differentiation by using “B”.

[Mathematical Expression 2]

N

= 3 200y - (@ + B

=1

- 2a[zN: f?] - 2/?[21 t’] - Z[Z e ]

i=1 i=

9L(a, p)
da

[Mathematical Expression 3]

N
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When replacing a total sum of “ti2”, “ti”, “yiti”, “yi” in the
mathematical expressions 2 and 3 by “C1-C4” as illustrated in
a mathematical expression 4, the mathematical expression 2
is transformed into a mathematical expression 5, and the
mathematical expression 3 is transformed into a mathemati-
cal expression 6.

[Mathematical Expression 4]
N N n N
[Z 1‘2] = Cl[ li] = CZ[Z yifi] = C3[Z yi] =0y
i1 -1 i=t =1
[Mathematical Expression 5]
Cla—Czﬁ—C3 =0
[Mathematical Expression 6]

CZ(I—Nﬁ—C4=0

i

The mathematical expression 6 is transformed, whereby “p
1s expressed by a mathematical expression 7.

B Cra—Cy [Mathematical Expression 7]

F==%

The transformed mathematical expression 7 is substituted
into the mathematical expression 5, thereby enabling “a” to
be obtained. Further, the obtained “a” is substituted into the
mathematical expression 7, thereby enabling “f” to be
obtained. As a result, it is feasible to obtain such a combina-

tion of (ct, B) as to minimize the mathematical expression 1.

NGy - a0y
T NG, -CE

[Mathematical Expression 8
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-continued
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FIG. 56 illustrates a flowchart of a derivation process of an
optimal solution of the parameters «, f§ of the approximation
function: f(t)=ct+p, i.e., the derivation process of the param-
eters a, p satisfying the mathematical expression 8. Note that
a mathematical expression of the total sum related to coeffi-
cients C1-C4 given in the mathematical expression 4 and a
mathematical expression for deriving the parameters ¢, f3
given in the mathematical expression 8, may be previously
stored in a predetermined location of the auxiliary storage
unit 93. It may be sufficient that the sensor equipment 11
executes the derivation process of $61-S63 by referring to a
relation between the mathematical expression 4 and the math-
ematical expression 8 each stored in the auxiliary storage unit
93 when processing S43 illustrated in FIG. 31.

[0298] In a process of S61 in the flowchart illustrated in
FIG. 56, the sensor equipment 11 acquires all of the heart rate
data in the approximation target period together with the time
information associated therewith. Then, the sensor equip-
ment 11 calculates the coefficients C1-C4 given in the math-
ematical expression 4, based on the heart rate data acquired in
the process of S61 (S62). The sensor equipment 11 tempo-
rarily stores the calculated coefficients C1-C4 by being asso-
ciated with the approximate target period in a predetermined
location of the main storage unit 92.

[0299] Inaprocess of S63, the sensor equipment 11 calcu-
lates optimal values of the parameters o, f} of the approxima-
tion function, based on coefficients C1-C4 calculated in the
process of S62. The sensor equipment 11 calculates the opti-
mal values of parameters o, p satisfying the mathematical
expression 8 by referring to a relation of the mathematical
expression 8 about the parameters ¢, B, the mathematical
expression 8 being stored in the auxiliary storage unit 93. The
sensor equipment 11 temporarily stores the calculated param-
eters «, B by being associated with the approximation target
period in a predetermined location of the main storage unit
92.

[0300] In the explanatory example of FIG. 43, the param-
eter “o”” (gradient parameter) of the approximation function
about the heart rate data in the range from the meal period
start time to the reaching time of the maximum heart rate as
the processing target in S43, is calculated at *“75.3 (bpm/hour)
”. Similarly, the parameter (intercept parameter) of the
approximation function is calculated at “63.2 (bpm)”.

[0301] FIG. 44 illustrates a relation between the meal
period, the approximation target period and the approxima-
tion function. A rectangular area encompassed by a thin bro-
ken line in FIG. 44 represents the meal period; a rectangular
area encompassed by a bold broken line represents the
approximation target period; and a bold line indicates the
approximation function about the transition of the heart rate
in the approximation target period. Note that a rectangular
area encompassed by a fine line represents the elimination
period targeted by the noise elimination process in 85.

[0302] Referring back to the flowchart illustrated in FIG.
31, in the process of S44, the sensor equipment 11 calculates
the restoration response speed of the first peak by the approxi-
mation of function. The sensor equipment 11 specifies the
approximation target period for calculating the restoration
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response speed of the first peak, based on the time informa-
tion of the meal period acquired in the process of S41.

[0303] The approximation target period for calculating the
restoration response speed of the first peak can be set to a
period from the time when reaching the maximum heart rate
to the meal end time inclusive of an addition of a fixed period
as seen in the area encompassed by the bold broken line in
FIG. 45.FIG. 45 depicts an example of setting, as the approxi-
mation target period, “(Maximum Heart Rate Reaching
Time)-(Meal End time+5 Min)” by adding a period of “5
minutes” to the meal end time.

[0304] Thesensorequipment 11 may store the preset “fixed
period” in a predetermined location of the auxiliary storage
unit 93. Then, the sensor equipment 11 may refer to the “fixed
period” stored in the auxiliary storage unit 93 as triggered by
executing the process in S44, and may specify the approxi-
mation target period, based on the meal end time of the meal
period acquired in the process of S41.

[0305] The sensor equipment 11 extracts the heart rate data
of the specified approximation target period, i.e., “(Maximum
Heart Rate Reaching Time)-(Meal End time+5 Min)”. Sub-
sequently, the sensor equipment 11 sets the heart rate data of
the approximation target period as the processing target data,
and thus performs the approximation of function based on the
linear function: f(t)=at+f. Note that the approximation of
function based on the linear function: f{(t)=at+f inthe process
of S44 involves executing the same process as the process in
S43.

[0306] The approximation of function based on the linear
function: f(t)=ct+f entails executing the processes in S61-
863 illustrated in FIG. 56, in which the heart rate data of the
extracted approximation target period are set as the process-
ing target data. The sensor equipment 11 executes the deriva-
tion process of the parameters o, f in S61-S63 about the heart
rate data of the extracted approximation target period, thereby
calculating the optimal values of the parameters a., [} to mini-
mize the approximation error through the approximation of
function. As a result, the sensor equipment 11 can calculate
the restoration response speed of the first peak based on the
transition of the heart rate data extracted in the approximation
target period.

[0307] The sensor equipment 11 temporarily stores, in a
predetermined location of the main storage unit 92, the
parameters o, p of the approximation function calculated
about the restoration response speed of the first peak by being
associated with the approximation target period.

[0308] In the explanatory example of FIG. 45, the param-
eter “o”” (gradient parameter) of the approximation function
about the heart rate data of “(Maximum Heart Rate Reaching
Time)-(Meal End time+5 Min)” as the processing target in
S44, is calculated at “-34.4 (bpm/hour)”. Similarly, the
parameter “f” (intercept parameter) of the approximation
fanction is calculated at “85.2 (bpm)”.

[0309] FIG. 46 depicts a relation between a period from
meal start time up to meal end time, the approximation target
period and the approximation function. A rectangular area
encompassed by a thin broken line in FIG. 46 represents the
period up to “(Meal Start Time)-(Meal End time)”, and a
rectangular area encompassed by a bold broken line repre-
sents the approximation target period, and a bold line indi-
cates the approximation function about the transition of the
heart rate in the approximation target period. Note that a
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rectangular area encompassed by a fine line represents the
elimination period targeted by the noise elimination process
in S5.

[0310] Referring back to the flowchart illustrated in FIG.
31, in the processes of S45-S47, the sensor equipment 11
calculates the response speed (the rising response speed, the
restoration response speed) of the second peak by performing
the approximation of function about a transition variation of
the heart rate data similarly to S42-S44.

[0311] Theprocessin S45involves calculating the reaching
time of the maximum heart rate (P2) of the second peak in
order to specify the target heart rate data for calculating the
response speed of the second peak.

[0312] The sensor equipment 11 acquires the meal period
specified in the process of S2 in FIG. 27. The sensor equip-
ment 11 sets the end time of the acquired meal period as the
start time of the postprandial period, and extracts the heart
rate datain the postprandial period. The postprandial period is
a fixed period (e.g., 4 hours or thereabout) from the end time
of the meal period. Incidentally, the postprandial period has
already been described in FIG. 7.

[0313] The sensor equipment 11 calculates the maximum
heart rate (P2) in the postprandial period by comparing
extracted pieces ofheart rate data in the postprandial period in
magnitude, and acquires the time (reaching time) of the cal-
culated maximum heart rate (P2).

[0314] Note that the sensor equipment 11 may extract the
heart rate data by specifying a period (e.g., a period till an
elapse of 30-80 min since the meal start time) with the diges-
tive activity becoming active when calculating the reaching
time of the maximum heart rate (P2).

[0315] Inthe process of S46, the sensor equipment 11 cal-
culates the rising response speed of the second peak by per-
forming the approximation of function based on the reaching
time of the maximum heart rate (P2) of the second peak, the
reaching time being calculated in the process of S45. The
sensor equipment 11 specifies an extraction period (approxi-
mation target period) of the heart rate data for calculating the
rising response speed of the second peak from the reaching
time of the maximum heart rate (P2) of the postprandial
period acquired in the process of S45. The sensor equipment
11 specifies the approximation target period for calculating
the rising response speed of the second peak, based on the
start time (the end time of the meal period) of the postprandial
period and the reaching time of the maximum heart rate (P2)
of the postprandial period. Then, the sensor equipment 11
extracts the heart rate data in the specified approximate period
(given by (Postprandial Period Start Time-Maximum Heart
Rate (P2) Reaching Time)).

[0316] Inthe example of FIG. 47, an area encompassed by
a thin broken line represents the postprandial period starting
at the meal end time, and an area encompassed by a bold
broken line represents the approximation target period till the
reaching time of the maximum heart rate (P2) in the postpran-
dial period since the start time (the meal end time) of the
postprandial period. The sensor equipment 11 extracts the
heart rate data of the area encompassed by the bold broken
line.

[0317] The sensor equipment 11 performs the approxima-
tion of function targeting in processing on the heart rate data
of the extracted approximation target period (given by (Post-
prandial Period Start Time-Maximum Heart Rate (P2)
Reaching Time)), thereby calculating the rising response
speed of the second peak. Note that the approximation of
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function in the process of S46 is performed based in the linear
function: f{t)=cit+f similarly to the process of S43.

[0318] Inthe approximation of function based on the linear
fanction: f(t)=at+p, the sensor equipment 11 executes the
derivation process of parameters o, } in S61-S63 illustrated in
FIG. 56 by targeting in processing on the heart rate data of the
extracted approximation target period. Through the deriva-
tion process in S61-S63 illustrated in FIG. 56, the sensor
equipment 11 calculates the optimal values of the parameters
a, P to minimize the approximation error by the linear func-
tion: f(t)=at+p. As a result, the sensor equipment 11 is
thereby enabled to calculate the rising response speed of the
second peak based on the transition of the heart rate data
extracted in relation to (Postprandial Period Start Time-
Maximum Heart Rate (P2) Reaching Time).

[0319] The sensor equipment 11 temporarily stores, in a
predetermined location of the main storage unit 92, the cal-
culated (optimal values of the) parameters o, f of the linear
fanction: f(t)=at+f about the rising response speed of the
second peak by being associated with the approximation tar-
get period.

[0320] In the explanatory example in FIG. 47, the param-
eter “a” (gradient parameter) of the linear function about the
heart rate data given by (Postprandial Period Start Time-
Maximum Heart Rate (P2) Reaching Time) as the processing
target in S46, is calculated at “17.1 (bpm/hour)”. Similarly,
the parameter “B” (intercept parameter) of the linear function
is calculated at “66.9 (bpm)”.

[0321] FIG. 48 depicts a relation between the postprandial
period, the approximation target period and the approxima-
tion function. A rectangular area encompassed by a thin bro-
ken line in FIG. 48 represents the postprandial period, a
rectangular area encompassed by a bold broken line repre-
sents the approximation target period, and a bold line indi-
cates the approximation function about the transition of the
heart rate in the approximation target period. Note that a
rectangular area encompassed by a fine line indicates an
elimination period targeted by the noise elimination process
in S5.

[0322] Referring back to the flowchart illustrated in FIG.
31, in the process of S47, the sensor equipment 11 calculates,
based on the reaching time of the maximum heart rate (P2) of
the second peak that is calculated in the process of S45, the
restoration response speed of the second peak by the approxi-
mation of function. The sensor equipment 11 specifies the
extraction period (approximation target period) of the heart
rate data for calculating the restoration response speed of the
second peak from the reaching time of the maximum heart
rate (P2) in the postprandial period acquired in the process of
S45. The sensor equipment 11 specifies the approximation
target period for calculating the restoration response speed of
the second peak, based on the reaching time of the maximum
heart rate (P2) in the postprandial period and the end time of
the postprandial period. Then, the sensor equipment 11
extracts the heart rate data of the specified approximation
period (a period given by (Maximum Heart Rate (P2) Reach-
ing Time of Postprandial Period-Postprandial Period End
Time)).

[0323] Inthe example of FIG. 49, an area encompassed by
a thin broken line represents the postprandial period, an area
encompassed by a bold broken line represents the approxi-
mation target period till the end time of the postprandial
period since the reaching time of the maximum heart rate
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(P2). The sensor equipment 11 extracts the heart rate data of,
e.g., the area encompassed by the bold broken line.

[0324] The sensor equipment 11 calculates the restoration
response speed of the second peak by performing the approxi-
mation of function, targeting in processing on the heart rate
data of the extracted approximation target period (Maximum
Heart Rate (P2) Reaching Time-Postprandial Period End
Time). Note that the approximation of function in the process
of 547 is performed based on the linear function: f(t)=cut+p
similarly to the process in S43.

[0325] The approximation of function based on the linear
function: f{t)=at+ entails executing the derivation process
of the parameters o, 3 in S61-S63 illustrated in FIG. 56 by
targeting in processing on the heart rate data of the extracted
approximation target period. Through the derivation process
in S61-S63 illustrated in FIG. 56, the sensor equipment 11
calculates the optimal values of the parameters ¢, 3 to mini-
mize the approximation error by the linear function: f{t)=ot+
[. As a result, the sensor equipment 11 is thereby enabled to
calculate the restoration response speed of the second peak
based on the transition of the heart rate data extracted in
relation to approximation target period (Maximum Heart
Rate (P2) Reaching Time-Postprandial Period End Time).
[0326] The sensor equipment 11 temporarily stores, in a
predetermined location of the main storage unit 92, the cal-
culated (optimal values of the) parameters a, § of the linear
function: f(t)=at+f about the restoration response speed of
the second peak by being associated with the approximation
target period.

[0327] In the explanatory example in FIG. 49, the param-
eter “a” (gradient parameter) of the linear function about the
heart rate data given by (Maximum Heart Rate (P2) Reaching
Time-Postprandial Period End Time) as the processing target
in S47, is calculated at “-6.4 (bpm/hour)”. Similarly, the
parameter “B” (intercept parameter) of the linear function is
calculated at “83.9 (bpm)”.

[0328] FIG. 50 depicts a relation between the postprandial
period, the approximation target period and the approxima-
tion function. A rectangular area encompassed by a thin bro-
ken line in FIG. 50 represents the postprandial period, a
rectangular area encompassed by a bold broken line repre-
sents the approximation target period, and a bold line indi-
cates the approximation function about the transition of the
heart rate in the approximation target period. Note that a
rectangular area encompassed by a fine line indicates an
elimination period targeted by the noise elimination process
in S5.

[0329] (Calculation of Time Characteristic Quantity)
[0330] A calculation of the time characteristic quantity will
hereinafter be described with reference to the flowcharts illus-
trated in FIGS. 32 and 56 and the diagrams in FIGS. 39-42
and 51-54. FIGS. 51-54 are graphs of the transition of the
heart rate, in which the axis of ordinates indicates the heart
rate per unit time, while the axis of abscissa indicates the
elapse time (the period of time).

[0331] In the flowchart illustrated in FIG. 32, the sensor
equipment 11 specifies the time when reaching the maximum
heart rate (P1) of the first peak in the meal period in order to
calculate the rising response time and the restoration response
time of the first peak. The sensor equipment 11 calculates the
rising response time and the restoration response time of the
first peak, based on the specified reaching time of the maxi-
mum heart rate (P1) of the first peak. Note that the restoration
response time of the first peak is calculated based on the
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gradient parameter “o” of the approximation function, the
maximum heart rate (P1) of the first peak and the baseline
heart rate, which are explained in the process of S44 illus-
trated in F1G. 31.

[0332] With respect to the second peak, the sensor equip-
ment 11 likewise specifies the time when reaching the maxi-
mum heart rate (P2) of the second peak in the postprandial
period in order to calculate the rising response time and the
restoration response time of the second peak. Subsequently,
the sensor equipment 11 calculates the rising response time
and the restoration response time of the second peak, based on
the specified reaching time of the maximum heart rate (P2) of
the second peak. Note that the restoration response time of the
second peak is calculated based on the gradient parameter
“o” of the approximation function, the maximum heart rate
(P2) of the second peak and the baseline heart rate, which are
explained in the process of S47 illustrated in FIG. 31.
[0333] Inthe flowchart illustrated in FIG. 32, in the process
of S51, the sensor equipment 11 acquires the meal period
specified in the process of S2 in FIG. 27. The sensor equip-
ment 11 extracts the heart rate data associated with the time
information, based on the time information of the meal period
acquired in the process of S51. Then, the sensor equipment 11
calculates the maximum heart rate (P1) in the meal period by
comparing extracted pieces of heart rate data in magnitude,
and thus acquires the time (reaching time) of the heart rate
data of the maximum heart rate (P1) (S52).

[0334] The sensor equipment 11 calculates the rising
response time of the first peak from the meal period start time
acquired in the process of S51 and the reaching time of the
maximum heart rate (P1) acquired in the process of S52
(S53). The sensor equipment 11 temporarily stores, in a pre-
determined location of the main storage unit 92, the rising
response time of the first peak calculated in the process of S53
by being associated with, e.g., the time zone of the meal and
the identifying information of the sensor equipment 11.
[0335] In the explanatory diagram illustrated in FIG. 39,
the rising response time of the first peak from the meal period
start time to the reaching time of the maximum heart rate (P1),
is calculated at “7 (min)”.

[0336] Referring back to the flowchart illustrated in FIG.
32, in the process of S54, the sensor equipment 11 calculates
the restoration response speed of the first peak by the approxi-
mation of function in order to calculate the restoration
response time of the first peak. Incidentally, the process in
S54 is the same as the process in S44 depicted in FIG. 31, and
hence its explanation is omitted. The sensor equipment 11
calculates the gradient parameter “o” of the approximation
function (the linear function: f{ty=at+p) by executing the
process in S44 illustrated in FIG. 31.

[0337] 1Inthe process of S55, the sensor equipment 11 cal-
culates the restoration response time of the first peak on the
basis of the gradient parameter “o” of the approximation
function, the parameter “o.”” being calculated in the process of
S54. The restoration response time of the first peak can be, as
described in FIG. 13, detected as the period till the heart rate
of the restoration reaches the baseline heart rate (BL1) with
the elapse of time from the maximum heart rate (P1) of the
first peak.

[0338] The baseline heart rate (BL1) is, as explained in
FIG. 35 and other equivalent drawings, set to the minimum
heart rate of the predetermined period (e.g., 0-30 min) before
the meal start time. Note that the baseline heart rate (BL1)
may be, as explained in FIG. 2, the heart rate at the meal start
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time and may also be the average value of the heart rates,
which is acquired in the meal anterior period. A method of
setting the baseline heart rate (BL1) may be sufficient if
common between or among the plurality of subject persons.
[0339] FIG. 51 illustrates a relation between the maximum
heart rate (P1) of the first peak, the baseline heart rate (BL.1)
and the restoration response speed of the first peak, which is
approximated by the linear function. A broken line [1 parallel
to the axis of ordinates in FIG. 51 indicates the reaching time
of the maximum heart rate (P1) of the first peak, and a broken
line [.2 indicates the time when the linear function of the
restoration response speed of the first peak intersects the
baseline heart rate (BL1). A solid line marked with arrows at
both ends in parallel to the axis of ordinates indicates a dif-
ference between the baseline heart rate (BL1) and the maxi-
mum heart rate (P1) of the first peak, and a solid line marked
with arrows at both ends in parallel to the axis of abscissa
indicates the restoration response time of the first peak.
[0340] As illustrated in FIG. 51, the restoration response
time of the first peak is calculated as a value (time) obtained
by dividing the difference between the baseline heart rate
(BL1)and the maximum heart rate (P1) of the first peak by the
gradient parameter “c.” of the approximation function (the
linear function).

[0341] The sensor equipment 11 calculates the baseline
heart rate (BL1) as explained in the process of S22 in FIG. 29.
Then, the sensor equipment 11 calculates the difference
between the maximum heart rate (P1) of the first peak calcu-
lated in the process of S52 and the baseline heart rate (BL1).
The sensor equipment 11 calculates the restoration response
time of the first peak by dividing the heart rate difference
calculated above by the gradient parameter “c.” calculated in
the process of S54.

[0342] In the example of FIG. 51, the maximum heart rate
(P1) of the first peak is “85.2 (bpm)”; the baseline heart rate
(BL1) is “59.0 (bpm)”; and the heart rate difference is <26.2
(bpm)”. Further, the gradient parameter “o” of the linear
function to approximate the restoration response speed of the
first peak 1s “~34.4 (bpnvhour)”, and the restoration response
time of the first peak is calculated at “45.7 (min)” by “(Heart
Rate Difference)/(Gradient Parameter “a”).

[0343] The sensor equipment 11 temporarily stores, in a
predetermined location of the main storage unit 92, the res-
toration response time of the first peak that is calculated in the
process of S55 by being associated with the time zone of the
meal and the identifying information of the sensor equipment
11.

[0344] Referring back to the flowchart illustrated in FIG.
32, in the processes of S56-S59, the sensor equipment 11
executes the same processes as S52-S55 about the second
peak, thereby calculating the rising response time and the
restoration response time of the second peak. In the process of
S56, the sensor equipment 11 calculates the reaching time of
the maximum heart rate (P2) of the second peak in order to
calculate the rising response time and the restoration response
time of the second peak.

[0345] The sensor equipment 11 acquires the meal period
specified in the process of S2 in FIG. 27. The sensor equip-
ment 11 sets the acquired meal period end time as the start
time of the postprandial period, and extracts the heart rate data
in the postprandial period. The postprandial period is a fixed
period (e.g., 4 hours or thereabout) since the end time of the
meal period. Incidentally, the postprandial period has already
been described in FIG. 7.
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[0346] The sensor equipment 11 calculates the maximum
heart rate (P2) in the postprandial period by comparing the
extracted pieces of heart rate data in the postprandial period in
terms of the magnitude, thereby acquiring the time (the reach-
ing time) of the calculated maximum heart rate (P2).

[0347] Note that the sensor equipment 11 may extract the
heart rate data by specifying a period (e.g., a period till an
elapse of 30-80 min since the meal start time) with the diges-
tive activity becoming active when calculating the reaching
time of the maximum heart rate (P2).

[0348] The sensor equipment 11 calculates the rising
response time of the second peak from the meal period end
time acquired in the process of S51 and the reaching time of
the maximum heart rate (P2) acquired in the process of S56
(S57). The sensor equipment 11 temporarily stores, in a pre-
determined location of the main storage unit 92, the rising
response time of the second peak that is calculated in the
process of S57 by being associated with the time zone of the
meal and the identifying information of the sensor equipment
11.

[0349] In the explanatory diagram illustrated in FIG. 41,
the rising response time of the second peak till the reaching
time of the maximum heart rate (P2) since the start time of the
postprandial period, is calculated at “27 (min)”.

[0350] Referring back to the flowchart illustrated in FIG.
32, in the process of S58, the sensor equipment 11 executes
calculates the restoration response speed of the second peak
by performing the approximation of function in order to cal-
culate the restoration response time of the second peak. Note
that the process in S58 is the same as the process in S46
illustrated in FIG. 31, and hence its explanation is omitted.
The sensor equipment 11 executes the process in S46 illus-
trated in F1G. 31, thereby calculating the gradient parameter
“o” about the approximation function (the linear function:
f(H)=at+p).

[0351] Inthe process of S59, the sensor equipment 11 cal-
culates the restoration response time of the second peak,
based on the gradient parameter “o.” of the approximate func-
tion, the parameter “a” being calculated in the process of S58.
The restoration response time of the second peak can be, as
described in FIG. 14, detected as the period till the heart rate
of the restoration reaches the baseline heart rate (BL1) with
the elapse of time from the maximum heart rate (P2) of the
second peak. The baseline heart rate (BL1) has already been
explained in the process of S55.

[0352] FIG. 8K illustrates a relation between the maximum
heart rate (P2) of the second peak, the baseline heart rate
(BL1) and the restoration response time of the second peak,
which is approximated by the linear function. A broken line
L3 parallel to the axis of ordinates in FIG. 8K indicates the
reaching time ofthe maximum heart rate (P1) of the first peak,
and a broken line L4 indicates the time when the linear func-
tion of the restoration response speed of the second peak
intersects the baseline heart rate (BL1). A solid line marked
with arrows at both ends in parallel to the axis of ordinates
indicates a difference between the baseline heart rate (BL1)
and the maximum heart rate (P2) of the second peak, and a
solid line marked with arrows at both ends in parallel to the
axis of abscissa indicates the restoration response time of the
second peak.

[0353] As illustrated in FIG. 8K, the restoration response
time of the second peak is calculated as a value (time)
obtained by dividing the difference between the baseline
heart rate (BL1) and the maximum heart rate (P2) of the
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second peak by the gradient parameter “c.”” of the approxima-
tion function (the linear function).

[0354] The sensor equipment 11 calculates the baseline
heart rate (BL1) as explained in the process of S22 in FIG. 29.
Then, the sensor equipment 11 calculates the difference
between the maximum heart rate (P2) of the second peak
calculated in the process of S56 and the baseline heart rate
(BL1). The sensor equipment 11 calculates the restoration
response time of the second peak by dividing the heart rate
difference calculated above by the gradient parameter “o”
calculated in the process of S58.

[0355] In the example of FIG. 8K, the maximum heart rate
(P2) of the second peak is “83.7 (bpm)”; the baseline heart
rate (BL1) is “59.0 (bpm)”; and the heart rate difference is
“24.7 (bpm)”. Further, the gradient parameter “o” of the
linear function to approximate the restoration response speed
of the second peak is “~6.4 (bpm/hour)”, and the restoration
response time of the second peak is calculated at “231.5
(min)” by “(Heart Rate Difference)/(Gradient Parameter
“a”).

[0356] The sensor equipment 11 temporarily stores, in a
predetermined location of the main storage unit 92, the res-
toration response time of the second peak that is calculated in
the process of S59 by being associated with the time zone of
the meal and the identifying information of the sensor equip-
ment 11.

[0357] The eleven characteristic quantities of four catego-
ries, which are calculated in the processes of FIGS. 28-32, are
output as the meal characteristic quantity table illustrated in
FIG. 26 to the network N. In the meal characteristic quantity
table illustrated in FIG. 26, the calculated eleven character-
istic quantities of four categories are registered by being
associated with the categories of the meal characteristic quan-
tities.

[0358] A value “0.82” calculated in the processes of S21-
S25in FIG. 29 is registered in the field of “area size ratio” of
the meal characteristic quantity table illustrated in FIG. 26.
Similarly, a value “85.2” calculated in the process of S32 in
FIG. 30 is registered in the field of “first peak amplitude”, and
avalue “83.7” calculated in the process 0f S33 is registered in
the field of “second peak amplitude”.

[0359] Similarly, avalue “75.3” calculated in the process of
S43 in FIG. 31 is registered in the field of “first peak rising
response speed”, and a value “-34.4” calculated in the pro-
cess of S44 is registered in the field of “second peak restora-
tion response speed”. Moreover, a value “17.1” calculated in
the process of S46 in FIG. 31 is registered in the field of
“second peak rising response speed”, and a value “-6.4”
calculated in the process of S47 is registered in the field of
“second peak restoration response speed”.

[0360] Similarly, a value “7” calculated in the process of
S53 in FIG. 32 is registered in the field of “first peak rising
response time”, and a value “45.7” calculated in the process
of S55 is registered in the field of “first peak restoration
response time”. Moreover, a value “27” calculated in the
process of S57 in FIG. 32 is registered in the field of “second
peak rising response time”, and a value “231.5” calculated in
the process of S59 is registered in the field of “second peak
restoration response time”.

[0361] Note that the categories of the meal characteristic
quantities calculated by the sensor equipment 11 are set per
sensor equipment 11 beforehand as described in FIG. 28.
Consequently, the meal characteristic quantities not being
processed by the sensor equipment 11 are output to the net-
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work N so that the storage fields of the records of the relevant
meal characteristic quantities are each in a null status.
[0362] (Subject Person Narrowing Process)

[0363] A subject person narrowing process in S10 illus-
trated in FIG. 27 will hereinafter be described with reference
to the flowchart depicted in FIG. 33. In the subject person
narrowing process illustrated in FIG. 33, the information
processing apparatus 10 checks the meal characteristic quan-
tities output from the sensor equipment 11 with the meal
characteristic quantities of the plurality of candidates, which
are previously registered in the meal characteristic quantity
DB 201. For example, the information processing apparatus
10 determines whether values of the meal characteristic quan-
tities output from the sensor equipment 11 fall within the
unique range of the meal characteristic quantities of each
candidate, which are registered in the meal characteristic
quantity DB 201. Made is the determination for every char-
acteristic quantity about whether the values of the meal char-
acteristic quantities output from the sensor equipment 11 fall
within the unique range of the meal characteristic quantities
of each candidate, which are registered in the meal character-
istic quantity DB 201. The information processing apparatus
10 narrows down the candidates who can be deemed to be the
subject persons of the meal characteristic quantities detected
by the sensor equipment 11 from within the plurality of can-
didates on the basis of a result of the checking with the unique
range of the meal characteristic quantities with respect to all
of the candidates registered previously in the meal character-
istic quantity DB 201. Note that the meal characteristic quan-
tities output from the sensor equipment 11 will be referred to
also as “observation characteristic quantities” in the follow-
ing discussion.

[0364] Inthe flowchartillustrated in F1G. 33, ina process of
S71, the information processing apparatus 10 acquires the
meal characteristic quantities (observation characteristic
quantities) output from the sensor equipment 11 in the pro-
cess of S7 in FIG. 27. The observation characteristic quanti-
ties contain the time zone of the meal and the identification
number of the sensor equipment 11. Note that the observation
characteristic quantities acquired in the process of S71 have
eleven categories (dimensions) at the maximum, and the sen-
sor equipment 11 sets the number of categories. A numerical
quantity of the observation characteristic quantities acquired
in the process of S71 is designated by “M(1-11)”. The infor-
mation processing apparatus 10 temporarily stores the
acquired observation characteristic quantities in a predeter-
mined location of the main storage unit 92.

[0365] In the process of S72, the information processing
apparatus 10 sets the identification number (j=1 . .. N, where
“N” is the number of candidates) for executing the narrowing
process for the individual candidates with the unique range of
the meal characteristic quantities being specified in the pro-
cess of S9 illustrated in FIG. 27. In the process of S73, the
information processing apparatus 10 sets the identification
number (i=1-M=11) for narrowing down each category of
the meal characteristic quantity. The information processing
apparatus 10 narrows down the candidate who can be deemed
as the subject persons about the observation characteristic
quantities from within the plurality of candidates by repeating
the processes in S74-S79 per candidate and per characteristic
quantity.

[0366] In the process of S74, the information processing
apparatus 10 acquires the unique range of the candidate “j”
with the unique range of the meal characteristic quantities
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being determined in the process of S9 in FIG. 27 with respect
to an i-th dimensional observation characteristic quantities:
X(i) in M-th dimensional observation characteristic quanti-
ties acquired in the process of S71. For example, let “F_max
(1)” be the maximum value and “F_min(i)” be the minimum
value of the unique range of the meal characteristic quantities.
The information processing apparatus 10 acquires the maxi-
mum value “F_max(i)” and the minimum value “F_min(i)” of
the i-th dimensional observation characteristic quantities of
the candidate “j”.

[0367] In the process of S75, the information processing
apparatus 10 makes a comparison between a magnitude of
each of the maximum value “F_max(i)” and the minimum
value “F_min(i)” of the i-th dimensional meal characteristic
quantities of the candidate “j” and a magnitude of the i-th
dimensional observation characteristic quantities “X(i)”,
thereby determining whether a relation of “F_min(i)<X(i)
<F_max(i)” is satisfied.

[0368] When the relation of “F_min(i)<X(i)<F_max(i)” is
satisfied as a result of the comparison between magnitude of
the observation characteristic quantities “X(i)” and the mag-
nitude of the i-th dimensional meal characteristic quantities
of the candidate “j” (S785, yes), the information processing
apparatus 10 shifts the processing to S76. Whereas when the
relation of “F_min(i)<X(i)<F_max(i)” is not satisfied as a
result of the comparison between magnitude of the observa-
tion characteristic quantities “X(i)” and the magnitude of the
i-th dimensional meal characteristic quantities of the candi-
date “j” (S75, no), the information processing apparatus 10
shifts to the process in S79.

[0369] In the process of S76, the information processing
apparatus 10 determines whether the i-th dimension of the
processing target meal characteristic quantities is the last
dimension. When the i-th dimension of the meal characteris-
tic quantities is not the last dimension (S76, no), the informa-
tion processing apparatus 10 increments the i-th dimension of
the processing target meal characteristic quantities by “1”,
and shifts to the process in S74. Whereas when the i-th dimen-
sion of the meal characteristic quantities is the last dimension
(876, yes), the information processing apparatus 10 shifts to
the process in S77, then determines that the candidate *5” is
the “subject person”, and further shifts to the process in S79.
[0370] In the process of S79, the information processing
apparatus 10 determines whether the processing target can-
didate “J” is the last candidate. The information processing
apparatus 10, when the processing target candidate *j” is not
the last candidate (S79, no), increments an identifier “j” of the
processing target candidate, and shifts to the process in S74.
Whereas when the processing target candidate “j” is the last
candidate (879, yes), the information processing apparatus 10
temporarily stores the candidate “j” determined to be the
“subject person” in a predetermined location of the main
storage unit 92, and finishes the subject person narrowing
process.

[0371] The information processing apparatus 10 outputs,
upon being triggered by finishing the subject person narrow-
ing process illustrated in FIG. 33, all of the candidates deter-
mined to be the ‘subject persons” to the output unit 95 of the
information processing apparatus 10 by being associated with
the identification number and other equivalent information of
the sensor equipment 11.

[0372] As described above, the sensor equipment 11
according to the embodiment calculates the heart rate char-
acteristics associated with the meal as the eleven character-
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istic quantities of four categories, and is thereby enabled to
specify the transition of the variation of the heart rate pertain-
ing to the meal.

[0373] The sensor equipment 11 according to the embodi-
ment obtains the area size ratio between the first peak area and
the second peak area, whereby the activity load ratio between
the peristaltic movement and the digestive activity pertaining
to the meal unique to the candidate can be transformed into
the numerical values. Further, the sensor equipment 11
according to the embodiment obtains the maximum heart rate
of the first peak and the maximum heart rate of the second
peak, and is thereby enabled to specify and transform the
variation width of the heart rate pertaining to the meal unique
to the candidate into the numerical value.

[0374] The sensor equipment 11 according to the embodi-
ment obtains the rising response speed of the first peak, and is
thereby enabled to specify and transform the rising variation
of the heart rate due to the peristaltic movement pertaining to
the meal unique to the candidate. The sensor equipment 11
according to the embodiment further obtains the restoration
response speed of the first peak, and is thereby enabled to
specify and transform the restoration variation of the heart
rate due to the peristaltic movement pertaining to the meal
unique to the candidate.

[0375] The sensor equipment 11 according to the embodi-
ment obtains the rising response speed of the second peak,
and is thereby enabled to specify and transform the rising
variation of the heart rate due to the digestive activity pertain-
ing to the meal unique to the candidate into the numerical
value. Further, the sensor equipment 11 according to the
embodiment obtains the restoration response speed of the
second peak, and is thereby enabled to specify and transform
the restoration variation of the heart rate due to the digestive
activity pertaining to the meal unique to the candidate into the
numerical value.

[0376] The sensor equipment 11 according to the embodi-
ment obtains the rising response time of the first peak, and is
thereby enabled to specify and transform transition time of
the rising variation of the heart rate due to the peristaltic
movement pertaining to the meal unique to the candidate into
the numerical value. Moreover, the sensor equipment 11
according to the embodiment obtains the restoration response
speed of the first peak, and is thereby enabled to specify and
transform the transition time of the restoration variation of the
heart rate due to the peristaltic movement pertaining to the
meal unique to the candidate into the numerical value.
[0377] The sensor equipment 11 according to the embodi-
ment obtains the rising response time of the second peak, and
is thereby enabled to specify and transform transition time of
the rising variation of the heart rate due to the digestive
activity pertaining to the meal unique to the candidate into the
numerical value. Moreover, the sensor equipment 11 accord-
ing to the embodiment obtains the restoration response speed
of the second peak, and is thereby enabled to specify and
transform the transition time of the restoration variation of the
heart rate due to the digestive activity pertaining to the meal
unique to the candidate into the numerical value.

[0378] The sensor equipment 11 according to the embodi-
ment transforms the eleven meal characteristic quantities of
four categories into the numerical values, and is thereby
enabled to quantitatively process the transition of variation of
the heart rate pertaining to the meal unique to the candidate.
For example, the information processing apparatus 10
according to the embodiment associates continuous variation
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widths of the transformed numerical values of the eleven meal
characteristic quantities of four categories with the maximum
values and the minimum values of the respective sets of meal
characteristic quantities, and can thus specify the meal char-
acteristic quantities as the unique range of every candidate.
The information processing apparatus 10 according to the
embodiment checks the unique range of the meal character-
istic quantities specified per candidate with the observation
characteristic quantities detected by the sensor equipment 11,
and is thereby enabled to narrow down the candidates who
can be deemed to be the subject persons for the observation
characteristic quantities from within the plurality of candi-
dates. As a result, the embodiment enables the provision of a
technology of improving extraction accuracy of the candi-
dates who can be deemed to be the subject persons from
within the plurality of candidates.

Modified Example 1

[0379] The subject person narrowing process using the
characteristics of heartbeats pertaining to the meal can be
combined with the subject person specifying method using
other biological features. It is feasible to combine, e.g., a
subject person specifying method using the resting heart rate,
a subject person specifying method using the electrocardio-
graphic waveforms, and a subject person specifying method
using motion characteristics instanced by walking character-
istics and a positional history.

[0380] FIG. 34 illustrates a flowchart of the subject person
specifying process in a first modified example (modified
example 1). FIG. 34 illustrates an example in which the
subject person specifying method using other biological fea-
tures 1s attained by combining the subject person specifying
method using the resting heart rate, the subject person speci-
fying method using the electrocardiographic waveforms, and
the subject person specifying method using the motion char-
acteristics instanced by the walking characteristics and the
positional history. In a process of S84 in FIG. 34, the subject
person specifying process illustrated in FIGS. 27-33 is
executed properly corresponding to the characteristic quan-
tities of the heartbeats pertaining to the meal of the subject
person.

[0381] The subject person narrowing process in the modi-
fied example 1 involves narrowing down the candidates by
using the resting heart rates of the plurality of candidates
(S81). The information processing apparatus 10 narrows
down the subject persons using the characteristics of the
heartbeats pertaining to the meal (S84). Similarly, the infor-
mation processing apparatus 10 narrows down the candidates
by using the electrocardiographic waveforms (S82), or alter-
natively narrows down the candidates by using the motion
characteristics (883). Then, the information processing appa-
ratus 10 narrows down the subject persons by using the char-
acteristics of the heartbeats pertaining to the meal according
to the embodiment.

[0382] It can be expected in the subject person narrowing
process in the modified example 1 to improve the accuracy of
narrowing down the candidates owing to increased character-
istic quantities having different natures by use of other bio-
logical features. Further, owing to the use of other biological
features, it can be expected to restrain intentional imperson-
ation of the candidate because of combining a plurality of
biological features.
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Modified Example 2

[0383] The sensor equipment 11 is configured to include
processing functions of a candidate unique range generating
unit 103 and a subject person narrowing unit 104 of the
information processing apparatus 10 illustrated in FIG. 21,
and is thereby enabled to execute the subject person specify-
ing process.

[0384] FIGS. 67 and 68 illustrate an embodiment of a sec-
ond modified example (modified example 2) including pro-
cessing functions of the candidate unique range generating
unit 103 and the subject person narrowing unit 104 on the side
of the sensor equipment. In an information processing system
la in the modified example 2 illustrated in FIG. 67, for
example, sensor equipments 21 (21A,21B,...,21X) worn to
a plurality of patients and other equivalent persons and an
information processing apparatus 10a instanced by a server
and other equivalent apparatuses are interconnected via the
network N. The information processing apparatus 10a
includes the DB information acquiring unit 102 and the meal
characteristic quantity DB 210 illustrated in FIG. 21. Note
that the sensor equipment 21 is allocated with an identifica-
tion number (numbers A, B, . . ., X) or other equivalent
numbers for uniquely identifying the wearer of the sensor
equipment 21.

[0385] FIG. 68 illustrates an explanatory diagram of pro-
cessing blocks of the information processing apparatus 10a
and the sensor equipment 21 of the information processing
system la. In the example of FIG. 68, the information pro-
cessing apparatus 10a includes processing units, i.e., a data
transmission/reception unit 101a and the DB information
acquiring unit 102, and further includes the meal character-
istic quantity DB 201 in the auxiliary storage unit 13. The
meal characteristic quantity DB 201 stores the history values
of the meal characteristic quantities per patient.

[0386] The data transmission/reception unit 101 illus-
trated in FIG. 68 receives, as established items of data, the
various categories of characteristic quantities of the patient
and other equivalent persons narrowed down by the sensor
equipment 21, and periodically transmits a history of the
various categories of characteristic quantities per patient to
the sensor equipment 21, these characteristic quantities being
acquired by the DB information acquiring unit 102. Note that
the history of the various categories of characteristic quanti-
ties per patient is transmitted at an interval of, e.g., the time
zone of the meal.

[0387] Inthe example of FIG. 68, the sensor equipment 21
includes respective processing units, i.e., a heart rate acquir-
ing unit 211, a characteristic quantity calculation unit 212, a
subject person narrowing unit 213, a candidate unique range
generating unit 214, and a data transmission/reception umit
121a.

[0388] The heart rate acquiring unit 211 in FIG. 68 corre-
sponds to, e.g., the sensor wearing determination unit 111, the
heart rate data acquiring unit 112, the acceleration data
acquiring unit 113, the exercise period determination unit
114, the meal period determination unit 115, and the noise
heart rate eliminating unit 116 of the sensor equipment 11
illustrated in FIG. 21. Further, the characteristic quantity
calculation unit 212 corresponds to, e.g., the area size char-
acteristic quantity calculation unit 117, the amplitude char-
acteristic quantity calculation unit 118, the speed character-
istic quantity calculation unit 119, and the time characteristic
quantity calculation unit 120 of the sensor equipment 11
illustrated in FIG. 21.
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[0389] The subject person narrowing unit 213 in FIG. 68
corresponds to the subject person narrowing unit 104 pro-
vided in the information processing apparatus 10 illustrated
in FIG. 21, and the candidate unique range generating unit
214 similarly corresponds to the candidate unique range gen-
erating unit 103 provided in the information processing appa-
ratus 10 illustrated in FIG. 21. Note that the data transmission/
reception unit 121a transmits, as the established items of data,
the various categories of characteristic quantities of the
patient and other equivalent persons narrowed down to the
information processing apparatus 10a, and periodically
receives the history of the various categories of characteristic
quantities per patient, the history of the characteristic quan-
tities being transmitted from the information processing
apparatus 10a. The received history of various categories of
characteristic quantities per patient is temporarily stored in a
predetermined location of the main storage unit 92.

[0390] The candidate unique range generating unit 214 of
the sensor equipment 21 generates the unique range per char-
acteristic quantity on the basis of the history of various cat-
egories of characteristic quantities per patient, the history
being periodically transmitted from the information process-
ing apparatus 10a. Furthermore, the characteristic quantities
unique to the patients wearing the sensor equipments 21
corresponding to the eleven characteristic quantities of four
categories of the heart rates pertaining to the meals, are speci-
fied by processes of the heart rate acquiring unit 211 and the
characteristic quantity calculation unit 212 of the sensor
equipment 21.

[0391] The sensor equipment 21 checks the characteristic
quantities unique to the wearer with the unique range per
characteristic quantity, which is generated based on the his-
tory of various categories of characteristic quantities per
patient, thereby determining whether the wearer of the sensor
equipment 21 is the true wearer. Note that when the wearer of
the sensor equipment 21 is the true wearer, the sensor equip-
ment 21 transmits, to the information processing apparatus
104, the eleven characteristic quantities of four categories of
the heart rates pertaining to the meals specified by being
associated with the time zones of the meals. The information
processing apparatus 10a updates the data of the meal char-
acteristic quantity DB 201, based on the eleven characteristic
quantities of four categories transmitted from the sensor
equipment 21.

[0392] As described above, the sensor equipment 21 in the
modified example 2 illustrated in FIGS. 67 and 68 enables the
target server specifying process on the side of the sensor
equipment 21, thereby making it possible to determine
whether the wearer of the sensor equipment 21 is the true
wearet.

Modified Example 3

[0393] An available mode of the information processing
system executing the subject person specifying process based
onthe eleven characteristic quantities of four categories of the
heart rates pertaining to the meals, is a mode including an
information processing equipment 41 instanced by a smart-
phone illustrated in FIGS. 69 and 70. Herein, the information
processing equipment 41¢ can be exemplified by a tablet PC
(Personal Computer), a PDA (Personal Data Assistance), a
notebook PC and other equivalent equipments other than the
smartphone.

[0394] For example, such a mode is assumed that the infor-
mation processing equipment provided on a bed and other
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equivalent facilities used by the patients and other equivalent
person manages the characteristic quantities of the heart rates
pertaining the meals, the characteristic quantities being
acquired by the sensor equipments worn to the patients and
other equivalent persons. An information processing system
15 illustrated in FIGS. 69 and 70 is an exemplification of an
embodiment of the modified example 3 including the sensor
equipment worn to the patient, the information processing
equipment (smart equipment) provided on the bed and other
equivalent facilities and an information processing apparatus
105 to manage the characteristic quantities pertaining to the
meals per patient.

[0395] In the information processing system 15 according
to the modified example 3 illustrated in FIG. 69, a sensor
equipment 31 and the information processing equipment 41
establish a one-to-one connection via communication func-
tions thereof. The sensor equipment 31 and the information
processing equipment 41 are allocated with identification
numbers (numbers A, B, . . ., X) for uniquely identifying the
wearer of the sensor equipment 31. The plurality of informa-
tion processing equipments 41 (414, . . ., 41X) and an
information processing apparatus 105 instanced by the server
and other equivalent apparatuses are interconnected via the
network N. The information processing equipment 41 can
execute the subject person specifying process for the patient
and other equivalent persons wearing the sensor equipments
31 by including the processing functions of the candidate
unique range generating unit 103 and the subject person nar-
rowing unit 104 of the information processing apparatus 10
illustrated in FIG. 21.

[0396] FIG. 70 illustrates an explanatory diagram of pro-
cessing blocks of the information processing apparatus 105,
the sensor equipment 31 and the information processing
equipment 41 of the information processing system 14. Inthe
example of FIG. 70, the information processing apparatus
105 includes processing units, i.e., the data transmission/
reception unit 101a and the DB information acquiring unit
102, and further includes the meal characteristic quantity DB
201 in the auxiliary storage unit 13. The meal characteristic
quantity DB 201 stores the history values of the meal char-
acteristic quantities per patient.

[0397] The data transmission/reception unit 101a illus-
trated in FIG. 70 receives, as established items of data, the
various categories of characteristic quantities of the patient
and other equivalent persons narrowed down on the side of the
information processing equipment 41, and periodically trans-
mits a history of the various categories of characteristic quan-
tities per patient to the information processing equipment 41,
these characteristic quantities being acquired by the DB infor-
mation acquiring unit 102. The history of the various catego-
ries of characteristic quantities per patient is transmitted at an
interval of, e.g., the time zone of the meal.

[0398] In the explanatory diagram of FIG. 70, the sensor
equipment 31 includes the heart rate acquiring unit 211 and
the characteristic quantity calculation unit 212 illustrated in
FIG. 70, and further includes the data transmission unit 121
depicted in FIG. 21. The sensor equipment 31 specifies the
characteristic quantities unique to the patients wearing the
sensor equipments 31 corresponding to the eleven character-
istic quantities of four categories of the heart rates pertaining
to the meals through the processes of the heart rate acquiring
unit 211 and the characteristic quantity calculation unit 212,
and transmits the specified characteristic quantities to the
information processing equipment 41.
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[0399] The information processing equipment 41 includes
respective processing units, i.e., a candidate unique range
generating unit 411, a subject person narrowing unit 412, and
the data transmission/reception unit 121« illustrated in FIG.
68. the data transmission/reception unit 121a transmits, as the
established items of data, the various categories of charactet-
istic quantities of the patient and other equivalent persons
narrowed down to the information processing apparatus 10,
and periodically receives the history of the various categories
of characteristic quantities per patient. the history of the char-
acteristic quantities being transmitted from the information
processing apparatus 105. The received history of various
categories of characteristic quantities per patient is tempo-
rarily stored in a predetermined location of the main storage
unit 92. Note that the data transmission/reception unit 121a
receives the characteristic quantities unique to the patient,
which are transmitted from the sensor equipment 31 con-
nected via the communication function, and temporarily
stores the received characteristic quantities in a predeter-
mined location of the main storage unit 92.

[0400] The candidate unique range generating unit 411 cor-
responds to the candidate unique range generating unit 103
provided in the information processing apparatus 10 illus-
trated in FIG. 21, and similarly the subject person narrowing
unit 412 corresponds to the subject person narrowing unit 104
provided in the information processing apparatus 10 illus-
trated in FI1G. 21. The candidate unique range generating unit
411 of the information processing equipment 41 generates the
unique range per characteristic quantity, based on the history
of various categories of characteristic quantities per patient,
which are periodically transmitted from the information pro-
cessing apparatus 105.

[0401] The information processing equipment 41 checks
the characteristic quantities unique to the patient, which are
received from the sensor equipment 31, with the unique range
per characteristic quantity, the unique range being generated
based on the history of various categories of characteristic
quantities per patient, which are received from the informa-
tion processing apparatus 105. The information processing
equipment 41 determines whether the wearer of the sensor
equipment 31 is the true wearer. Note that when the wearer of
the sensor equipment 31 is the true wearer, the information
processing equipment 41 transmits, to the information pro-
cessing apparatus 104, the eleven characteristic quantities of
four categories of the heart rates pertaining to the meals
specified by being associated with the time zones of the
meals. The information processing apparatus 105 updates the
data of the meal characteristic quantity DB 201, based on the
eleven characteristic quantities of four categories transmitted
from the information processing equipment 41.

[0402] As described above, the information processing
equipment 41 in the modified example 3 illustrated in FIGS.
69 and 70 is enabled to execute the subject person specifying
process based on the eleven characteristic quantities of four
categories transmitted from the sensor equipment 31, and can
determine whether the wearer of the sensor equipment 31 is
the true wearer.

Experimental Example

[0403] An experimental example of narrowing down the
subject person by use of the eleven characteristic quantities of
four categories of the heart rates pertaining to the meals,
which are acquired from the four candidates, will hereinafter
be described with reference to FIGS. 57-66. The four candi-
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dates, who are all males in distinction of sex, are a candidate
A (in his early 30s in age), a candidate B (in his 50s), a
candidate C (in his 40s), and a candidate D (in his late 30s).
The time zone of the meal is set at the lunch (11:00-17:00),
and the data of the heart rates pertaining to the meals for about
12 days per candidate are acquired while varying eating con-
ditions instanced by an eating speed, a content of the meal (a
degree of load on digestion) and a meal quantity.

[0404] FIGS. 57-60 illustrate examples of the heart rate
data acquired from the candidates A-D. FIGS. 57-60 are
graphs of the transition of the heart rate in the time zone at the
lunch, in which the axis of ordinates indicates the heart rate
(bpm) per unit time, while the axis of abscissa indicates the
elapse time (the period of time). The heart rate data illustrated
in FIGS. 57-60 examples. Note that a period interposed by
broken lines parallel to the axis of ordinates represents the
meal period.

[0405] As depicted in FIGS. 57-60, the peak (the first peak)
of the heart rate occurs per candidate in the meal period
interposed by the broken lines. When overlooking the transi-
tion of the heart rate of each candidate as illustrated in FIGS.
57-60, it is recognized that there exists an individual differ-
ence between the transitions of the heart rates. For instance, it
is understood that the heart rates of the candidates C and D
transition at a relatively high level (e.g., 70 (bpm) or higher),
while the heart rate of the candidate B transitions at a rela-
tively low level (e.g., 70 (bpm) or lower). It is also recognized
that the transition of the heart rate of the candidate A exhibits
a sharper variation than the transitions of the heart rates of
other candidates.

[0406] Note that peaks Pb1, Pb2 of the heart rate occur
anterior and posterior to the meal period indicated by the
broken lines in the graph example of the candidate B. The
occurrence of the peaks Pb1, Pb2 of the heart rate in the graph
example of the candidate B is derived from walking exercises
performed before and after the meal. Further in the graph
example of the candidate B, a peak Pb3 of the heart rate with
the peak value being in the vicinity of 90 (bpm) occurs in the
postprandial period of “13:00-14:00”. The occurrence of the
peak Pb3 of the heart rate is derived from going up and down
the stairs when the candidate B moves to a meeting room on
another floor for attending the meeting.

[0407] In order to eliminate influence, occurring in the
heart rate data of the candidate B in FIG. 58, of the rise and
receiver of the heart rate due to the kinetic activity, the sensor
equipment 11 according to the embodiment executes the
noise heart rate elimination process in S5 in the subject person
specifying process illustrated in FIG. 27. The sensor equip-
ment 11 according to the embodiment calculates the eleven
meal characteristic quantities of four categories targeting on
the heart rate data from which to have eliminated the influ-
ence of the rise and restoration of the heart rate due to the
kinetic activity, and is thereby enabled to extract the charac-
teristic quantities of the heartbeats pertaining to the meal.

[0408] The subject person specifying process according to
the embodiment entails specifying the unique range based on
the maximum value and the minimum value per meal char-
acteristic quantity in the eleven meal characteristic quantities
of four categories acquired per candidate. FI1G. 61 illustrates
a unique range (characteristic quantity range) list calculated
from the eleven meal characteristic quantities of four catego-
ries acquired from the candidates in FIG. 10A. The informa-
tion processing apparatus 10 according to the embodiment



US 2016/0058328 Al

generates the unique range list of the meal characteristic
quantities illustrated in FIG. 61 by executing the process in S9
depicted in FIG. 27.

[0409] In the unique range list illustrated in FIG. 61, the
unique ranges calculated with respect to the candidates (per-
sons) A and B in the experimental example are stored for each
of the eleven meal characteristic quantities of four categories.
Note that the unique range of every meal characteristic quan-
tity is expressed by “[a, b]”, in which a symbol “a” represents
the maximum value and *“b” designates the minimum value of
the relevant meal characteristic quantities in the example of
FIG. 61. Additionally, a target period for calculating the
unique range is a period (12 days) for acquiring the meal
characteristic quantities.

[0410] As indicated in the unique range list illustrated in
FIG. 61, an area size ratio of the meal characteristic quantities
of the candidate A is calculated at [0.62, 1.00]; a first peak
amplitude (bpm) is calculated at [71.3, 92.1]; a first peak
rising response time (min) is calculated at [4, 9.5]; a first peak
rising response speed (bpm/hour) is calculated at [58.9, 86.3];
and a first peak restoration response time (min) is calculated
at [31, 50]. Further, a first peak restoration response speed
(bpm/hour) is calculated at [-43.7, -34.0]; a second peak
amplitude (bpm) is calculated at [83.7, 91.1]; a second peak
rising response time (min) is calculated at [27, 40]; and a
second peak rising response speed (bpm/hour) is calculated at
[11.2,17.1]. Still further, a second peak restoration response
time (min) is calculated at [156.5, 231.5]; and a second peak
restoration response speed (bpm/hour) is calculated at [-10.7,
-3.4].

[0411] With respectto the candidate B, the area size ratio of
the meal characteristic quantities is calculated at [1.32, 1.60];
the first peak amplitude (bpm) is calculated at [ 62.1, 70.0]; the
first peak rising response time (min) is calculated at [3, 9.5];
the first peak rising response speed (bpm/hour) is calculated
at [50.3, 90.3]; and the first peak restoration response time
(min) is calculated at [32, 38]. Further, the first peak restora-
tion response speed (bpm/hour) is calculated at [-43.2, =29.
5]; the second peak amplitude (bpm) is calculated at [57.1,
65.8]; the second peak rising response time (min) is calcu-
lated at [36, 50]; and the second peak rising response speed
(bpm/hour) is calculated at [2.3, 5.6]. Still further, the second
peak restoration response time (min) is calculated at [128.5,
421]; and the second peak restoration response speed (bpm/
hour) is calculated at [-3.7, -0.7].

[0412] FIG. 62 depicts a plotted example of the meal char-
acteristic quantities of the candidates A-D by using the first
peak amplitude and the second peak amplitude. FIG. 62
depicts the example of plotting samples containing the maxi-
mum values and the minimum values of the individual can-
didates, in which the axis of ordinates indicates the first peak
amplitude (bpm), while the axis of abscissa indicates the
second peak amplitude (bpm). In FIG. 62, the sample of the
candidate A is marked with “A”; the sample of the candidate
B is marked with “®”; the sample of the candidate C is
marked with “[0”; and the sample of the candidate D is
marked with “@”.

[0413] It is recognized in the example of FIG. 62 that the
samples detected about the candidate B are grouped based on
the first peak amplitude being in the vicinity of “70 (bpm)” or
under and the second peak amplitude being in the vicinity of
“80 (bpm)” or under. It is also recognized that the meal
characteristic quantities of other candidates are not contained
in the area Z5 configured by combining the unique range of
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the first peak amplitude (maximum value-minimum value)
and the unique range of the second peak amplitude (maxi-
mum value-minimum value), which are detected about the
candidate B.

[0414] In the combination of the meal characteristic quan-
tities of the first and second peak amplitudes, the arca 75
configured by combining the unique ranges of the meal char-
acteristic quantities detected about the candidate B, becomes
aunique area to the candidate B. In other words, the candidate
B can be narrowed down from within the individual candi-
dates by using the unique range of the first peak amplitude and
the unique range of the second peak amplitude of the indi-
vidual candidates with respect to the detected meal charac-
teristic quantities of the first and second peak amplitudes.
[0415] FIG. 63 illustrates a plotted example of the meal
characteristic quantities about the candidates A-D by using
the rising response speed of the second peak and the area size
ratio. FIG. 63 illustrates the example of plotting the samples
containing the maximum values and the minimum values of
the individual candidates, in which the axis of ordinates indi-
cates the second peak amplitude (bpm/hour), while the axis of
abscissa indicates the area size ratio. The symbols represent-
ing the samples of the individual candidates in FIG. 63 are the
same as the symbols in FIG. 62.

[0416] In the example of FIG. 63, it is understood that the
samples detected about the candidate A are grouped into a
range of the second peak rising response speed being in the
vicinity of “5 (bpmv/hour)” or higher and a range of the area
size ratio being “in the vicinity 0£0.02 but less than 0.06”. An
area Z6 configured by combining the unique range of the
second peak rising response speed (maximum value-mini-
mum value) and the area size ratio (maximum value-mini-
mum value), which are detected about the candidate A, con-
tains an area overlapped with the meal characteristic
quantities of other candidates with the second peak rising
response speed being in the vicinity of “5 (bpm/hour)”. Other
candidates overlapped with the area Z6 are the candidates B
and D. The overlapped area between the candidates B and D
1s an edge portion of the area Z6, and hence, in the combina-
tion of the meal characteristic quantities related to the second
peak rising response speed and the meal charactetistic quan-
tities related to the area size ratio, the area Z6 configured by
combining the unique ranges of the meal characteristic quan-
tities detected about the candidate B is said to be the unique
area about the candidate B. It is feasible to narrow down the
candidate A from within the individual candidates by using
the unique range of the second peak rising response speed and
the unique range of the area size ratio of each candidate with
respect to the detected meal characteristic quantities related
to the second peak rising response speed and the detected
meal characteristic quantities related to the area size ratio.
[0417] FIG. 64 illustrates a plotted example of the meal
characteristic quantities about the candidates A-D by using
the restoration response speed of the second peak and the first
peak amplitude. FIG. 64 illustrates the example of plotting the
samples containing the maximum values and the minimum
values of the individual candidates, in which the axis of
ordinates indicates the second peak restoration response
speed (bpm/hour), while the axis of abscissa indicates the first
peak amplitude (bpm). The symbols representing the samples
of the individual candidates in FIG. 64 are the same as the
symbols in FIG. 62.

[0418] In the example of FIG. 64, it is understood that the
samples detected about the candidate C are grouped into a
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range of the second peak restoration response speed being in
the vicinity of “~3 (bpm/hour)” or higher and a range of the
first peak amplitude being “in the vicinity of 80 through 90
(bpm)”. An area Z7 configured by combining the unique
range of the second peak restoration response speed (maxi-
mum value-minimum value) and the first peak amplitude
(maximum value-minimum value), which are detected about
the candidate C, contains an area overlapped with the candi-
date D with the second peak restoration response speed being
in the vicinity of “-2 (bpmv/hour)” or higher. In the combina-
tion of the meal characteristic quantities related to the second
peak restoration response speed and the meal characteristic
quantities related to the first peak amplitude, the area 77 has
a substantially small area range, and hence the area Z7 con-
figured by combining the unique ranges of the meal charac-
teristic quantities detected about the candidate C is said to be
the unique area about the candidate C. It is feasible to narrow
down the candidate C from within the individual candidates
by using the unique range of the second peak restoration
response speed and the unique range of the first peak ampli-
tude of each candidate with respect to the detected meal
characteristic quantities related to the second peak restoration
response speed and the detected meal characteristic quantities
related to the first peak amplitude.

[0419] FIG. 65 illustrates a plotted example of the meal
characteristic quantities about the candidates A-D by using
the area size ratio and the first peak amplitude. FIG. 65 illus-
trates the example of plotting the samples containing the
maximum values and the minimum values of the individual
candidates, in which the axis of ordinates indicates the area
size ratio, while the axis of abscissa indicates the first peak
amplitude (bpm). The symbols representing the samples of
the individual candidates in FIG. 65 are the same as the
symbols in FIG. 62.

[0420] In the example of FIG. 65, it is understood that the
samples detected about the candidate D are grouped into a
range of the area size ratio being “in the vicinity of 0.03
through 0.10” and a range of the first peak amplitude being
“in the vicinity of 80 through 90 (bpm)”. An area Z8 config-
ured by combining the unique range of the area size ratio
(maximum value-minimun value) and the first peak ampli-
tude (maximum value-minimum value), which are detected
about the candidate D, contains an area overlapped with the
candidates A, C in a range of the area size ratio being “in the
vicinity of 0.03 but less than 0.06.

[0421] In the area Z8 about the candidate D, the samples
exclusive of a sample Zd1 are grouped into a range of the area
size ratio being “in the vicinity of 0.05” or larger. Therefore,
in the combination of the meal characteristic quantities
related to the area size ratio and the meal characteristic quan-
tities related to the first peak amplitude, the area 78 config-
ured by combining the unique ranges of the meal character-
istic quantities detected about the candidate D is said to be a
unique area about the candidate D. It is feasible to narrow
down the candidate D from within the individual candidates
by using the unique range of the area size ratio and the unique
range of the first peak amplitude of each candidate with
respect to the detected meal characteristic quantities related
to the area size ratio and the detected meal characteristic
quantities related to the first peak amplitude.

[0422] The accuracy of narrowing down the candidates C
and D can be improved by adding the unique range ofthe meal
characteristic quantities related to the second peak rising
response speed illustrated in F1G. 63 to the area size ratio and
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the first peak amplitude in FIG. 65. Further, the accuracy of
narrowing down the candidates A and D can be improved by
adding the unique range of the meal characteristic quantities
related to the second peak amplitude illustrated in FIG. 62 to
the area size ratio and the first peak amplitude in FIG. 65. Tt
can be expected that the accuracy of narrowing down the
candidates A, C and D can be improved by adding the unique
ranges of the meal characteristic quantities related to the
second peak rising response speed and the second peak
amplitude to the area size ratio and the first peak amplitude in
FIG. 65. As already described in the plotted examples of
FIGS. 62-65, the accuracy of extracting the candidates who
can be deemed to be the subject persons from within the
plurality of candidates by the combinations (11 combinations
at the maximum) of the unique ranges of the meal character-
istic quantities specified about the individual candidates.
[0423] For example, such a mis-wearing case is assumed
that a sensor equipment 67 to be worn to the patient A is
mistakenly worn to the patient B, while a sensor equipment
11B to be worn to the patient B is mistakenly worn to the
patient A as illustrated in FIG. 19. It is also assumed that the
sensor equipment 11B outputs the meal characteristic quan-
tities (observation characteristic quantities) illustrated in
FIG. 26 to the network N. The information processing appa-
ratus 10 narrows down the subject person about the observa-
tion characteristic quantities by determining a magnitude
relation between the observation characteristic quantities
illustrated in FIG. 26 and the unique ranges of the meal
characteristic quantities acquired from the individual candi-
dates A-D.

[0424] FIG. 66 illustrates a table structured by adding the
observation characteristic quantities in FIG. 26 to the charac-
teristic quantity range list of the candidates illustrated in FIG.
61. In an example of the table in FIG. 66, the observation
characteristic quantities illustrated in FIG. 26 are registered in
a “observation characteristic quantity” column. The charac-
teristic quantity range of the candidate A illustrated in FIG. 61
is registered in a “candidate A unique characteristic quantity
range” column, and a characteristic quantity range of the
candidate B is registered in a “candidate B unique character-
istic quantity range” column. Moreover, a determination
result of the magnitude relation between the meal character-
istic quantity range of the candidate A and the observation
characteristic quantities is registered in a “determination
result of candidate A” column, and a determination result of
the magnitude relation between the meal characteristic quan-
tity range of the candidate B and the observation characteris-
tic quantities is registered in a “determination result of can-
didate B” column.

[0425] In an example of the table in FIG. 66, the area size
ratio of the observation characteristic quantity is “0.82”, and
the candidate A unique characteristic quantity range is “[0.62,
1.00]”. The area size ratio of the observation characteristic
quantity satisfies a relation of “0.62<0.82<1.00” defined as a
determination condition of the process in S75 of FIG. 33.
Consequently, in the information processing apparatus 10,
the area size ratio of the observation characteristic quantity
leads to a determination of being “candidate A”, and a mark
“o”1s registered in a “candidate A determination result” field
in FIG. 66.

[0426] On the other hand, a candidate B unique character-
istic quantity range is “[1.32, 1.60]”, and the area size ratio of
the observation characteristic quantities becomes “0.82<I.
327, which does not satisfy the determination condition ofthe
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process in S75 of FIG. 33. Consequently, in the information
processing apparatus 10, the area size ratio of the observation
characteristic quantity leads to a determination of not being
“candidate B”, and a mark “x” is registered in a “candidate B
determination result” field in FIG. 66.

[0427] For example, the information processing apparatus
10 executes the aforementioned processes per meal charac-
teristic quantity, and registers the determination results in a
“candidate A determination result” field and a “candidate B
determination result” field, respectively. As a result, as illus-
trated in FIG. 66, a mark “o” is registered in the “candidate A
determination result” field associated with every meal char-
acteristic quantity. Further, the mark “x” is registered in the
“candidate B determination result” field associated with the
meal characteristic quantities of the area size ratio, the first
peak amplitude, the first peak restoration response time, the
second peak amplitude, the second peak rising response
speed and the second peak restoration response speed.
[0428] In the narrowing process executed by the informa-
tion processing apparatus 10, when all of the characteristic
quantities (eleven characteristic quantities at the maximum)
observed on the sensor equipment 11 are contained in the
characteristic quantity range of the candidate being processed
in progress, the candidate can be determined to be the wearer
(subject person) of the sensor equipment 11. In the example
of FIG. 66, the information processing apparatus 10 can
determine that the wearer of the sensor equipment 11, who
has the observation characteristic quantities illustrated in
FIG. 26, is the “candidate A”.

[0429] The subject person specifying apparatus can
improve the accuracy of specifying the individual based on
the heart rate.

[0430] <<Computer Readable Non-Transitory Recording
Medium>>
[0431] A program, for making a computer, other machines

and apparatuses (which will hereinafter be referred to as the
computer and other equivalent apparatuses) attain anyone of
the functions, can be recorded on a non-transitory recording
medium readable by the computer and other equivalent appa-
ratuses. Then, the computer and other equivalent apparatuses
are made to read and execute the program on this non-transi-
tory recording medium, whereby the function thereof can be
provided.

[0432] Herein, the non-transitory recording medium read-
able by the computer and other equivalent apparatuses con-
notes a non-transitory recording medium capable of accumu-
lating information instanced by data, programs and other
equivalent information electrically, magnetically, optically,
mechanically or by chemical action, which can be read from
the computer and other equivalent apparatuses. Among these
non-transitory recording mediums, the mediums removable
from the computer and other equivalent apparatuses are
exemplified by a flexible disc, a magneto-optic disc, a CD-
ROM, a CD-R/W, a DVD, a Blu-ray disc, a DAT, an 8 mm
tape, and a memory card like a flash memory. Further, a hard
disc, a ROM (Read-Only Memory) and other equivalent
recording mediums are given as the non-transitory recording
mediums fixed within the computer and other equivalent
apparatuses.

[0433] All examples and conditional language provided
herein are intended for the pedagogical purposes of aiding the
reader in understanding the invention and the concepts con-
tributed by the inventor to further the art, and are not to be
construed as limitations to such specifically recited examples
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and conditions, nor does the organization of such examples in
the specification relate to a showing of the superiority and
inferiority of the invention. Although one or more embodi-
ments of the present invention have been described in detail,
it should be understood that the various changes, substitu-
tions, and alterations could be made hereto without departing
from the spirit and scope of the invention.

What is claimed is:

1. A subject person specifying apparatus comprising:

a processor, and

a memory storing a program causing the processor to

execute:

acquiring characteristic quantities of variations of heart
rate related to a meal of a subject person from heart
rate data of the subject person as a target of an indi-
vidual specifying process;

calculating a distribution range of history values of the
characteristic quantities associated with a plurality of
candidates; and

extracting the candidate corresponding to the subject
person from within the plurality of candidates, based
on a relation between the characteristic quantities
acquired from the subject person and the distribution
range of the history values of the characteristic quan-
tities.

2. The subject person specifying apparatus according to
claim 1, wherein the characteristic quantity is calculated from
heart rate data obtained for a first period containing a time
zone of the meal.

3. The subject person specifying apparatus according to
claim 2, wherein the first period contains a predetermined
period from meal start time up to when the heart rate finishes
falling after rising posterior to the meal start time.

4. The subject person specifying apparatus according to
claim 1, wherein the characteristic quantity is calculated from
the heart rate data obtained for a second period containing a
period immediately after the time zone of the meal.

5. The subject person specifying apparatus according to
claim 4, wherein the second period contains a predetermined
period from end time of the first period up to when the heart
rate finishes falling after rising posterior to the end time.

6. The subject person specifying apparatus according to
claim 4, wherein the characteristic quantity contains a total
ratio of a total of heart rates for the first period of the subject
person to a total of heart rates for the second period of the
subject person.

7. The subject person specifying apparatus according to
claim 2, wherein the characteristic quantity contains a first
maximum heart rate for the first period of the subject person.

8. The subject person specifying apparatus according to
claim 4, wherein the characteristic quantity contains a second
maximum heart rate for the second period of the subject
person.

9. The subject person specifying apparatus according to
claim 2, wherein the characteristic quantity contains a speed
till reaching the first maximum heart rate for the first period
since start time of the first period with respect to the subject
person.

10. The subject person specifying apparatus according to
claim 2, wherein the characteristic quantity contains a speed
till reaching an end of the first period since when reaching the
first maximum heart rate for the first period with respect to the
subject person.
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11. The subject person specifying apparatus according to
claim 4, wherein the characteristic quantity contains a speed
till reaching the second maximum heart rate for the second
period since start time of the second period with respect to the
subject person.

12. The subject person specifying apparatus according to
claim 4, wherein the characteristic quantity contains a speed
till reaching an end of the second period since when reaching
the second maximum heart rate for the second period with
respect to the subject person.

13. The subject person specifying apparatus according to
claim 2, wherein the characteristic quantity contains a period
till reaching the first maximum heart rate for the first period
since the start time of the first period with respect to the
subject person.

14. The subject person specifying apparatus according to
claim 2, wherein the characteristic quantity contains a period
till the first maximum heart rate is restored to a predetermined
heart rate at the speed till reaching the end time of the first
period since when reaching the first maximum heart rate for
the first period with respect to the subject person.

15. The subject person specifying apparatus according to
claim 4, wherein the characteristic quantity contains a period
till reaching the second maximum heart rate for the second
period since the start time of the second period with respect to
the subject person.

16. The subject person specifying apparatus according to
claim 4, wherein the characteristic quantity contains a period
till the second maximum heart rate is restored to a predeter-
mined heart rate at the speed till reaching the end time of the
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second period since when reaching the second maximum
heart rate for the second period with respect to the subject
person.

17. A computer-readable recording medium having stored
therein a program for causing a computer to execute a subject
person specifying process comprising:

acquiring characteristic quantities of variations of heart

rate related to a meal of a subject person from heart rate
data of the subject person as a target of an individual
specifying process;

calculating a distribution range of history values of the

characteristic quantities associated with a plurality of
candidates; and

extracting the candidate corresponding to the subject per-

son from within the plurality of candidates, based on a
relation between the characteristic quantities acquired
from the subject person and the distribution range of the
history values of the characteristic quantities.

18. A subject person specifving method, comprising:

acquiring characteristic quantities of variations of heart

rate related to a meal of a subject person from heart rate
data of the subject person as a target of an individual
specifying process;

calculating a distribution range of history values of the

characteristic quantities associated with a plurality of
candidates; and

extracting the candidate corresponding to the subject per-

son from within the plurality of candidates, based on a
relation between the characteristic quantities acquired
from the subject person and the distribution range of the
history values of the characteristic quantities.
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