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(57) [Object] To provide an information processor, a
digestibility estimation method, an information process-
ing system, and a digestibility estimation program that
are capable of providing a service corresponding to a
digestibility of consumed food to a user in real time.
[Solution] An information processor for estimating a
digestibility of food consumed by a user includes: a first
receiver for receiving a plurality of pieces of heart rate
information measured at specified time intervals from a
heart rate signal measurement device carried by the us-
er; a second receiver for receiving information of a meal
start time and a meal finish time of the user; a line cal-
culation unit for calculating, based on a trend indicated
by the plurality of pieces of heartrate information, in which
the heart rate rises with time after meal and then drops,
a first-order approximation line that approximates the
trend; a correction unit for correcting the first-order ap-
proximation line based on a trend indicated by the plu-
rality of pieces of heart rate information in which the heart
rate rises with time during meal and then drops; a time
specification unit for specifying a digestion finish time in-
dicating the time when digestion of the food is completed,
based on the corrected first-order approximation line and
the heart rate at the meal start time; and a digestibility
estimation unit for estimating the digestibility at the cur-
rent time based on the meal finish time and the specified

digestion finish time.
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Description
Technical Field

[0001] The present invention relates to an information processor, a digestibility estimation method, an information
processing system, and a digestibility estimation program.

Background Art

[0002] In recent years, service providers have been conducting a service to sense a situation or behavior of a user
and deliver information corresponding to the situation or behavior to the user.

[0003] For example, there is disclosed a service to provide useful information to a user according to a digestibility of
consumed food (NPL 1). This service uses a technology to estimate a digestibility (hungry level) from an acetone
concentration by measuring the acetone concentration from the breath. The user may know, through a portable infor-
mation terminal, optimal timing for meal or exercise based on the estimated hungry level.

Citation List
Patent Literature
[0004]

PTL 1: Japanese National Publication of International Patent Application No. 10-504739
PTL 2: Japanese Laid-open Patent Publication No. 2004-138

PTL 3: Japanese Laid-open Patent Publication No. 2009-201805

PTL 4: Japanese Laid-open Patent Publication No. 2011-115508

PTL 5: Japanese Laid-open Patent Publication No. 2008-61790

Non Patent Literature

[0005] NPL 1: "Diet Support Service by DOCOMO - Display Calories from Meal Photo and Measure Hungry Level
from Breath", [online], ITmedia Inc., [searched on July 6, 2015], Internet <URL: http://www.itmedia.co.jp/mobile/arti-
cles/1110/06/news128.html>

Summary of Invention
Technical Problem

[0006] The device for measuring the acetone concentration described above is not small enough to be carried all the
time. Also, acetone remaining in the device has to be removed upon every measurement. Therefore, it is difficult to
provide a service corresponding to the digestibility of consumed food to the user in real time by monitoring the acetone
concentration.

[0007] Inone aspect of the presentinvention, itis an object of the presentinvention to provide an information processor,
a digestibility estimation method, an information processing system, and a digestibility estimation program, which are
capable of providing a service corresponding to a digestibility of consumed food to a user in real time.

Solution to Problem

[0008] According to one aspect of the present invention, the present invention provides an information processor for
estimating a digestibility of food consumed by a user, including: a first receiver for receiving a plurality of pieces of heart
rate information measured at specified time intervals from a heart rate signal measurement device carried by the user;
a second receiver for receiving information of a meal start time and a meal finish time of the user; a line calculation unit
for calculating, based on a trend indicated by the plurality of pieces of heart rate information, in which the heart rate rises
with time after meal and then drops, a first-order approximation line that approximates the trend; a correction unit for
correcting the first-order approximation line based on a trend indicated by the plurality of pieces of heart rate information
in which the heart rate rises with time during meal and then drops; a time specification unit for specifying a digestion
finish time indicating the time when digestion of the food is completed, based on the corrected first-order approximation
line and the heart rate at the meal start time; and a digestibility estimation unit for estimating the digestibility at the current
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time based on the meal finish time and the specified digestion finish time.
Advantageous Effects of Invention
[0009] According to one embodiment of the present invention, an information processor, a digestibility estimation
method, an information processing system, and a digestibility estimation program that are capable of providing a service
corresponding to a digestibility of consumed food to a user in real time may be provided.
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FIG. 1 is a diagram illustrating an example of an information processing system 100 in Example 1.

FIG. 2 is a diagram illustrating an example of a hardware configuration of an information processor in Example 1.
FIG. 3 is a graph illustrating an example of a temporal change in heart rate between before meal and after meal.
FIG. 4 is a flowchart (Part 1) illustrating an example of a digestibility estimation method executed by the information
processor 10.

FIG. 5 is a diagram illustrating an example of an initial state of a heart rate management table 12a.

FIG. 6 is a diagram illustrating an example where information is stored in the heart rate management table 12a.
FIG. 7 is a diagram illustrating an example of an initial state of a meal time management table 12b.

FIG. 8isadiagramillustrating an example where information is stored in the meal time managementtable 12bin S102.
FIG. 9 is a diagram illustrating an example of an initial state of a feature amount management table 12c.

FIG. 10 is a diagram illustrating an example where information is stored in the feature amount management table
12cin S103.

FIG. 11 is a diagram illustrating an example where information is stored in the feature amount management table
12c in S104.

FIG. 12 is a diagram for explaining a method for estimating a digestibility with a first-order approximation line.
FIG. 13 is a diagram illustrating an example where information is stored in the feature amount management table
12c in S105.

FIG. 14 is a diagram (Part 1) for explaining the background of processing in S107.

FIG. 15 is a diagram (Part 2) for explaining the background of the processing in S107.

FIG. 16 is a flowchart illustrating a specific example of the processing in S107 in Example 1.

FIG. 17 is a diagram (Part 1) for explaining a method for calculating an area of a figure extracted from a waveform
of a first wave.

FIG. 18 is a diagram (Part 2) for explaining the method for calculating the area of the figure extracted from the
waveform of the first wave.

FIG. 19 is a diagram (Part 3) for explaining the method for calculating the area of the figure extracted from the
waveform of the first wave.

FIG. 20 is a diagram illustrating an example of an initial state of a first-order approximation line management table 12d.
FIG. 21 is a diagram illustrating an example where information is stored in the first-order approximation line man-
agement table 12d in S201.

FIG. 22 is a diagram illustrating an example of the corrected value management table.

FIG. 23 is a diagram illustrating an example where information is stored in the first-order approximation line man-
agement table 12d in S202.

FIG. 24 is a diagram illustrating an example where information is stored in the first-order approximation line man-
agement table 12d in S203.

FIG. 25 is a diagram illustrating an example where information is stored in the feature amount management table
12c in S108.

FIG. 26 is a diagram illustrating an example where information is stored in the feature amount management table
12c in S109.

FIG. 27 is aflowchart (Part 2) illustrating an example of the digestibility estimation method executed by the information
processor.

FIG. 28 is a diagram illustrating an example of an initial state of a digestibility estimation management table 12f.
FIG. 29 is a diagram illustrating an example where information is stored in the digestibility estimation management
table 12f in S111.

FIG. 30 is a diagram illustrating an example where information is stored more than once in the digestibility estimation
management table 12f.

FIG. 31 is a flowchart illustrating an example of a method for generating a corrected value management table.
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FIG. 32 is a diagram illustrating a calculation example of a corrected value a.

FIG. 33 is a diagram illustrating an example of an information processing system 200 in Example 2.

FIG. 34 is a diagram for explaining a method for correcting a first-order approximation line in Example 2.

FIG. 35 is a flowchart illustrating a specific example of processing in S107 in Example 2.

FIG. 36 is a diagram illustrating an example of a corrected value management table in Example 2.

FIG. 37 is adiagram illustrating an example of an initial state of a first-order approximation line managementtable 12g.
FIG. 38 is a diagram illustrating an example where information is stored in the first-order approximation line man-
agement table 12g in S202a.

FIG. 39 is a diagram illustrating an example where information is stored in the first-order approximation line man-
agement table 12g in S203a.

FIG. 40 is a diagram illustrating an example of an information processing system 300 in Example 3.

FIG. 41 is a flowchart (Part 1) illustrating an example of a digestibility estimation method executed by the information
processor 10c in Example 3.

FIG. 42is aflowchart (Part 2) illustrating an example of the digestibility estimation method executed by the information
processor 10c in Example 3.

FIG. 43 is a diagram illustrating an example of an information processing system 400 in Example 4.

FIG. 44 is a diagram illustrating an example of a method for displaying information on a recommended restaurant.

Description of Embodiments
[0011] With reference to FIGs. 1 to 42, an embodiment of the present invention is specifically described below.
(EXAMPLE 1)

[0012] FIG. 1is a diagram illustrating an example of an information processing system 100 in Example 1. As illustrated
in FIG. 1, the information processing system 100 includes an information processor 10 and a heart rate signal meas-
urement device 20.

[0013] The information processor 10 is a computer carried by a user who receives services according to a digestibility
of food consumed in the stomach. The information processor 10 is a device that estimates a digestibility from a heart
(pulse) rate received from the heart rate signal measurement device 20, and provides services to the user based on the
estimated result. The information processor 10 is, for example, a computer such as a smartphone, a cell-phone, a tablet
terminal, a laptop PC (Personal Computer), and a wearable computer. The wearable computer is a computer that may
be worn and carried around by the user, which is, for example, a wristwatch-type device.

[0014] The heart rate signal measurement device 20 is a device for measuring a heart (pulse) rate, which is, for
example, a wristwatch-type heart rate meter. The heart rate signal measurement device 20 may measure a heart rate
of the user wearing the heart rate signal measurement device 20 at specified time intervals. The heart rate signal
measurement device 20 may transmit information on the measured heart rate to the information processor 10.

[0015] The information processing system 100 may also be realized as a wearable computer including the information
processor 10 and the heart rate signal measurement device 20. The information processing system 100 may be easily
worn at all times by being realized as the wearable computer.

[0016] Hereinafter, description is given of functions of respective units included in the information processor 10.
[0017] As illustrated in FIG. 1, the information processor 10 includes an input unit 11, a storage unit 12, a reception
unit 13, a feature amount calculation unit 14, a digestibility estimation unit 15, a determination unit 16, a correction unit
17, an information presentation unit 18, and a table generation unit 19.

[0018] The input unit 11 has a function to receive input of various information from the user.

[0019] The storage unit 12 is hardware that stores data and programs used for processing to be executed by the
information processor 10. For example, the storage unit 12 may store a heart rate management table 12a, a meal time
management table 12b, a feature amount management table 12c, a first-order approximation line management table
12d, a corrected value management table 12e, a digestibility estimation management table 12f, and the like to be
executed by the information processor 10. The respective tables are described in detail later.

[0020] The storage unit 12 is, for example, an HDD (Hard Disk Drive), an SSD (Solid State Drive), a RAM (Random
Access Memory), a flash memory, or a ROM (Read Only Memory), or may be a combination thereof. For example, the
HDD, the SSD, the RAM, and an NAND-type flash memory may be used to store data. On the other hand, an NOR-type
flash memory and the ROM may be used to store programs (digestibility estimation program and the like). The storage
unit 12 may also be configured using a plurality of storage devices depending on the intended use, required memory
capacity, or the like.

[0021] The reception unit 13 includes a first receiver 13a and a second receiver 13b. The first receiver 13a receives
information on a plurality of heart rate signals measured at specified time intervals from the heart rate signal measurement
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device 20. Such heart rate signal information is information associating the heart rate of the user with the time of
measurement of the heart rate. The second receiver 13b receives information on a meal start time and a meal finish
time from the user through the input unit 11. The meal start time is the time when the user starts his/her meal. The meal
finish time is the time when the user finishes his/her meal.

[0022] The feature amount calculation unit 14 calculates various parameters used to calculate a digestibility, based
on the plurality of heart rate signal information received from the heart rate signal measurement device 20 and the
information on the meal start time and the meal finish time of the user. Such various parameters are hereinafter collectively
referred to as the "feature amount". Further details about various feature amounts and a calculation method thereof are
described later. Furthermore, the feature amount calculation unit 14 also has a function as a line calculation unit using
the calculated feature amount to calculate a first-order approximation line, as well as a function as a time specification
unit using the first-order approximation line to specify a digestion finish time. Further details about the first-order approx-
imation line and a method for specifying the digestion finish time are also described later.

[0023] The digestibility estimation unit 15 estimates a digestibility based on the various feature amounts calculated
by the feature amount calculation unit 14. A method for estimating a digestibility is described later.

[0024] The determination unit 16 executes various kinds of determination processing among processing to be executed
by the information processor 10.

[0025] The correction unit 17 executes processing of correcting the slope of the first-order approximation line with the
corrected value management table 12e. This correction processing is described in detail later.

[0026] The information presentation unit 18 presents information on the digestibility to the user when the determination
unit 16 determines that the information is to be presented to the user. To be more specific, the information presentation
unit 18 causes a display device 66 to be described later to display characters or images regarding the information to be
presented, for example. Alternatively, the information presentation unit 18 transmits an instruction signal to instruct
information presentation to a device carried by the user.

[0027] The table generation unit 19 executes processing of generating the corrected value management table 12e
used to correct the slope of the first-order approximation line that is one of the plurality of feature amounts. Further
details about the corrected value management table 12e and a generation method thereof are described later.

[0028] Next, a hardware configuration of the information processor 10 is described.

[0029] FIG. 2 is a diagram illustrating an example of the hardware configuration of the information processor 10 in
Example 1. As illustrated in FIG. 2, the information processor 10 includes a CPU (Central Processing Unit) 61, a ROM
62, a RAM 63, a storage device 64, an input device 65, the display device 66, a network interface 67, a portable storage
medium drive 68, and the like.

[0030] The CPU 61 is hardware that manages or executes the processing of the information processor 10. An MPU
(Micro Processing Unit) is also an example of the CPU 61. The CPU 61 is an example of the reception unit 13, the
feature amount calculation unit 14, the digestibility estimation unit 15, the determination unit 16, the correction unit 17,
the information presentation unit 18, and the table generation unit 19.

[0031] The ROM 62, the RAM 63, and the storage device 64 are hardware that stores data and programs used for
processing to be executed by the CPU 61. The storage device 64 is, for example, an HDD. The ROM 62, the RAM 63,
and the storage device 64 are an example of the storage unit 12 illustrated in FIG. 1.

[0032] The input device 65 is hardware used by the user to input various information. The input device 65 is, for
example, a touch panel, a keyboard, a mouse, and the like. When the input device 65 is a touch panel, the touch panel
is placed so as to overlap the display device 66 to be described later. The input device 65 is an example of the input
unit 11 illustrated in FIG. 1.

[0033] Thedisplay device 66 is a device that displays characters orimages. The display device 66 may have a function
to output voices. The display device 66 is, for example, a liquid crystal display, a plasma display, an organic EL (Elec-
troLuminescence) display, or the like.

[0034] The network interface 67 is hardware for communicating with an external device through a network.

[0035] The respective units included in the information processor 10 are connected to a bus 70. The information
processor 10 has its functions realized by a processor such as the CPU 61 executing programs (including the digestibility
estimation program) stored in the ROM 62 or the storage device 64 or programs (including the digestibility estimation
program) read from a portable storage medium 69 by the portable storage medium drive 68. Note that such programs
may be loaded into the RAM 63 and executed by the processor such as the CPU 61.

[0036] Next, description is given of a digestibility estimation method executed by the information processor 10. The
inventor of the present invention has found out that there is a specific trend in a profile of changes in heart rate by
measuring changes in heart rate between before meal and after meal.

[0037] FIG. 3 is a graph illustrating an example of a temporal change in heart rate between before meal and after
meal. The vertical axis (y-axis) represents a heart rate, while the horizontal axis (x-axis) represents a time axis with the
meal finish time set as 0 minutes. The meal start time means the time when a meal is started, while the meal finish time
means the time when the meal is finished. Note that, in the following description, a profile of temporal changes in heart
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rate may be called a "heart rate profile". As illustrated in FIG. 3, the heart rate rises rapidly as the meal is started, and
then drops to a local minimum value at the meal finish time. This local minimum value is a level slightly higher than the
heart rate at the meal start time. It is inferred that such changes in heart rate during a meal are attributable to chewing
behavior or swallowing behavior during eating of food.

[0038] Thereafter, the heart rate rises again as the meal is finished, and gradually drops after reaching its peak at a
certain time. Then, the heart rate returns to the one at the meal start time and eventually becomes fixed. It is inferred
that such changes in heart rate after meal are attributable to a digestive activity in the stomach or the like in the body,
and the heart rate returns to the level before meal as the digestive activity is finished. In the example of FIG. 3, the heart
rate returns to the level before meal 240 minutes after the meal finish time. However, the time required for the heart rate
to return to the level before meal varies depending on the content (kind, quantity, or the like) of the meal, eating speed,
or the like. In this embodiment, the digestibility is estimated in real time by using the trend of changes in heart rate
described above.

[0039] Next, description is given of a flow of processing executed by the information processor 10 to estimate the
digestibility and present information to the user based on the estimation result.

[0040] FIG. 4 is a flowchart (Part 1) illustrating an example of the digestibility estimation method executed by the
information processor 10.

[0041] First, the first receiver 13a receives a plurality of pieces of heart rate signal information from the heart rate
signal measurement device 20 (S101). In S101, the first receiver 13a acquires a plurality of pieces of heart rate signal
information from the heart rate signal measurement device 20 at specified time intervals through wireless communication,
for example. Then, the first receiver 13a stores the acquired plurality of pieces of heart rate signal information in the
heart rate management table 12a in the storage unit 12.

[0042] FIG. 5is a diagram illustrating an example of an initial state of the heart rate management table 12a. The heart
rate management table 12a has items of heart rate and time of measurement that is the time when the heart rate is
measured.

[0043] FIG. 6is a diagram illustrating an example where information is stored in the heart rate management table 12a.
In the example of FIG. 6, "12:00" means 12 o’clock, and information on heart rates measured at 1-minute intervals is
stored. The information stored in the heart rate management table 12a is managed every day. For example, the meas-
urement may be started at 0:00 every day and the information may be deleted every time the date changes. This method
may suppress an increase in storage area used for the heart rate management table 12a in the storage unit 12.
[0044] Referring back to FIG. 4, after S101, the second receiver 13b acquires meal start time and meal finish time
information when sequentially receiving the heart rate information from the heart rate signal measurement device 20
(8102). In S102, for example, the user uses the input unit 11 to input the meal start time and meal finish time information.
Thus, the second receiver 13b may receive the meal start time and meal finish time information.

[0045] Alternatively, the information processor 10 may also use a method for specifying the meal start time and the
meal finish time by detecting the movement of a lower arm during a meal with an acceleration sensor, as another method
for acquiring the meal start time and meal finish time information (see Patent Literature 4). Alternatively, the information
processor 10 may also use a method for specifying the meal start time and the meal finish time by detecting a chewing-
specific frequency pattern with an intracorporeal sound microphone (see Patent Literature 5).

[0046] In S102, the second receiver 13b stores the acquired meal start time and meal finish time information in the
meal time management table 12b in the storage unit 12.

[0047] FIG. 7 is a diagram illustrating an example of an initial state of the meal time management table 12b. As
illustrated in FIG. 7, the meal time management table 12b has items of meal ID (identifier) indicating an identifier to
specify a meal event, meal start time, and meal finish time, and manages the meal start time and meal finish time
information for each meal ID. The second receiver 13b provides a new meal ID to register in the meal time management
table 12b upon every receipt of the meal start time and meal finish time information.

[0048] FIG. 8 is a diagram illustrating an example where information is stored in the meal time management table 12b
in S102. In the example of FIG. 8, 12:02 is registered as the meal start time and 12:07 is registered as the meal finish
time for a meal with the meal ID=1. With this information, a processing flow is described below.

[0049] After S102, the feature amount calculation unit 14 identifies a heart rate at the meal start time (S103). To be
more specific, a heart rate associated with the meal start time registered in the meal time management table 12b of FIG.
8 is identified by referring to the heart rate management table 12a of FIG. 6. For example, FIG. 8 illustrates that the meal
start time corresponding to the meal ID=1is 12:02. Therefore, it may be seen from FIG. 6 that the heart rate corresponding
to 12:02 is 80 bpm (beats per minute). Thus, the feature amount calculation unit 14 stores information of the identified
heart rate 80 bpm in the feature amount management table 12c.

[0050] FIG. 9 is a diagram illustrating an example of an initial state of the feature amount management table 12c. As
illustrated in FIG. 9, the feature amount management table 12c may store six kinds of feature amounts, Feature Amount
1 to Feature Amount 6 for each meal ID. In the description of this embodiment, the heart rate at the meal start time is
referred to as "Feature 1" and a peak value indicating the maximum value of the heart rate after meal is referred to as
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"Feature Amount 2". Moreover, a first-order approximation line of a heart rate profile after the time of measurement of
the peak value is referred to as "Feature Amount 3", and the digestion finish time is referred to as "Feature Amount 4".
Furthermore, time between the meal finish time and the time of measurement of the peak value is referred to as "Feature
Amount 5", and time between the time of measurement of the peak value and the digestion finish time is referred to as
"Feature Amount 6". Note that Feature Amounts 2 to 6 are described in detail later.

[0051] FIG. 10 is a diagram illustrating an example where information is stored in the feature amount management
table 12¢c in S103. As illustrated in FIG. 10, the feature amount calculation unit 14 stores the information of the heart
rate 80 bpm identified in S103 in the field of the item "Feature Amount 1" corresponding to the meal ID=1.

[0052] Subsequently, the feature amount calculation unit 14 identifies a peak value of the heart rate after meal (S104).
For example, when the meal finish time is 12:07 as illustrated in FIGs. 8 and 6 illustrates a storage state of the heart
rate management table 12a at the start of processing in S104, the feature amount calculation unit 14 refers to the heart
rate management table 12a of FIG. 6. Then, the feature amount calculation unit 14 identifies that the peak value of the
heart rate in a time slot after meal is 100 bpm measured at the time 12:25.

[0053] FIG. 11 is a diagram illustrating an example where information is stored in the feature amount management
table 12c in S104. As illustrated in FIG. 11, the feature amount calculation unit 14 stores the identified peak value 100
bpm in the field of the item "Feature Amount 2" corresponding to the meal ID=1.

[0054] Then, the determination unit 16 determines whether or not a first-order approximation line may be calculated
(S105). Here, description is given of the background of processing in S105.

[0055] As described with reference to FIG. 3, the heart rate profile has a shape in which the heart rate rises again
after meal and gradually drops before returning to the heart rate at the meal start time after reaching its peak. However,
during a digestive activity, the heart rate profile drawn with a plurality of pieces of heart rate information acquired up to
that point has not yet reached the heart rate at the meal start time. Therefore, the time when the digestive activity is
finished (digestion finish time) is yet to be identified. For this reason, in this embodiment, a first-order approximation line
is used to identify the digestion finish time with the heart rate profile that has notreached the heart rate at the meal start time.
[0056] FIG. 12 is a diagram for explaining a method for estimating a digestibility with a first-order approximation line.
In FIG. 12, a profile drawn with the heart rate information acquired by the first receiver 13a is indicated by the solid line.
The vertical axis (y-axis) represents a heart rate, while the horizontal axis (x-axis) represents a time axis when the time
of measurement of a peak value of the heart rate after meal is set as 0 minutes. Also, the right end of the profile indicated
by the solid line represents the magnitude of the heart rate measured at the current time. Moreover, a profile drawn with
unknown heart rate information yet to be acquired by the first receiver 13a is indicated by the broken line.

[0057] As illustrated in FIG. 12, the information processor 10 approximates, by a first-order approximation line, a
change in heart rate in a predetermined time slot after the time of measurement of the peak value of the heart rate after
meal. With the x-axis as the time axis and the y-axis as a coordinate axis indicating the magnitude of the heart rate, the
first-order approximation line may be expressed as y= ax+b. Here, a represents the slope of the heart rate profile
indicating a downward trend after the time of measurement of the heart rate peak value. As described later, b represents
the heart rate at the time of measurement of the heart rate peak value. Assuming that the time when the heart rate
returns to a value c after meal is the digestion finish time, c being the value of the heart rate at the meal start time, the
digestion finish time may be calculated by obtaining an x-coordinate value at the intersection of y= ax+b and y= c. It is
assumed, in this embodiment, that a time slot of about 10 minutes to 20 minutes before the current time and after the
time of measurement of the peak value, for example, is the "predetermined time slot" described above. When heart rate
information in that time slot is acquired, the information processor 10 calculates a first-order approximation line by
approximating a change in heart rate after the time of measurement of the peak value by a line. S105 is processing for
determining whether or not the heart rate information required to calculate the first-order approximation line has been
acquired already.

[0058] In S105, the determination unit 16 first sets 20 minutes, for example, as a setting time for the time that has
elapsed since the time of measurement of the peak value.

[0059] Thereafter, the determination unit 16 determines, by referring to the heart rate management table 12a of FIG.
6, whether or not all the heart rate information in the time slot between the time of measurement of the peak value and
20 minutes later is stored. When not all the heart rate information is stored, the determination unit 16 determines that
the first-order approximation line may not be calculated, since there is not enough heart rate information to calculate the
first-order approximation line (S105: No). When the determination unit 16 determines that the first-order approximation
line may not be calculated (S105: No), the determination unit 16 waits until 20 minutes pass after the time indicating the
peak value and the heart rate information required to calculate the first-order approximation line is acquired. In other
words, the determination unit 16 repeatedly executes the processing of S105.

[0060] On the other hand, when all the target heart rate information is stored, it means that the heart rate information
required to calculate the first-order approximation line has been acquired. Therefore, the determination unit 16 determines
thatthe first-order approximation line may be calculated (S105: Yes), and the feature amount calculation unit 14 calculates
the first-order approximation line (S106). In S106, the feature amount calculation unit 14 extracts, from the heart rate
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management table 12a, a plurality of pieces of heart rate information in the predetermined time slot after the time of
measurement of the peak value. Then, the feature amount calculation unit 14 uses the information of the peak value
stored in the field of the item "Feature Amount 2" in the feature amount management table 12¢ and the extracted plurality
of pieces of heart rate information to calculate the first-order approximation line that is a function of a heart rate with
time as a variable.

[0061] As illustratedin FIG. 12, for example, assuming that the time of measurement of the heart rate peak value after
meal is the origin on the time axis (x-axis), Feature Amount 2, that is, the heart rate peak value 100 bpm is the value at
the y-intercept of the first-order approximation line. Meanwhile, with reference to the heart rate management table 12a
of FIG. 6, the time of measurement of the peak value 100 bpm is 12:25. Therefore, when the setting time setin S105 is
20 minutes, the feature amount calculation unit 14 extracts a plurality of pieces of heart rate information up to 12:45 that
is 20 minutes after 12:25. Then, the feature amount calculation unit 14 calculates the slope of the first-order approximation
line of the heart rate, based on the extracted plurality of heart rate values, to obtain a value -0.1. As a result, assuming
that the time that has elapsed since the time of measurement of the peak value is x minutes, the feature amount calculation
unit 14 may obtain y=-0.1x+100 as the first-order approximation line of the heart rate.

[0062] FIG. 13 is a diagram illustrating an example where information is stored in the feature amount management
table 12cin S105. As illustrated in FIG. 13, the feature amount calculation unit 14 stores the information of the calculated
first-order approximation line -0.1x+100 in the field of the item "Feature Amount 3" corresponding to the meal ID=1.
[0063] Referring back to FIG. 4, after S106, the correction unit 17 corrects the first-order approximation line acquired
in S106 (S107). Here, description is given of the background of processing in S107.

[0064] The inventor of the present invention has found out that a profile of a change in heart rate to be obtained varies
depending on an eating speed even with the same meal content. To be more specific, when the user eats a certain meal
at a speed faster than a normal speed, in other words, performs so-called "speed-eating", the heart rate tends to be
higher during meal and take longer to recover after meal. On the other hand, when the user eats the meal at a speed
slower than a normal speed, in other words, performs so-called "slow-eating", the heart rate tends to be lower during
meal and more quickly recover after meal.

[0065] FIG. 14 is a diagram (Part 1) for explaining the background of the processing in S107. FIG. 14 illustrates a
profile of temporal changes in heart rate when the user eats at a normal speed, which has the same trend as that of
FIG. 12. A change in heart rate that rises with time and then drops between the meal start time and the meal finish time
is defined as a "first wave", while a change in heart rate that rises with time and then drops between the meal finish time
and the digestion finish time is defined as a "second wave". In FIG. 14, a vector BO represents a vector overlapping with
the first-order approximation line y= ax+b when the user eats at the normal speed.

[0066] When the user performs "speed-eating", it takes longer for the heart rate to recover after meal. Thus, the width
of the second wave in the time axis direction is longer than that when the user eats at the normal speed. As a result,
the direction of change in the second wave after its peak is closer to a vector B1 rather than the vector BO. On the other
hand, when the user performs "slow-eating", the heart rate recovers more quickly after meal. Thus, the width of the
second wave in the time axis direction is shorter than that when the user eats at the normal speed. As a result, the
direction of change in the second wave after its peak is closer to a vector B2 rather than the vector BO.

[0067] FIG. 15is a diagram (Part 2) for explaining the background of the processing in S107. In FIG. 15, the solid line
indicates an example of a first wave profile when the user eats at a normal speed, the broken line indicates an example
of a first wave profile when the user performs "speed-eating”, and the dotted line indicates an example of a first wave
profile when the user performs "slow-eating".

[0068] As illustrated in FIG. 15, when the user performs "speed-eating", the meal time is shorter than that when the
user eats at the normal speed. However, the heart rate during meal is higher than that when the user eats at the normal
speed. On the other hand, when the user performs "slow-eating", the meal time is longer than the heart rate when the
user eats at the normal speed. However, the heart rate during meal is lower than that when the user eats at the normal
speed.

[0069] Given the above trends, in order to further improve digestibility prediction accuracyi, it is desirable to take into
consideration the eating speed. Therefore, in this embodiment, the first-order approximation line used to estimate a
change in the second wave after its peak is corrected based on the trend of a change in the first wave. To be more
specific, when the first wave indicates "speed-eating", the magnitude of the slope of the first-order approximation line is
reduced to make a correction such that it takes longer for the digestibility to recover to 100% than when eating is
performed at the normal speed. On the other hand, when the first wave indicates "slow-eating", the magnitude of the
slope of the first-order approximation line is increased to make a correction such that the digestibility recovers more
quickly to 100% than when eating is performed at the normal speed. Here, description is given of a specific example of
processing in S107.

[0070] FIG. 16 is a flowchart illustrating a specific example of the processing in S107 in Example 1.

[0071] First, the feature amount calculation unit 14 uses a heart rate profile to calculate eating activity energy (S201).
The eating activity energy is a feature amount indicating the level of energy of an eating activity. As for the eating activity
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energy, for example, an area of a figure extracted from the waveform of the first wave is calculated, and the value of the
calculated area is used as an index value of the eating activity energy.

[0072] As a first example of calculating the area of the figure, for example, a method may be adopted wherein the
shape of the first wave is approximated by a triangle and the area of the triangle contained in the first wave is calculated.
[0073] FIG. 17 is a diagram (Part 1) for explaining a method for calculating the area of the figure extracted from the
waveform of the first wave. The figure indicated by the dotted line and shaded area in FIG. 17 represents the triangle
contained in the first wave.

[0074] To be more specific, according to the meal time management table of FIG. 8, the meal start time corresponding
to the meal ID=1 is 12:02, and the meal finish time is 12:07. Also, according to the heart rate management table of FIG.
6, the maximum heart rate during meal, that is, in a time slot between 12:02 and 12:07 is 120 bpm, and the heart rate
at the meal start time is 80 bpm. Therefore, assuming that an amount of change in time is the base of the triangle and
a difference between the maximum heart rate during meal and the heart rate at the meal start time is the height of the
triangle, the eating activity energy may be calculated according to the following equation. Note that, since the unit of the
eating activity energy is any unit, the notation of the unit of the eating activity energy may be omitted in the following
description.

(Eating Activity Energy)
= [(meal finish time-meal finish time)x(maximum heart rate during meal-heart rate
at meal start time)]/2

= 5 [min]x(120-80) [bpm]/2= 100 [min/bpm]

[0075] As a second example of calculating the area of the figure, for example, an area of a square containing the first
wave may be calculated and the value of the calculated area may be used as an index value of the eating activity energy.
[0076] FIG. 18 is a diagram (Part 2) for explaining a method for calculating the area of the figure extracted from the
waveform of the first wave. The figure indicated by the dotted line and shaded area in FIG. 18 represents the square
containing the first wave. As for this square, an amount of change in time is set as the base, and the difference described
above is set as the height. Therefore, the area of the square may be obtained by calculating the product of the amount
of change in time and the difference between the maximum heart rate during meal and the heart rate at the meal start
time. This method may improve the processing speed, since the method includes one less calculation step than the
method for calculating the area of the triangle.

[0077] As a third example of calculating the area of the figure, for example, an area of a figure containing the first
wave as a part of its contour may be calculated by time-integrating the first wave with a section between the meal start
time and the meal finish time and the value (integrated value) of the calculated area may be used as an index value of
the eating activity energy.

[0078] FIG. 19 is a diagram (Part 3) for explaining a method for calculating the area of the figure extracted from the
waveform of the first wave. The figure indicated by the dotted line and shaded area in FIG. 19 represents a region
subjected to time integration. The time integration may be performed, for example, by adding up all the heart rate values
measured in the time slot between the meal start time and the meal finish time. According to this method, the eating
activity energy may be calculated with higher accuracy compared with the approximation method with a triangle or a
square, since the curve of the heart rate profile and the actual heart rate values are taken into consideration for the
calculation of the area.

[0079] Meanwhile, as another example of calculating the eating activity energy, a rise rate when the heart rate rises
with time during meal may be calculated and the value of the calculated rise rate may be used as an index value of the
eating activity energy.

[0080] The first wave tends to be increased as the rise rate gets higher. According to this method, the eating activity
energy may be calculated more easily than the method for calculating the area. Moreover, even when the shape of the
figure containing the first wave as a part of its contour deviates from the triangle and approximation by the triangle
becomes difficult, the eating activity energy may be calculated.

[0081] FIG. 20 is a diagram illustrating an example of an initial state of the first-order approximation line management
table 12d. As illustrated in FIG. 20, the first-order approximation line management table 12d has items of meal ID, eating
activity energy, corrected value a, and first-order approximation line cx+b after correction. The first-order approximation
line management table 12d stores information of the eating activity energy, corrected value o, and the first-order ap-
proximation line (cx+b) after correction for each meal ID.

[0082] FIG. 21 is a diagram illustrating an example where information is stored in the first-order approximation line
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management table 12d in S201. As illustrated in FIG. 21, the feature amount calculation unit 14 stores the information
of eating activity energy 140 calculated in S201 in the field of the item "eating activity energy" corresponding to the meal
ID=1 as in the case of the feature amount management table 12c.

[0083] After S201, the correction unit 17 extracts a corrected value corresponding to the calculated eating activity
energy by referring to the corrected value management table 12e (S202).

[0084] FIG. 22 is a diagram illustrating an example of the corrected value management table. As illustrated in FIG.
22, the corrected value management table 12e illustrates a correspondence relationship between a range of eating
activity energy values and the corrected value a corresponding to the range. A method for generating the corrected
value management table 12e is described later. In S202, when the eating activity energy value is 140, for example, it
may be seen from the corrected value management table 12e that this value belongs to the range of eating activity
energy values 131 to 150. Therefore, the correction unit 17 extracts 0.8 from the corrected value management table
12e as the corrected value a corresponding to that range.

[0085] FIG. 23 is a diagram illustrating an example where information is stored in the first-order approximation line
management table 12d in S202. As illustrated in FIG. 23, the feature amount calculation unit 14 stores the information
of the corrected value o= 0.8 calculated in S202 in the field of the item "corrected value" corresponding to the meal ID=1.
[0086] After S202, the correction unit 17 uses the corrected value o extracted in S202 to correct the slope of the first-
order approximation line calculated in S106 (S203). To be more specific, the correction unit 17 corrects the slope of the
first-order approximation line by multiplying the slope of the first-order approximation line by the corrected value a. For
example, the first-order approximation line is y= -0.1x+100 and the corrected value is o= 0.8, the slope -0.1 of the first-
order approximation line is multiplied by 0.8 to obtain a value -0.08. This value of the slope is applied to generate a new
first-order approximation line y= -0.08x+100.

[0087] FIG. 24 is a diagram illustrating an example where information is stored in the first-order approximation line
management table 12d in S203. As illustrated in FIG. 24, the feature amount calculation unit 14 stores the right-hand
side information "-0.08x+100" of the first-order approximation line newly generated in S203 in the field of the item "first-
order approximation line after correction" corresponding to the meal ID=1 in the first-order approximation line management
table 12d.

[0088] The processing of S107 is thus executed. The processing moves to S108 after S107.

[0089] Referring back to FIG. 4, the feature amount calculation unit 14 uses the heart rate at the meal start time
identified in S103 and the first-order approximation line corrected in S107 to calculate time between the peak value
measurement time and the digestion finish time, and thus identify the digestion finish time (S108).

[0090] The feature amount calculation unit 14 uses the first-order approximation line obtained by approximating the
profile when the heart rate drops to calculate the value x corresponding to the time when the heart rate returns to the
one at the meal start time. With this method, the feature amount calculation unit 14 may identify the digestion finish time.
[0091] Referring to the item "Feature Amount 1" in the feature amount management table 12c of FIG. 13, the heart
rate at the meal start time is 80 bpm. Therefore, the feature amount calculation unit 14 calculates the value x that satisfies
80=-0.08x+100 based on the corrected first-order approximation line stored in the first-order approximation line man-
agement table 12d. As a result, x= 250 is obtained, and the feature amount calculation unit 14 may specify that the
digestive activity is completed 250 minutes after the peak value measurement time. The peak value measurement time
is 12:25 according to the heart rate management table 12a of FIG. 6. Therefore, the feature amount calculation unit 14
calculates the digestion finish time as 250 minutes after 12:25, that is, 16:35.

[0092] FIG. 25 is a diagram illustrating an example where information is stored in the feature amount management
table 12c in S108. As illustrated in FIG. 25, the feature amount calculation unit 14 stores the information of the specified
digestion finish time 16:35 in the field of the item "Feature Amount 4" corresponding to the meal ID=1. The feature
amount calculation unit 14 further stores the value 250 minutes that is the time between the specified peak value
measurement time and the digestion finish time in the field of the item "Feature Amount 6" corresponding to the meal
ID=1. Thus, the feature amount calculation unit 14 may specify the digestion finish time at the end of the predetermined
time slot by calculating the first-order approximation line with the heart rate information in the predetermined time slot
after the peak value measurement time. As a result, the digestibility may be estimated in real time after the predetermined
time slot.

[0093] Referring back to FIG. 4, after S108, the feature amount calculation unit 14 calculates time between the meal
finish time and the peak value measurement time (S109). To be more specific, the feature amount calculation unit 14
calculates the time between the meal finish time and the peak value measurement time by obtaining a difference between
the peak value measurement time and the meal finish time stored in the meal time management table 12b of FIG. 8.
The time of measurement of the peak value (peak value measurement time) is 12:25 according to the heart rate man-
agement table 12a of FIG. 6. The meal finish time is 12:07 according to the meal time management table 12b of FIG.
8. Therefore, the time between the meal finish time and the peak value measurement time is calculated as 18 minutes.
[0094] FIG. 26 is a diagram illustrating an example where information is stored in the feature amount management
table 12cin S109. The feature amount calculation unit 14 stores the information of the specified time 18 minutes between
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the meal finish time and the peak value measurement time in the field of the item "Feature Amount 5" corresponding to
the meal ID=1. The processing of S108 is thus executed. Hereinafter, processing to be executed after S109 is described.
[0095] FIG. 27 is a flowchart (Part 2) illustrating an example of the digestibility estimation method executed by the
information processor.

[0096] After S109, the determination unit 16 determines whether or not it is time to estimate the digestibility (S110).
Since the digestibility is calculated at preset time intervals in this embodiment, the determination unit 16 executes the
determination processing in S110. In the storage unit 12, the digestibility estimation management table 12f is prepared
to store and manage the calculation result of the digestibility.

[0097] FIG. 28 is a diagram illustrating an example of an initial state of the digestibility estimation management table
12f. The digestibility estimation management table 12f has items of digestibility and calculation time indicating the time
of calculation of the digestibility. In the example of FIG. 28, the time interval for the calculation of the digestibility is set
to 10 minutes, and a plurality of calculation times are preset at 10-minute intervals. Note that the time interval may also
be set to 1-minute or 1-second order.

[0098] Referring back to FIG. 27, in S110, the determination unit 16 determines whether or not it is time to estimate
the digestibility by reading the current time information and then determining whether or not it is any one of the preset
plurality of calculation times. When it is determined that it is not time to estimate the digestibility (S110: No), the processing
of S110 is executed again. On the other hand, when it is determined that it is time to estimate the digestibility (S110:
Yes), the digestibility estimation unit 15 calculates the digestibility at the current time (S111).

[0099] On the assumption that the meal finish time is the time when the stomach starts its digestive activity (digestion
start time) and the digestibility is 0% at the meal finish time and 100% at the digestion finish time, the digestibility
estimation unit 15 calculates the digestibility at the current time based on the time that has elapsed since the meal finish
time. To be more specific, the digestibility estimation unit 15 calculates the digestibility by calculating the length of time
between the meal finish time and the digestion finish time, that is, a ratio of the length of time elapsed between the meal
finish time and the current time to the digestion time.

[0100] The length of digestion time may be obtained by calculating the sum of "Feature Amount 5" and "Feature
Amount 6" in the feature amount management table 12c as illustrated in FIG. 12. Thus, the digestibility at the current
time may be calculated according to the following equation.

(Digestibility)=[(current time-meal finish time)/(digestion time)]x100%

=[(current time-meal finish time)/(Feature Amount 5+Feature Amount 6)]x100%

[0101] Itis assumed, for example, that the current time is 12:30. Since the meal finish time is 12:07 according to the
meal time management table 12b of FIG. 8, a difference between the current time and the meal finish time is calculated
as 23 minutes. According to the feature amount management table 12c of FIG. 26, "Feature Amount 5" is 18 minutes
and "Feature Amount 6" is 250 minutes. Therefore, according to the above equation, the digestibility at the current time
12:30 is calculated as (Digestibility)=[23/(18+250)]x100%~9%. The digestibility estimation unit 15 stores the value of
the calculated digestibility 9% in the digestibility estimation management table 12fin association with the calculation time.
[0102] FIG. 29 is a diagram illustrating an example where information is stored in the digestibility estimation manage-
menttable 12fin S111. As illustrated in FIG. 29, for example, the calculated value 9% is stored in a position corresponding
to the calculation time 12:30 in the item of digestibility.

[0103] Then, the determination unit 16 determines whether or not to present service-related information to the user
of the information processor 10, based on the calculated digestibility value (S112). Examples of the service may include
a service of presenting and recommending restaurant such as a recommended restaurant when the user gets hungry
and a service of giving advice to a user on a diet by presenting an appropriate time for eating. Examples of the service
may also include a service of encouraging a user worried about his/her digestive capacity to have a meal when digestion
is or is about to be completed and a service of giving an older user advice on appropriate time for eating. It is determined
in S112 that the service-related information is presented to the user when the digestibility reaches a predetermined
digestibility. The predetermined digestibility is within a range of, for example, 95% to 100%, which varies depending on
the content of the service.

[0104] When it is determined that the service-related information is not to be presented to the user (S112: No), the
determination unit 16 determines whether or not there is a continuing service to the user (S113). In S113, the determination
unit 16 determines whether or not there is a continuing service to the user by determining, for example, whether or not
the information processor 10 keeps on using an application related to the service. When it is determined that there is a
continuing service to the user (S113: Yes), the processing returns to S110 to execute again the processing of S110 and
thereafter. When it is determined that there is no continuing service to the user (S113: No), a series of processing is
terminated.
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[0105] FIG. 30 is a diagram illustrating an example where information is stored more than once in the digestibility
estimation management table 12f. As illustrated in FIG. 30, the processing of S112 is repeatedly executed until the result
of the determination in S112 is Yes, that is, it is determined that the information is to be presented to the user. Then,
the digestibility is calculated every 10 minutes, and the calculation results are gradually accumulated in the digestibility
estimation management table 12f. The digestibility is 53% at 14:30, and the calculation of the digestibility and the
accumulation of the results thereof are repeated until a predetermined digestibility is obtained.

[0106] When itis determined in S111 that the service-related information is to be presented to the user (S112: Yes),
the information presentation unit 18 uses the display device 66 to present the information to the user (S114). When the
information to be presented to the user includes information on a store such as a restaurant or a facility, and the like,
the information to be presented to the user is acquired from an external device such as a server having a database (DB)
that stores related information through a network, for example. Another method may also be adopted wherein the DB
that stores related information is stored in the storage unit 12 in the information processor 10 and required information
is read from the storage unit 12. After S114, a series of processing is terminated.

[0107] The digestibility estimation processing is thus executed by the information processor 10.

[0108] As described above, according to this embodiment, the information processor 10 specifies the time when the
heart rate returns to the one at the meal start time after meal, as the digestion finish time, based on the trend of the heart
rate that rises with time and then drops after meal and the heart rate at the meal start time, which are indicated by the
plurality of pieces of heart rate information received from the heart rate signal measurement device 20. Then, the
information processor 10 estimates the digestibility at the current time based on the information of the meal finish time
acquired by the second receiver 13b and the digestion finish time. According to this method, the latest digestibility may
be estimated based on the sequentially received latest heart rate information. Thus, services corresponding to the
estimated digestibility may be provided to the user in real time. For example, when the user is receiving a service of
providing information on restaurants corresponding to the digestibility, the user may be spared the trouble of searching
for such restaurants.

[0109] Next, description is given of a method for generating the corrected value management table 12e used for the
processing in S107.

[0110] In this embodiment, before execution of the processing of estimating the digestibility, processing of generating
the corrected value management table 12e used to correct the first-order approximation line and storing the table in the
storage unit 12 is performed as preprocessing.

[0111] FIG. 31 is a flowchartillustrating an example of the method for generating a corrected value management table.
[0112] First, the digestibility estimation unit 15 calculates a digestibility at the current time according to the flowchart
from S101 to S111 illustrated in FIGs. 4 and 27 (S301).

[0113] Then, when instinctively determining that the digestibility has reached 100%, the user inputs information to the
input unit 11 to notify that the digestibility has reached 100%. Thereafter, the second receiver 13b receives the information
from the input unit 11 (S302). The received information includes information on the time of the input performed by the
user. The digestibility at that time is assumed to be 100% in this embodiment. Note that the user waits without inputting
any information until he/she determines that the digestibility has reached 100%.

[0114] Subsequently, the feature amount calculation unit 14 calculates eating activity energy (S303). To be more
specific, the feature amount calculation unit 14 uses the heart rate profile acquired during the processing of S301 to
calculate the eating activity energy in the same manner as the processing of S201 in FIG. 16.

[0115] Then, the correction unit 17 calculates a difference between the digestibility calculated in S301 and the actual
digestibility acquired in S302 (S304).

[0116] Thereafter, the determination unit 16 determines whether or not the difference in digestibility calculated in S304
is zero (S305). The processing moves to S307 when it is determined that the difference in digestibility is zero (S305:
Yes). The processing of S307 is described later. On the other hand, when itis determined that the difference in digestibility
is not zero (S305: No), the correction unit 17 calculates a corrected value of the slope of the first-order approximation
line (S306). To be more specific, the correction unit 17 first specifies a point on the heart rate profile acquired in the
processing of S301 at the time of measurement of the heart rate peak value after meal. Then, the correction unit 17
calculates a first-order approximation line that passes through the specified point and a point at a position corresponding
to the heart rate of the meal finish time at the current time. This first-order approximation line is the actual first-order
approximation line calculated based on the user’s sense. Thereafter, the correction unit 17 calculates a corrected value
o of the slope by dividing the slope of the calculated first-order approximation line by the slope of the first-order approx-
imation line estimated in S301.

[0117] FIG. 32 is diagram illustrating a calculation example of the corrected value a. FIG. 32(a) illustrates the slope
of the first-order approximation line calculated in S301 and a difference between the digestibility 100% and the digestibility
calculated in S301 for each of the calculated eating activity energy. As illustrated in FIG. 32(a), when the eating activity
energy is 120, there is no difference. This means that the calculated digestibility corresponds to the actual digestibility.
It may be seen that, on the other hand, there are differences in digestibility when the eating activity energy is 100 and
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140. This means that the calculated digestibility does not correspond to the actual digestibility. FIG. 32(b) illustrates the
slope of the actual first-order approximation line and the corrected value o calculated by dividing the slope of the actual
first-order approximation line by the slope of the first-order approximation line calculated in S301. As illustrated in FIG.
32(b), in the case of the eating activity energy 120 where there is no difference in FIG. 32(a), the corrected value o is
calculated as 1.0 and the result of the determination in S305 is Yes. On the other hand, in the case of the eating activity
energy 100 and 140 where there are differences, the corrected value o is calculated as 0.8 and 1.2, respectively, and
the result of the determination in S305 is No. In this way, a plurality of pieces of data associating the eating activity
energy with the corrected value o may be obtained by calculating the corrected value o leading to zero difference by
correction for each eating activity energy value.

[0118] After S306, the table generation unit 19 determines a corresponding corrected value for each range of prede-
termined eating activity energy, based on the accumulated plurality of pieces of data (S307). Through this processing,
the table generation unit 19 may generate the corrected value management table as illustrated in FIG. 22.

[0119] Note that, although the corrected values o are calculated for the three eating activity energy values in the
example of FIG. 32, the more the data, the more preferable. The table generation unit 19 may generate a more accurate
corrected value management table with more data.

[0120] The table generation unit 19 may generate a corrected value management table based on information acquired
from a plurality of users, for example, and allow the generated table to be shared by the plurality of users. With this
method, the amount of the data described above may be easily increased. Thus, as in the above case, the accuracy of
correcting the slope of the first-order approximation line may be improved.

[0121] Meanwhile, in general, there is an individual difference in digestive capacity and heart rate profile. Therefore,
the table generation unit 19 may also use a method for generating a corrected value management table that differs for
each user. This method makes it possible to rule out data obtained from a user having different digestive capacity and
heart rate profile. Thus, the accuracy of correcting the slope of the first-order approximation line may be improved.
[0122] Furthermore, the table generation unit 19 may also classify a plurality of users into a plurality of groups based
on, for example, age, heart rate, or a combination thereof, and generate a corrected value management table for each
of the plurality of groups. With this method, one corrected value management table is generated by using data obtained
from more than one user of the same type with a similar trend of heart rate profile. According to this method, not only
data obtained from a user having a different trend of heart rate profile may be ruled out, but also the amount of data
may be more easily increased compared with the method for generating a corrected value management table that differs
for each user. With this method, again, the accuracy of correcting the slope of the first-order approximation line may be
improved.

[0123] According to Example 1, the estimated time at which the heart rate returns to the one at the start of meal may
be approximated to the time at which the heart rate actually returns to the one at the start of meal by correcting the slope
of the first-order approximation line based on the heart rate profile during meal. Thus, a more accurate digestibility may
be calculated and the accuracy of estimating the digestibility may be improved.

(EXAMPLE 2)

[0124] Next, Example 2 is described. Example 1 is characterized in that the slope of the first-order approximation line
is corrected based on the heart rate profile during meal. On the other hand, Example 2 is characterized in that a value
at the y-intercept of a first-order approximation line is corrected based on a heart rate profile during meal.

[0125] FIG. 33 is a diagram illustrating an example of an information processing system 200 in Example 2. The same
functional blocks having the same functions as those of the functional blocks illustrated in FIG. 1 are denoted by the
same reference numerals of those in FIG. 1, and description thereof is omitted. As illustrated in FIG. 33, a storage unit
12in the information processing system 200 stores afirst-order approximation line managementtable 12g and a corrected
value management table 12h. Note that a hardware configuration diagram of an information processor 10a is the same
as that in Example 1, and thus description thereof is omitted.

[0126] FIG. 34 is a diagram for explaining a method for correcting a first-order approximation line in Example 2. FIG.
34 illustrates a profile of temporal changes in heart rate having the same trend as that illustrated in FIG. 12. A line LO
represents a first-order approximation line y= ax+d when a user eats at a normal speed.

[0127] When the user performs "speed-eating", it takes longer for the heart rate to recover after meal. Thus, the width
of the second wave in the time axis direction is longer than that when the user eats at the normal speed, and the digestion
finish time is delayed. Therefore, the first-order approximation line is shifted from LO to L1 by increasing the value at the
y-intercept of the first-order approximation line. Accordingly, the estimated digestion finish time is shifted backward, and
thus the first-order approximation line may be approximated to a line passing through a heart rate value at the actual
digestion finish time.

[0128] On the other hand, when the user performs "slow-eating", the heart rate recovers more quickly after meal.
Thus, the width of the second wave in the time axis direction is shorter than that when the user eats at the normal speed,
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and the digestion finish time is put forward. Therefore, the first-order approximation line is shifted from LO to L2 by
reducing the value at the y-intercept of the first-order approximation line. Accordingly, the estimated digestion finish time
is shifted forward, and thus the first-order approximation line may be approximated to a line passing through a heart rate
value at the actual digestion finish time.

[0129] Therefore, in this embodiment, the y-intercept of the first-order approximation line is corrected based on the
trend of a change in the first wave. To be more specific, when the first wave indicates "speed-eating", the time required
for the digestibility to reach 100% is corrected to be longer than that when eating is performed at the normal speed, by
increasing the value at the y-intercept of the first-order approximation line. On the other hand, when the first wave
indicates "slow-eating", the time required for the digestibility to reach 100% is corrected to be shorter than that when
eating is performed at the normal speed, by reducing the value at the y-intercept of the first-order approximation line.
[0130] Next, description is given of a flow of processing executed by the information processor 10 in Example 2. A
processing flowchart in Example 2 is approximately the same as that in Example 1 illustrated in FIG. 4. However, in
Example 2, the content of processing in S107 is different from that in Example 1.

[0131] FIG. 35 is a flowchart illustrating a specific example of processing in S107 in Example 2.

[0132] First, the feature amount calculation unit 14 uses a heart rate profile to calculate eating activity energy (S201a).
The processing in S201 is the same as that in S201 in Example 1.

[0133] Then, the correction unit 17 extracts a corrected value corresponding to the calculated eating activity energy
by referring to the corrected value management table 12h (S202a).

[0134] FIG. 36is adiagramillustrating an example of the corrected value management table in Example 2. As illustrated
in FIG. 36, the corrected value management table 12h of Example 2 illustrates a relationship between a range of eating
activity energy values and a corrected value  corresponding to the range. In S202a, when the eating activity energy
value is 140, for example, it may be seen from the corrected value management table 12h that this value belongs to the
range of eating activity energy values 131 to 150. Therefore, the correction unit 17 extracts 20 as the corrected value 3
corresponding to that range. Note that, in the corrected value management table 12h, a relationship between the range
of eating activity energy values and the corrected value § may be set by narrowing the range of the eating activity energy
values compared with the table illustrated in FIG. 36.

[0135] FIG. 37 is a diagram illustrating an example of an initial state of the first-order approximation line management
table 12g. As illustrated in FIG. 37, the first-order approximation line management table 12g has items of meal ID, eating
activity energy, corrected value B, and corrected first-order approximation line ax+d. The first-order approximation line
management table 12g stores information of the eating activity energy, the corrected value f3, and the corrected first-
order approximation line ax+d for each meal ID.

[0136] FIG. 38 is a diagram illustrating an example where information is stored in the first-order approximation line
management table 12g in S202a. As illustrated in FIG. 38, the correction unit 17 stores the corrected value = 20
extracted in S202a in the first-order approximation line management table 12g.

[0137] Then, the correction unit 17 uses the corrected value B extracted in S202a to correct the y-intercept d of the
first-order approximation line calculated in S106 (S203a). To be more specific, the correction unit 17 corrects the y-
intercept d of the first-order approximation line by adding the corrected value B to the value at the y-intercept of the first-
order approximation line. For example, when the first-order approximation line is y= -0.1x+100 and =20 is extracted
as the corrected value, the value 120 is obtained by adding 20 to the y-intercept 100 of the first-order approximation
line. This value of the y-intercept is applied to generate a new first-order approximation line y=-0.1x+120.

[0138] FIG. 39 is a diagram illustrating an example where information is stored in the first-order approximation line
management table 12g in S203a. As illustrated in FIG. 39, the correction unit 17 stores the right-hand side information
"-0.1x+120" of the first-order approximation line newly generated in S203a in the field of the item "corrected first-order
approximation line ax+d" corresponding to the meal ID=1 in the first-order approximation line management table 12g
[0139] The processing of S107 is thus executed. The processing of S108 illustrated in FIG. 4 is executed after S107.
The processing of S108 and thereafter is the same as that in Example 1, and thus description thereof is omitted.
[0140] According to Example 2, the estimated time at which the heart rate returns to the one at the start of meal may
be approximated to the time at which the heart rate actually returns to the one at the start of meal by correcting the y-
intercept of the first-order approximation line based on the trend of changes in heart rate profile during meal. Thus, a
more accurate digestibility may be calculated and the accuracy of estimating the digestibility may be improved.

(EXAMPLE 3)

[0141] Next, Example 3 is described. In Examples 1 and 2, the information processor carried by the user receiving a
service corresponding to the digestibility executes the processing of estimating the digestibility. On the other hand,
Example 3 is characterized in that another information processor different from an information processor carried by a
user executes processing of estimating a digestibility.

[0142] FIG. 40 is a diagram illustrating an example of an information processing system 300 in Example 3. In FIG. 40,
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the same functional blocks having the same functions as those of the functional blocks illustrated in FIG. 1 are denoted
by the same reference numerals of those in FIG. 1, and description thereof is omitted. As illustrated in FIG. 40, the
information processing system 300 includes an information processor 10b, an information processor 10c, and a heart
rate signal measurement device 20. The broken lines in FIG. 40 represent wireless communication.

[0143] The information processor 10b is carried by the user, as in the case of the information processor 10 in FIG. 1.
The information processor 10b is, for example, a computer such as a smartphone, a cell-phone, a tablet terminal, a
laptop PC, and a wearable computer.

[0144] The information processor 10c is another information processor different from the information processor 10b,
which estimates a digestibility of the user and is installed in a place away from the user. The information processor 10c
is, for example, a computer such as a server or a desktop PC. As in the case of the information processor 10 in FIG. 1,
the information processor 10cincludes an input unit 11, a storage unit 12, areception unit 13, a feature amount calculation
unit 14, a digestibility estimation unit 15, a determination unit 16, a correction unit 17, an information presentation unit
18, and a table generation unit 19.

[0145] Next, description is given of a flow of processing executed by the information processor 10c to estimate the
digestibility and present information to the user based on the estimation result.

[0146] FIG. 41 is a flowchart (Part 1) illustrating an example of a digestibility estimation method executed by the
information processor 10c in Example 3.

[0147] First, the reception unit 13 acquires a plurality of pieces of heart rate signal information from the heart rate
signal measurement device 20 (S401). The processing of S401 is approximately the same as that of S101 in FIG. 4 in
Example 1, and thus description thereof is omitted.

[0148] Then, the reception unit 13 acquires meal start time and meal finish time information from the information
processor 10b (S402). To be more specific, the user carrying the information processor 10b inputs the meal start time
and meal finish time information to the input unit 11. Then, the information processor 10b transmits the information
inputted to the input unit 11 to a second receiver 13b in the information processor 10c. Thus, the information processor
10c may receive the meal start time and meal finish time information. Alternatively, the information processor 10c specifies
the meal start time and the meal finish time by detecting the movement of the user with an acceleration sensor or an
intracorporeal sound microphone worn by the user, and transmits the specified information to the reception unit 13 in
the information processor 10c. Thus, the information processor 10c may receive the meal start time and meal finish time
information.

[0149] The processing from S403 to S409 is approximately the same as the processing from S103 to S109 in FIG. 4
in Example 1, and thus description thereof is omitted.

[0150] FIG. 42 is a flowchart (Part 2) illustrating an example of the digestibility estimation method executed by the
information processor 10c in Example 3.

[0151] The processing from S410 to S412 is approximately the same as the processing from S110 to S112 in FIG.
27 in Example 1, and thus description thereof is omitted. When it is determined that information is not to be presented
to the user in S412 (S412: No), the determination unit 16 determines whether or not there is a continuing service to the
user (S413). In S412, the information processor 10c determines whether or not there is a continuing service to the user
by determining, for example, whether or not a signal indicating the suspension of use of an application related to the
service by the information processor 10b is received. When it is determined that there is a continuing service to the user
(S413: Yes), the processing returns to S410 to execute again the processing of S410 and thereafter. When it is determined
that there is no continuing service to the user (S413: No), a series of processing is terminated.

[0152] On the other hand, when it is determined that information is to be presented to the user in S412 (S412: Yes),
the information presentation unit 18 transmits an instruction signal to instruct the presentation of information to the user
to the information processor 10b (S414). Note that, when the information to be presented to the user includes information
on a store such as a restaurant or a facility, and the like, the information processor 10c acquires the information to be
presented to the user from an external device such as a server having a DB that stores related information through a
network, for example. An instruction signal may also be transmitted together with the acquired information. Another
method may also be adopted wherein the DB that stores related information is stored in the storage unit 12 in the
information processor 10c and required information is read from the storage unit 12. Since the information processor
10citself includes the DB, itis no longer required to communicate with the external device to acquire service information.
After S414, a series of processing is terminated.

[0153] The information processor 10c installed in the place away from the user also executes the processing of
generating a corrected value managementtable. To be more specific, the second receiver 13bin the information processor
10c receives heart rate-related data from a plurality of users through wireless communication, and the table generation
unit 19 performs statistical processing on the received data to generate the corrected value management table 12e.
[0154] According to Example 3, the information processor 10c installed in the place away from the user, rather than
the information processor 10b carried by the user, is in charge of the processing for estimating the digestibility and
storage of various tables used to estimate the digestibility. Thus, load on a processor in the information processor carried
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by the user may be reduced, and the use of storage area in a memory included in the information processor may be
reduced.

(EXAMPLE 4)

[0155] Next, Example 4 is described. In Examples 1 to 3, various tables used for processing of estimating the digestibility
are stored in the information processor carried by the user. On the other hand, Example 4 is characterized in that various
tables are stored in an external storage device rather than the information processor carried by the user.

[0156] FIG. 43 is a diagram illustrating an example of an information processing system 400 in Example 4. The same
functional blocks having the same functions as those of the functional blocks illustrated in FIG. 1 are denoted by the
same reference numerals of those in FIG. 1, and description thereof is omitted. As illustrated in FIG. 43, the information
processing system 400 includes an information processor 10d, a heart rate signal measurement device 20, a storage
device 30, a wireless device 40, and a wireless device 50. The broken lines in FIG. 43 represent wireless communication.
[0157] As in the case of the information processor 10 in Example 1, the information processor 10d is a computer
carried by the user. More specifically, the information processor 10d is a device that estimates a digestibility and provides
services to the user based on the estimation result, as in the case of the information processor 10. The information
processor 10d is, for example, a smartphone, a cell-phone, a tablet terminal, a laptop PC, a wearable computer, or the
like. The information processor 10d may also be realized as a wearable computer including the heart rate signal meas-
urement device 20. As in the case of the information processor 10 in FIG. 1, the information processor 10d includes an
input unit 11, a reception unit 13, a feature amount calculation unit 14, a digestibility estimation unit 15, a determination
unit 16, a correction unit 17, an information presentation unit 18, and a table generation unit 19. Note that, although not
illustrated in FIG. 43, the information processor 10d includes a non-volatile memory used to store programs (such as a
digestibility estimation program) and a cache memory that temporarily stores data to execute the programs.

[0158] The storage device 30 is used as a DB for various information used for processing to be executed by the
information processor 10d, and is realized by a storage device or a server, for example. The information processor 10d
may execute processing by reading appropriate data from the storage device 30 or storing data therein. The information
processor 10d may use the storage device 30 as a cloud server by accumulating various information in the storage
device 30.

[0159] The wireless device 40 is connected to the heart rate signal measurement device 20, while the wireless device
50 is connected to the storage device 30. The wireless devices 40 and 50 are realized by wireless interfaces, for example.
The wireless devices 40 and 50 may be included in the heart rate signal measurement device 20 and the storage device
30, respectively.

[0160] Theheartrate signal measurementdevice 20 transmits information of heart rates measured at specified intervals
to the storage device 30 through wireless communication via the wireless devices 40 and 50 for each measurement
cycle or at a predetermined batch timing. The heart rate information received by the storage device is sequentially
accumulated in a heart rate management table 12a over time.

[0161] The processing of estimating a digestibility, which is executed by the information processor 10d, is started from
S102in FIG. 4. The information processor 10d executes the processing in S103 and thereafter while reading information
required for the processing from various tables stored in the storage device 30 or referring to the various tables. The
content of each processing is approximately the same as that in Example 1, and thus description thereof is omitted.
[0162] According to Example 4, the storage device that is the external device, rather than the information processor
carried by the user, is in charge of the storage of various tables used to estimate the digestibility. Thus, the use of storage
area in a memory included in the information processor carried by the user may be reduced.

[0163] Although the preferred examples of the present invention have been described in detail above, the present
invention is not limited to these specific examples but various modifications and changes may be made thereto. For
example, although the digestibility is estimated in this embodiment, the digestibility may also be replaced by a term such
as a hunger level and a satiety level.

[0164] Inthe description of Example 1, for example, the first-order approximation line is calculated by using information
of the plurality of heart rates measured between the peak value measurement time and the time after the setting time
has elapsed since the peak value measurement time. However, when the current time is the time after the setting time
has elapsed, the first-order approximation line may be calculated by using information of a plurality of heart rates
measured between the peak value measurement time and the current time. According to this method, the longer the
time after the setting time has elapsed, the more the amount of heart rate information used to calculate the first-order
approximation line. Thus, the accuracy of the first-order approximation line is improved, and the digestion finish time
may be more accurately specified.

[0165] Moreover, although the digestion finish time is specified by using the first-order approximation line in Examples
1 to 4, the digestion finish time may also be specified by using a high-order curve such as a second-order curve. When
the digestibility is estimated to be within a range of 50% to 100%, for example, sufficient heart rate information is
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accumulated, and thus the digestion finish time may be more accurately specified by using a high-order curve.

[0166] Moreover, when providing a service of recommending a favorable restaurant, for example, a different method
may be used to display information on the restaurant to be recommended, depending on the calculated eating activity
energy value. An example of this method is described with reference to the functional block diagram of the information
processor 10 illustrated in FIG. 1.

[0167] FIG. 44 isadiagramillustrating an example of a method for displaying information on arecommended restaurant.
First, the determination unit 16 determines whether or not the eating activity energy is smaller than a predetermined
threshold by comparing the eating activity energy with the threshold (S501). This determination processing is performed
to determine whether or not the last meal is a light meal. Therefore, it is preferable that the threshold is set to a value
smaller than an eating activity energy value when a meal supposed to be slowly eaten is eaten slowly.

[0168] When it is determined in S501 that the eating activity energy is smaller than the threshold (S501: Yes), the
information presentation unit 18 preferentially displays an eating place, such as a restaurant, that allows slow eating,
for example, on a screen (S502). More specifically, to display a plurality of eating place candidates, the information
presentation unit 18 ranks eating places such that the eating place that allows slow eating ranks high, and displays the
eating places in the ranking order on the screen.

[0169] On the other hand, when it is determined in S501 that the eating activity energy is not less than the threshold
(S502: No), the information presentation unit 18 preferentially displays an eating place, such as a fast-food restaurant,
that allows speed-eating on the screen (S503). More specifically, to display a plurality of eating place candidates, the
information presentation unit 18 ranks eating places such that the eating place that allows speed-eating ranks high, and
displays the eating places in the ranking order on the screen.

[0170] In this way, the information processor 10 may display the information of the recommended restaurants. With
this method, services corresponding to the activity of the user may be provided to the user.

[0171] Note that a computer program that causes a computer to execute the portable terminal device and control
method described above as well as a non-transitory computer-readable recording medium having the program recorded
therein are included in the scope of the present invention. Here, the non-transitory computer-readable recording medium
is, for example, a memory card such as an SD memory card. Note that the computer program is not limited to the one
recorded in the recording medium, but may be transmitted through an electric communication line, a wireless or wired
communication line, a network typified by the Internet, or the like.

Reference Signs List
[0172]

10, 10a, 10b, 10c, 10d INFORMATION PROCESSOR

11 INPUT UNIT

12 STORAGE UNIT

12a HEART RATE MANAGEMENT TABLE

12b MEAL TIME MANAGEMENT TABLE

12c FEATURE AMOUNT MANAGEMENT TABLE

12d FIRST-ORDER APPROXIMATION LINE MANAGEMENT TABLE
12e CORRECTED VALUE MANAGEMENT TABLE

12f DIGESTIBILITY ESTIMATION MANAGEMENT TABLE
12g FIRST-ORDER APPROXIMATION LINE MANAGEMENT TABLE
12h CORRECTED VALUE MANAGEMENT TABLE

13 RECEPTION UNIT

13a FIRST RECEIVER

13b SECOND RECEIVER

14 FEATURE AMOUNT CALCULATION UNIT

15 DIGESTIBILITY ESTIMATION UNIT

16 DETERMINATION UNIT

17 CORRECTION UNIT

18 INFORMATION PRESENTATION UNIT

19 TABLE GENERATION UNIT

20 HEART RATE SIGNAL MEASUREMENT DEVICE

30 STORAGE DEVICE

40, 50 WIRELESS DEVICE

61 CPU

62 ROM
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63 RAM

64 STORAGE DEVICE

65 INPUT DEVICE

66 DISPLAY DEVICE

67 NETWORK INTERFACE

68 PORTABLE STORAGE MEDIUM DRIVE

69 PORTABLE STORAGE MEDIUM

70 BUS

100, 200, 300, 400 INFORMATION PROCESSING SYSTEM

Claims

1.

An information processor for estimating a digestibility of food consumed by a user, comprising:

a first receiver for receiving a plurality of pieces of heart rate information measured at specified time intervals
from a heart rate signal measurement device carried by the user;

a second receiver for receiving information of a meal start time and a meal finish time of the user;

aline calculation unit for calculating, based on a trend indicated by the plurality of pieces of heart rate information,
in which the heart rate rises with time after meal and then drops, afirst-order approximation line that approximates
the trend;

a correction unit for correcting the first-order approximation line based on a trend indicated by the plurality of
pieces of heart rate information in which the heart rate rises with time during meal and then drops;

a time specification unit for specifying a digestion finish time indicating the time when digestion of the food is
completed, based on the corrected first-order approximation line and the heart rate at the meal start time; and
a digestibility estimation unit for estimating the digestibility at the current time based on the meal finish time and
the specified digestion finish time.

The information processor according to claim 1, further comprising:

a determination unit for determining whether or not the digestibility exceeds a threshold; and
an information presentation unit for presenting service-related information to the user when the determination
unit determines that the digestibility exceeds the threshold.

The information processor according to claim 1 or 2, wherein

the correction unit executes processing of

calculating an index value indicating eating activity energy from the trend in which the heart rate rises with time
during meal and then drops,

extracting a corrected value corresponding to the index value calculated by the line calculation unit, from corrected
value management information indicating a correspondence relationship between the index value and the corrected
value, and

correcting the first-order approximation line with the corrected value.

The information processor according to claim 3, wherein
the index value is an area of a figure generated using a waveform the trend in which the heart rate rises with time
during meal and then drops.

The information processor according to claim 3, wherein
the index value is a rise rate when the heart rate rises with time during meal.

The information processor according to any one of claims 1 to 5, wherein
the correction unit corrects the first-order approximation line by multiplying the slope of the first-order approximation
line by the corrected value.

The information processor according to any one of claims 1 to 5, wherein

the correction unit corrects the first-order approximation line by adding the corrected value to an intercept, of the
first-order approximation line, on a coordinate axis representing the heart rate.
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8. Adigestibility estimation method executed by an information processor for estimating a digestibility of food consumed
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receiving a plurality of pieces of heart rate information measured at specified time intervals from the heart rate
signal measurement device;

receiving information of a meal start time and a meal finish time of the user from a device different from the
heart rate signal measurement device;

calculating, based on a trend indicated by the plurality of pieces of heart rate information, in which the heart
rate rises with time after meal and then drops, a first-order approximation line that approximates the trend;
correcting the first-order approximation line based on a trend indicated by the plurality of pieces of heart rate
information in which the heart rate rises with time during meal and then drops;

specifying a digestion finish time indicating the time when digestion of the food is completed, based on the
corrected first-order approximation line and the heart rate at the meal start time; and

estimating the digestibility at the current time based on the meal finish time and the specified digestion finish time.

9. An information processing system for estimating a digestibility of food consumed by a user, comprising:

a heart rate signal measurement device; and
an information processor communicably connected to the heart rate signal measurement device, the information
processor including

afirst receiver for receiving a plurality of pieces of heart rate information measured at specified time intervals
from a heart rate signal measurement device carried by the user,

a second receiver for receiving information of a meal start time and a meal finish time of the user,

a line calculation unit for calculating, based on a trend indicated by the plurality of pieces of heart rate
information, in which the heart rate rises with time after meal and then drops, a first-order approximation
line that approximates the trend,

a correction unit for correcting the first-order approximation line based on a trend indicated by the plurality
of pieces of heart rate information in which the heart rate rises with time during meal and then drops,

a time specification unit for specifying a digestion finish time indicating the time when digestion of the food
is completed, based on the corrected first-order approximation line and the heart rate at the meal start time,
and

a digestibility estimation unit for estimating the digestibility at the current time based on the meal finish time
and the specified digestion finish time.

10. Adigestibility estimation program for causing an information processor for estimating a digestibility of a user carrying
a heart rate signal measurement device and a portable terminal device to execute processing of:

receiving a plurality of pieces of heart rate information measured at specified time intervals from the heart rate
signal measurement device;

receiving information of a meal start time and a meal finish time of the user from a device different from the
heart rate signal measurement device;

calculating, based on a trend indicated by the plurality of pieces of heart rate information, in which the heart
rate rises with time after meal and then drops, a first-order approximation line that approximates the trend;
correcting the first-order approximation line based on a trend indicated by the plurality of pieces of heart rate
information in which the heart rate rises with time during meal and then drops;

specifying a digestion finish time indicating the time when digestion of the food is completed, based on the
corrected first-order approximation line and the heart rate at the meal start time; and

estimating the digestibility at the current time based on the meal finish time and the specified digestion finish time.
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