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ACTIVITY RECORDING DATA PROCESSING
APPARATUS

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is based upon and claims the
benefit of priority under 35 USC 119 of Japanese Patent
Application No. 2017-150670 filed on Aug. 3, 2017, the
entire disclosure of which, including the description, claims,
drawings, and abstract, is incorporated herein by reference
in its entirety.

FIELD OF THE INVENTION

[0002] The present invention relates to an activity record-
ing data processing apparatus.

BACKGROUND OF THE INVENTION

[0003] Conventionally devices called cycle computers or
cyclocomputers (the term coined by combining “cycle” and
“microcomputer”) have been used as a data logger for
cycling to record various types of data during cycling.

[0004] A cycle computer of this kind includes a GPS
(Global Positioning System) receiver and various types of
sensors, such as a speed sensor and a cadence sensor, and so
can record the travelling track during the cycling or data
from the various types of sensors.

[0005] In general it is important to process data acquired
and analyzed by such a device to be an appropriate form in
accordance with the purpose. For instance, JP-T-2013-
543156 discloses a technique of dividing the data on work-
out acquired by a mobile device based on a threshold set by
a user, and color-coding the divided data with a plurality of
colors as needed to present the data to the user visually.

SUMMARY OF THE INVENTION

[0006] JP-T-2013-543156 color-codes the data acquired
during workout. Such color-coding of the data during vari-
ous types of activity is not uniform, and various processing
is performed depending on the purpose or the characteristics
of data.

[0007] The present invention aims to provide an activity
recording data processing apparatus, a method for process-
ing activity recording data, and a program for processing
activity recording data so as to allow data during various
types of activity to be processed in accordance with the
purpose and the characteristics of the data.

[0008] An activity recording data processing apparatus
according to one aspect of the present invention includes a
processor; and a storage unit configured to store a program
that the processor executes, wherein the processor imple-
ments processing including the following processing in
accordance with the program stored in the storage unit:
acquisition processing of acquiring data obtained for a series
of activity and action estimation information on the series of
activity, the action estimation information being associated
with the data; extraction processing of extracting partial data
of the data based on the action estimation information; and
clustering processing of performing clustering of the partial
data.
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BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWING

[0009] FIGS. 1A and 1B show an example of the wearable
device in use during cycling according to one embodiment
of the present invention.

[0010] FIG. 2Ais a block diagram showing the functional
configuration of an electronic circuit of a wearable terminal
according to one embodiment in one aspect of the present
invention.

[0011] FIG. 2B is a block diagram showing the functional
configuration of an electronic circuit of a wearable terminal
and an extemal device according to one embodiment in
another aspect of the present invention.

[0012] FIG. 3 is a flowchart to show the processing of a
main routine according to the embodiment.

[0013] FIGS. 4A, 4B-1 and 4B-2 explain the processing of
the axis correction according to the embodiment.

[0014] FIG. 5 is a flowchart of a subroutine to show the
action/cadence estimation (M105) in FIG. 3 according to the
embodiment.

[0015] FIG. 6 is a flowchart to show a subroutine of the
seated determination (S115, S120) in FIG. 5 according to the
embodiment.

[0016] FIG. 7 is a flowchart to show a subroutine of the
seated determination 1 (S201) in FIG. 6 in details according
to the embodiment.

[0017] FIGS. 8A-8C show an example about how the
output GyrY in the y-axis direction of the gyroscope sensor
22 varies among three cyclists CL during seated according
to the embodiment.

[0018] FIG. 9 shows an example of linear separation using
a border line BD between variance and autocovariance
according to the embodiment.

[0019] FIG. 10 is a flowchart to show a subroutine of the
seated determination 2 (S204) in FIG. 6 in details according
to the embodiment.

[0020] FIGS. 11A1-11B2 show an example of the correc-
tion between local extrema (S222) for the output from the
gyroscope sensor in FIG. 10 according to the embodiment.
[0021] FIG. 12 is a flowchart to show a subroutine of the
seated determination 3 (S207) in FIG. 6 in details according
to the embodiment.

[0022] FIGS. 13A and 13B show an example of the
detection waveform of the output AccY of the acceleration
sensor in the y-axis direction according to the embodiment.
[0023] FIG. 14 is a flowchart to show a subroutine of the
cadence estimation (S102, S211, S221, S231) in FIG. 5,
FIG. 7, FIG. 10 and FIG. 12 in details according to the
embodiment.

[0024] FIGS. 15A and 15B show an example of the local
maxima of high-frequency waves due to noise that appears
in the autocorrelation coeflicient according to the embodi-
ment.

[0025] FIG. 16 is a flowchart to show a subroutine to set
the first cadence value (cadence setting (1)) (S111) in FIG.
5 in details according to the embodiment.

[0026] FIG. 17 is a flowchart to show a subroutine to set
the second cadence value (8118, S123) in FIG. 5 in details
according to the embodiment.

[0027] FIG. 18 is a flowchart to show a subroutine to
update the cadence value (cadence setting (2)) (S127) in
FIG. 5 in details according to the embodiment.
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[0028] FIG. 19 is a flowchart to show a subroutine to
stabilize cadence (S602) in FIG. 18 in details according to
the embodiment.

[0029] FIG. 20 is a flowchart to show a subroutine of track
estimation (M107) in FIG. 3 in details according to the
embodiment.

[0030] FIG. 21 is a flowchart to show a subroutine to
update gear value/length of strider (S703) in FIG. 20 in
details according to the embodiment.

[0031] FIGS. 22A and 22B show an example of the
waveform of acceleration depending on the road-surface
state according to the embodiment.

[0032] FIG. 23 is a flowchart to show a subroutine of dead
reckoning (S704) in FIG. 20 in details according to the
embodiment.

[0033] FIG. 24 is a flowchart to show a subroutine of
reliability estimation of earth magnetism (S734) in FIG. 23
in details according to the embodiment.

[0034] FIGS. 25A and 25B explain the influences from the
disturbance on the earth magnetism according to the
embodiment.

[0035] FIG. 26 is a flowchart to show a subroutine of
calorie estimation (M109) in FIG. 3 in details according to
the embodiment.

[0036] FIGS. 27A and 27B show an example of charac-
teristics of METs values during seated, standing and walking
according to the embodiment.

[0037] FIG. 28 shows examples of the estimation for
forward-tilting angle in association with the positions of the
cyclist CL and the height of the attachment position of the
wearable device according to the embodiment.

[0038] FIG. 29 is a flowchart to show a subroutine of
clustering (M112) in FIG. 3 in details according to the
embodiment.

[0039] FIG. 30 shows an example of the look-up table
used for clustering according to the embodiment.

[0040] FIG. 31 is a flowchart to show a subroutine of
power estimation (M113) in FIG. 3 in details according to
the embodiment.

DETAILED DESCRIPTION OF THE
INVENTION

[0041] Referring to the drawings, the following describes
one embodiment of the present invention in details when the
present invention is applied to a wearable device.

[0042] The present embodiment describes the case where
the present invention is applied to a wearable device dedi-
cated to outdoor sports particularly, such as cycling, trek-
king, and trail running.

[0043] FIGS. 1A and 1B show an example of a cyclist CL
riding on a bicycle BC for cycling while wearing a wearable
device 10. The cyclist CL wears the wearable device 10 at
a center of the lower back by securing the wearable device
at a belt of a cycling pant, for example, with a clip as an
accessory of the body of the wearable device 10.

[0044] FIG. 2A is a block diagram of the functional
configuration of an electronic circuit of the wearable device
10 in one aspect of the present invention. In this drawing,
this wearable device 10 operates mainly with a controller
CNT including a CPU 11, a main memory 12 and a program
memory 13.

[0045] The CPU 11 reads an operation program and vari-
ous types of fixed data stored in the program memory 13
including a non-volatile memory, such as a flash memory,
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and decompresses and stores the program or the data into the
main memory 12 including a SRAM or the like. Then the
CPU 11 executes the operation program sequentially to
control the operations described later in an integrated man-
ner. Processors other than the CPU, e.g., ASIC (Application
Specification Integrated Circuit) or FPGA (Field Program-
mable Gate Array) may be used for this purpose.

[0046] To this CPU 11, the main memory 12, and the
program memory 13, a communication interface (I/'F) 14, a
GPS receiver 15, an operation unit 16, a memory card 17 and
a sensor interface (I/F) 18 are connected via a bus B.
[0047] The communication interface 14 is a circuit to
exchange data with a not-illustrated external device, such as
a smartphone, a personal computer (PC), or a digital camera
via an antenna 19. The data is exchanged based on wireless
LAN techniques complying with the standard of IEEE802.
11a/11b/11g/11n and near field communication techniques
complying with Bluetooth (registered trademark) or Blu-
etooth (registered trademark) LE (Low Energy), for
example.

[0048] The GPS receiver 15 receives radio waves coming
from a plurality of GPS satellites (not illustrated) via a GPS
antenna 20, and calculates the absolute three-dimensional
coordinate position (latitude/longitude/altitude) of the cur-
rent position and the current time.

[0049] These GPS antenna 20 and GPS receiver 15 may be
of a type that can be used with a satellite positioning system
other than the GPS, such as GLONASS (GLObal NAviga-
tion Satellite System) or Quasi-Zenith Satellite System
(QZSS) that is a Japanese regional navigational satellite
system. In that case, the GPS antenna and the GPS receiver
may receive radio waves coming from such a satellite as
well, and may calculate the absolute three-dimensional
coordinates of the current position and the current time more
precisely.

[0050] In that case, when the following description refers
to GPS positioning for the operation, the operation includes
the positioning with such a satellite positioning system other
than the GPS as well.

[0051] The operation unit 16 receives a user’s operation
with a power key, a setting key to set activity, and other keys
to instruct starting/ending of the measurement of this wear-
able device 10, and transmits a signal of the operated key to
the CPU 11.

[0052] The memory card 17 is detachably attached to this
wearable device 10 via a card slot CS. If wireless connection
to an external device fails, for example, the memory card can
record various types of data detected by the wearable device
10.

[0053] The sensor interface 18 connects an acceleration
sensor 21, a gyroscope sensor 22, a geomagnetic sensor 23,
a pneumatic sensor 24, a temperature sensor 25, and a heart
rate sensor 26, for example. The sensor interface receives an
output of the detection by each sensor and digitizes it, and
sends the digitized data to the CPU 11.

[0054] The acceleration sensor 21 detects the acceleration
along each of the three axes that are orthogonal to each other
to detect the posture (including the direction of the accel-
eration of gravity) of the member who wears this wearable
device 10 and the direction of external force applied.
[0055] The gyroscope sensor 22 includes a vibrating gyro-
scope to detect angular velocity along each of the three axes
that are orthogonal to each other. The gyroscope sensor
detects the changing rate in posture of the wearable device
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10. The gyroscope sensor may be an angular-velocity sensor
other than the vibrating gyroscope.

[0056] The geomagnetic sensor 23 includes a magnetore-
sistance effect device (MR sensor) to detect the geomagnetic
intensity relative to the magnetic north direction along each
of three axes that are orthogonal to each other. The geo-
magnetic sensor detects the bearing of this wearable device
10 during the movement, including the magnetic north
direction.

[0057] In some environments, such as indoors or in a
tunnel, the absolute value of the current position of the
wearable device cannot be detected with the GPS antenna 20
and the GPS receiver 15. Then the outputs of the detection
by these acceleration sensor 21, gyroscope sensor 22 and
geomagnetic sensor 23 may be combined, which can obtain
the track of the action by the user in such an environment as
well with consideration given to the bearing based on the
autonomous navigation (dead reckoning (DR)) in the three-
dimensional space.

[0058] The pneumatic sensor 24 detects atmospheric pres-
sure to detect a change in the atmospheric pressure. The
detection may be combined with information on the altitude
obtained from the output of the GPS receiver 15 to estimate
the altitude, if GPS positioning fails in the future.

[0059] The temperature sensor 25 detects temperatures.
[0060] The heart rate sensor 26 receives a detection signal
from a device (not illustrated) to detect electric potentials of
the heart that is attached to the left chest of the cyclist CL
wearing this wearable device 10, and detects the heart rate
of the cyclist CL.

[0061] FIG. 2B is a block diagram of the functional
configuration of an electronic circuit of the wearable device
10 and an external device 30 in another aspect of the present
invention. In this drawing, since the wearable device 10 is
the same as that in FIG. 2A, the description is omitted.
[0062] The external device 30 may be an electronic
device, such as a smartphone or a PC. The external device
30 operates mainly with a controller CNT 1 including a CPU
31, a main memory 32 and a program memory 33.

[0063] The CPU 31 reads an operation program and
various types of fixed data stored in the program memory 33
including a non-volatile memory, such as a flash memory,
and decompresses and stores the program or the data into the
main memory 32 including a SRAM or the like. Then the
CPU 31 executes the operation program sequentially to
control the operations described later in an integrated man-
ner. Processors other than the CPU, e.g., ASIC (Application
Specification Integrated Circuit) or FPGA (Field Program-
mable Gate Array) may be used for this purpose.

[0064] To this CPU 31, the main memory 32, the program
memory 33 and a display 34, a communication interface
(IF) 35 is connected via a bus Bl. The communication
interface 35 is a circuit to exchange data with the wearable
device 10 via an antenna 36. The data is exchanged based on
near field communication techniques as stated above, for
example. That is, the communication interface 14 of the
wearable device 10 exchanges data with the communication
interface 35 of the external device 30 via the antennas 19 and
36.

[0065] The following describes the operation of the pres-
ent embodiment.

[0066] The following describes a series of processing
when the cyclist CL wearing the wearable device 10 sets the
operating mode at “cycling” before cycling to start the
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measurement and ends the measurement at the timing when
the cycling ends, and after the cycling, analyzes the route
passed through during the cycling.

[0067] For instance, the wearable device 10 of FIG. 2A
can execute a series of processing from the measurement to
the analysis. The wearable device 10 of FIG. 2B can execute
a part of a series of processing from the measurement to the
analysis, and the external device 30, such as a smartphone or
a PC, executes the remaining processing.

[0068] The following describes the case where the wear-
able device 10 of FIG. 2A executes a series of processing
from the measurement to the analysis.

[0069] FIG. 3 is a flowchart to show the processing of a
main routine executed by the CPU 11. At the beginning of
the processing, the CPU 11 starts the processing in response
to the user’s operation of a start/end key of the operation unit
16. The CPU 11 confirms the measurement operation going
on (Yes at Step M101), and acquires detection data from
each of the acceleration sensor 21, the gyroscope sensor 22,
the geomagnetic sensor 23, the pneumatic sensor 24, the
temperature sensor 25, and the heart rate sensor 26 via the
sensor interface 18 (Step M102).

[0070] The measurement operation by these various types
of sensors is performed at predetermined time intervals (this
is defined as an analysis cycle), e.g., at the frequency of once
a second. Then the CPU 11 records the sensor data soon on
the memory card 17, and basically executes the following
operation based on the sensor data of the past five seconds.
[0071] Firstly the CPU 11 executes the processing to
correct axis based on the output from the acceleration sensor
21, the gyroscope sensor 22 and the geomagnetic sensor 23
(Step M103).

[0072] FIGS. 4A, 4B-1 and 4B-2 explain the processing of
this axis correction. FIG. 4A shows v-axis direction and
z-axis direction before the axis correction. More specifically
as shown in FIG. 4A, z-axis direction, which has to be
parallel to the vertical direction, and y-axis direction, which
has to be parallel to the travelling direction of the cyclist CL,
are inclined by the inclining angle of the lower back of the
cyclist CL wearing the wearable device 10.

[0073] Therefore the CPU 11 corrects the detection data of
the acceleration sensor 21 based on the direction of the
acceleration of gravity obtained from the acceleration sensor
21. The correction is made so that, as shown in FIG. 4B-1
and FIG. 4B-2, the antigravity direction is the positive
direction in z-axis, the opposite direction of the travelling
direction of the cyclist CL is the positive direction in y-axis,
and the left direction orthogonal to the travelling direction of
the cyclist CL is the positive direction in x-axis. Note here
that the x-axis direction and the y-axis direction are set so
that the direction where the cyclist CL faces is the front face.
[0074] In this way, the axes shown in FIG. 4A that are
detected from various types of sensors are corrected as in
FIGS. 4B-1 and 4B-2. In the present embodiment, the axes
are defined as in FIGS. 4B-1 and 4B-2.

[0075] Additionally the detection data of the gyroscope
sensor 22 is corrected so that the angular velocity rotating
clockwise from the origin is positive angular velocity rela-
tive to the positive directions of x-, y-, and z-axes.

[0076] After this axis correction, the CPU 11 executes
low-pass filter processing and outlier-removing processing

of the data of these sensors to reduce the noise component
(Step M104).
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[0077] Based on the sensor data subjected to such axis
correction and noise-component reduction processing, the
CPU 11 estimates the action and the cadence of the cyclist
CL (Step M1053).

[0078] Note here that action estimation means estimation
of a continuous action by the cyclist CL for a certain
duration during cycling based on the data detected by
various type of sensors. The present embodiment classifies
the action into any one of the following five types by the
action estimation: that is,

[0079] seated: the cyclist is pedaling while sitting on the
saddle of the bicycle BC,

[0080] standing: the cyclist is pedaling while standing
up from the saddle,

[0081] inertial running: the bicycle BC travels by an
inertial force while the cyclist is not pedaling,

[0082] walking: the cyclist is dismounted from the
bicycle BC and is walking (including walking while
pushing the bicycle BC forward), and

[0083] stop: actions other than the above. This is mainly
assumed as a stopping state.

[0084] Cadence estimation means estimations on three
actions of the above, including seated, standing and walking
so as to estimate the rotating speed of the crank pedal of the
bicycle BC (for seated and standing) or the number of steps
(for walking) per unit time (typically one minute).

[0085] FIG. 5 is a flowchart of a subroutine to show the
action/cadence estimation at Step M105 as stated above in
details. At the beginning of this processing, the CPU 11 sets,
for initial setting, an invalid value for both of the values of
cadence for updating the integrated value and of cadence for
updating the maximum value (Step S101).

[0086] Next the CPU 11 executes action determination 1
from Steps S102 to S110. In this action determination 1, the
CPU 11 determines whether the action is “standing or
walking” or other actions. More specifically during standing
and walking, the lower back of the cyclist CL. moves up and
down periodically. Therefore the output AccZ of the accel-
eration sensor 21 in the z-axis direction has noticeable
periodicity. This determination is therefore made based on
the output AccZ.

[0087] At the beginning of this processing, the CPU 11
executes cadence estimation described later in details so as
to calculate an autocorrelation coefficient of the output AccZ
of the acceleration sensor 21 in the z-axis direction (Step
S102).

[0088] Next the CPU 11 determines whether the output
AccZ of the acceleration sensor 21 in the z-axis direction has
variance larger than a first threshold Thl, e.g, 1.4, and
whether the autocorrelation coeflicient of the output AccZ of
the acceleration sensor 21 in the z-axis direction is larger
than a second threshold Th2, e.g., 0.47. Based on the result
of the determination, the CPU 11 removes small amplitude,
such as vibrations from the road surface, as noise, and
executes the action determination 1 (Step S103).

[0089] At this Step S103, when the CPU 11 determines
that the action is standing or walking because the output
AccZ of'the acceleration sensor 21 in the z-axis direction has
variance larger than the first threshold Thl and the autocor-
relation coefficient of the output AccZ is larger than the
second threshold Th2 (Yes at Step S103), the CPU 11
determines whether information on the travelling speed is
reliable or not (Step S104). When the GPS positioning
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information is reliable, the CPU 11 determines that infor-
mation on the travelling speed is reliable, which will be
described later in details.

[0090] When the CPU 11 determines that the information
on the travelling speed is reliable because such information
is stably obtained (Yes at Step S104), the CPU 11 next
determines whether the speed is smaller than a third thresh-
old Th3, e.g., 2.4 [m/sec.] and whether the output AccY of
the acceleration sensor 21 in the y-axis direction has vari-
ance larger than a fourth threshold Th4, e.g., 2.0 (Step
S105). That is, if the travelling speed is smaller than a certain
value and the acceleration in the travelling direction has
large variance, the action is determined as walking because
there 1s impact (brake shock) especially at the landing of the
foot.

[0091] When the CPU 11 determines that the travelling
speed is smaller than the certain value and the acceleration
in the travelling direction has large variance because the
travelling speed is smaller than the third threshold Th3 and
the output AccY of the acceleration sensor 21 in the y-axis
direction has variance larger than the fourth threshold Th4
(Yes at Step S105), the CPU 11 determines that the action at
this time is walking (Step S106) and ends the action deter-
mination 1.

[0092] At this Step S105, when the CPU 11 determines
that the travelling speed is the certain value or larger or the
acceleration in the travelling direction has small variance
because the travelling speed is the third threshold Th3 or
larger or the output AccY of the acceleration sensor 21 in the
y-axis direction has variance of the fourth threshold Th4 or
smaller (No at Step S105), the CPU 11 determines that the
action at this time is standing (Step S107) and ends the
action determination 1.

[0093] At Step S104 as stated above, when the CPU 11
determines that the information on the travelling speed is not
reliable because such information cannot be obtained stably
(No at Step S104), the CPU 11 next determines only whether
the output AccY of the acceleration sensor 21 in the y-axis
direction has variance larger than the fourth threshold Th4,
e.g., 2.0 (Step S108). That is, if the acceleration in the
travelling direction has large variance, the action is deter-
mined as walking because there is impact (brake shock)
especially at the landing of the foot.

[0094] When the CPU 11 determines that the acceleration
in the travelling direction has large variance because the
output AccY of the acceleration sensor 21 in the y-axis
direction has variance larger than the fourth threshold Th4
(Yes at Step S108), the CPU 11 determines that the action at
this time is walking (Step S109) and ends the action deter-
mination 1.

[0095] At this Step S108, when the CPU 11 determines
that the acceleration in the travelling direction has small
variance because the output AccY of the acceleration sensor
21 in the y-axis direction has variance of the fourth threshold
Th4 or smaller (No at Step S108), the CPU 11 determines
that the action at this time is standing (Step S110) and ends
the action determination 1.

[0096] After the action determination at these steps S106,
$107, S109 and S110, the CPU 11 sets a first cadence value
corresponding to standing or walking (cadence setting (1))
(Step S111). This setting of the first cadence value is
described later in details.

[0097] At Step S103, when the CPU 11 determines that the
action is neither standing nor walking because the output



US 2019/0038937 A1l

AccZ of the acceleration sensor 21 in the z-axis direction has
variance of the first threshold Thl or smaller or the auto-
correlation coeflicient of the output AccZ is the second
threshold Th2 or smaller (No at Step S103), the CPU 11
determines whether information on the travelling speed is
reliable or not (Step S112). When the GPS positioning
information is reliable, the CPU 11 determines that infor-
mation on the travelling speed is reliable, which will be
described later in details.

[0098] When the CPU 11 determines that the information
on the travelling speed is reliable because such information
is stably obtained (Yes at Step S112), the CPU 11 next
determines whether the action is stop or not. This determi-
nation is made based on whether the speed is smaller or not
than a fifth threshold Th5, e.g., 0.64 [m/sec.] (Step S113).
[0099] When the CPU 11 determines that the travelling
speed is smaller than the fifth threshold Th5 (Yes at S113),
the CPU 11 determines that the action at this time is stop
(Step S114) and ends the action determination 2.

[0100] When a reliable travelling speed is smaller than a
certain value, the CPU 11 may erroneously determine an
unexpected action of the cyclist CL during stopping, such as
doing exercise after stopping the bicycle BC, as seated or
inertial running. The above processing avoids such an erro-
neous determination as much as possible.

[0101] When the CPU 11 determines at Step S113 that the
travelling speed is the fifth threshold ThS or larger (No at
Step S113), the CPU 11 shifts to action determination 3 at
Steps S115 to S119 to make a determination between inertial
running and seated.

[0102] In this action determination 3, the CPU 11 executes
seated determination as follows (Step S115).

[0103] FIG. 6 is a flowchart to show a subroutine of the
seated determination in details. Firstly the CPU 11 performs
seated determination 1. In this determination, the CPU 11
determines whether the action is seated or not (Step S201).
This determination is made based on whether the output
GyrY in the y-axis direction and the output GyrZ in the
z-axis direction of the gyroscope sensor 22 have periodicity
or not, which are the features of seated.

[0104] FIG. 7 is a flowchart to show a subroutine of this
seated determination 1 in details. The output GyrY in the
y-axis direction and the output GyrZ in the z-axis direction
of the gyroscope sensor 22 are used for this determination
because the rotary movement of the lower back of the cyclist
CL during pedaling often appears in any one of the y-axis
direction and the z-axis direction or in both of the directions,
although there are differences between individuals.

[0105] The following describes how to detect the period-
icity of the output GyrY in the y-axis direction and the
output GyrZ in the z-axis direction of the gyroscope sensor
22.

[0106] FIGS. 8A-8C show an example about how the
output GyrZ in the z-axis direction of the gyroscope sensor
22 for three cyclists CL, including CL-A, CL-B and CL-C,
changes during seated. In this way, there are large differ-
ences in movement between individuals during seated
operation. Therefore a seated determination is not enough if
its periodicity is simply determined based on independent
thresholds of the variance and of the autocorrelation coef-
ficient.

[0107] As shown in FIG. 9, the periodicity therefore is
determined by linear separation using a border line BD
between variance and autocovariance.
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[0108] Such autocovariance is used instead of the auto-
correlation coefficient because the autocorrelation coeffi-
cient is obtained by dividing autocovariance by variance.
This can avoid double influences of the variance.

[0109] Thereby even when the motion of the lower back of
the cyclist CL is small (which means that the variance is
small) during seated operation, a determination may be
made whether there is autocovariance or not, which corre-
sponds to the variance, whereby the periodicity can be
detected. As shown in FIG. 9, another condition may be
added to this linear separation. That is, if the variance is too
small beyond a certain limit, this also is determined as not
seated.

[0110] In FIG. 7 to show the specific processing, the CPU
11 firstly executes cadence estimation described later (Step
S211).

[0111] Next the CPU 11 determines whether the autocor-
relation coeflicient of the output GyrY in the y-axis direction
of the gyroscope sensor 22 is larger than a seventh threshold
Th7, e.g., 0.51 and whether this output GyrY has variance
larger than an eighth threshold Th8, e.g., 0.01, or determines
whether the autocorrelation coefficient of the output GyrZ in
the z-axis direction of the gyroscope sensor 22 is larger than
the seventh threshold Th7 and whether this output GyrZ has
variance larger than the eighth threshold Th8. The CPU 11
makes a determination of at least any one of them (Step
S212).

[0112] In this determination at Step S212, the seventh
threshold Th7 and the eighth threshold Th8 are set somewhat
large. This is to extract the output GyrY in the y-axis
direction and the GyrZ in the z-axis direction of the gyro-
scope sensor 22 having sufliciently large amplitude and
having clear periodicity, which can determine that the action
is clearly a seated operation.

[0113] When the CPU 11 determines that this condition is
satisfied (Yes at S212), the CPU 11 determines that the
action is seated (Step S213).

[0114] When the CPU 11 determines that the condition at
Step S212 is not satisfied (No at Step S212), then the CPU
11 determines whether the autocovariance of the output
GyrY in the y-axis direction of the gyroscope sensor 22 is
smaller than a ninth threshold Th9, e.g., 0.0016 or whether
this output GyrY has variance smaller than a tenth threshold
Th10, e.g., 0.0047 and determines whether the autocovari-
ance of the output GyrZ in the z-axis direction of the
gyroscope sensor 22 is smaller than the ninth threshold Th9
and whether this output GyrZ has variance smaller than the
tenth threshold Th10 (Step S214).

[0115] In this determination at Step S214, the output GyrY
in the y-axis direction and the output GyrZ in the z-axis
direction of the gyroscope sensor 22 having very small
amplitude and having clearly low periodicity are extracted,
whereby the CPU 11 can identify the case where the action
is clearly not seated. To this end, the ninth threshold Th9 and
the tenth threshold Th10 are set somewhat small.

[0116] When the CPU 11 determines that this condition is
satisfied (Yes at Step S214), the CPU 11 determines that the
action is not seated (Step S215).

[0117] When the CPU 11 determines that the condition at
Step S214 is not satisfied (No at Step S214), then the CPU
11 determines whether the autocovariance of the output
GyrY in the y-axis direction of the gyroscope sensor 22 is
larger than the value obtained by multiplying the variance of
the output GyrY by the gradient al of the border line BD in
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FIG. 9, e.g., 0.3113 and adding the value of contact (inter-
cept) bl, e.g., 0.0018, or determines whether the autoco-
variance of the output GyrZ in the z-axis direction of the
gyroscope sensor 22 is larger than the value obtained by
multiplying the variance of the output GyrZ by the gradient
al of the border line BD in FIG. 9 and adding the value of
contact (intercept) b1. The CPU 11 makes a determination of
at least one of them (Step S216).

[0118] As described above, since there are large differ-
ences between individuals in pedaling during the seated
operation, it is difficult to evaluate the presence or not of the
periodicity simply by setting a threshold for the variance.
For instance, while the movement of one cyclist (FIG. 8C)
1s large and has periodicity, the movement of another cyclist
(FIG. 8B or FIG. 8A) is intermediate or small but still having
periodicity. Therefore it may be difficult to determine the
periodicity of the movement simply by setting one threshold
for variance as in Step S212 or Step S214. To solve this, at
Step S216, seated determination is made by evaluating the
autocovariance and the variance through regression of these
two values instead of evaluating the correlation coeflicient
and the variance separately.

[0119] Seated determination is made by linear separation
using the border line BD shown in FIG. 9. When the CPU
11 determines that the condition at Step S216 is satisfied
(Yes at S216), the CPU 11 determines that the action is
seated (Step S217). The determination at Step S216 enables
seated determination when the variance is so small that the
action is not determined as seated at Steps S212 and S214.
[0120] When the CPU 11 determines that the condition at
Step S216 is not satisfied (No at Step S216), the CPU 11
determines that the action is not seated (Step S218).
[0121] After the seated determination 1 in FIG. 7 as stated
above, the CPU 11 returns to the processing of FIG. 6. Then
the CPU 11 determines whether the seated determination 1
determines the action as seated or not (Step S202).

[0122] When the CPU 11 determines that the action is
seated (Yes at Step S202), then the CPU 11 determines again
that the action is seated (Step S203) and that this determi-
nation is reliable. The CPU 11 then uses the cadence
obtained during the cadence determination to calculate a
maximum cadence value.

[0123] When the CPU 11 determines at Step S202 that the
action is not seated (No at Step S202), the CPU 11 subse-
quently executes seated determination 2 (Step S204).
[0124] FIG. 10 is a flowchart to show a subroutine of this
seated determination 2 in details. The CPU 11 firstly
executes cadence estimation described later (Step S221).
[0125] After that the CPU 11 corrects the output GyrY in
the y-axis direction and the output GyrZ in the z-axis
direction of the gyroscope sensor 22 between their local
maxima and local minima (Step S222).

[0126] FIG. 11A-1 shows an example of the output GyrY
in the y-axis direction of the gyroscope sensor 22 during
seated before correction, and FIG. 11A-2 shows a result of
the correction to set the middle position between the local
extremum of the output GyrY in the y-axis direction at 0
(zero). FIG. 11A-1 shows the periodicity to some extent in
the output GyrY in the y-axis direction of the gyroscope
sensor 22. If this is directly used for the determination of
seated as described later, the action is not determined as
seated in some cases. To avoid this, the value at the middle
position between local maxima and local minima of the
output GyrY in the y-axis direction of the gyroscope sensor
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22 is brought to 0 (zero) at Step S222. FIG. 11A-2 shows a
successful example. In this way, when the output GyrY in
the y-axis direction of the gyroscope sensor 22 is irregular
and has small amplitude as well, the action can be deter-
mined as seated correctly by stabilizing the output for seated
determination.

[0127] On the contrary, FIG. 11B-1 shows an example of
the output GyrZ in the z-axis direction of the gyroscope
sensor 22 during seated before correction, and FIG. 11B-2
shows a result of the correction to set the middle position
between the local extrema of the output GyrZ in the z-axis
direction at 0 (zero). FIG. 11B-2 shows an example of
failure, and shows the example where this determines that
the output GyrZ in the z-axis direction of the gyroscope
sensor 22 has periodicity including the noise, and so fails to
determine the action as seated correctly.

[0128] After this correction between local extrema, the
CPU 11 determines whether the autocorrelation coefficient
of the output GyrY in the y-axis direction of the gyroscope
sensor 22 is larger than an eleventh threshold Thll, e.g.,
0.49 and whether this output GyrY has variance larger than
a twelve threshold Th12, e.g., 0.018, or determines whether
the autocorrelation coeflicient of the output GyrZ in the
z-axis direction of the gyroscope sensor 22 is larger than the
eleventh threshold Th11 and whether this output GyrZ has
variance larger than the twelfth threshold Th12. The CPU 11
makes a determination of at least any one of them (Step
S223).

[0129] In the determination at Step S223, the eleventh
threshold Th1l and the twelfth threshold Th12 are set
somewhat large. This is to extract the output GyrY in the
y-axis direction and the GyrZ in the z-axis direction of the
gyroscope sensor 22 having sufficiently large amplitude and
having clear periodicity, which can determine that the action
is clearly a seated operation.

[0130] When the CPU 11 determines that this condition is
satisfied (Yes at S223), the CPU 11 determines that the
action is seated (Step S224).

[0131] When the CPU 11 determines that the condition at
Step S223 is not satisfied (No at Step S223), then the CPU
11 determines whether the autocovariance of the output
GyrY in the y-axis direction of the gyroscope sensor 22 is
smaller than a thirteenth threshold Th13, e.g., 0.00017 or
whether this output GyrY has variance smaller than a
fourteenth threshold Thl4, 0.002 and determines whether
the autocovariance of the output GyrZ in the z-axis direction
of the gyroscope sensor 22 is smaller than the thirteenth
threshold Th13 and whether this output GyrZ has variance
smaller than the fourteenth threshold Th14 (Step S225).
[0132] Inthis determination at Step S225, the output GyrY
in the y-axis direction and the output GyrZ in the z-axis
direction of the gyroscope sensor 22 having very small
amplitude and having clearly low periodicity are extracted,
whereby the CPU 11 can identify the case where the action
is clearly not seated. To this end, the thirteenth threshold
Th13 and the fourteenth threshold Th14 are set somewhat
small.

[0133] When the CPU 11 determines that this condition is
satisfied (Yes at Step S225), the CPU 11 determines that the
action is not seated (Step S226).

[0134] When the CPU 11 determines that the condition at
Step S225 is not satisfied (No at Step S225), then the CPU
11 determines whether the autocovariance of the output
GyrY in the y-axis direction of the gyroscope sensor 22 is
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larger than the value obtained by multiplying the variance of
the output GyrY by the gradient a2 of the border line BD in
FIG. 9, e.g., 0.5065 and adding the value of contact (inter-
cept) b2, e.g., 0.00041, or determines whether the autoco-
variance of the output GyrZ in the z-axis direction of the
gyroscope sensor 22 is larger than the value obtained by
multiplying the variance of the output GyrZ by the gradient
a2 of the border line BD in FIG. 9 and adding the value of
contact (intercept) b2. The CPU 11 makes a determination of
at least one of them (Step S227).

[0135] Seated determination is made by linear separation
using the border line BD shown in FIG. 9. When the CPU
11 determines that the condition at Step S227 is satisfied
(Yes at S227), the CPU 11 determines that the action is
seated (Step S228). The determination at Step S227 enables
seated determination when the variance is so small that the
action is not determined as seated at Steps S223 and S225.
[0136] When the CPU 11 determines that the condition at
Step S227 is not satisfied (No at Step S227), the CPU 11
determines that the action is not seated (Step S229).
[0137] The correction between local extrema at Step S222
equals to the processing to emphasize the noise. Therefore
seated determination 2 at S204 should not be performed
prior to the seated determination 1 at Step S201. Seated
termination 2 is performed after seated determination 1 to
determine the action as seated that has not been determined
as such in the seated determination 1. if seated termination
2 is performed first, the cadence cannot be calculated
correctly as described later. Therefore the CPU 11 performs
seated determination 2 after seated determination 1.

[0138] After the seated determination 2 in FIG. 10 as
stated above, the CPU 11 returns to the processing of FIG.
6. Then the CPU 11 determines whether the seated deter-
mination 2 determines the action as seated or not (Step
S205).

[0139] When the CPU 11 determines that the action is
seated (Yes at Step S205), then the CPU 11 determines again
that the action is seated (Step S206) and that the reliability
of this determination is low. The CPU 11 then does not use
the cadence obtained during the cadence determination to
calculate a maximum cadence.

[0140] When the CPU 11 determines at Step S205 that the
action is not seated (No at Step S205), the CPU 11 subse-
quently executes seated determination 3 (Step S207). In this
seated determination 3, the CPU 11 performs the seated
determination based on the output AccY in the y-axis
direction of the acceleration sensor 21, That is, the seated
determination 3 is targeted for a cyclist who is pedaling so
slowly that the angular velocity is hardly detected.

[0141] FIG. 12 is a flowchart to show a subroutine of this
seated determination 3 in details. The CPU 11 firstly
executes cadence estimation described later (Step S231).
[0142] After that the CPU 11 determines whether the
autocorrelation coefficient of the output AccY of the accel-
eration sensor 21 in the y-axis direction is larger than a
fifteenth threshold Th15, e.g., 0.65, and whether the output
AccY has variance larger than a sixteenth threshold Th16,
e.g., 0.071 (Step S232).

[0143] When the CPU 11 determines that the condition at
Step $232 is satisfied (Yes at S232), the CPU 11 determines
that the action is seated (Step S233).

[0144] When the CPU 11 determines that the condition at
Step S232 is not satisfied (No at Step S232), the CPU 11
determines that the action is not seated (Step S234).
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[0145] The processing at Step S232 makes a determination
as stated above because, even when the outputs GyrY and
GyrZ of the gyroscope sensor 22 in the y- and z-axis
directions do not have periodicity because of seated having
a large gear-value described later and low cadence, for
example, the propulsion force during pedaling can be found
based on the output AccY of the acceleration sensor 21 in the
y-axis direction.

[0146] Therefore when the autocorrelation coefficient of
the output AccY of the acceleration sensor 21 in the y-axis
direction is larger than the fifteenth threshold Th15 and the
output AccY has variance larger than the sixteenth threshold
Thile, the CPU 11 determines the action as seated.

[0147] For instance, if a gear value of a bicycle BC is large
and a cyclist CL is pedaling the bicycle BC with their
physical ability, seated determinations 1 and 2 may fail to
determine it as seated. In that case, seated determination 3
can determine it as seated based on the autocorrelation
coeflicient and variance of the output AccY of the accelera-
tion sensor 21 in the y-axis direction.

[0148] FIGS. 13A and 13B show an example of the
detection waveform of the output AccY of the acceleration
sensor 21 in the y-axis direction. FIG. 13A shows an
example where the periodicity can be successfully detected
from the output AccY of the acceleration sensor 21 in the
y-axis direction.

[0149] On the contrary, FIG. 13B shows an example of a
failure where the output AccY of the acceleration sensor 21
in the y-axis direction includes noise overlapped and the
periodicity is detected from the waveform including such
noise.

[0150] When cadence is calculated, which is described
later, the CPU 11 calculates the cadence while distinguishing
these methods of seated determination. That is, the CPU 11
considers seated determination 1 as a stable detection
method for seated and seated determinations 2 and 3 as a
slightly instable detection method for seated.

[0151] After the seated determination 3 in FIG. 12 as
stated above, the CPU 11 returns to the processing of FIG.
6. Then the CPU 11 determines whether the seated deter-
mination 3 determines the action as seated or not (Step
S208).

[0152] When the CPU 11 determines that the action is
seated (Yes at Step S208), then the CPU 11 determines again
that the action is seated (Step S206) and that the reliability
of this determination is low. The CPU 11 then does not use
the cadence obtained during the cadence determination to
calculate a maximum cadence.

[0153] When the CPU 11 determines at Step S208 that the
action is not seated (No at Step S208), the CPU 11 deter-
mines the action as not seated (Step S209). Then the CPU 11
ends the subroutine in FIG. 6 and returns to the processing
of FIG. 5.

[0154] After the seated determination at Step S115 in FIG.
5, the CPU 11 determines whether the action is determined
as seated or not based on the result of the seated determi-
nation (Step S116).

[0155] When it is determined that the action is seated (Yes
at S116), the CPU 11 determines again that the action is
seated (Step S117). After that the CPU 11 executes the
processing of cadence setting (2) described later (Step S118)
and ends the action determination 3.

[0156] When the CPU 11 determines at Step S116 that the
action is not seated because the detected data does not have
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periodicity (No at S116), the CPU 11 determines the action
as inertial running (Step S119). Then the CPU 11 ends the
action determination 3.

[0157] When the CPU 11 determines at Step S112 of the
action determination 2 that the speed is not reliable (No at
Step S112), the CPU 11 executes action determination 4 at
Steps S120 to S126. In this action determination 4, the CPU
11 determines the action as any one of “seated”, “inertial
running” and “stop”. Since information on the travelling
speed obtained from the output of the GPS receiver 15 is
determined as not reliable in the action determination 2 and
the information on the travelling speed estimated from dead
reckoning also may not be reliable because of an error or the
like, the CPU 11 performs seated determination prior to
determination for stop in the action determination 4.
[0158] In this action determination 4, the CPU 11 executes
seated determination similar to step S115 as stated above
prior to determination for stop (Step S120).

[0159] After this seated determination, the CPU 11 deter-
mines whether the action is determined as seated or not
based on the result of the seated determination (Step S121).
[0160] When itis determined that the action is seated (Yes
at S121), the CPU 11 determines again that the action is
seated (Step S122). After that the CPU 11 executes the
processing of cadence setting (2) described later (Step S123)
and ends the action determination 4.

[0161] At this Step S121, when the CPU 11 determines
that the action is not seated (No at Step S121), the CPU 11
then determines whether small vibrations on the road surface
can be detected or not (Step S124). This determination is
made based on whether the derivation of the output AccZ of
the acceleration sensor 21 in the z-axis direction has vari-
ance larger than a sixth threshold Thé, e.g., 0.19.

[0162] When the CPU 11 determines that small vibrations
on the road surface can be detected because the derivation of
the output AccZ of the acceleration sensor 21 in the z-axis
direction has variance larger than the sixth threshold Thé
(Yes at Step S124), the CPU 11 determines that the action is
inertial running (Step S125) and ends the action determina-
tion 4.

[0163] Since information on the travelling speed obtained
from the output of the GPS receiver 15 is determined as not
reliable in the action determination 2 as stated above, the
action determination 4 cannot use the information on the
travelling speed. Therefore the CPU 11 cannot make a
determination on stop based on the speed as in at Step S113.
Then at Step S124, in order to determine the remaining
action (inertial running or stop) not based on the speed, the
CPU 11 uses the variance of the derivation of the output
AccZ of the acceleration sensor 21 in the z-axis direction,
1.e., whether small vibrations from the road surface are
detected or not.

[0164] At Step S124, when the CPU 11 determines that
small vibrations from the road surface cannot be detected
(No at Step S124) because the derivation of the output AccZ
of the acceleration sensor 21 in the z-axis direction has
variance of the sixth threshold Thé or smaller, the CPU 11
determines that the action is stop (Step S126) and ends
action determination 4.

[0165] Next, the following describes the cadence estima-
tion at Step S102 in FIG. 5, at Step S211 in FIG. 7, at Step
$221 in FIG. 10 and at Step S231 in FIG. 12 in details.
[0166] Cadence is a value indicating the number of rota-
tions of a crank pedal during pedaling by a cyclist CL with
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a bicycle BC, and the value changes continually as stated
above. Cadence typically is represented in the units [rpm)] as
the latest number of rotations per minute.

[0167] A maximum cadence is a maximum value of the
cadence during the entire route, and is typically used as one
of the indexes for the ability of cycling.

[0168] The integrated number of rotations is the total
number of rotations during pedaling along the entire route,
which corresponds to the number of steps during walking.
[0169] In the present embodiment, when the action is
standing, seated or walking, such an action is considered to
have periodicity and cadence is calculated therefor.

[0170] When the action is inertial running or stop, cadence
is not calculated because such an action does not have
periodicity.

[0171] FIG. 14 is a flowchart of a subroutine of cadence
estimation common to these actions. At the beginning, the
CPU 11 sets an initial value “0” at a sample lag (Step S301).
[0172] Next the CPU 11 updates the value of the sample
lag to be “+1” (Step S302). The CPU 11 calculates the
autocorrelation coefficient based on the updated sample lag
(Step S303), and stores the calculated autocorrelation coef-
ficient in a buffer in the main memory 12 (Step S304).
[0173] Next the CPU 11 determines whether there is an
autocorrelation coeflicient below “0” in the past (Step S305).
[0174] When the CPU 11 determines that there is an
autocorrelation coeflicient below “0” (Yes at Step S305), the
CPU 11 next determines whether the value is a local
maximum of the seventeenth threshold Thl7, e.g., 0.2 or
more (Step S306).

[0175] When the CPU 11 determines at Step S305 that
there is no autocorrelation coefficient below “0” (No at Step
S305) and when the CPU 11 determines at Step S306 that the
value of the autocorrelation coefficient is smaller than sev-
enteenth threshold Th17 (No at Step $306), then the CPU 11
does not use the autocorrelation coefficient, and determines
whether there is still another sample (Step S307).

[0176] When the CPU 11 determines that there is still
another sample (Yes at Step S307), the CPU 11 returns to the
processing from Step S302 as stated above, and repeats a
similar operation.

[0177] In this way, the CPU 11 updates a sample lag
sequentially, and searches for a sample lag having the
autocorrelation coefficient that is a local maximum while
sequentially scanning from “0”.

[0178] When the CPU 11 determines at Step S306 that the
calculated autocorrelation coefficient is a local maximum of
the seventeenth threshold Th17 or more (Yes at Step $S306),
the CPU 11 divides the sample lag as the local maximum by
the sampling frequency (sample f) to obtain a quotient, and
further divides the quotient by the constant 60 [sec.] to
obtain the cadence value [rpm] (Step S309).

[0179] When the CPU 11 determines at Step S307 that
there is no more samples (No at Step S307), the CPU 11 sets
a fixed value 0 (zero) [rpm] as the cadence value because the
cadence cannot be calculated (Step S308).

[0180] After obtaining the cadence value at Step S309 or
Step S308, the CPU 11 determines whether the action is
walking or not (Step S310). This determination is made
based on whether the signal as target is the output AccZ of
the acceleration sensor 21 in the z-axis direction or not.
[0181] Only when the CPU 11 determines that the action
is walking because the signal as target is the output AccZ of
the acceleration sensor 21 in the z-axis direction (Yes at Step
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S310), the CPU 11 updates the calculated cadence value
[tpm] to be V2 (Step S311) due to matching with the number
of rotations of the crank pedal, and ends the cadence
estimation.

[0182] When the CPU 11 determines at Step S310 that the
action is not walking because the signal as target is not the
output AccZ of the acceleration sensor 21 in the z-axis
direction (No at Step S310), the CPU 11 does not execute the
processing at Step S311 and ends the cadence estimation.
[0183] At Step S306 as stated above, determination is
made based on the seventeenth threshold Th17 about
whether the local maximum is to be used or not for the
autocorrelation coeflicient of a sample lag. This is to remove
the influences from the local maxima of high-frequency
waves as shown in FIGS. 15A and 15B.

[0184] FIG. 15A shows an example of the waveform of an
input signal as a target. FIG. 15B shows the result of
calculated autocorrelation coeflicient from this input signal.
As indicated at XV part in FIG. 15B, a local maximum of
high-frequency waves due to noise may appear in the
waveform. A determination at Step S305 is made not to use
such a case.

[0185] Next the following describes how to calculate
cadence for each action.

[0186] For the integrated number of rotations and the
maximum cadence, different cadence values are used. This
is because the integrated number of rotations does not
generate a large error for the final integrated value in total
even when it has a small error in estimation at each time. On
the contrary, if a large cadence value is output at a certain
time, the maximum cadence value cannot be corrected later.
Therefore a stable cadence value has to be used for the
maximum cadence.

[0187] Firstly the following describes how to calculate
cadence when the action is walking or standing.

[0188] FIG. 16 is a flowchart of a subroutine to set the first
cadence value (cadence setting (1)) at Step S111 in FIG. 5
as stated above in details.

[0189] The CPU 11 firstly counts the cycle of the output
AccZ of the acceleration sensor 21 in the z-axis direction as
the cadence value, and sets this as cadence for updating
integrated value (Step S401).

[0190] After that, the CPU 11 uses the cadence value
GyrYZ having a larger autocorrelation coefficient that is any
one of the cadence value based on the output GyrY of the
gyroscope sensor 22 in the y-axis direction and the output
GyrZ of the gyroscope sensor in the z-axis direction, and
determines whether the cadence value of the output AccZ of
the acceleration sensor 21 in the z-axis direction is reliable
or not (Step S402). This determination is made based on
whether an absolute value of the difference of the cadence
value GyrYZ from the cadence value of the output AccZ of
the acceleration sensor 21 in the z-axis direction is smaller
than an eighteenth threshold Th18, e.g., 10 or not.

[0191] When the CPU 11 determines that the absolute
value of the difference of the cadence value GyrYZ from the
cadence value of the output AccZ is smaller than the
eighteenth threshold Th18, and so the cadence value of the
output AccZ of the acceleration sensor 21 in the z-axis
direction is reliable (Yes at Step S402), the CPU 11 uses the
cadence value of the output AccZ of the acceleration sensor
21 in the z-axis direction as the cadence for updating
maximum value (Step S403). Then the CPU 11 ends setting
of the first cadence value.
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[0192] When the CPU 11 determines at Step S402 that the
absolute value of the difference of the cadence value GyrYZ
from the cadence value of the output AccZ is the eighteenth
threshold Th18 or larger, and so the cadence value of the
output AccZ of the acceleration sensor 21 in the z-axis
direction is not reliable (No at Step S402), the CPU 11 uses
an invalid value as the cadence for updating maximum value
(Step S404). Then the CPU 11 ends setting of the first
cadence value.

[0193] Such a comparison between the absolute value of
the difference of the cadence value GyrYZ from the cadence
value of the output AccZ and the eighteenth threshold Th18
is to remove counting of an extremely large cadence value
due to noise, which may appear when the action is walking
or standing. When the absolute value of the difference
between these two cadence value is the threshold Th18 or
smaller and so these values are substantially similar cadence
values, the CPU 11 determines that the cadence value is
highly reliable.

[0194] Next the following describes how to calculate
cadence when the action is seated.

[0195] FIG. 17 is a flowchart of a subroutine to set the
second cadence value (cadence setting (2)) at Steps S118
and S123 in FIG. 5 as stated above in details.

[0196] At the beginning of this processing, the CPU 11
determines which one of seated determination 1, seated
determination 2, and seated determination 3 in FIG. 6 is used
for determination of seated (Step S501).

[0197] When the CPU 11 determines that seated determi-
nation 1 is used, the CPU 11 sets the cadence value obtained
by counting the cycle of the output GyrYZ of the gyroscope
sensor 22 in the y-axis or z-axis direction as the cadence
value for updating integrated value (Step S502) because the
output GyrY, GyrZ is reliable and stable.

[0198] The CPU 11 then sets the cadence value GyrYZ as
the cadence value for updating maximum value (Step S503),
and ends the processing of FIG. 17.

[0199] When the CPU 11 determines at Step S501 that
seated determination 2 is used, the CPU 11 sets, based on the
output GyrY, GyrZ subjected to correction of local extrema,
the cadence value GyrYZ as the cadence value for updating
integrated value (Step S504).

[0200] The CPU 11 then sets an invalid value as the
cadence value for updating maximum value (Step S505),
and ends the processing of FIG. 17.

[0201] This is because, as shown in FIG. 11B-1 and FIG.
11B-2, the correction of local extrema may emphasize noise,
which leads to the risk of generating high-frequency waves.
[0202] When the CPU 11 determines at Step S501 that
seated determination 3 is used, this is the case where the
action is determined as seated based on the output AccY of
the acceleration sensor 21 in the y-axis direction. The CPU
11 therefore sets the cadence value obtained by counting the
cycle of the output AccY as the cadence value for updating
integrated value (Step S506).

[0203] The CPU 11 then sets an invalid value as the
cadence value for updating maximum value (Step S507),
and ends the processing of FIG. 17.

[0204] This is because, as shown in FIG. 13B, a signal of
the output AccY tends to include a lot of noise, which leads
to the risk of generating high-frequency waves.

[0205] In this way, stable periodicity is determined first,
and then somewhat instable periodicity is determined later.
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Thereby stable cadence and less stable cadence can be
clearly separated in the processing.

[0206] In FIG. 5 as stated above, after executing the
processing of action determination 1 to action determination
4, the CPU 11 executes updating of the cadence (Step S127).
[0207] FIG. 18 is a flowchart to show a subroutine of the
updating of cadence as stated above in details.

[0208] The CPU 11 firstly sets a value of the cadence for
updating integrated value at that time as target cadence (Step
S601), and stabilizes the cadence (Step S602).

[0209] FIG. 19 is a flowchart to show a subroutine of the
stabilizing of cadence as stated above in details.

[0210] The CPU 11 firstly stores the target cadence in a
buffer memory as a FIFO memory configured in the main
memory 12 (Step S621). The buffer memory has a capacity
corresponding to five values of cadence, for example.
[0211] The CPU 11 determines whether the buffer memory
is completely full or not (Step S622). When the CPU 11
determines that the memory is not full (No at Step S622), the
CPU 11 holds or sets an invalid value as stabilizing cadence
value in the buffer memory (Step S629), and ends the
processing of FIG. 19. For setting of such an invalid value,
the following processing counts an invalid value as data also
when the buffer memory holds the invalid value.

[0212] When the CPU 11 determines at Step S622 that the
memory is full, including an invalid value (Yes at Step
S622), the CPU 11 selects a mid-value of the five cadence
values, for example, that are held in the buffer memory and
sets this as variable Median (Step S623).

[0213] Next the CPU 11 obtains the number of cadence
values in the buffer memory whose absolute value of the
difference from the variable Median is a nineteenth thresh-
old Th19, e.g., 20 or less, and sets this as variable MedN
(Step S624).

[0214] The CPU 11 determines whether the stability of the
cadence values stored in the buffer memory is high or not
(Step S625). This determination is made based on whether
the number of the cadence values set as this MedN is larger
than a twentieth threshold TH20, e.g., 3 or not.

[0215] When the CPU 11 determines that the stability of
the cadence values stored in the buffer memory is high
because the number of the cadence values set as this Med-N
is larger than the twentieth threshold TH20 (Yes at Step
S625), the CPU 11 calculates the average of the cadence
values whose absolute value of the difference from the
variable Median is the nineteenth threshold TH19 or less
based on the contents stored in the buffer memory, and
newly sets the calculated average of the cadence values as a
stabilized cadence value (Step S626).

[0216] When the CPU 11 determines at Step S625 that the
stability of the cadence values stored in the buffer memory
is not so high because the number of the cadence values set
as this MedN is the twentieth threshold TH20 or less (No at
Step S625), the CPU 11 reads out a last-held cadence value
among the cadence values whose absolute value of the
difference from the variable Median is the nineteenth thresh-
old TH19 or less from the contents stored in the buffer
memory, and sets the read-out cadence value as a stabilized
cadence value (Step S627).

[0217] After the processing at Step S626 or Step S627, the
CPU 11 determines whether the cadence value as a target is
an invalid value or not (Step S628).

[0218] Only when the CPU 11 determines that the cadence
value as a target, the value of cadence for updating inte-
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grated value in this case, is an invalid value (Yes at Step
S628), the CPU 11 sets an invalid value as a stabilizing
cadence value (Step S629). Then the CPU 11 ends the
processing of FIG. 19, and returns to the processing in FIG.
18 as stated above.

[0219] When the CPU 11 determines at Step S628 that the
cadence value as a target, the value of cadence for updating
integrated value in this case, is not an invalid value, the CPU
11 does not execute the processing at Step S629.

[0220] In this way, when the cadence value as a target is
an invalid value, the buffer memory may hold another valid
cadence value. In that case, such a valid cadence value may
be set as a stabilized cadence value. To avoid this, when the
cadence value as a target is an invalid value, the CPU 11 sets
an invalid value as the stabilized cadence value similarly in
the final processing.

[0221] In FIG. 18, the CPU 11 sets the stabilized cadence
value set at Step S602 as cadence for updating integrated
value (Step S603).

[0222] After that, the CPU 11 divides the stabilized
cadence value for updating integrated value by 60, multi-
plies this by the analysis cycle, and adds the integrated
number of rotations last time to this. The CPU 11 sets such
a calculated value as the integrated number of rotations
(Step S604).

[0223] After that, the CPU 11 sets the value of cadence for
updating integrated value as the current cadence value (Step
S605).

[0224] Then the CPU 11 ends the updating of cadence for
updating integrated value. Next, the CPU 11 sets the value
of cadence for updating maximum value as a target cadence
(Step S606) and stabilizes the cadence (Step S607).

[0225] Since this stabilizing of cadence (Step S607) is
similar to FIG. 19 executed at Step S602, their detailed
description is omitted.

[0226] In this case, since cadence for updating maximum
value is a target, 20 is used, for example, for the nineteenth
threshold TH19, and 4 is used, for example, for the twentieth
threshold TH20.

[0227] The CPU 11 sets the stabilized cadence value set at
Step S607 as cadence for updating maximum value (Step
S608).

[0228] After that, the CPU 11 determines whether the

cadence for updating maximum value set at the preceding
Step S608 is larger than the maximum cadence before that
or not (Step S609).

[0229] Only when the CPU 11 determines that the cadence
for updating maximum value is the maximum cadence in the
past (Yes at Step S609), the CPU 11 updates the maximum
cadence with the value of the cadence for updating maxi-
mum value (Step S610). Then the CPU 11 ends the pro-
cessing of FIG. 18 as well as the processing of FIG. 5, and
returns to the main routine of FIG. 3 as stated above.
[0230] When the CPU 11 determines at Step S609 that the
cadence for updating maximum value is the maximum
cadence in the past or less (No at Step $S609), the CPU 11
considers that updating of the maximum cadence is not
necessary, and so does not execute Step S610 as stated
above.

[0231] Returning to the main routine of FIG. 3, the CPU
11 next estimates the gradient (Step M106). The CPU 11
calculates the current gradient in a unit distance from a
variation of the altitude information that varies per the latest
30 [m] in the past, for example. When a result of the
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calculation is positive, the CPU 11 defines it as an ascending
slope. When the result is negative, the CPU 11 defines it as
a descending slope.

[0232] For the variation of the altitude information used to
know the gradient, when the GPS positioning information
acquired at the GPS receiver 15 is determined reliable, such
GPS positioning information may be used. When the GPS
positioning information is determined not reliable, the detec-
tion output of the pneumatic sensor 24 may be used.

[0233] After this gradient estimation, the CPU 11 esti-
mates the track of the travelling before that (Step M107).

[0234] FIG. 20 is a flowchart to show a subroutine of the
track estimation at Step M107 as stated above in details.

[0235] Firstly the CPU 11 determines the reliability of the
GPS positioning information obtained from the GPS
receiver 15 at that time with three levels of “high”,
“medium” and “low” (Step S701).

[0236] The CPU 11 determines the reliability of GPS
positioning information based on a value of DOP (Dilution
Of Precision) indicating the precision lowering rate of the
GPS, which can be acquired during the positioning, for
example. For instance, when the DOP value is relatively
small, the CPU 11 determines that the reliability of GPS
positioning information is high. When the DOP value is at
a medium level, the CPU 11 determines that the reliability
of GPS positioning information is at a medium level. When
the DOP value is relatively large, the CPU 11 determines
that the reliability of GPS positioning information is low.

[0237] When the CPU 11 determines at Step S701 that the
GPS positioning information is reliable, the CPU 11 uses
such GPS positioning information to set the longitude and
latitude of the current position (Step S702).

[0238] The CPU 11 then updates the gear value of the
bicycle BC used at that time (when the action is seated or
standing) or the length of stride (when the action is walking)
(Step S703). Such a gear value and a length of stride are used
for the dead reckoning described later. This updating of gear
value/length of stride is executed only when the GPS
positioning information is reliable.

[0239] The gear value indicates the distance of the bicycle
BC travelling during one rotation of the crank pedal, and
varies every time the cyclist CL changes gears.

[0240] In order to associate the length of stride with the
gear value, the length of stride is set as the distance of the
cyclist CL travelling with two steps. This also varies with the
degree of fatigue of the cyclist CL or other situations.

[0241] FIG. 21 is a flowchart to show a subroutine of this
updating of gear value/length of stride in details.

[0242] Firstly the CPU 11 determines whether the action
estimated is seated or standing. Based on this determination,
the CPU 11 determines whether the target of updating is a
gear value or not (Step S711).

[0243] When the CPU 11 determines that the action esti-
mated is seated or standing and so the target of updating is
a gear value (Yes at Step S711), the CPU 11 makes a
plurality of determinations on the factor to disturb the
proportional relationship between the travelling distance in
the travelling direction and the cadence, whereby the gear
value is to be updated or not.

[0244] Specifically for a first determination, the CPU 11
determines whether the cadence is instable or not (Step
S712). This is to remove the case where idle pedaling of the
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crank pedal (the rotation of the pedal is not transferred to the
gear) occurs during the gear changing or immediately after
the gear changing.

[0245] When a difference in cadence between the last time
and this time is 2 [rpm] or more as the criterion for
determination, the CPU 11 determines that the cadence is
instable (Yes at Step S712), and does not update the gear
value. In this way, when the CPU 11 determines that cadence
is instable, the CPU 11 does not update a gear value, and
ends the processing of FIG. 21. On the contrary, when the
CPU 11 determines that cadence is not instable, i.e., stable
(No at Step S712), the procedure shifts to Step S713.

[0246] For asecond determination, the CPU 11 determines
whether the slope is a descending slope with a certain angle
or more based on the result of gradient estimation obtained
at the immediately preceding Step M106 (Step S713). This
also is to remove the idle pedaling as stated above. When the
slope is a descending slope and has an angle of -3[%] or
lower (in numerical value), for example, as the criterion for
determination (Yes at Step S713), the CPU 11 does not
update the gear value. In this way, when the CPU 11
determines that slope is a descending slope, the CPU 11 does
not update a gear value, and ends the processing of FIG. 21.
On the contrary, when the CPU 11 determines that the slope
is not a descending slope (No at Step S713), the procedure
shifts to Step S714.

[0247] For a third determination, the CPU 11 determines
whether the road is rough or not (Step S714). This is to
remove, when the road is rough as in an unpaved road that
is determined during the immediately preceding inertial
running, the gear state of idle pedaling because the tires are
floating and to remove subtle meandering to the left and
right or upward of the bicycle BC, which is not calculated
as the distance to travel in the travelling direction. When the
CPU 11 determines that the road is rough during the pre-
ceding inertial running as the criterion for determination
(Yes at Step S714), the CPU 11 does not update the gear
value. In this way, when the CPU 11 determines that road is
rough, the CPU 11 does not update a gear value, and ends the
processing of FIG. 21. The determination of the road state is
described later in details.

[0248] When the CPU 11 determines at Step S714 that the
road is not rough but smooth (No at Step $714), the CPU 11
updates the gear value using the cadence and the distance by
the following expression (Step S715) because the above
three criteria for determination are satisfied:

gear value [m/rev]=distance [m]/(cadence [rpm]/60).

[0249] Then the CPU 11 ends the processing of FIG. 21 as
well as the processing of FIG. 20.

[0250] In this way, when the result of action estimation
shows seated or standing (Yes at Step S711), the CPU 11
determines whether the gear value is to be updated or not
based on the determinations of the cadence stability (Step
S712), the gradient of the path immediately before (Step
S713) and the road roughness (Step S714). That is, only
when this is not the situation corresponding to the determi-
nation criteria at these three steps, the CPU 11 updates the
gear value by the above expression.

[0251] When the CPU 11 determines at Step S711 that the
action estimated is neither seated nor standing (No at S711),
the CPU 11 subsequently determines whether the action
estimated shows walking or not (Step S716).
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[0252] When the CPU 11 determines that the action esti-
mated is walking (Yes at Step S716), the CPU 11 updates the
length of stride by the following expression because the
updated target is not a gear value but a length of stride (Step
S717):

length of stride [m/two steps]=distance [m]/(cadence

[two steps/min.]/60).

[0253] Then the CPU 11 ends the processing of FIG. 21 as
well as the processing of FIG. 20.
[0254] 1In the above expression, since one rotation of the
crank pedal of a bicycle BC corresponds to two steps of the
walking in terms of the period of the motion, the unit of
cadence is converted from [rpm] (revolutions per minute) to
[two steps/min.].
[0255] When the CPU 11 determines at Step S716 that the
action estimated is not walking (No at S716), the CPU 11
subsequently determines whether the action estimated
shows inertial running or not (Step S718).
[0256] When the CPU 11 determines that the action esti-
mated is inertial running (Yes at Step S718), the CPU 11
determines the road state that is used for determination of
updating of a gear value as stated above. To this end, the
CPU 11 determines whether the road is rough or not based
on variance of acceleration triaxial norm obtained by remov-
ing the component of gravity acceleration from the output of
the acceleration sensor 21 (Step S719).
[0257] This is because vibrations corresponding to the
road state appear in the information on acceleration during
inertial running where the cyclist CL is not pedaling.
[0258] In FIGS. 22A and 22B, FIG. 22A shows the accel-
eration during inertial running on a smoothly paved road
surface, and FIG. 22B shows the acceleration during inertial
running on a rough road surface. As shown in this drawing,
during inertial running on a smoothly paved road surface,
temporal variation of the acceleration triaxial norm is rela-
tively small. On the contrary, during inertial running on a
rough road surface, temporal variation of the acceleration
triaxial norm is relatively large because of influences from
the vibrations from the road surface. Determination of the
variance of the acceleration norm about the roughness
depends on the precision and the responsiveness of the
gear-value updating as stated above. For instance, when the
variance is 0.7 or more, the road surface may be determined
as rough.
[0259] Therefore when the CPU 11 determines the road
surface as rough (Yes at Step S719), the CPU 11 sets a flag
indicating rough in the flag register in the main memory 12
to show the road state (Step S720). Then the CPU 11 ends
the processing of FIG. 21 as well as the processing of FIG.
20.
[0260] When the CPU 11 determines at Step S719 that the
road surface is not rough (No at Step S719), the CPU 11 sets
a flag indicating smooth in the flag register in the main
memory 12 to show the road state (Step S721). Then the
CPU 11 ends the processing of FIG. 21 as well as the
processing of FIG. 20.
[0261] In this way, when the CPU 11 determines that the
action estimated is inertial running (Yes at Step S718), the
CPU 11 does not update both of the gear value and the length
of stride, but sets a flag indicating roughness/smoothness of
the road state.
[0262] When the CPU 11 determines at Step S718 that the
action estimated is not inertial running (No at Step S718),
the CPU 11 does not update both of the gear value and the
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length of stride, and ends the processing of FIG. 21 as well
as the processing of FIG. 20. This is the case where the result
of action estimation is stop.
[0263] When the CPU 11 determines at Step S701 of FIG.
20 that the reliability of GPS positioning information is
medium, the CPU 11 firstly executes dead reckoning (Step
S704).
[0264] FIG. 23 is a flowchart to show a subroutine of the
dead reckoning at Step S704 in details.
[0265] The CPU 11 firstly determines whether the action
estimated at that time is walking or not (Step S731). When
the CPU 11 determines that the action estimated is walking
(Yes at Step S731), the CPU 11 calculates the speed of
walking based on the length of stride and cadence set at that
time by the following expression (Step S732):

speed [m/sec.]=length of stride [m/two steps]x(ca-

dence [two steps/min.]/60).

[0266] When the CPU 11 determines at Step S731 that the
action estimated is not walking (No at Step S731), the CPU
11 calculates the speed of travelling of the bicycle BC based
on the gear value and cadence set at that time by the
following expression (Step S733):

speed [m/sec.]=gear value [m/rev]x(cadence [rev/

min.]/60).

[0267] Note here that when cadence is O during inertial
running. The speed of travelling of the bicycle BC, however,
is calculated by the above expression while letting that the
cadence immediately before that is not 0 is kept.
[0268] After calculating the current speed in this way, the
CPU 11 executes estimation of reliability of earth magne-
tism (Step S734).
[0269] When earth magnetism is reliable, the azimuth
angle in the travelling direction can be detected directly. The
reliability of earth magnetism is therefore estimated so as to
remove the influences of accumulation of errors in angular
velocity of the output of the gvroscope sensor 22 as much as
possible also during the dead reckoning for a long time, and
to enable estimation of a correct travelling direction.
[0270] Detection of bearing based on earth magnetism,
however, may fail in some cases due to the influences from
the disturbance. Particularly during cycling on a roadway,
the travelling is easily affected from the disturbance because
a car as a magnetic body passes close to the bicycle BC.
Therefore it is important to estimate the reliability of earth
magnetism.
[0271] FIG. 24 is a flowchart to show a subroutine of such
estimation of the reliability of earth magnetism in details.
[0272] Firstly the CPU 11 calculates a relative angle (1)
relative to the angle during the immediately preceding
detection based on the output of the geomagnetic sensor 23
(Step S741).
[0273] Next the CPU 11 calculates a relative angle (2)
relative to the angle during the immediately preceding
detection based on the output of the gyroscope sensor 22
(Step S742).
[0274] The CPU 11 then calculates the average (3) of
triaxial norm of the geomagnetic sensor 23 corresponding to
the immediately preceding predetermined time, e.g., corre-
sponding to one minute (Step S743).
[0275] The CPU 11 determines whether influences from
disturbance are small and the earth magnetism is reliable or
not (Step S744). This determination is made based on the
condition that the absolute error of the average of the relative
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angle (1) obtained from the geomagnetic sensor 23 and of
the relative angle (2) obtained from the gyroscope sensor 22
is smaller than a first threshold Thil, e.g., 5[° ] (conditional
expression 1) and the condition that variance of triaxial
norm of the geomagnetic sensor 23 relative to the average
(3) obtained from the triaxial norm of the geomagnetic
sensor 23 is smaller than a second threshold Th2, e.g., 10
(when the unit of earth magnetism is [pT]) (conditional
expression 2).

[0276] When the CPU 11 determines that both of these
two conditions are satisfied and so influences from distur-
bance are small and the earth magnetism is reliable (Yes at
Step S744), the CPU 11 sets the reliability of earth magne-
tism high (Step S745). Then the CPU 11 ends the processing
of FIG. 24 and returns to the processing of FIG. 23 as stated
above.

[0277] When the CPU 11 determines at Step S744 that at
least one of these two conditions is not satisfied and so
influences from disturbance are large and the earth magne-
tism 1is not reliable (No at Step S744), the CPU 11 sets the
reliability of earth magnetism low (Step S746). Then the
CPU 11 ends the processing of FIG. 24 and returns to the
processing of FIG. 23 as stated above.

[0278] FIGS. 25A and 25B explain the influences from the
disturbance on the earth magnetism. FIG. 25A shows the
case of small influences from the disturbance. In this case,
as shown in FIG. 25A, (A)-1, the relative angle of angular
velocity and the relative angle of earth magnetism in the
conditional expression (1) are substantially equal, and this
means that their average absolute error has a very small
value. As shown in FIG. 25A, (A)-2, the left side in the
conditional expression 2 and the variance from the average
of the triaxial norm of the earth magnetism also are small.
[0279] On the contrary, FIG. 25B shows the case of large
influences from the disturbance on the earth magnetism. In
this case, as shown in FIG. 25B, (B)-1, a difference between
the relative angle of angular velocity and the relative angle
of earth magnetism in the conditional expression (1) is
clearly large. As shown in FIG. 25B, (B)-2, although the left
side in the conditional expression 2 and the variance from
the average of the triaxial norm of the earth magnetism are
larger than the case of FIG. 25A, (A)-1, a very clear
difference is not shown.

[0280] As in this example, the influences from disturbance
cannot be determined only from the conditional expression
2. While the left side of the conditional expression 1 shows
a small value, the left side of the conditional expression 2
shows a large value in some cases. Therefore only when both
of these two conditional expressions hold, the CPU 11
determines that the earth magnetism is reliable. Thereby the
reliability of earth magnetism can be determined more
correctly.

[0281] After estimating the reliability of earth magnetism
in this way, in the processing of FIG. 23, the CPU 11
determines whether the reliability of earth magnetism is set
high or not (Step S735).

[0282] When the CPU 11 determines that the reliability of
earth magnetism is set high (Yes at Step S735), the CPU 11
estimates the longitude and the latitude of the current
position (Step S736) based on the speed calculated at Step
S732 or Step S733 and the detection result of the earth
magnetism by the geomagnetic sensor 23.

[0283] When the CPU 11 determines at Step S735 that the
reliability of earth magnetism is not high and is set low (No
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at Step S735), the CPU 11 estimates the longitude and the
latitude of the current position (Step S737) based on the
speed calculated at Step S732 or Step S733 and the detection
result of the angular velocity in the direction of the hori-
zontal plane obtained from the gyroscope sensor 22. That s,
when the CPU 11 determines that the reliability of earth
magnetism is low, the CPU 11 estimates the longitude and
the latitude of the current position based on the detection
result of the angular velocity from the gyroscope sensor 22
instead of the detection result of earth magnetism obtained
from the geomagnetic sensor 23.

[0284] After finishing the dead reckoning of FIG. 23 in
this way, the procedure returns to FIG. 20 as stated above.
In FIG. 20, when the reliability of GPS is at a medium level,
the CPU 11 executes weighting (Step S705) so as 1o combine
the GPS positioning information with the dead reckoning
positioning information by the following expression based
on a variable r (0<r<1) that can be set appropriately in
accordance with the reliability of the GPS positioning infor-
mation:

latitude and longitude=rxGPS+(1-7)xDR,

where GPS: longitude and latitude by GPS positioning, DR:
longitude and latitude by dead reckoning.

[0285] Then the CPU 11 ends the processing of track
estimation of FIG. 20.

[0286] At the above Step S701, when the CPU 11 deter-
mines that the reliability of GPS positioning information is
low, the CPU 11 executes dead reckoning (Step S706).
[0287] Similarly to the processing at the above Step S704,
this dead reckoning is as described above in details while
referring to FIG. 23.

[0288] After ending the dead reckoning, the CPU 11
updates the longitude and latitude based on the positioning
information obtained from dead reckoning only (Step S707)
and ends the processing of track estimation of FIG. 20.
[0289] As stated above, the present embodiment provides
a track estimation device to estimate the track of a series of
activity during cycling. For instance, the track estimation
device includes: a reliability determination unit configured
to determine the reliability of satellite positioning informa-
tion obtained from a satellite positioning information receiv-
ing unit; an update timing determination unit configured to
determine the timing of updating a parameter to estimate a
travelling speed used for autonomous navigation based on
the reliability of satellite positioning information and esti-
mation information on action during the series of activity
that is obtained from a cycling recorder; and a track esti-
mation unit configured to, when the reliability determination
unit determines that the reliability is low, estimate the track
by autonomous navigation. The wearable device 10 has a
fanction as the track estimation device, and the CPU 11 of
the wearable device 10 has a function as the reliability
determination unit, the update timing determination unit and
the track estimation unit.

[0290] The present embodiment introduces parameters of
cadence and a gear value (a length of stride during walking)
to calculate the travelling speed. This means that the speed
can be calculated stably simply by obtaining cadence as long
as the cyclist CL does not change the gear.

[0291] The present embodiment provides the track esti-
mation device to estimate the track of a series of activity
during cycling. The track estimation device includes: a
reliability determination unit configured to determine the
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reliability of satellite positioning information obtained from
a satellite positioning information receiving unit; an earth
magnetism reliability determination unit configured to deter-
mine which one of angular velocity and earth magnetism is
used to designate the direction based on values calculated
from the angular velocity and the earth magnetism; and a
track estimation unit configured to, when the reliability
determination unit determines that the reliability is low,
estimate the track by autonomous navigation. The wearable
device 10 has a function as the track estimation device, and
the CPU 11 of the wearable device 10 has a function as the
reliability determination unit, the earth magnetism reliability
determination unit and the track estimation unit.

[0292] For the travelling direction, earth magnetism is
desirably used because the earth magnetism originally does
not have accumulated inaccuracy. In the case of cycling,
however, the earth magnetism is often disturbed due to the
disturbance when a car approaches the bicycle BC, and
therefore the present embodiment estimates the reliability of
earth magpetism and then selectively uses the detection by
the geomagnetic sensor 23 or the detection by the gyroscope
sensor 22.

[0293] According to the present embodiment, even when
the environment for observation by GPS is bad, the travel-
ling track during cycling, for example, can be calculated
precisely.

[0294] In the main routine of FIG. 3, after the track
estimation at Step S107, the CPU 11 executes speed esti-
mation (Step M108). For the speed, when the GPS position-
ing information is reliable, the CPU 11 acquires the infor-
mation on travelling speed with the accuracy of 0.1 [m/sec.]
or less based on a Doppler shift value obtained by the GPS
positioning.

[0295] When the GPS positioning information is not reli-
able, the CPU 11 calculates the speed based on the distance
and time of the track obtained from the track estimation as
stated above.

[0296] After that, the CPU 11 executes calorie estimation
(Step M109).
[0297] During the calorie estimation, the present embodi-

ment estimates calorie consumption based on “Table of
“METs of physical activities” revised version” published by
National Institute of Health and Nutrition in Japan while
considering the information analyzed by the wearable device
10. METs (METabolic equivalents) are the units of exercise
intensity, where 1 MET represents the exercise intensity
during at rest. The intensity of an activity is represented by
evaluating how many times the activity consumes energy
than during at rest.
[0298] FIG. 26 is a flowchart to show a subroutine of the
calorie estimation in details. Firstly the CPU 11 determines
whether the action estimated is seated or standing (Step
S801).
[0299] When the CPU 11 determines that the action esti-
mation is seated or standing (Yes at Step S801), the CPU 11
calculates METs from the speed and the gradient (Step
S802).
[0300] FIG. 27A explains the METS for seated/standing.
FIG. 27A, (A)-1 shows the speed METs and FIG. 27A, (A)-2
shows the gradient METs. The CPU 11 finds the sum of
these speed METs and gradient METs.
[0301] As shown in FIG. 27A, (A)-1, the speed METs has:
[0302] afixed value 1.8 METs at less than the speed of
7.23 [km/h];

METs=0.47xspeed[km/h]-1.63 6y

at the speed of 7.23 [km/h] or more and less than the speed
of 36.76 [knmv/h]; and
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[0303] a fixed value 15.8 METs at the speed of 36.76
[km/h] or more.

[0304] As shown in FIG. 27A, (A)-2, the gradient METs
for the gradient of 0[%] or more are

METs=0.55xgradient[%] 2).
[0305] Then the gradient METs are added to the speed
METs.
[0306] The CPU 11 then determines whether the action

estimated is standing or not (Step S$803). Only when the
CPU 11 determines that the action estimation is standing
(Yes at Step S803), the CPU 11 adds a fixed value 1.5 METs
to the calculated METs for updating (Step S804).
[0307] The above expression (1) is obtained by extracting
the items (codes: 01018, 01019, 01020, 01030, 01040,
01050) about the travelling speed of a bicycle from the table
of METs, setting the value of METs at their intermediate
speeds (see the plotted positions in FIG. 27A, (A)-1), and
obtaining a modeled expression by linear regression.
[0308] For the speed less than 7.23 [km/h], the METs are
a fixed value that is set as a lower limit because the METs
during inertial running described later is defined as 1.8
METs.
[0309] For the speed of 36.76 [km/h] or more, the METs
are set as stated above so as not to exceed the upper limit of
15.8 METs that is defined in the table of METs for the speed
of bicycles.
[0310] For the gradient METs of expression (2), the METs
of an ascending slope during travelling on a bicycle are
calculated as 5.5 METS based on the code: 01003 and the
code: 01009 in the table of METs, and a modeled expression
about an increase of METs due to the gradient is obtained as
a model by linear regression while assuming the gradient of
the slope as 10[%].
[0311] An increased amount during standing described
above for Step S804 is obtained by calculating such an
increased amount during standing based on the code: 01066
in the table of METs and the calculated value of METs at the
speed of 19.3 [km/h] by the above expression (1).
[0312] When the CPU 11 determines at Step S801 that the
action estimated is neither seated nor standing (No at Step
S801), the CPU 11 subsequently determines whether the
action estimated is walking or not (Step S805).
[0313] When the CPU 11 determines that the action esti-
mation is walking (Yes at Step S805), the CPU 11 calculates
METs from the speed METs and the gradient METs (Step
S806).
[0314] FIG. 27B explains the METS for walking. FIG.
27B, (B)-1 shows the speed METs and FIG. 27B, (B)-2
shows the gradient METs. The CPU 11 finds the sum of
these speed METs and gradient METs.
[0315] As shown in FIG. 27B, (B)-1, the speed METs has:
[0316] for the speed less than 3.2 [km/h],

METs=0.47xspeed[km/h]+1.3 (3);

[0317] for the speed of 3.2 [km/h] or more and the speed
less than 8.0 [km/h];

METs=0.24xspeed?~1.5xspeed+S5.2 @;

and

[0318] for the speed of 8.0 [kn/h] or more, a fixed value
of 8.4 METs.
[0319] As shown in FIG. 27B, (B)-2, the gradient METs
for the gradient of 0[%] or more are

METs=0.42xgradient[%] (5).

[0320] Then the gradient METs are added to the speed
METs.
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[0321] The CPU 11 then adds a fixed value of 0.8 METs
for general walking for updating.
[0322] The above expression (3) is obtained by finding a
model by linear regression based on the METs at the speed
of 0 [km/h] that is 1.3 because the METS during stop
described later is defined as 1.3, and the lower limit 3.2
[km/h] of the walking speed defined in the table of METs
and the value of METs of 2.8 at this time.
[0323] The above expression (4) is obtained by extracting
the items (codes: 17152, 17170, 17190, 17200, 17220,
17230, 17231) about the walking speed from the table of
METs (see the plotted positions in FIG. 27B, (B)-1), and
obtaining a modeled expression by linear regression.
[0324] For the speed of 8.0 [km/h] or more, the speed is
limited to 8.0 [km/h] that is the upper limit defined as the
walking speed, and the METs corresponding to the speed are
calculated by the expression (4).
[0325] The above expression (5) for gradient METs is
obtained by extracting the items (codes: 17210, 17211,
17235) about the speed and gradient during walking from
the table of METs, subtracting the METs corresponding to
the speed from the expression (4) and obtaining a modeled
expression of an increased amount due to the gradient during
walking by linear regression.
[0326] For the general walking, the fixed value 0.8 METs
are added, and this is calculated as an increased amount due
to the walking while pushing a bicycle forward because
walking as a main target of the present embodiment is likely
the walking while pushing the bicycle forward. That is, the
items referring to the situation relatively close to the walking
while pushing the bicycle forward and the speed are
extracted from the table of METs (code: 17100), and the
METs corresponding to speed are subtracted from the above
expression (4) to calculate such an increased amount due to
the walking while pushing a bicycle forward.
[0327] When the CPU 11 determines at Step S805 that the
action estimated is not walking (No at Step S805), the CPU
11 subsequently determines whether the action estimated is
inertial running or not (Step S807).
[0328] When the CPU 11 determines that the action esti-
mation is inertial running (Yes at Step S807), the CPU 11
sets the value of METs at a fixed value of 1.8 (Step S808).
[0329] More specifically, although inertial running is close
to a resting state, the cyclist CL has to keep balance mainly
with the upper body against air resistance or vibrations from
the road surface during the travelling on a bicycle BC, and
so consumes calorie. Based on such assumption, the items
relatively close to such a situation (code: 15408) are
extracted from the table of METs, and the result is a fixed
value of 1.8 METs.
[0330] When the CPU 11 determines at Step S807 that the
action estimated is not inertial running (No at Step S807),
the action estimated results in at rest automatically. Then the
CPU 11 set the value of METSs as a fixed value of 1.3 (Step
S809).
[0331] This results from the extraction of the correspond-
ing item (code: 07021) from the table of METs.
[0332] The values of METs are calculated for the action
estimated that is seated or standing, walking, inertial run-
ning, or at rest as stated above. After that, the CPU 11
calculates the calorie consumption by the following expres-
sion (Step S810):

calorie=METs valuex1.05xunit time[sec.]xbody

weight[kg].
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[0333] Then the CPU 11 ends the calorie estimation of
FIG. 26.
[0334] In the main routine of FIG. 3, the CPU 11 subse-

quently executes the forward-tilting angle estimation (Step
M110). The forward-tilting angle represents the tilt of the
wearable device 10 attached to the lower back of the cyclist
CL toward the travelling direction relative to the vertical
direction as the gravity axis.

[0335] This is important to represent the activity with a
bicycle especially when the bicycle BC is of a road racing
type, because the position of hands holding the drop handle
(drop position, bracket position, upright position and the
like) changes depending on the geographic features of the
section where the cyclist CL is pedaling with the bicycle BC
or the type of the sport. Especially when the bicycle BC is
a road bike, such a position reflects a section where the
cyclist CL is pedaling energetically or a section where they
are pedaling in a relaxed way. Therefore the forward-tilting
angle is important to understand a series of activity with the
bicycle BC.

[0336] FIG. 28 shows examples of the estimation for
forward-tilting angle of the wearable device 10 in associa-
tion with the bracket position/drop position of the cyclist CL
and the height of the position where the wearable device 10
is attached to the cyclist CL (low/medium/high).

[0337] The CPU 11 calculates the angle around the x-axis
in the gravity direction from the output of the acceleration
sensor 21 by Kalman filter processing that is the Infinite
impulse response filter to estimate the forward-tilting angle.
As shown in FIG. 28, when the attachment position is low,
the forward-tilting angle estimated is 0[° | for the bracket
position and 5[° | for the drop position, for example. When
the attachment position is medium, the forward-tilting angle
estimated is 15[° ] for the bracket position and 25[° ] for the
drop position, for example. When the attachment position is
high, the forward-tilting angle estimated is 35[° | for the
bracket position and 55[° | for the drop position, for
example.

[0338] After finishing the estimation of the forward-tilting
angle, the CPU 11 records the analysis results of the mea-
surement and estimation as stated above collectively in the
memory card 17 for storage. When any external device 30
paired with this wearable device 10 is configured, the CPU
11 transmits the analysis results to the external device 30 via
the communication interface 14 (Step M111).

[0339] The CPU 11 then ends a series of measurement
processing to be performed at a constant cycle, e.g., per one
[sec.] during activity, and returns to the processing from Step
M101 to be ready for the next measurement.

[0340] In this way, the CPU 11 repeats the processing
between Steps M101 to M111 to execute the measurement
by various types of sensors during the activity and store the
analysis result sequentially.

[0341] After that, when the CPU 11 receives a key opera-
tion of the operation unit 16 to instruct start/end of the
measurement, and determines at Step M101 that the mea-
surement is not continued (No at Step M101), the CPU 11
subsequently executes clustering of the data stored during
the activity (Step M112).

[0342] The clustering may be executed by the CPU 11 of
the wearable device 10 or by the CPU 31 of the external
device 30 that receives the analysis result from the wearable
device 10. That is, an activity recording data processor to
execute the clustering may be the wearable device 10 or the
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external device 30, such as a smartphone or a PC. The
clustering is processing to represent any analysis items
correctly and present them to the user. For instance, the
speed may have a greatly different average or range of the
values depending on the physical ability of the user or the
purpose of the activity of the user. When the speed is
displayed in different colors as in the heat map, if color-
coding is performed based on uniform absolute values, a
result may be different from the desired one. This is because
the colors include substantially one color in spite of the
user’s intention to give a variety of speeds, for example. To
avoid this, clustering is performed so as to correctly repre-
sent a relative change in the target item as described later,
such as the speed, in the same activity.

[0343] The clustering has another object of giving suitable
meaning to the analysis result that is difficult for a user to
judge the meaning based on the absolute values of the item
or the analysis result that the user cannot understand the
meaning. The following describes the forward-tilting angle
and the gear value as examples.

[0344] As stated above referring to FIG. 28, the forward-
tilting angle easily has different detection results with a
change in the position where the wearable device 10 is
attached to the cyclist CL or a change in the position of the
cyclist CL. When the wearable device 10 is attached to the
clothing of the cyclist CL with a clip, the attachment position
of the wearable device 10 easily changes due to the type of
the clothing that the cyclist CL is wearing at that day.
Therefore it is difficult to determine the degree of forward
tilting to show the position of the cyclist CL only based on
the absolute value of the forward-tilting angle obtained from
the wearable device 10. Then the clustering is performed,
whereby the degree of forward tilting to show the position
in the same activity can be correctly represented.

[0345] The gear value in the present embodiment shows
the distance of travelling by a bicycle BC during one rotation
of the crank pedal. According to a typical sense of users, this
corresponds to the index showing the load of a gear. Since
this gear value changes with the diameter of tires or the gear
ratio of the bicycle BC, it is difficult to determine the gear
value only based on the absolute values. Then the clustering
is performed, whereby the load of a gear in the same activity
can be categorized and shown correctly.

[0346] 1In the present embodiment, prior to the clustering,
the user of the wearable device 10 is requested to select any
analysis item beforehand as a target of the clustering. The
number of clusters and the width of values are unknown, and
the size of clusters are relatively imbalanced.

[0347] FIG. 29 is a flowchart to show a subroutine of the
clustering executed by the CPU 11 in details. Firstly the
CPU 11 determines whether there is any target item set for
the clustering or not (Step S901).

[0348] When the CPU 11 determines that there is a target
item (Yes at Step S901), the CPU 11 reads out the data of the
target item in the entire activity from the memory card 17
and reads out and acquires the corresponding look-up table
from the program memory 13 (Step S902).

[0349] FIG. 30 shows an example of the look-up table
stored in the program memory 13. In this example, the table
defines the category of actions about two activities including
“cycling” and “trekking”. Additionally each activity has
suitable items defined, and for each item, the target actions
and the basic unit as the minimum dividing width are
defined. The minimum dividing width may be appropriately
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set for the physical ability of the cyclist or the trekker or for
the purpose of the activity of them.

[0350] The cycling has five categories of action, including
seated, standing, inertial running, walking and stop as stated
above. The cycling has eight items as the target of clustering,
including speed, forward-tilting angle, gear value, cadence,
altitude, temperature, gradient and lateral-tilting angle. The
speed, forward-tilting angle, gear value, cadence, altitude,
temperature and gradient are as mentioned in the above. The
lateral-tilting angle is an angle of the tilt of the cyclist’s CL
body relative to the vertical direction. This is a value
obtained from the ratio of the centrifugal force to the gravity,
and the centrifugal force is calculated from the angular
velocity calculated from the output GyrZ of the gyroscope
sensor 22 in the z-axis direction (excluding the body motion)
and the speed. Each item has the target actions and the
minimum dividing width. For instance, for the item of speed,
the target actions include seated, standing and inertial run-
ning, and the minimum dividing width is 2 [km/h], for
example.

[0351] In addition to the cycling, the wearable device 10
can be used for activity recording during other activities,
such as trekking. The trekking has four categories of action,
including walking, running, vehicles, and stop. That is,

[0352] walking: the trekker travels at a speed of a
predetermined travelling speed or more,

[0353] running: the trekker travels at a speed of a
predetermined travelling or more that is larger than the
speed during walking,

[0354] vehicles: the trekker rides on vehicles, such as a
train, a car, and ropeway for travelling, and

[0355] stop: actions other than the above. This is mainly
assumed as a stopping state.

[0356] These four actions are obtained as a result of the
action estimation performed for a series of trekking activity
record that is analogous to the present embodiment.

[0357] The clustering for the trekking has four items as the
target of clustering, including speed, altitude, temperature,
and slope angle. Fach item has the target actions and the
minimum dividing width. For instance, for the item of speed,
the target actions include walking and running, and the
minimum dividing width is 0.5 [knvh], for example.
[0358] Next the CPU 11 extracts, based on the acquired
look-up table and the target items at that time, only the data
at corresponding time value from the result of action esti-
mation (Step S903).

[0359] For instance, when the target item is the forward-
tilting angle, the target actions are seated, standing and
inertial running based on the acquired look-up table. That is,
when the result of action estimation is walking or stop, the
data on forward-tilting angle at that time is not important for
the activity with a bicycle and is a noise component.
Therefore such data is removed by this extraction process-
ing. In this way, the result of action estimation is used so as
to remove noise.

[0360] Next the CPU 11 removes a value extremely devi-
ating from the extracted data as the noise component (Step
S904).

[0361] After that the CPU 11 calculates the average and
the standard deviation based on the normal distribution of
the remaining data (Step S905). Based on the calculated
average and standard deviation, the CPU 11 divides a range
of a predetermined o by a predetermined number (Step
S906).
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[0362] The predetermined o is decided based on the
degree of dispersion in the data distribution that the user
wants to focus on. For instance, the target may be the range
within #30 from the average.

[0363] The predetermine number for division is set before-
hand depending on the maximum dividing number to be
defined or the desired resolution of the divided width. For
instance, when this is set as a division into thirds, then the
range of a predetermined o is divided into thirds. Therefore
the result includes five divided parts additionally including
the parts other than the predetermined o, i.e., the predeter-
mined o or more and the predetermined o or less. In this
way, the maximum number of clusters is specified.

[0364] The CPU 11 determines whether the dividing width
specified by the division is small or not than the minimum
dividing width defined in the look-up table (Step S907).
[0365] Only when the CPU 11 determines that the dividing
width specified by the division is smaller than the minimum
dividing width (Yes at Step S907), the CPU 11 performs
redivision with the defined minimum dividing width (Step
S908).

[0366] For the target item that is the forward-tilting angle,
for example, when the cyclist CL keeps the same position
during the same activity, meaning that the angle hardly
changes, this case is desirably output as one cluster. The
minimum dividing width, e.g., 2[° ] for the forward-tilting
angle, for example, is defined beforehand so as to avoid
excessive division, and the redivision with the minimum
dividing width is performed for such a purpose.

[0367] When the CPU 11 determines at Step S907 that the
dividing width specified by the division is the minimum
dividing width or more (No at Step S907), the CPU 11 does
not perform redivision at Step S908.

[0368] Finally the CPU 11 performs labeling for each
divided region (Step S909). At this step, the CPU 11 may
perform corresponding labeling depending on the purpose
also for a region of the action estimation result that is not
extracted at Step S903 or for an outlier removed at Step
S904. This considers the case where, when the target item is
speed, for example, the user wants to remove the speed
during walking from the calculation of clustering, but wants
to include such speed in the color-coding for final catego-
rization because of the continuity of the display, for
example. In this way, the CPU 11 can perform continuous
labeling for the entire speed during the same activity,
including the speed during walking that is excluded from the
calculation of clustering.

[0369] In this way, the CPU 11 performs a series of
clustering processing of one target item until labeling. Then
the CPU 11 returns to Step S901 to execute similar process-
ing for each of the target items.

[0370] After executing the clustering processing for all of
the target items, when the CPU 11 determines at Step S901
that there is not target item to be processed (No at Step
S901), the CPU 11 ends the clustering processing in FIG. 29.
[0371] After ending the clustering processing, data on the
processed target items are presented to the user, such as a
cyclist. For example, when the CPU 11 of the wearable
device 10 executes the clustering processing (See FIG. 2A),
color-coded data on the processed target items may be
displayed on a not-illustrated display of the wearable device
10 via the bus B, or such data may be transmitted to an
external device from the bus B via the communication
interface 14 and the antenna 19, and may be displayed on a
display of the external device. Alternatively when the CPU
31 of the external device 30 executes the clustering process-
ing (See FIG. 2B), for example, color-coded data on the
processed target items may be displayed on the display 34 of
the external device 30 via the bus B1. When the target item
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is speed, for example, the color-coded speed data is over-
lapped with the series of track of the activity that is mea-
sured and analyzed on the display.

[0372] The processing from Steps S905 to S908 may be
changed for each of the action (action estimation result) in
the target item of clustering processing. For instance, when
the target item is cadence, the look-up table of FIG. 30
shows that the target actions of clustering are seated, stand-
ing and walking. Then cadence may be greatly different
between the seated or standing and the walking. Then, these
actions may be processed with different minimum dividing
widths for the number of clusters corresponding to the
actions, whereby clustering can be performed more suitably.
[0373] As stated above, the present embodiment can pro-
vide an activity recording data processor having an opera-
tion unit configured to extract target activity data as a target
from a series of activity based on estimation information on
the actions in the series of activity obtained from an activity
data analyzer configured to acquire a plurality of types of
activity data obtained during the series of activity, and
perform clustering of the target activity data. The CPU 11 of
the wearable device 10 or the CPU 31 of the external device
30 may have a function as the operation unit in this activity
recording data processor.

[0374] In the clustering processing of the present embodi-
ment, even when the number of clusters in each item is
unknown or the clusters are greatly different in size, the CPU
11 can perform suitable clustering processing for each item
based on the basic method, such as using average or standard
deviation.

[0375] Particularly such clustering processing is not lim-
ited to recording of activity during outdoor sports, such as
cycling, trekking, running, paddling, and surfing, and is
effective to present a series of data having the unknown
number of clusters or having different sizes of clusters while
emphasizing a relative change of the data correctly or to
present data in an understandable manner when the meaning
of the data in the form of a simple absolute values is difficult
to understand.

[0376] The present embodiment enables clustering pro-
cessing for each of a plurality of items (speed, forward-
tilting angle, gear value and the like) independently included
in a series of activity record. This allows the user to have
appropriate presentation on various items that the wearable
device 10 can acquire.

[0377] Following the clustering processing, the CPU 11
executes power estimation in the main routine of FIG. 3
(Step M113).

[0378] FIG. 31 is a flowchart to show a subroutine of the
power estimation in details. The CPU 11 performs the
following power estimation for data at each time during
activity.

[0379] Firstly the CPU 11 acquires data on atmospheric
pressure and atmospheric temperature at that time (Step
S951).

[0380] Next, the CPU 11 calculates the air density coef-

ficient by the following expression (Step S952):

air density coefficient=atmospheric pressure [hPa]/(2.
87x(atmospheric temperature[® C.]+273.15))/1.
293.

[0381] Then the CPU 11 acquires the position coefficient
from the result of clustering at Step M112 of the forward-
tilting angle as stated above (Step S953). Note here that the
position coeflicient may be

[0382] drop position: position coeflicient=1.0,

[0383] bracket position: position coeflicient=1.25,
[0384] upright position: position coeflicient=1.375, and
[0385] standing: position coeflicient=1.725.
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[0386] For the drop position, the bracket position, and the
upright position, they may be determined from the result
obtained by dividing the action estimation corresponding to
seated that is obtained by the clustering as stated above into
three clusters. For the standing, this may be determined from
the result of action estimation.

[0387] Next the CPU 11 acquires data on speed (Step
$954).
[0388] Based on the obtained result, the CPU 11 calculates

air resistance by the following expression (Step S955):

air resistance[kgf]=0.00007638xbody height [cm]®
725xbody weight [kgf]**?>xspeed[m/sec.]’xair
density coefficientxposition coefficient.

[0389] Note here that, in addition to the data acquired and
analyzed by the wearable device 10, other data, such as the
body height and the body weight of the cyclist CL as the user
of the wearable device 10 and the total weight of the body
weight, the weight of the bicycle BC and a not-illustrated
luggage, is set beforehand in the wearable device 10.
[0390] Next the CPU 11 calculates the road-surface coef-
ficient at that time from the variance of acceleration triaxial
norm that is obtained by removing the gravity acceleration
component from the acceleration obtained at the section
during the immediately preceding inertial running (Step
S956).
[0391] As described above referring to FIGS. 22A and
22B, the acceleration during inertial running differs with the
road-surface state. The road-surface coeflicient is obtained
by setting the state of a smoothly paved road at 1.0 and
setting the state of an unpaved road at about 5.0, and by
normalizing the values so that the coeflicient varies between
these values in accordance with the value of the acceleration
triaxial norm.
[0392] The CPU 11 calculates the rolling resistance coef-
ficient using the obtained road-surface coeflicient by the
following expression (Step S957):

rolling resistance coefficient=coefficient of tiresx

road-surface coefficient.

[0393] The coeflicient of tires is about 0.004 for a typical
road racing type, and is about 0.008 for a typical mountain
bike. In this way, the coeflicient of tires may be specified
within the range about 0.003 to 0.010 for the tires used, and
a known value is used in this example.
[0394] Next the CPU 11 acquires data on gradient at that
time (Step S958).
[0395] The CPU 11 calculates the rolling resistance using
the obtained data on gradient by the following expression
(Step S959):

rolling resistance [kgf]=weight[kgf]xcos(asin(gradi-

ent[%]x0.01)xrolling resistance coeflicient.

[0396] The CPU 11 further calculates the hill-climbing
resistance by the following expression (Step S960):

hill-climbing resistance [kgf]=weight[kgf]xgradient

[%]%0.01.

[0397] Based on the calculated air resistance, rolling resis-
tance and hill-climbing resistance, the CPU 11 calculates the
overall resistance by the following expression (Step S961):
[0398] resistance[kgf]=air resistance[kgf]+rolling resis-
tance[kgf]+hill-climbing resistance[kgf]. Finally the CPU
11 calculates the power at that time by the following
expression (Step $962):

power [W]=resistance[kgf]xspeed[m/sec.]x9.81.
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[0399] The CPU 11 can repeat the processing of a series of
power estimation as stated above at the recording time
during the activity so as to calculate the total output value
[kWh] of the power used during the activity as a whole.
[0400] In the main routine of FIG. 3, the CPU 11 ends a
series of the operation with the power estimation at Step
M113.

[0401] Note here that the operations of the clustering and
the power estimation at Step M112 or later in FIG. 3 may not
be executed in the wearable device 10, but the external
device 30, such as a smartphone or a personal computer, that
receives the data from the wearable device 10 for storage
may execute these operations in accordance with a prein-
stalled application program.

[0402] As stated above in details, the present embodiment
can analyze the activity state during cycling without the
need of a plurality of sensors attached to various parts of a
bicycle.

[0403] In the above embodiments, the wearable device 10
includes the GPS antenna 20 and the GPS receiver 15 so as
to calculate absolute values of latitude/longitude/altitude in
the three-dimensional space as needed, and these values are
used for determination and analysis of the activity state
together with information on the reliability of the values.
With this configuration, the activity state can be determined
more precisely and objectively under the environment where
radio waves coming from a positioning satellite are avail-
able.

[0404] In the present embodiment, the wearable device 10
alone that the cyclist CL is wearing on the body can
determine the activity state as one of seated, standing,
inertial running, walking and stop, and can record the result
with information on the details. With this configuration, the
detailed information can be recorded with a more simple
operation than a typical cycle computer.

[0405] Especially for standing (pedaling while standing
up) and walking after dismounting from the bicycle during
cycling, their states can be determined more correctly based
on the periodicity in vertical motion of the body.

[0406] Additionally for the seated (pedaling while sitting
on the saddle) during cycling as well, the state can be
determined correctly based on the change rate over time in
the angular velocity output from the gyroscope sensor and in
the acceleration output from the acceleration sensor.
[0407] For the determination of the seated, the data is
determined at a plurality of levels in accordance with the
reliability of the angular velocity output from the gyroscope
sensor and the acceleration output from the acceleration
sensor, and then based on a result of the determination, the
data is determined whether it can be used or not for
calculation of cadence executed later. In this way, data can
be used as a more reliable result of the determination.
[0408] Additionally, in the above embodiments, a value of
cadence also is calculated for seated, standing and walking
during cycling. Thereby the state during cycling can be
determined more specifically.

[0409] To calculate the cadence, a precise value can be
calculated based on a change over time of the acceleration
sensor and the gyroscope sensor.

[0410] Inthe above embodiments, a determination is made
while considering the speed and the gradient together during
the activity. Thereby the state during various types of
activity can be analyzed in details for recording.
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[0411] Additionally in the present embodiment, calorie
consumption is calculated by estimation based on the detet-
mination result of the activity state, and the calculated
estimation value of the calorie consumption is recorded
together with the result of activity determination. Thereby,
the user can get the calorie consumption at each time during
the activity and the calorie consumption through the entire
activity, and therefore can tell a suitable timing for nutri-
tional support, for example.

[0412] Similarly in the present embodiment, output power
is calculated by estimation based on the determination result
of the activity state, and the calculated estimation value of
the output power is recorded together with the result of
activity determination. Thereby, the user can get the output
power at each time during the activity and the output power
through the entire activity, and therefore can tell suitable
pacing during the activity, for example.

[0413] The above embodiments describe the case of deter-
mining the activity state during cycling. The present inven-
tion does not limit the activity to cycling. For outdoor sports
other than cycling, such as trekking, trail running, canoeing,
and surfing and various types of ball sports, which may be
outdoors or indoors, the present invention can determine the
activity state by setting a suitable threshold for the detection
output from the sensors.

[0414] The present invention is not limited to the above
embodiments, and may be modified variously for imple-
mentation without departing from the scope of the invention.
The embodiments may be combined for implementation as
needed, and the combined effect can be obtained in this case.
The embodiments include various aspects of the invention,
and various aspects of the invention can be extracted by
selecting and combining a plurality of constituent elements
in the disclosure. For example, some elements may be
deleted from the constituent elements disclosed in the
embodiments. Such a configuration after deletion also can
be extracted as the invention as long as the configuration can
solve the problems and have the advantageous effects as
mentioned above.

What is claimed is:
1. An activity recording data processing apparatus com-
prising:

a processor; and

a storage unit configured to store a program that the
processor executes, wherein

the processor implements processing including the fol-
lowing processing in accordance with the program
stored in the storage unit:

acquisition processing of acquiring data obtained for a
series of activity and action estimation information on
the series of activity, the action estimation information
being associated with the data;

extraction processing of extracting partial data of the data
based on the action estimation information; and

clustering processing of performing clustering of the
partial data.

2. The activity recording data processing apparatus

according to claim 1, wherein

the clustering processing performs clustering of the partial
data by calculating average and standard deviation of
the partial data, dividing the partial data by a predeter-
mined number and performing labeling of the divided
partial data.
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3. The activity recording data processing apparatus
according to claim 2, wherein

the data is associated with information on a minimum

dividing width, and

the clustering sets a dividing width to divide by the

predetermined number, and the dividing width is the
minimum dividing width or more.

4. The activity recording data processing apparatus
according to claim 1, wherein

the series of activity is cycling, and the data comprises at

least one of speed, forward-tilting angle, a gear value,
cadence, altitude, temperature, gradient, and lateral-
tilting angle.

5. The activity recording data processing apparatus
according to claim 4, wherein

the action estimation information on the series of activity

associated with the data comprises at least one of
seated, standing, inertial running, walking and stop.

6. The activity recording data processing apparatus
according to claim 1, wherein

the series of activity is trekking, and the data comprises at

least one of speed, altitude, temperature and slope
angle.

7. The activity recording data processing apparatus
according to claim 6, wherein

the action estimation information on the series of activity

associated with the data comprises at least one of
walking, running, vehicles, and stop.

8. A method for processing activity recording data imple-
mented with an activity recording data processing apparatus,
comprising the following steps of:

an acquisition step of acquiring data obtained for a series

of activity and action estimation information on the
series of activity, the action estimation information
being associated with the data;

an extraction step of extracting partial data of the data

based on the action estimation information; and

a clustering step of performing clustering of the partial

data.

9. The method for processing activity recording data
according to claim 8§, wherein

the clustering step performs clustering of the partial data

by calculating average and standard deviation of the
partial data, dividing the partial data by a predeter-
mined number and performing labeling of the divided
partial data.

10. The method for processing activity recording data
according to claim 9, wherein

the data is associated with information on a minimum

dividing width, and

the clustering sets a dividing width to divide by the

predetermined number, and the dividing width is the
minimum dividing width or more.

11. The method for processing activity recording data
according to claim 8, wherein

the series of activity is cycling, and the data comprises at

least one of speed, forward-tilting angle, a gear value,
cadence, altitude, temperature, gradient, and lateral-
tilting angle.

12. The method for processing activity recording data
according to claim 11, wherein

the action estimation information on the series of activity

associated with the data comprises at least one of
seated, standing, inertial running, walking and stop.
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13. The method for processing activity recording data
according to claim 8, wherein

the series of activity is trekking, and the data comprises at

least one of speed, altitude, temperature and slope
angle.

14. The method for processing activity recording data
according to claim 13, wherein

the action estimation information on the series of activity

associated with the data comprises at least one of
walking, running, vehicles, and stop.

15. A computer readable recording medium having stored
thereon a program that makes a computer of an activity
recording data processing apparatus function as:

an acquisition unit configured to acquire data obtained for

a series of activity and action estimation information on
the series of activity, the action estimation information
being associated with the data;

an extraction unit configured to extract partial data of the

data based on the action estimation information; and

a clustering unit configured to perform clustering of the

partial data.
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