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(7) ABSTRACT

An exercise information detecting apparatus of the present
invention includes a heartbeat sensor which detects heartbeat
data of a human body including a waveform signal, an exer-
cise status detecting section which detects exercise data
regarding an exercise status of the human body, an exercise
status judging section which judges a change of the exercise
status of the human body based on the exercise data detected
by the exercise status detecting section, and a heart rate cal-
culating section which removes, as a noise component, an
invalid peak from among a plurality of peaks included in the
waveform signal of the heartbeat data based on the change of
the exercise status of the human body judged by the exercise
status judging section.
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EXERCISE INFORMATION DETECTING
APPARATUS, EXERCISE INFORMATION
DETECTING METHOD, AND
COMPUTER-READABLE STORAGE
MEDIUM HAVING EXERCISE
INFORMATION DETECTION PROGRAM
STORED THEREON

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application is based upon and claims the ben-
efitof priority from the prior Japanese Patent Application No.
2012-206545, filed Sep. 20, 2012, the entire contents of
which are incorporated herein by reference.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to an exercise infor-
mation detecting apparatus, an exercise information detecting
method, and a computer-readable storage medium having an
exercise information detection program stored thereon. Spe-
cifically, the present invention relates to an exercise informa-
tion detecting apparatus having a heartbeat measurement
function for measuring heartbeat data with the apparatus
being mounted on a human body at the time of an exercise, an
exercise information detecting method, and a computer-read-
able storage medium having an exercise information detec-
tion program stored thereon.

[0004] 2. Description of the Related Art

[0005] In recent years, because of rising health conscious-
ness, more and more people are performing daily exercises,
such as running, walking, and cycling, to maintain their well-
ness or improve their health condition. In addition, an increas-
ing number of people are aiming to participate in a competi-
tion (race) such as a marathon race through these daily
exercises. These people are highly conscious of and interested
in measuring and recording their own health conditions and
exercise status by using numerical values or data. Currently,
various measuring devices supporting this demand are com-
mercially available. By measuring and recording a footstep
count, movement distance, pulsation (heart rate), calorie con-
sumption amount, and the like, their own health conditions
and exercise status can be grasped.

[0006] As an example of this type of measuring device, a
heartbeat measuring apparatus disclosed in Japanese Patent
Application Laid-Open (Kokai) Publication No. 05-212136
has been known, which includes a heartbeat detector that is
worn on a chest part and a heartbeat display apparatus that is
worn on an arm part. In general, as a method for counting a
heart rate applied to a heartbeat measuring apparatus, a
scheme of measuring time between heartbeat signals is
applied. On the other hand, it has been known that, when the
heartbeat measuring apparatus is mounted on a human body
to measure the heart rate during an exercise such as running or
running in a marathon, a contact state between the human
body and an electrode of the heartbeat detector may become
non-uniform and unstable, whereby noise may be generated,
or a signal other than heartbeat generated from the human
body by the exercise may occur as noise. As a result, in the
above-described method for counting a heart rate, if a noise
component generated due to the movement of the human
body is erroneously detected as a heartbeat signal, the heart
rate may not be able to be measured correctly. As a method to
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solve this problem, for example, a method is known in which
noise components occurred due to the movement of a human
body (body motion) are removed from a detected signal by
using a filter, as disclosed in Japanese Patent Application
Laid-Open (Kokai) Publication No. 2007-054471.

[0007] Inthe above-described noise removal method using
a filter, when a measurement subject (user) wearing a heart-
beat measuring apparatus stays still, noise is favorably
removed. Therefore, this method is quite effective. However,
with this method, in some cases, it is not possible to suffi-
ciently remove only noise components from noise occurred at
the time of an exercise. As a result, the number of times a
non-removed noise component is erroneously detected as a
heartbeat signal is increased, and a heart rate higher than the
true value is disadvantageously calculated.

[0008] Thepresent invention has been conceived in light of
the above-described problems. An object of the present inven-
tion is to provide an exercise information detecting apparatus,
an exercise information detecting method, and a non-transi-
tory computer-readable storage medium having an exercise
information detection program stored thereon by which an
accurate heart rate is measured even when a measurement
subject is performing an exercise.

SUMMARY OF THE INVENTION

[0009] In accordance with one aspect of the present inven-
tion, there is provided an exercise information detecting
apparatus comprising: a heartbeat sensor which detects heart-
beat data of a human body including a waveform signal; an
exercise status detecting section which detects exercise data
regarding an exercise status of the human body; an exercise
status judging section which judges a change of the exercise
status of the human body based on the exercise data detected
by the exercise status detecting section; and a heart rate cal-
culating section which removes, as a noise component, an
invalid peak from among a plurality of peaks included in the
waveform signal of the heartbeat data based on the change of
the exercise status of the human body judged by the exercise
status judging section.

[0010] In accordance with another aspect of the present
invention, there is provided an exercise information detecting
method comprising: a step of detecting heartbeat data of a
human body including a waveform signal by a heartbeat
sensor; a step of detecting exercise data including a waveform
signal related to an exercise status of the human body by an
exercise status detecting section; a step of judging a change of
the exercise status of the human body based on clock data
between peak values of a signal level of the waveform signal
included in the exercise data; and a step of removing, as a
noise component, an invalid peak from among a plurality of
peaks included in the waveform signal of the heartbeat data,
based on the judged change of the exercise status of the
human body.

[0011] In accordance with another aspect of the present
invention, there is provided a non-transitory computer-read-
able storage medium having stored thereon an exercise infor-
mation detection program that is executable by a computer,
the program being executable by the computer to perform
functions comprising: processing for detecting heartbeat data
of a human body including a waveform signal by a heartbeat
sensor; processing for detecting exercise data including a
waveform signal related to an exercise status of the human
body by an exercise status detecting section; processing for
judging a change of the exercise status of the human body
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based on clock data between peak values of a signal level of
the waveform signal included in the exercise data; and pro-
cessing for removing, as a noise component, an invalid peak
from among a plurality of peaks included in the waveform
signal ofthe heartbeat data, based on the judged change of the
exercise status of the human body.

[0012] According to the present invention, an accurate
heart rate can be measured even when a measurement subject
is performing an exercise.

[0013] The above and further objects and novel features of
the present invention will more fully appear from the follow-
ing detailed description when the same is read in conjunction
with the accompanying drawings. It is to be expressly under-
stood, however, that the drawings are for the purpose of
illustration only and are not intended as a definition of the
limits of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] FIG. 1A to FIG. 1C are schematic structural dia-
grams depicting a first embodiment of an exercise support
apparatus in which an exercise information detecting appa-
ratus according to the present invention has been applied;

[0015] FIG.2isablock diagram showing an example of the
structure of a sensor device applied in the exercise support
apparatus according to the first embodiment;

[0016] FIG.3isablock diagram showing an example of the
structure of an interface device applied in the exercise support
apparatus according to the first embodiment;

[0017] FIG. 4 is a flowchart of an exercise information
detecting method that is executed by the sensor device
applied in the exercise support apparatus according to the first
embodiment;

[0018] FIG. 5 is a flowchart of a schematic operation of
sensor data processing applied in an exercise support method
according to the first embodiment;

[0019] FIG. 6 is a flowchart of footstep count calculation
processing applied in the exercise support method according
to the first embodiment;

[0020] FIG.7A and FIG. 7B are signal waveform diagrams
depicting examples of acceleration data at the time of walking
and running outputted from an acceleration sensor applied in
the exercise support apparatus according to the first embodi-
ment;

[0021] FIG. 8 is a flowchart of heart rate calculation pro-
cessing applied in the exercise support method according to
the first embodiment;

[0022] FIG.9A and FIG. 9B are signal waveform diagrams
depicting examples of heartbeat data at the time of walking
and running outputted from a heartbeat sensor applied in the
exercise support apparatus according to the first embodiment;
[0023] FIG. 10 is a flowchart of exercise status judgment
processing applied in the exercise support method according
to the first embodiment;

[0024] FIG. 11 is a schematic structural diagram of a first
modification example of an exercise support apparatus
according to a second embodiment; and

[0025] FIG. 12 is a schematic structural diagram of a sec-
ond modification example of the exercise support apparatus
according to the second embodiment.

Mar. 20, 2014

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

First Embodiment

[0026] (Exercise Support Apparatus)

[0027] First, an exercise support apparatus in which an
exercise information detecting apparatus according to the
present invention has been applied is described.

[0028] FIG. 1A to FIG. 1C are schematic structural dia-
grams depicting a first embodiment of an exercise support
apparatus in which an exercise information detecting appa-
ratus according to the present invention has been applied.
Here, FIG. 1A is a schematic view of a state where the
exercise support apparatus according to the present embodi-
ment has been worn on a human body, and FIG. 1B is a
schematic structural diagram of a sensor device applied in the
exercise support apparatus according to the present embodi-
ment. FIG. 1C is a schematic structural diagram of an inter-
face device applied in the exercise support apparatus accord-
ing to the present embodiment.

[0029] The exercise support apparatus in which the exer-
cise information detecting apparatus according to the present
invention has been applied mainly includes a sensor device
100 that is worn on the chest part of a user US who is a
measurement subject and an interface device 200 that is worn
on the wrist, as depicted in FIG. 1A. The sensor device 100
detects various information (hereinafter referred to as “exer-
cise information”) regarding an exercise status (for example,
a walking status and running status, a footstep count per umt
time) when the user US is exercising (for example, walking or
running), and calculates the footstep count and the heart rate
of the user US. The sensor device 100 mainly includes a
devicebody 110 having a sensor section, a belt section 120 for
mounting the device body 110 on the chest part of the user US
by being wound around the chest part, and paired detection
electrodes 130 provided on the inner surface side of the belt
section 120 (the side that comes in contact with the human
body), as depicted in FIG. 1B.

[0030] The interface device 200 visually provides exercise
information including a footstep count and a heart rate cal-
culated by the sensor device 100 and an advice (hereinafter
referred to as “support information”) regarding the exercise
status of the user US analyzed based on the exercise informa-
tion to the user US. The interface device 200 mainly includes
adevice body 210 including a display section 211 for provid-
ing predetermined information to the user and a belt section
220 for mounting the device body 110 on the wrist of the user
US by being wound around the wrist, as depicted in FIG. 1C.
[0031] Each component ofthe exercise support apparatus is
specifically described below.

[0032] FIG.2isablock diagram showing an example of the
structure of a sensor device applied in the exercise support
apparatus according to the present embodiment, and FIG. 3 is
a block diagram showing an example of the structure of an
interface device applied in the exercise support apparatus
according to the present embodiment.

[0033] (Sensor Device 100)

[0034] The sensor device 100 specifically includes a heart-
beat sensor 111, an acceleration sensor 112, an operation
switch 113, a Central Processing Unit (hereinafter referred to
as “CPU”) 114, a sensor data storage memory 115, a flash
memory 116, an work memory 117, a communication func-
tion section 118, and an operating power supply 119, as
depicted in FIG. 2.
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[0035] The heartbeat sensor 111 is provided on the inner
surface side of the belt section 120 for mounting the sensor
device 100 on the chest part of the user US, and has the paired
detection electrodes 130 placed so as to directly come in close
contact with the chest part of the user US, as depicted in FIG.
1B. The heartbeat sensor 111 detects a change in an electro-
cardiographic signal outputted from the detection electrodes
130 and outputs heartbeat data (sensor data). This heartbeat
data is stored in a predetermined storage area of the sensor
data storage memory 115.

[0036] The acceleration sensor 112 is provided inside the
device body 110, detects a ratio (acceleration) of the change
of the motion speed when the user US is exercising, and
outputs acceleration data (sensor data; exercise data). The
acceleration data is associated with heartbeat data and stored
in a predetermined storage area of the sensor data storage
memory 115.

[0037] Theoperation switch 113 has a power supply switch
and, by the user US operating this operation switch 113, the
state of supplying (or cutting) driving electric power from the
operating power supply 119 to each structure is controlled to
control ON and OFF of'the power supply of the sensor device
100. Also, the operation switch 113 has a sensor control key
switch and, by the user US operating the operation switch
113, the start or stop of a sensing operation in the heartbeat
sensor 111 and the acceleration sensor 112 is controlled.
[0038] The sensor data storage memory 115 stores, in a
predetermined storage area, heartbeat data outputted from the
heartbeat sensor 111 and acceleration data obtained through
measurement by the acceleration sensor 112 in association
with each other. The flash memory 116 has stored therein a
control program for performing a predetermined operation in
each component, such as a sensing operation in the heartbeat
sensor 111 and the acceleration sensor 112 and a data trans-
mitting operation in the communication function section 118
which will be described below, and an algorithm program for
processing sensor data, outputting the footstep count and the
heart rate of the user US, and judging the exercise status of the
user US. The work memory 117 temporarily stores various
data that are used or generated when the control program and
the algorithm program are executed. The sensor data storage
memory 115 may be partially or entirely a removable storage
medium such as a memory card so as to be removable from
the sensor device 100.

[0039] The CPU 114 performs processing by following the
control program stored in the flash memory 116, and thereby
controls an operation in each structure, such as a sensing
operation in the heartbeat sensor 111 and the acceleration
sensor 112 and a data transmitting operation in the commu-
nication function section 118. The CPU 114 also performs
processing by following the algorithm program, and thereby
processes, inside the CPU 114, sensor data obtained by the
heartbeat sensor 111 and the acceleration sensor 112 and
performs an operation of calculating a footstep count and a
heart rate and an operation of judging an exercise status. The
control program and the algorithm program to be executed in
the CPU 114 may be incorporated inside the CPU 114 in
advance.

[0040] The communication function section 118 functions
as an interface when transmitting, to the interface device 200,
exercise information including the footstep count and heart
rate of the user US obtained and outputted by processing
sensor data obtained by the heartbeat sensor 111 and the
acceleration sensor 112 by following the algorithm program.
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Here, as a method for transmitting exercise information to the
interface device 200 via the communication function section
118, for example, various wireless communication methods
and wired communication methods via a communication
cable can be applied.

[0041] Inthetransmission of the above-described data viaa
wireless communication method. Bluetooth (registered
trademark), which is a short-range wireless communication
standard for digital devices, or Bluetooth (registered trade-
mark)low energy (LE) planned as a low-power-consumption
type in the above-described communication standard can be
favorably applied. By this wireless communication method,
data transmission can be favorably performed even with small
power generated by, for example, energy harvest technology
described below.

[0042] The operating power supply 119 supplies driving
electric power to each component inside the device body 110
of the sensor device 100. As the operating power supply 119,
for example, a primary battery such as a commercially-avail-
able coin-shaped battery or button-shaped battery or a sec-
ondary battery such as a lithium-ion battery or a nickel metal
hydride battery can be applied. In addition, it is possible to
apply a power supply by energy harvest technology for gen-
erating electricity by energy such as vibrations, light, heat,
and electro-magnetic waves.

[0043] (Interface Device 200)

[0044] The interface device 200 mainly includes the dis-
play section 211, an operation switch 212, a Central Process-
ing Unit (hereinafter abbreviated as “CPU”) 213, an exercise
information storage memory 214, a flash memory 215, a work
memory 216, a communication function section 217, and an
operating power supply 218, as depicted in FIG. 3.

[0045] The display section 211 has, for example, a display
device such as a liquid-crystal display panel capable of color
or monochrome display or an organic EL display panel, and
displays at least various exercise information calculated
based on sensor data detected by the sensor device 100 when
the user US is exercising. On the display section 211, in
addition to a footstep count and a heart rate, numerical value
information such as a running time, a running speed (pace),
and a run distance is displayed in an arbitrary layout, as
depicted in FIG. 1C. These pieces of information may be
simultaneously displayed on the display section 211, or may
be sequentially displayed or singly displayed by operating the
operation switch 212 described above or a touch panel. Also,
the display section 211 may display predetermined support
information according to the exercise status of the user US
judged by an exercise support method described below so as
to visually provide the support information to the user US. In
the present embodiment, the display section 211 is described
as an output interface in the interface device 200. However,
the present invention is not limited thereto. In addition to the
display section 211, another interface may be provided such
as an acoustic section such as a buzzer or loudspeaker which
emits, for example, a specific timbre or a voice message, or a
vibrating section which vibrates with a specific vibration
pattern.

[0046] The operation switch 212 has a button switch as
depicted in FIG. 1C, which is used for setting various items to
be displayed on the display section 211 and performing an
operation of inputting various set values associated with other
operations of the interface device 200. In the present embodi-
ment, the operation switch 212 having a button switch is
described as an input interface in the interface device 200.
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However, the present invention is not limited thereto. In addi-
tion to or in place of the operation switch 212, another inter-
face may be provided such as a touch panel provided on the
view field side of the display section 211.

[0047] The exercise information storage memory 214
stores, in a predetermined storage area, exercise information
including the footstep count and the heart rate of the user US
transmitted from the sensor device 100 in association with
each other. The flash memory 215 stores a control program for
performing a predetermined operation in each component
such as an operation of displaying exercise information and
support information on the display section 211 and an opera-
tion of transmitting data in the communication function sec-
tion 217, which will be described below. The work memory
216 temporarily stores various data that are used or generated
when the control program is performed. The exercise infor-
mation storage memory 214 may be partially or entirely a
removable storage medium such as a memory card so as to be
removable from the interface device 200.

[0048] The CPU 213 performs processing by following the
control program stored in the flash memory 215, and thereby
controls an operation in each component such as an operation
of displaying exercise information and support information
on the display section 211 and an operation of transmitting
data in the communication function section 217. The control
program which is executed in the CPU 213 may be incorpo-
rated in advance inside the CPU 213.

[0049] The communication function section 217 functions
as an interface with the sensor device 100 when transmitting
exercise information including at least the footstep count and
the heart rate of the user US by using a predetermined wire-
less or wired communication method.

[0050] The operating power supply 218 supplies driving
electric power to each component inside the device body 210
of the interface device 200. As the operating power supply
218, aprimary battery such as a commercially-available coin-
shaped battery, a secondary battery such as a lithium-ion
battery, a power supply by energy harvest technology, etc. can
be applied, as in the case of the sensor device 100 described
above.

[0051] (Exercise Support Method)

[0052] Next, the exercise support method for the above-
described exercise support apparatus is described. Here, in
the exercise support method according to the present embodi-
ment, an exercise information detecting method according to
the present invention is applied.

[0053] FIG. 4 is a flowchart of the exercise information
detecting method that is executed by the sensor device
applied in the exercise support apparatus according to the
present embodiment.

[0054] The exercise support method in the above-struc-
tured exercise support apparatus is performed with a series of
procedures mainly including a sensing operation in the sensor
device 100, an operation of processing sensor data, an opera-
tion of transmitting exercise information to the interface
device 200, and an operation of providing exercise informa-
tion and support information to the user US.

[0055] First, the sensing operation in the sensor device 100,
the sensor data processing operation, and the operation of
transmitting exercise information to the interface device 200
are described.

[0056] In the above-described sensor device 100, by oper-
ating the operation switch (power supply switch) 113, the
power supply is set to an ON state, whereby the CPU 114
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starts various processing. Then, at Step S101, the CPU 114
first performs initial setting of each component (hardware) of
the sensor device 100 and each program (software), as
depicted in the flowchart of F1G. 4.

[0057] Next, at Step S102, the CPU 114 judges the opera-
tion status (the presence or absence of a key input) of the
operation switch (sensor control key switch) and a key status
flag set based on the operation of the operation switch, and
classifies the current state into four states, as depicted in Table
1. Then, the CPU 114 performs the following processing
according to a state obtained by the classification. Note that
the processing for judging the operation status (key input) of
the operation switch and the key status flag at Step S102 is
repeatedly performed at, for example, predetermined time
intervals. Also, the operation switch may be provided to the
sensor device 100 or may be provided to the interface device
200.

TABLE 1

<PROCESSING FOR JUDGING KEY
INPUT AND STATUS FLAG>

KEY PROCESSING TO

INPUT FLAG  STATETRANSITION  BE PERFORMED

PRESENT  OFF KEY: START/FLAG:  STEP $103
OFF—=ON

NONE ON KEY: —/FLAG: STEP 106
ON-=ON

PRESENT ~ ON KEY: STOP/FLAG: STEP $109
ON—OFF

NONE OFF KEY: —/FLAG: STEP 102
OFF—OFF

[0058] That is, at Step S102, if a key input [present] is

detected when the key status flag is “OFF” as depicted in
Table 1, the CPU 114 causes the heartbeat sensor 111 and the
acceleration sensor 112 to perform a sensing operation, and
also changes and sets the key status flag from “OFF” to “ON”.
Then, the CPU 114 performs sensor start processing in the
following Steps S103 to S105.

[0059] Inthe sensor start processing, at Step S103, the CPU
114 first sets a flag and a buffer to a default value for initial-
ization, as depicted in management information of Table 2.
Next, at Step S104, the CPU 114 starts the heartbeat sensor
111 and the acceleration sensor 112 to start collection of
sensor data (sensing operation). Also, at Step S105, the CPU
114 starts the communication function section 118 to start an
operation of transmitting exercise information including a
heart rate and a footstep count calculated based on the sensor
data to the interface device 200. Then, when the sensor start
processing including these Steps S103 to S105 ends, the CPU
114 returns to Step S102, where the processing for judging a
key input and a status flag is performed again.

TABLE 2

<MANAGEMENT INFORMATION>

DEFAULT  OTHER CHANGED
VALUE VALUE
FOOTSTEP COUNT 0

INFORMATION
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TABLE 2-continued

<MANAGEMENT INFORMATION>

DEFAULT ~ OTHER CHANGED
VALUE VALUE
HEART RATE 75
INFORMATION
CLOCK INFORMATION 0
[10]
EXERCISE STATUS STOP WALKING UP
JUDGMENT INFORMATION
PREVIOUS INTERVAL 0
VALUE INFORMATION
[10]
ALLOWABLE RANGE 0.8 0.7
LOWER-LIMIT VALUE
ALLOWABLE RANGE 12 13
UPPER-LIMIT VALUE
[0060] Then, at Step S102, if no key input is detected (that

1s, if akey input [none] is detected) when the key status flag is
“OFF” as depicted in Table 1, the CPU 114 maintains the
current operation status of the sensor device 100 and the
“OFF” state of the key status flag. Then, the CPU 114 returns
to Step S102, where the judgment processing described above
is performed again.

[0061] At Step S102, if the CPU 114 detects no key input
(that s, a key input [none]) when the key status flag is “ON”
as depicted in Tablel, the CPU 114 maintains the current
operation status of the sensor device 100 and the “ON” state
of the key status flag. Then, the CPU 114 performs data
collection and data processing in the following Steps S106 to
S108.

[0062] In the data collection and the data processing, at
Step S106, the CPU 114 first causes the heartbeat sensor 111
and the acceleration sensor 112 to regularly collect sensor
data (heartbeat data and acceleration data). For example, the
CPU 114 causes the heartbeat sensor 111 to collect heartbeat
data at an interval of 200 Hz and causes the acceleration
sensor 112 to collect acceleration data at an interval of 100
Hz. Next, at Step 8107, the CPU 114 processes the collected
sensor data. Here, the CPU 114 processes the heartbeat data
as a “heart rate”, and processes the acceleration data as a
“footstep count” at the time of walking or running. A specific
example of the sensor data processing will be described fur-
ther below. Next, at Step S108, the CPU 114 regularly trans-
mits the “heart rate” and the “footstep count” generated by the
above-described processing and various information related
to the exercise status of the user US to the interface device
200, as exercise information. For example, the CPU 114
transmits the exercise information to the interface device 200
at is intervals. Then, when the data collection and the data
processing including these Steps S106 to S108 end, the CPU
114 returns to Step S102, where the above-described judg-
ment processing is performed again.

[0063] At Step S102, if a key input [present] is detected
when the key status flag is “ON” as depicted in Table 1, the
CPU 114 ends the sensing operation in the sensor device 100,
and changes and sets the key status flag from “ON” to “OFF”.
Then, the CPU 114 performs sensor stop processing in the
following Steps S109 to S110.

[0064] Inthe sensor stop processing, at Step S109, the CPU
114 stops the heartbeat sensor 111 and the acceleration sensor
112 to end the sensing operation. Also, at Step S110, the CPU
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114 stops the communication function section 118 to end the
transmission of the exercise information to the interface
device 200.

[0065] (Sensor Data Processing)

[0066] Specific examples of footstep count calculation pro-
cessing and heart rate calculation processing that are per-
formed in the sensor data processing described in the exercise
support method are described.

[0067] FIG. 5isa flowchart of a schematic operation of the
sensor data processing applied in the exercise support method
according to the present embodiment.

[0068] The sensor data processing (Step S107) applied in
the exercise support method according to the present embodi-
ment includes footstep count calculation processing (Step
S210) and heart rate calculation processing (Step S220), as
depicted in FIG. 5. These processing operations are started by
the CPU 114 calling each module of the footstep count cal-
culation processing and the heart rate calculation processing
of the algorithm program.

[0069] In the footstep count calculation processing (Step
S210), the CPU 114 executes a footstep count algorithm to
perform calculation of a “footstep count” and time measure-
ment between peak values of a signal level of a walking
waveform signal from the acceleration data collected at Step
S106. Here, the calculated “footstep count” is set in the “foot-
step count information” depicted in the management infor-
mation of Table 2. The measurement time (clock data)
between peak values of the signal level is set in the “clock
information” depicted in the management information of
Table 2. In the “clock information”, for example, clock data
for the last ten seconds is stored.

[0070] Inthe heart rate calculation processing (Step S220),
the CPU 114 executes the heart rate algorithm to calculate a
“heart rate” from a waveform signal that is the heartbeat data
collected at Step S106. Here, the calculated “heart rate” is set
in the “heart rate information” depicted in the management
information of Table 2.

Specific Example of Footstep Count Calculation
Processing

[0071] First, the footstep count calculation processing
applied in the exercise support method according to the
present embodiment is described.

[0072] FIG. 6 is a flowchart of the footstep count calcula-
tion processing applied in the exercise support method
according to the present embodiment. FIG. 7A and FIG. 7B
are signal waveform diagrams depicting examples of accel-
eration data at the time of walking and running outputted from
the acceleration sensor applied in the exercise support appa-
ratus according to the present embodiment.

[0073] Specifically, in the footstep count calculation pro-
cessing applied in the present embodiment, at Step S211, the
CPU 114 first resets the “footstep counter” for calculating a
footstep count for use in the series of footstep count calcula-
tion processing and the “clock counter” for measuring a time
between peak values of the signal level of the footstep count
waveform signal, as depicted in FIG. 6. Next, at Step S212,
the CPU 114 starts an operation of sequentially analyzing
walking/running waveform signals from output values of the
acceleration data detected by the acceleration sensor 112, as
depicted in FIG. 7A and FIG. 7B. Then, at Step S213, the
CPU 114 judges whether the waveform signal indicates a
peak value. When the waveform signal indicates a peak value,
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the CPU 114 increments the “footstep counter” by 1 (+1) at
Step S214. Next, the CPU 114 resets the “clock counter” at
Step S215.

[0074] On the other hand, when the waveform signal does
not indicate a peak value at Step S213, the CPU 114 incre-
ments the “clock counter” by 1 (+1) at Step S216, and then
proceeds to Step S217. Note that the peak value of the wave-
form signal herein corresponds to a peak value (a maximum
value) of a signal level in a waveform signal indicating accel-
eration data at the time of each of walking (FIG. 7A) and
running (FIG. 7B) outputted from the acceleration sensor
112, as waveform signal portions each surrounded by a circle
depicted in FIG. 7A and FIG. 7B.

[0075] Next, at Step S217, the CPU 114 judges whether
peak value detection processing including Steps S212 to
S216 described above has been performed for the output
values of the acceleration data for past one second. When
judged that the peak value detection processing has not been
completed for the output data for the last one second, the CPU
114 returns to Step S212, in which the peak value detection
processing including Steps S212 to S216 described above is
performed again.

[0076] On the other hand, when judged at Step S217 that
the peak value detection processing has been completed for
the output value for the last one second, the CPU 114 stores at
Step S218 the “footstep counter” value in the “footstep count
information” depicted in the management information of
Table 2. Next, at Step S219, the CPU 114 divides the “clock
counter” value by the “footstep counter” value to calculate an
average clock counter value per footstep, stores the resultant
average value as clock data in the “clock information”
depicted in the management information of Table 2, and ends
the footstep count calculation processing.

[0077] Specifically, in the signal waveforms of the output
values of the acceleration data depicted in FIG. 7A and FIG.
7B, as a “footstep counter” value, a counter value of “2” (that
is, peak values appear in two footsteps for one second) is set
in “footstep count information” at the time of walking, and a
counter value of “5” (that is, peak values appear in five foot-
steps for one second) is set therein at the time of running.
Also, as an average clock counter value per footstep, a counter
value of “500 ms” (=one second/two footsteps) is set in the
“clock information” at the time of walking, and a counter
value of “200 ms” (=one second/five footsteps) is set therein
at the time of running. Here, as the “clock information”
depicted in the management information of Table 2, clock
data for the last ten seconds is stored.

Specific Example of Heart Rate Calculation
Processing

[0078] Next, theheart rate calculation processing applied in
the exercise support method according to the present embodi-
ment is described.

[0079] FIG. 8 is a flowchart of the heart rate calculation
processing applied in the exercise support method according
to the present embodiment. FIG. 9A and FIG. 9B are signal
waveform diagrams depicting examples of heartbeat data at
the time of walking and running outputted from the heartbeat
sensor applied in the exercise support apparatus according to
the present embodiment.

[0080] Specifically, in the heart rate calculation processing
applied in the present embodiment, the CPU 114 first reads
out the clock data calculated by the footstep count calculation
processing and stored in the “clock information” to perform
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exercise status judging processing at Step S221, and outputs
“exercise status judgment information” reset by the exercise
status judgment processing, as depicted in FIG. 8. A specific
example of the exercise status judgment processing will be
described further below.

[0081] Next, at Step S222, the CPU 114 starts an operation
of sequentially analyzing waveform signals such as those
depicted in FIG. 9A and FIG. 9B which are heartbeat data
detected by the heartbeat sensor 111, and increments an intet-
val value. Here, as depicted in FIG. 9A and FIG. 9B, the
interval value is found by measuring a time between peak
values of a signal level in waveform signals indicating the
heartbeat data at the time of walking (FIG. 9A) and running
(FIG. 9B) outputted from the heartbeat sensor 111. Since the
data sampling rate in the present embodiment is 200 Hz, one
count corresponds to 5 ms when the interval value is con-
verted to time.

[0082] Next, at Step S223, the CPU 114 judges whether the
next heartbeat waveform has been detected by the heartbeat
sensor 111. If a heartbeat waveform has not been detected, the
CPU 114 ends the heart rate calculation processing. On the
other hand, if a heartbeat waveform has been detected, the
CPU 114 judges at Step S224 whether the interval value is
valid or invalid based on the following properness judgment
conditions (1-a) and (1-b) (first condition).

[0083] That is, in judgment processing based on the prop-
erness judgment condition (1-a) at Step S224, the CPU 114
judges whether the present interval value indicates a normal
heart rate. Specifically, for example, the CPU 114 judges
whether the present interval value is within a normal heart rate
range (a lower-limit value of 54 to an upper-limit value of
600) based on the following conditional expression (11).

[0084]

54(220BPM)=present interval value=600(20BPM) (11)

[0085] Also, in judgment processing based on the proper-
ness judgment condition (1-b) at Step S224, the CPU 114
compares an average value of the last ten interval values
during an exercise with the present interval value and, when
the present interval value has abruptly changed, the CPU 114
judges the interval value as invalid because the heartbeat
waveform has been generated by noise. Specifically, the CPU
114 judges whether the interval value is within a range of
valid interval values (a range 0of 0.8 to 1.2 times of the average
interval value, or in other words, a range of +20% with ref-
erence to the average interval value) based on, for example,
whether the following conditional expression (12) is satisfied.
Here, magnifications of “0.8” (allowable range lower-limit
value; first coefficient) and “1.2” (allowable range upper-
limit value; second coefficient) or 20 defining the range of
the interval values is a numerical value defining a range where
favorable removal of noise obtained as a result of various
verifications by the inventor can be achieved.

[0086]

allowable range lower-limit value(0.8)xaverage value
of the last ten interval valuesspresent interval
valuesallowable range upper-limit value(1.2)x
average value of the last ten interval values (12)

Properness Judgment Condition (1-a):

Properness Judgment Condition (1-b):

[0087] When the present interval value satisfies the condi-
tional expression (12) and is judged as valid at Step S224, the
CPU 114 stores the present interval value in previous interval
value information and rests the present interval value at Step
S227. Next at Step S228, the CPU 114 calculates a heart rate



US 2014/0081156 Al

from the present interval value by using, for example, the
following equation (13), and ends the heart rate calculation
processing.

Heart rate=60/(average value of the last ten interval
valuesx0.005) (13)

[0088] On the other hand, when the present interval value
does not satisfy the conditional expression (12) and is judged
as invalid at Step S224, the CPU 114 judges at Step S225
whether the interval value is valid or ivalid based on the
following state judgment conditions (2-a) to (2-d) (a second
condition).

[0089] That is, in judgment processing based on the state
judgment conditions (2-a) and (2-b) at Step S225, the CPU
114 judges a change state of the present interval value. Spe-
cifically, the CPU 114 judges whether the present interval
value is in an [increase] state based on whether the following
conditional expression (21) of the state judgment condition
(2-a) is satisfied. Also, the CPU 114 judges whether the
present interval value is in a [decrease] state based on whether
the following conditional expression (22) of the state judg-
ment condition (2-b) is satisfied. Here, the satisfaction of the
expression (21) indicates that the present interval value is
gradually decreasing, which corresponds to an increase of the
heart rate. This state represents in the specification that the
present interval value is in an [increase] state. Similarly, the
satisfaction of the expression (22) indicates that the present
interval value is gradually increasing, which corresponds to a
decrease of the heart rate. This state represents in the speci-
fication that the present interval value is in a [decrease] state.

[0090] State Judgment Condition (2-a):
allowable range lower-limit value(0.8)xaverage value

of the last ten interval values>present interval
value (21

[0091]

allowable range upper-limit value(1.2)xaverage value
of the last ten interval values<present interval
value (22)

State Judgment Condition (2-b):

[0092] Injudgment processing based on the state judgment
conditions (2-¢) and (2-d) at Step S225, the CPU 114 makes
a comparison with “exercise status judgment information”
judged and set by exercise status judgment processing
described below according to the change state of “increase”
or “decrease” of the present interval value judged in the
Judgment processing based on the state judgment conditions
(2-a) and (2-b), and thereby judges whether the interval value
is valid or invalid. Specifically, when the present interval
value is judged as being in an [increase] state in the judgment
processing based on the state judgment condition (2-a), the
CPU 114 judges whether the present interval value is valid or
invalid based on the following state judgment condition (2-¢).

[0093] State Judgment Condition (2-¢):

[0094] Inacase where the state judgment condition (2-a) is
satisfied and the present interval value is smaller than the
allowable range lower-limit value of the average interval
value, the CPU 114 makes a comparison with the “exercise
status judgment information”, and judges that the present
interval value is “valid” when the “exercise status judgment
information” indicates walking [UP] or running [UP]. On the
other hand, when the “exercise status judgment information”
indicates anything other than walking [UP] or running [UP],
the CPU 114 judges that the present interval value is
“invalid”.
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[0095] When the present interval value is judged as being in
a [decrease] state in the judgment processing based on the
state judgment condition (2-b), the CPU 114 judges whether
the present interval value is valid or invalid based on the
following state judgment condition (2-d).
[0096] State Judgment Condition (2-d):
[0097] Inacase where the state judgment condition (2-b) is
satisfied and the present interval value is larger than the allow-
able range upper-limit value of the average interval value, the
CPU 114 makes a comparison with the “exercise status judg-
ment information”, and judges that the present interval value
is “valid” when the “exercise status judgment information”
indicates stop, walking [DOWN], or running [DOWN]. On
the other hand, when the “exercise status judgment informa-
tion” indicates anything other than stop, walking [DOWN], or
running [ DOWN]. the CPU 114 judges that the present inter-
val value is “invalid”.
[0098] When the present interval value is judged as
“invalid” at Step S225, the CPU 114 ends the heart rate
calculation processing. On the other hand, when the present
interval value is judged as “valid”, the CPU 114 changes an
“Interval judgment value” so as to expand the “allowable
range lower-limit value” of the “allowable range upper-limit
value” at Step S226, and ends the heart rate calculation pro-
cessing.
[0099] Here, specific numerical values in the interval value
judgment processing including the above-described Steps
S224 to S228 verified by the inventor are described. When the
present interval value obtained based on a waveform signal
indicating heartbeat data outputted from the heartbeat sensor
111 is 60 (200 BPM), and “0.8” and “1.2” are set as default
values in the “allowable range lower-limit value” and the
“allowable range upper-limit value” depicted in the manage-
ment information of Table 2, respectively, the CPU 114
judges the present interval value as valid if the present interval
value is within a range represented by the following condi-
tional expression (31) in the judgment processing based on
the properness judgment conditions (1-a) and (1-b).

48(250BPM)=60 (present interval value)=72

(166BPM) (1)

[0100] On the other hand, when the present interval value is
clocked as, for example, 75, the present interval value is
judged as invalid in the judgment processing based on the
properness judgment condition (1-a).

[0101] Next, when the present interval value is judged as
valid in the judgment processing based on the state judgment
conditions (2-a) to (2-d), the magnification of the “allowable
range upper-limit value” depicted in the management infor-
mation of Table 2 is changed from “1.2”to “1.3”. Then, at the
time of sampling the next heartbeat data by the heartbeat
sensor 111, the changed “allowable range upper-limit value”
is used. As a result, in the judgment processing based on the
properness judgment conditions (1-a) and (1-b), the present
interval value is within the range of the following conditional
expression (32) and is judged as valid.

48(250BPM)=60 (present interval value)=78
(153BPM) (32)

[0102] Here, a change amount of the magnification of the
“allowable range upper-limit value” is an amount achieved by
the number of significant figures being two for a value
obtained by multiplying the “allowable range upper-limit
value” before change by 1.1. Similarly, the number of signifi-
cant figures may be two for a value obtained by multiplying
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the “allowable range upper-limit value” before change by 0.9.
If the conditional expression (32) is not satisfied after the
magnification of the “allowable range upper-limit value” or
the “allowable range lower-limit value” is changed, this case
is regarded as a device failure.

Specific Example of Exercise Status Judgment
Processing

[0103] Next, the exercise status judgment processing
applied in the heart rate calculation processing is described.

[0104] FIG. 10 is a flowchart of the exercise status judg-
ment processing applied in the exercise support method
according to the preset embodiment.

[0105] In the exercise status judgment processing applied
in the exercise support method according to the present
embodiment, a processing operation starts by the CPU 114
calling amodule of the exercise status judgment processing of
the algorithm program.

[0106] In the exercise status judgment processing applied
in the preset embodiment, at Step S311, the CPU 114 first
judges whether the user US is in a [stop] state based on the
“clock information” calculated by the footstep count calcu-
lation processing, as depicted in FIG. 10. Specifically, the
CPU 114 reads out clock data for the last ten seconds from the
“clock information” where the clock data calculated by the
footstep count calculation processing has been stored, and
judges whether these clock data are “0”. When all the clock
data for ten seconds are “0”, the CPU 114 judges that the user
US is in a [stop] state and sets [stop] information in the
“exercise status judgment information” at Step S312. On the
other hand, when any of the clock data for ten seconds is not
“0” at Step S311, the CPU 114 judges that the user US is not
in a [stop] state, and proceeds to Step S313.

[0107] Next, the CPU 114 judges an exercise status based
on a change state of the “clock information”. Specifically, at
Step S313, the CPU 114 reads out clock data for ten seconds
from the “clock information” and judges whether an exercise
status ten seconds before the present time and a current exer-
cise status are each a walking state or a running state. Here,
the CPU 114 judges that the exercise status is a walking state
when the footstep count per second is smaller than 2.35 and
the exercise status is a running state when the footstep count
per second is equal to or larger than 2.35. Then, when the
exercise status ten seconds before the present time is a walk-
ing state and the current footstep count per second is larger
than the footstep count per second ten seconds before the
present time, the CPU 114 judges that the user US is in a
[walking UP] state (walking up state), and sets [walking UP]
information in the “exercise status judgment information” at
Step S314. On the other hand, when judged that the user US
is not in a [walking UP] state, the CPU 114 proceeds to Step
S315.

[0108] Nextat Step S315, the CPU 114 reads out clock data
for ten seconds from the “clock information”. When the exer-
cise status ten seconds before the present time and the current
exercise status are both walking states and the current foot-
step count per second is smaller than the footstep count per
second ten seconds before the present time, the CPU 114
judges that the user US is in a [walking DOWN] state (walk-
ing down state), and sets [walking DOWN] information in the
“exercise status judgment information” at Step S316. On the
other hand, when judged that the user US is not in a [walking
DOWN] state at Step S315, the CPU 114 proceeds to Step
S317.
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[0109] Nextat Step S317, the CPU 114 reads out clock data
for ten seconds from the “clock information”. When the exet-
cise status ten seconds before the present time and the current
exercise status are both running states and the current footstep
count per second is larger than the footstep count per second
ten seconds before the present time, the CPU 114 judges that
the user US is in a [running UP] state (running up state), and
sets [running UP] information in the “exercise status judg-
ment information” at Step S318. On the other hand, when
judged that the user US is not in a [running UP] state at Step
S317, the CPU 114 proceeds to Step S319.

[0110] Next, at Step S319, the CPU 114 reads out clock
data for ten seconds from the “clock information”. When the
exercise status ten seconds before the present time is a run-
ning state and the current footstep count per second is smaller
than the footstep count per second ten seconds before the
present time, the CPU 114 judges that the user US is in a
[running DOWN] state (running down state), and sets [run-
ning DOWN] information in the “exercise status judgment
information” at Step S320. On the other hand, when judged
that the user US is not in a [running DOWN)] state at Step
S319, the CPU 114 ends the processing.

[0111] By this series of exercise status judgment process-
ing, a time between peak values of the waveform signal level
judged as a “footstep count” in the waveform signals indicat-
ing acceleration data from the acceleration sensor 112 is
measured as depicted in FIG. 7A and FIG. 78. As a result, the
exercise status of whether the user US is stopping, walking, or
running is judged. Then, the “exercise status judgment infor-
mation” where the exercise status of the user US has been set
is applied to a comparison with the change state of the present
interval value in the comparison processing (Step S225) per-
formed in the heart rate calculation processing described
above so as to judge whether the interval value is valid or
invalid, whereby a heart rate is calculated based on the inter-
val value judged as valid. That is, in the waveform signals
indicating heartbeat data from the heartbeat sensor 111
depicted in FIG. 9A and FIG. 9B, interval values 1c¢ to 5¢
obtained by measurement by erroneously detecting peak val-
ues of the signal level of noise signal due to the exercise (body
movement) of the user US are judged as invalid. On the other
hand, interval values la to 2a and 14 to 3b obtained by
measurement by detecting peak values of the signal level of a
correct heartbeat signal are judged as valid, and a heart rate
(the number of heartbeats per minute) is calculated based on
the interval values 1a to 2a and 15 to 35 judged as valid.
[0112] Then, the exercise information including the heart
rate and the footstep count calculated by the above-described
exercise support apparatus and exercise support method and
the exercise status judgment information is transmitted via
the communication function section 118 of the sensor device
100 to the interface device 200 by using a predetermined
communication method. The interface device 200 associates
the received pieces of exercise information with each other
and stores the result information in a predetermined storage
area of the exercise information storage memory 214.
[0113] Next, in the operation of providing the exercise
information and the support information to the user US, the
CPU 213 of the interface device 200 reads out the exercise
information stored in the exercise information storage
memory 214, and causes the read information to be displayed
on the display section 211 in a predetermined display format
by using numerical value information and character informa-
tion as depicted in FIG. 1C. Here, the exercise information to
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be displayed on the display section 211 may be the current or
immediately-previous footstep count, heart rate, running
time, run distance, etc., of the user US during a exercise, or
previous exercise information may be displayed thereon.
[0114] Also, a configuration may be adopted in which the
CPU 213 of the interface device 200 analyzes the exercise
information (that is, the footstep count, the heart rate, the
exercise status, etc.) read out from the exercise information
storage memory 214 by using an algorithm, judges whether
the footstep count, the heart rate, and the exercise status are
normal, and displays support information based on the judg-
ment result on the display section 211. Examples of the
method of providing the support information in this case
include a method of highlighting numerical value informa-
tion regarding an item for which an advice is particularly
given, a method of displaying a specific message (character
information) such as “your heart rate is increasing” or “please
decrease your pace”, and a method of changing a display
color of the entire or part of the area of the display section 211
or changing a light-emitting state for blink display. These
methods may be applied singly or in any combination. Fur-
thermore, in addition to or in place of display of these exercise
information and support information, the interface device 200
may include an acoustic section to provide the above-de-
scribed exercise information and support information by a
specific sound pattern or voice or may include a vibrating
section to provide the above-described exercise information
and support information by a specific vibration.

[0115] As described above, in the present embodiment, an
increase or decrease of the heart rate is grasped based on the
exercise status of the user US, and noise components included
in the heartbeat data can be favorably removed. As a result, a
change (decrease) of the heart rate can be reliably detected
and measured irrespective of the exercise status (in particular,
after the exercise is calmed down). Therefore, the user US can
correctly and accurately grasp the exercise information
including the footstep count and the heart rate via the inter-
face device 200 at the time of or after an exercise, and thereby
can use the exercise information to help healthcare and
improve a record in a competition or training.

[0116] Intheabove-described embodiment, as the interface
device 200 for providing exercise information and support
information to the user US, a dedicated reception terminal of
a wristwatch type or a wristband type including a display
section, an acoustic section, etc., has been described. How-
ever, the present invention is not limited thereto, and an intet-
face device having another structure may be adopted as long
as the device is mounted at a position where the exercise
information and the support information provided to the user
US can be easily recognized. In addition, the device may be
mounted on another part of the body. That is, as an interface
device to be applied in the present invention, for example, a
general-purpose electronic device such as a wristwatch, a
portable telephone, or a smartphone may be adopted and
mounted on a wrist, an upper arm, or the like, in addition to a
dedicated reception terminal. Alternatively, an eyeglasses-
type display device having a function of a display section
(so-called display glasses) or a voice device having a function
of an acoustic device (for example, a media player) may be
adopted.

Second Embodiment

[0117] Next, a second embodiment of the exercise support
apparatus in which the exercise information detecting appa-
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ratus according to the present invention has been applied is
described. Here, the second embodiment is described with
reference to the structure (FIG. 1A to 1C, FIG. 2 and FIG. 3)
and method (FIG. 4 to FIG. 10) described in the first embodi-
ment.

[0118] Inthe first embodiment described above, in the sen-
sor device 100 mounted on the chest part of the user US,
sensor data obtained from the heartbeat sensor 111 and the
acceleration sensor 112 is processed to calculate exercise
information including a footstep count and a heart rate, and
this information is provided to the user US by being transmit-
ted to the interface device 200 mounted on a wrist. In the
second embodiment, in the sensor device 100, sensor data
obtained from the heartbeat sensor 111 and the acceleration
sensor 112 is transmitted to the interface device 200, and the
interface device 200 processes the sensor data to calculate
exercise information including a footstep count and a heart
rate, and provides the calculated exercise information to the
user US.

[0119] As with the structure of the first embodiment (refer
to FIG. 1A to 1C. FIG. 2 and FIG. 3), the exercise support
apparatus according to the second embodiment includes the
sensor device 100 and the interface device 200. In the sensor
device 100 according to the present embodiment, the flash
memory 116 in the specific structure described in the first
embodiment (refer to FIG. 2) has stored therein only a control
program for performing a predetermined operation in each
component such as a sensing operation in the heartbeat sensor
111 and the acceleration sensor 112 and a data transmitting
operation in the communication function section 118. Also,
the work memory 117 temporarily stores only data that are
used or generated in executing the control program.

[0120] The CPU 114 performs processing by following the
control program stored in the flash memory 116, and thereby
controls an operation in each component such as a sensing
operation in the heartbeat sensor 111 and the acceleration
sensor 112 and a data transmitting operation in the commu-
nication function section 118. The communication function
section 118 functions as an interface when sensor data
obtained by the heartbeat sensor 111 and the acceleration
sensor 112 is transmitted to the interface device 200.

[0121] That is, in the present embodiment, the sensor
device 100has only a function for storing sensor data detected
by the heartbeat sensor 111 and the acceleration sensor 112 in
the sensor data storage memory 115 and transmitting the
sensor data to the interface device 200 via the communication
function section 118. Here, In a case where the sensor data
storage memory 115 is a removable storage medium such as
amemory card and, by the removable storage medium being
removed from the sensor device 100, stored sensor data can
be transferred to another device without an intervention of the
communication function section 118, the sensor device 100 is
not required to include the communication function section
118. In this case, the sensor device 100 functions as a data
logger.

[0122] On the other hand, in the interface device 200
according to the present embodiment, the flash memory 215
in the specific structure described in the first embodiment
(refer to FIG. 3) has stored therein a control program for
performing a predetermined operation in each component,
such as an operation of displaying exercise information and
support information on the display section 211 and a data
transmitting operation in the communication function section
217. Also, the flash memory 215 has stored therein an algo-
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rithm program for processing sensor data transmitted from
the sensor device 100 and outputting exercise information
such as a footstep count, a heart rate, and an exercise status of
the user US. Note that the flash memory 215 may have stored
therein an algorithm program for judging whether the exer-
cise status of the user US is good based on exercise informa-
tion, and outputting support information based on the judg-
ment result. The work memory 216 temporarily stores various
data that are used or generated when the control program and
the algorithm program are executed.

[0123] By following the algorithm program stored in the
flash memory 215, the CPU 213 performs, inside the CPU
213, an operation of processing sensor data transmitted from
the sensor device 100 and outputting a footstep count, a heart
rate, and a exercise status. Also, by following the control
program, the CPU 213 controls an operation in each compo-
nent such as an operation of displaying exercise information
and support information on the display section 211 and a data
transmitting operation in the communication function section
217. The communication function section 217 functions as an
interface when at least sensor data is transmitted to the sensor
device 100 by a wireless or wired communication method.
[0124] That is, in the present embodiment, the interface
device 200 has a function for storing sensor data transmitted
from the sensor device 100 in the exercise information stor-
age memory 214, processing the sensor data to output a
footstep count, a heart rate, and an exercise status, and pro-
viding these data to the user US via the display section 211.
[0125] In the present embodiment as well, an increase or
decrease of the heart rate at the time of an exercise can be
grasped and noise included in the heartbeat data can be favor-
ably removed, as in the case of the firstembodiment described
above. As a result, a change of the heart rate can be accurately
detected and measured irrespective of the exercise status.
Therefore, the user US can correctly and adequately grasp the
exercise information including the footstep count and the
heart rate via the interface device.

[0126] Also, in the present embodiment, the processing of
sensor data described in the first embodiment can be per-
formed by the interface device 200. Therefore, in comparison
with the case described in the first embodiment, the process-
ing load on the sensor device 100 can be reduced, whereby the
size and weight of the sensor device 100 can be reduced and
the life of the operating power supply can be extended.

Modification Exaniples

[0127] Next, modification examples of the exercise support
apparatus according to the present embodiment are
described.

[0128] FIG. 11 and FIG. 12 are schematic structural dia-
grams of a modification example of the exercise support
apparatus according to the second embodiment. Here, com-
ponents similar to those of the above-described first embodi-
ment are provided with the same reference numerals, and
descriptions therefor are simplified or omitted.

[0129] In the present embodiment as well, the interface
device is not limited to a reception terminal of a wristwatch
type or a wristband type, as with the above-described first
embodiment. For example, various electronic devices such as
a personal computer 310, a portable telephone 320, and a
smartphone 330 may be applied, as depicted in FIG. 11. If
necessary, in addition to these electronic devices, a server 410
on a network 400 or the like may be applied in combination,
as depicted in FIG. 12. Here, in these electronic devices such
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as the personal computer 310, the portable telephone 320, and
the smartphone 330, and the server 410 on the network 400
applied as interface devices, the control program and the
algorithm program for performing the exercise support
method described in each of the above-described embodi-
ments are incorporated. Also, the transmission of sensor data
from the sensor device 100 to these electronic devices may be
performed by a wireless or wired communication method or
via a removable storage medium such as a memory card.
Exercise information and support information including a
footstep count and a heart rate obtained and outputted by
processing sensor data in the electronic devices are provided
to the user US via a display device provided on each of the
electronic devices. Also, exercise information and support
information including a footstep count and a heart rate
obtained and outputted by processing sensor data by the
server 410 on the network 400 are transmitted to an arbitrary
electronic device via the network 400 and provided to the user
US via the display device provided on the electronic device.
[0130] In the structures of these modification examples as
well, sensor data can be processed by an arbitrary electronic
device or server, as with the above-described second embodi-
ment. Therefore, in comparison with the case described in the
first embodiment, the processing load on the sensor device
100 can be reduced, whereby the size and weight of the sensor
device 100 can be reduced and the life of the operating power
supply can be extended.

[0131] While the present invention has been described with
reference to the preferred embodiments, it is intended that the
invention be not limited by any of the details of the descrip-
tion therein but includes all the embodiments which fall
within the scope of the appended claims.

What is claimed is:

1. An exercise information detecting apparatus compris-
ing:

aheartbeat sensor which detects heartbeat data of a human

body including a waveform signal,
an exercise status detecting section which detects exercise
data regarding an exercise status of the human body;

an exercise status judging section which judges a change of
the exercise status of the human body based on the
exercise data detected by the exercise status detecting
section; and

a heart rate calculating section which removes, as a noise

component, an invalid peak from among a plurality of
peaks included in the waveform signal of the heartbeat
data based on the change of the exercise status of the
human body judged by the exercise status judging sec-
tion.

2. The exercise information detecting apparatus according
to claim 1, wherein the heart rate calculating section calcu-
lates a heart rate per unit time by using the waveform signal
after removal of the noise component.

3. The exercise information detecting apparatus according
to claim 2, wherein the exercise status detecting section has an
acceleration sensor which detects acceleration occurring
along with the movement of the human body,

wherein the exercise data is acceleration data detected by

the acceleration sensor, and

wherein the exercise status judging section calculates a

footstep count per unit time based on a peak of a signal
level of the waveform signal included in the acceleration
data, and judges the change of the exercise status based
on a result of comparison between a current footstep
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count per unit time and a footstep count per unit time in
a predetermined past time period.

4. The exercise information detecting apparatus according
to claim 3, wherein the heart rate calculating section judges
that a current heart rate per unit time is valid and regards a
peak corresponding to the current heart rate per unit time as a
valid peak, when a first condition is satisfied, wherein the first
condition is that the current heart rate per unit time is equal to
or larger than a predetermined lower-limit value and equal to
or smaller than a predetermined upper-limit value, and is
equal to or larger than a value obtained by multiplying an
average value of a plurality of immediately-previous heart
rates per unit time by a predetermined first coefficient and
equal to or smaller than a value obtained by multiplying the
average value by a predetermined second coefficient.

5. The exercise information detecting apparatus according
to claim 4, wherein the heart rate calculating section judges
that the current heart rate per unit time is valid and regards the
peak corresponding to the current heart rate per unit time as a
valid peak, when the first condition is not satisfied and a
second condition is satisfied, wherein the second condition is
that the current heart rate per unit time is larger than the
predetermined upper-limit value and the footstep count per
unit time is increasing, or the current heart rate per unit time
is smaller than the predetermined lower-limit value and the
footstep count per unit time is decreasing, and

wherein the heart rate calculating section judges that the

current heart rate per unit time is invalid and regards the
peak corresponding to the current heart rate per unit time
as the invalid peak, when the first condition is not satis-
fied and the second condition is not satisfied.

6. The exercise information detecting apparatus according
to claim 5, wherein the heart rate calculating section revises
the predetermined first coefficient to a value obtained by
multiplying the average value of the plurality of immediately-
previous heart rates per unit time by a predetermined magni-
fication larger than 1, when the second condition is satisfied,
and the current heart rate per unit time is larger than the
predetermined upper-limit value and the footstep count per
unit time is increasing, and

wherein the heart rate calculating section revises the pre-

determined second coefficient to a value obtained by
multiplying the average value of the plurality of imme-
diately-previous heart rates per unit time by a predetet-
mined magnification smaller than 1, when the second
condition is satisfied, and the current heart rate per unit
time is smaller than the predetermined lower-limit value
and the footstep count per unit time is decreasing.

7. The exercise information detecting apparatus according
to claim 6, wherein the exercise status judging section judges
that the exercise status of the human body is a walking state
when the footstep count per unit time is smaller than a pre-
determined value, and judges that the exercise status of the
human body is a running state when the footstep count per
unit time is equal to or larger than the predetermined value.

8. The exercise information detecting apparatus according
to claim 7, wherein the exercise status judging section judges
that the exercise status of the human body is a first walking
state, when a judgment is made that the exercise status of the
human body in the predetermined past time period is the
walking state and that the current footstep count per unit time
is larger than a footstep count per unit time in the predeter-
mined past time period,
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wherein the exercise status judging section judges that the
exercise status of the human body is a second walking
state, when a judgment is made that the exercise status of
the human body in the predetermined past time period
and a current exercise status of the human body are both
the walking state and that the current footstep count per
unit time is smaller than the footstep count per unit time
in the predetermined past time period,

wherein the exercise status judging section judges that the
exercise status of the human body is a first running state,
when a judgment is made that the exercise status of the
human body in the predetermined past time period and
the current exercise status of the human body are both
the running state and that the current footstep count per
unit time is larger than the footstep count per unit time in
the predetermined past time period, and

wherein the exercise status judging section judges that the
exercise status of the human body is a second running
state, when a judgment is made that the exercise status of
the human body in the predetermined past time period is
the running state and that the current footstep count per
unit time is smaller than the footstep count per unit time
in the predetermined past time period.

9. The exercise information detecting apparatus according
to claim 1, wherein the exercise status detecting section
detects the exercise data including a waveform signal related
to the exercise status of the human body, and

wherein the exercise status judging section judges the
change of the exercise status of the human body based on
clock data between peak values of a signal level of the
waveform signal included in the exercise data.

10. An exercise information detecting method comprising:

a step of detecting heartbeat data of a human body includ-
ing a waveform signal by a heartbeat sensor;

a step of detecting exercise data including a waveform
signal related to an exercise status of the human body by
an exercise status detecting section,

a step of judging a change of the exercise status of the
human body based on clock data between peak values of
a signal level of the waveform signal included in the
exercise data; and

a step of removing, as a noise component, an invalid peak
from among a plurality of peaks included in the wave-
form signal of the heartbeat data, based on the judged
change of the exercise status of the human body.

11. A non-transitory computer-readable storage medium
having stored thereon an exercise information detection pro-
gram that is executable by a computer, the program being
executable by the computer to perform functions comprising:

processing for detecting heartbeat data of a human body
including a waveform signal by a heartbeat sensor;

processing for detecting exercise data including a wave-
form signal related to an exercise status of the human
body by an exercise status detecting section;

processing for judging a change of the exercise status of the
human body based on clock data between peak values of
a signal level of the waveform signal included in the
exercise data; and

processing for removing, as a noise component, an invalid
peak from among a plurality of peaks included in the
waveform signal of the heartbeat data, based on the
judged change of the exercise status of the human body.
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