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(54) STEP-COUNT MEASUREMENT DEVICE AND STEP COUNT MEASUREMENT PROGRAM

(57) A step count measuring apparatus that meas-
ures the step count based on a degree of acceleration is
provided. The step count measuring apparatus includes
a local maximum/minimum value detection unit config-
ured to detect at least one of a local maximum value and
a local minimum value of the acceleration during a pre-
determined time, a threshold value determination unit
configured to determine a threshold value based on at
least one of the local maximum value and the local min-
imum value detected by the local maximum/minimum val-
ue detection unit, and a step count measuring unit con-
figured to measure the step count based on the acceler-
ation and the threshold value that has been determined
by the threshold value determination unit.
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Description

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] The present invention relates to a step count
measuring apparatus and a step count measuring pro-
gram used for measuring a step count (counting the
number of steps) while walking and a step count while
running.

2. Description of the Related Art

[0002] A conventional pedometer detects the acceler-
ation in an up-and-down direction (vertical direction) of
a person walking by using an acceleration sensor, and
measures the number of steps based on changes in the
detected values. Specifically, the pedometer measures
the number of steps by determining that the walker has
walked a step every time when the detected value of the
acceleration exceeds a predetermined threshold value.
However, there is a case in which multiple acceleration
peaks appear while walking one step due to an irregular
movement of the person walking, and the pedometer de-
termines that the walker has walked multiple steps.
[0003] With respect to the above, in Patent Document
1, when measuring the number of steps based on the
degree of the acceleration output from the acceleration
sensor, it is proposed to detect a lower limit peak value
at which the acceleration switches from a decreasing
state to an increasing state, to detect an upper limit peak
value at which the acceleration switched from an increas-
ing state to a decreasing state, and to measure the
number of steps based on the lower limit peak value and
the upper limit peak value.

[Citation List]

[Patent Document]

[0004] [Patent Document 1] Japanese Patent No.
5017062

SUMMARY OF THE INVENTION

[TECHNICAL PROBLEM]

[0005] However, in the step count measurement pro-
posed in the conventional technology, a single threshold
value is used for measuring the step count. In other
words, the same threshold value is used regardless of
the state whether walking or running. As a result, there
is a disadvantage that the number of steps while walking
may be accurately measured but the number of steps
while running cannot be accurately measured, or that the
number of steps while running may be accurately meas-
ured but the number of steps while walking cannot be

accurately measured.
[0006] In view of the above, the present invention has
been made. An object of the present invention is to pro-
vide a step count measuring apparatus and a step count
measuring that can accurately measure the number of
steps while walking and while running.

[SOLUTION TO PROBLEM]

[0007] A step count measuring apparatus that meas-
ures the number of steps based on acceleration accord-
ing to an embodiment of the present invention is provided.
The step count measuring apparatus includes a local
maximum/minimum value detection unit configured to
detect at least one of a local maximum value and a local
minimum value of the acceleration during a predeter-
mined time period, a threshold value determination unit
configured to determine a threshold value based on at
least one of the local maximum value and the local min-
imum value detected by the local maximum/minimum val-
ue detection unit, and a step count measuring unit con-
figured to measure the number of steps based on the
acceleration and the threshold value determined by the
threshold value determination unit.
[0008] According to the above-described arrange-
ment, a threshold value that is appropriate for the moving
state is determined based on at least one of the local
maximum value and the local minimum value of the ac-
celeration detected by the local maximum/minimum val-
ue detection unit, and the number of steps is measured
based on the determined threshold value. Therefore, the
number of steps while walking and the number of steps
while running can be accurately measured by using the
threshold values appropriate for the corresponding mov-
ing states.
[0009] Preferably, in an embodiment of the present in-
vention, the threshold value determination unit deter-
mines, as the threshold value, a first threshold value in
the case where at least one of the local maximum value
and the local minimum value exceeds a predetermined
value, and determines, as the threshold value, a second
threshold value that is less than the first threshold value
in the case where at least one of the local maximum value
and the local minimum value is equal to or less than the
predetermined value.
[0010] According to the above-described arrange-
ment, the first threshold value is determined as the
threshold value in the case where at least one of the local
maximum value and the local minimum value exceeds
the predetermined value (in the case of running), and the
second threshold value that is less than the first threshold
value is determined as the threshold value in the case
where at least one of the local maximum value and the
local minimum value is equal to or less than the prede-
termined value (in the case of walking). Therefore, the
number of steps while walking and the number of steps
while running can be measured more accurately.
[0011] Preferably, in an embodiment of the present in-
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vention, the threshold value determination unit deter-
mines the threshold value after the local maximum value
and the local minimum value have been both detected
by the local maximum/minimum value detection unit.
[0012] According to the above-described arrange-
ment, the threshold value determination unit determines
the threshold value after the local maximum value and
the local minimum value have been both detected by the
local maximum/minimum value detection unit. Therefore,
the number of steps while walking and the number of
steps while running can be measured furthermore accu-
rately.
[0013] Preferably, in an embodiment of the present in-
vention, the threshold value determination unit deter-
mines the threshold value after one of the local maximum
value and the local minimum value has been detected
by the local maximum/minimum value detection unit.
[0014] According to the above-described arrange-
ment, the threshold value determination unit determines
the threshold value after one of the local maximum value
and the local minimum value has been detected by the
local maximum/minimum value detection unit. Therefore,
compared with a case in which the threshold value is
determined after the local maximum value and the local
minimum value have been both detected, it is possible
to determine the threshold value in a shorter time.
[0015] Preferably, in an embodiment of the present in-
vention, the local maximum/minimum value detection
unit detects the local maximum value and the local min-
imum value, and the step count measuring unit measures
the number of steps based on a difference between the
local maximum value and the local minimum value de-
tected by the local maximum/minimum value detection
unit.
[0016] According to the above-described arrange-
ment, the local maximum/minimum value detection unit
detects the local maximum value and the local minimum
value, and the step count measuring unit measures the
number of steps based on a difference between the local
maximum value and the local minimum value detected
by the local maximum/minimum value detection unit.
Therefore, the number of steps can be measured more
accurately.
[0017] Preferably, in an embodiment of the present in-
vention, the acceleration that is input to the local maxi-
mum/minimum value detection unit is a sum of the
squares of acceleration values in three axis directions
including an X axis, a Y axis, and a Z axis that are or-
thogonal to each other.
[0018] According to the above-described arrange-
ment, the acceleration that is input to the acceleration
that is input to the local maximum/minimum value detec-
tion unit is a sum of the squares of acceleration values
in three axis directions including an X axis, a Y axis, and
a Z axis that are orthogonal to each other. Therefore,
compared with a case of using only acceleration values
in one axis direction or acceleration values in two axis
directions, movement of the user’s body can be deter-

mined more accurately. As a result, it is possible to meas-
ure the number of steps more accurately.
[0019] Preferably, in an embodiment of the present in-
vention, an acceleration sensor that measures the accel-
eration is included.
[0020] According to the above-described arrange-
ment, an acceleration sensor that measures the accel-
eration is included. Therefore, it is not necessary to in-
clude a separate acceleration sensor. Further, compared
with a gyro sensor, the power consumption is less. There-
fore, the above-described arrangement is preferable for
a wearable device or a mobile device that is driven by an
internal power supply such as a storage battery.
[0021] A step count measuring program that measures
the number of steps based on acceleration according to
an embodiment of the present invention is provided. The
step count measuring program causes a computer to per-
form detecting at least one of a local maximum value and
a local minimum value of the acceleration during a pre-
determined time period, determining a threshold value
based on at least one of the local maximum value and
the local minimum value detected by the detecting, and
measuring the number of steps based on the acceleration
and the threshold value determined by the determining.
[0022] According to the above-described program, a
computer is caused to perform detecting at least one of
a local maximum value and a local minimum value of the
acceleration during a predetermined time period, deter-
mining a threshold value based on the at least one of the
local maximum value and the local minimum value de-
tected by the detecting, and measuring the number of
steps based on the acceleration and the determined
threshold value. Therefore, it is possible to accurately
measure the number of steps while walking and the
number of steps while running.

[ADVANTAGEOUS EFFECTS OF INVENTION]

[0023] With a step count measuring program accord-
ing to an embodiment of the present invention, it is pos-
sible to accurately measure the number of steps while
walking and the number of steps while running.

BRIEF DESCRIPTION OF THE DRAWINGS

[0024]

Fig. 1 is an overview of a step count measuring ap-
paratus according to a first embodiment of the
present invention.
Fig. 2 is a functional block diagram of a step count
measuring apparatus according to a first embodi-
ment of the present invention.
Fig. 3 is a drawing illustrating threshold value deter-
mination by a step count measuring apparatus ac-
cording to a first embodiment of the present inven-
tion.
Fig. 4 is a drawing illustrating threshold value deter-
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mination by a step count measuring apparatus ac-
cording to a first embodiment of the present inven-
tion.
Fig. 5 is a flowchart illustrating operations of a step
count measuring apparatus according to a first em-
bodiment of the present invention.
Fig. 6 is a flowchart illustrating operations of a step
count measuring apparatus according to a second
embodiment of the present invention.

DETAILED DESCRIPTION OF THE PREFERRED EM-
BODIMENTS

[0025] A step count measuring apparatus according to
an embodiment of the present invention is, for example,
a wearable device of a headphone type, a glasses type,
a watch type, or a bracelet type, that is used by being
attached to (being worn on) the body of a user.
[0026] In the following descriptions, one or more em-
bodiments of the present invention will be described by
using a wearable device of a headphone type as an ex-
ample. It should be noted that a step count measuring
apparatus according to an embodiment of the present
invention may be installed in a mobile device (mobile
apparatus) such as a pedometer, a mobile phone, a
smart-phone, etc.

(First embodiment)

[0027] Fig. 1 is an overview of a step count measuring
apparatus 1 according to a first embodiment of the
present invention. As described above, the step count
measuring apparatus 1 is a wearable device of a head-
phone type, and is implemented in a headphone. A user
(hereinafter, referred to as a "user U") uses the step count
measuring apparatus 1 illustrated in Fig. 1 by attaching
it to the head.

(Structure of step count measuring apparatus 1)

[0028] Fig. 2 is a functional block diagram of a step
count measuring apparatus according to a first embodi-
ment of the present invention, in which a memory ele-
ment, a CPU, etc., are included. The step count meas-
uring apparatus 1 includes a sum of squares calculation
unit 101, a local maximum/minimum value detection unit
102, a threshold value determination unit 103, a step
count measuring unit 104, and a memory unit 105. Func-
tions of the step count measuring apparatus 1 illustrated
in Fig. 2 may be realized by hardware, or may be realized
by a processor such as a CPU (Central Processing Unit)
that executes a step count measuring program. The
above step count measuring program is a step count
measuring program according to an embodiment of the
present invention.
[0029] Further, as illustrated in Fig. 2, a step count
measuring apparatus 1 according to a first embodiment
of the present invention is connected to an acceleration

sensor 2 via wireless connection or wired connection,
and receives acceleration data from the acceleration sen-
sor 2. Here, the acceleration sensor 2 measures real-
time acceleration data in three axis directions including
an X axis, a Y axis, and a Z axis that are orthogonal to
each other, and sequentially outputs the measured data.
[0030] In a first embodiment of the present invention,
it is assumed that the X axis is related to an acceleration
measurement in a left-and-right direction with respect to
the user U, the Y axis is related to an acceleration meas-
urement in a front- and-back direction with respect to the
user U, and the Z axis is related to an acceleration meas-
urement in a vertical direction with respect to the user U.
It should be noted that the acceleration sensor 2 may be
included in a step count measuring apparatus 1 accord-
ing to the first embodiment.
[0031] The sum of squares calculation unit 101 per-
forms sampling of analog voltage signals of the X axis,
the Y axis, and the Z axis, that are output from the ac-
celeration sensor 2 at a predetermined sampling period,
and converts the sampled signals into digital data. It
should be noted that, in order to prevent a malfunction
caused by the sample timing deviation, the sampling of
the analog voltage signals is performed substantially at
the same time with respect to the X axis, the Y axis, and
the Z axis. It should be noted that the acceleration sensor
2 may generate digital signals that indicate respective
voltages with respect to the X axis, the Y axis, and the Z
axis.
[0032] The sum of squares calculation unit 101 calcu-
lates the square root w of the sum of the squares of ac-
celeration values in the X axis, the Y axis, and the Z axis
that have been converted to the digital data.
[0033] Specifically, the square root w of the sum of
squares is calculated by using the following formula (1).
(Math 1) 

x: acceleration in the X axis
y: acceleration in the Y axis
z: acceleration in the Z axis
w: square root of a sum of the squares

[0034] The sum of squares calculation unit 101 se-
quentially outputs the calculated square roots of the sum
of squares of acceleration values in the X axis, the Y axis,
and the Z axis. It should be noted that, in the first em-
bodiment, the square root of the sum of the squares is
calculated directly from the sampled acceleration values
in the X axis, the Y axis, and the Z axis. However, the
square root of the sum of the squares may be calculated
from moving average values of the sampled acceleration
values in the X axis, the Y axis, and the Z axis.
[0035] The local maximum/minimum value detection
unit 102 performs sampling of the values output from the
sum of squares calculation unit 101 during a predeter-
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mined time, and detects a local maximum value (the larg-
est value) and a local minimum value (the smallest value)
from the sampled values during the predetermined time.
Specifically, after detecting the local minimum value at
first, the local maximum/minimum value detection unit
102 detects the local maximum value in a state in which
the detected local minimum value is retained. It should
be noted that the predetermined time described in an
embodiment of the present invention is a time during
which the user walks one step or runs one step (e.g., 500
ms).
[0036] The threshold value determination unit 103 de-
termines whether the local maximum value detected by
the local maximum/minimum value detection unit 102 ex-
ceeds a predetermined value A. In the case where the
local maximum value detected by the local maxi-
mum/minimum value detection unit 102 exceeds the pre-
determined value A, the threshold value determination
unit 103 determines that the user is running, and deter-
mines a threshold value B (first threshold value) as a
threshold value to be used. Further, in the case where
the local maximum value detected by the local maxi-
mum/minimum value detection unit 102 is equal to or less
than the predetermined value A, the threshold value de-
termination unit 103 determines that the user is walking,
and determines a threshold value C (second threshold
value) that is less than the threshold value B (first thresh-
old value) as the threshold value to be used. The prede-
termined value A is determined in advance based on the
values of the square roots of the sum of the squares of
the actual acceleration values while running and while
walking. Further, the predetermined threshold value B is
determined in advance based on the values of the square
roots of the sum of the squares of the actual acceleration
values while running and the step counts at that time.
Further, the predetermined threshold value C is deter-
mined in advance based on the values of the square roots
of the sum of the squares of the actual acceleration val-
ues while walking and the actual step counts.
[0037] Fig. 3 and Fig. 4 are drawings illustrating the
reason for changing the threshold value. The vertical axis
in Fig. 3 and Fig. 4 represents the degree of the accel-
eration. The horizontal axis in Fig. 3 and Fig. 4 represents
time. Further, a one-dot chain line in Fig. 3 and Fig. 4
represents acceleration in the Y axis direction, a two-dot
chain line represents acceleration in the X axis direction,
and a solid line represents acceleration in the Z axis di-
rection.
[0038] Here, in Fig. 3 and Fig. 4, the acceleration
change while walking is illustrated on the left side, and
the acceleration change while running is illustrated on
the right side. As illustrated in Fig. 3 and Fig. 4, the meas-
ured degree of the acceleration while walking is quite
different from the measured degree of the acceleration
while running. Therefore, as illustrated in Fig. 3, if the
threshold value for measuring the step count is fixed to
the threshold value for walking, then there is a risk of
false detection of the step count when the user is running

(when the acceleration changes greatly). For example,
there is a risk of the degree of the acceleration exceeding
the threshold value multiple times during a time the user
runs one step, and thus, there is a risk that, for a single
actual step, a plurality of steps may be erroneously meas-
ured.
[0039] Further, if the threshold value for measuring the
step count is fixed to the threshold value while running,
then there is a risk of false step count detection when the
user is walking (when the acceleration changes slightly).
For example, there is a risk of the degree of the acceler-
ation not exceeding the threshold value in spite of the
fact that the user has walked multiple steps, and thus,
there is a risk that, for a plurality of actual steps, no step
may be measured.
[0040] Therefore, in the first embodiment, as illustrated
in Fig. 4, different threshold values are used depending
on whether the user is walking or running. As a result, it
is possible to reduce the possibility of the false detection
in which the measured step count is erroneously detected
as plural in spite of the fact that the actual step count is
one.
[0041] The step count measuring unit 104 measures
the step count based on the acceleration and the thresh-
old value that is determined by the threshold value de-
termination unit 103. Specifically, after calculating the dif-
ference between the local maximum value and the local
minimum value that are detected by the local maxi-
mum/minimum value detection unit 102, in the case of
the difference exceeding the threshold value that has
been determined by the threshold value determination
unit 103, one step is measured (counted) by the step
count measuring unit 104, and in the case of the differ-
ence being equal to or less than the threshold value that
has been determined by the threshold value determina-
tion unit 103, no step is measured (counted) by the step
count measuring unit 104.
[0042] The predetermined value A that is used by the
threshold value determination unit 103 and the threshold
values B and C that are used by the step count measuring
unit 104 are stored in the memory unit 105.

(Operations of step count measuring apparatus 1)

[0043] Fig. 5 is a flowchart illustrating operations of a
step count measuring apparatus 1 according to the first
embodiment. In the following, referring to Fig. 1 through
Fig. 5, operations of the step count measuring apparatus
1 according to the first embodiment will be described.
[0044] At first, after sampling the analog voltage sig-
nals in the X axis, Y axis, and Z axis, that have been
output from the acceleration sensor 2 at a predetermined
sampling period, and converting the sampled analog volt-
age signals into digital data, the sum of squares calcu-
lation unit 101 calculates the square root w of the sum
of the squares of the respective acceleration values in
the X axis, Y axis, and Z axis that have been converted
to the digital data (S101).
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[0045] Next, the local maximum/minimum value detec-
tion unit 102 performs sampling of the values that have
been output from the sum of squares calculation unit 101
during a predetermined time, and detects a local mini-
mum value (the smallest value) from the sampled values
during the predetermined time (S102). Next, the local
maximum/minimum value detection unit 102 detects a
local maximum value (the largest value) in a state in
which the detected local minimum value is retained
(S103).
[0046] Next, the threshold value determination unit 103
determines whether the local maximum value detected
by the local maximum/minimum value detection unit 102
exceeds a predetermined value A (S104). In the case
where the local maximum value detected by the local
maximum/minimum value detection unit 102 exceeds the
predetermined value A, the threshold value determina-
tion unit 103 determines that the user is running, and
determines a threshold value B (first threshold value) as
a threshold value to be used (S105).
[0047] After calculating a difference between the local
maximum value and the local minimum value that have
been detected by the local maximum/minimum value de-
tection unit 102, the step count measuring unit 104 de-
termines whether the difference exceeds the threshold
value B that has been determined by the threshold value
determination unit 103 in step S105 (S106). In the case
of the difference exceeding the threshold value B (Yes
in S106), one step is measured by the step count meas-
uring unit 104 (S107). Further, in the case where the dif-
ference does not exceed the threshold value B (No in
S106), no step is measured by the step count measuring
unit 104.
[0048] Further, in the case where the local maximum
value detected by the local maximum/minimum value de-
tection unit 102 does not exceed the predetermined value
A (No in S104), the threshold value determination unit
103 determines that the user is walking, and determines
a threshold value C (second threshold value) as the
threshold value to be used (S108).
[0049] After calculating a difference between the local
maximum value and the local minimum value that have
been detected by the local maximum/minimum value de-
tection unit 102, the step count measuring unit 104 de-
termines whether the difference exceeds the threshold
value C that has been determined by the threshold value
determination unit 103 in step S108 (S109). In the case
of the difference exceeding the threshold value C (Yes
in S109), one step is measured by the step count meas-
uring unit 104 (S107). Further, in the case of the differ-
ence not exceeding the threshold value C (No in S109),
no step is measured by the step count measuring unit
104.
[0050] As described above, a step count measuring
apparatus 1 is provided according to an embodiment of
the present invention measures the step count based on
the degree of acceleration. The step count measuring
apparatus includes a local maximum/minimum value de-

tection unit 102 configured to detect a local maximum
value and a local minimum value of the acceleration dur-
ing a predetermined time, a threshold value determina-
tion unit 103 configured to determine a threshold value
based on the local maximum value and the local minimum
value detected by the local maximum/minimum value de-
tection unit 102, and a step count measuring unit 104
configured to measure the step count based on the ac-
celeration and the threshold value that has been deter-
mined by the threshold value determination unit 103. Ac-
cording to the above arrangement, it is possible to accu-
rately measure the step count when the user is walking
and when the user is running.
[0051] Further, in the step count measuring apparatus
1, the threshold value determination unit 102 determines
a first threshold value (threshold value B) as a threshold
value in the case where a local maximum value exceeds
a predetermined value A, and determines a second
threshold value (threshold value C) that is less than the
first threshold value (threshold value B) as the threshold
value in the case where the local maximum value is equal
to or less than the predetermined value A. According to
the above arrangement, the first threshold value (thresh-
old value B) is determined as the threshold value in the
case where the local maximum value exceeds the pre-
determined value A (i.e., when running), and the second
threshold value (threshold value C) that is less than the
first threshold value (threshold value B) is determined as
the threshold value in the case where the local maximum
value is equal to or less than the predetermined value A
(i.e., when walking). Therefore, the step count while walk-
ing and the step count while running can be measured
more accurately.
[0052] Further, in the step count measuring apparatus
1, the threshold value is determined after the local max-
imum value and the local minimum value have been both
detected by the local maximum/minimum value detection
unit 102. According to the above arrangement, the
threshold value determination unit 103 determines the
threshold value after the local maximum value and the
local minimum value have been both detected by the
local maximum/minimum value detection unit. Therefore,
the step count while walking and the step count while
running can be measured furthermore accurately.
[0053] Further, the local maximum/minimum value de-
tection unit 102 of the step count measuring apparatus
1 detects the local maximum value and the local minimum
value, and the step count measuring unit 104 measures
the step count based on a difference between the local
maximum value and the local minimum value detected
by the local maximum/minimum value detection unit 102.
According to the above arrangement, it is possible to
measure the step count more accurately.
[0054] Further, in the step count measuring apparatus
1, the acceleration that is input to the local maximum/min-
imum value detection unit 102 is a sum of the squares
of acceleration values in three axis directions including
an X axis, a Y axis, and a Z axis that are orthogonal to
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each other. According to the above arrangement, com-
pared with a case in which only acceleration(s) in one
axis direction or two axis directions are used, the body
movement of the user can be determined more accurate-
ly. As a result, it is possible to measure the step count
more accurately.
[0055] Further, the step count measuring apparatus 1
includes an acceleration sensor that measures acceler-
ation. According to the above arrangement, an acceler-
ation sensor that measures acceleration is included.
Therefore, it is not necessary to include a separate ac-
celeration sensor. Further, compared with a gyro sensor,
less power is consumed. Therefore, the above arrange-
ment is preferable for a wearable device or a mobile de-
vice that is driven by an internal power supply such as a
storage battery.
[0056] Further, a step count measuring program ac-
cording to an embodiment of the present invention may
realize the step count measuring apparatus 1, and may
provide the same effects as the above step count meas-
uring apparatus 1. According to the above arrangement,
the threshold value determination unit determines the
threshold value after one of the local maximum value and
the local minimum value has been detected by the local
maximum/minimum value detection unit. Therefore,
compared with a case in which the threshold value is
determined after the local maximum value and the local
minimum value have been both detected, it is possible
to determine the threshold value in a shorter time.

(Second embodiment)

[0057] Next, a second embodiment of the present in-
vention will be described. In the first embodiment, the
threshold value is determined by determining whether
the local maximum value detected by the local maxi-
mum/minimum value detection unit 102 exceeds the pre-
determined value A, after the local minimum value and
the local maximum value have been detected by the local
maximum/minimum value detection unit 102. In the sec-
ond embodiment, the threshold value is determined by
determining whether the local maximum value detected
by the local maximum/minimum value detection unit 102
exceeds the predetermined value A after the local max-
imum value has been detected by the local maxi-
mum/minimum value detection unit 102, which will be
described below.
[0058] Fig. 6 is a flowchart illustrating operations of a
step count measuring apparatus 1 according to the sec-
ond embodiment. In the following, referring to Fig. 1
through Fig. 4 and Fig. 6, operations of the step count
measuring apparatus 1 according to the second embod-
iment will be described.
[0059] At first, after sampling the analog voltage sig-
nals in the X axis, Y axis, and Z axis, that are output from
the acceleration sensor 2 at a predetermined sampling
period, and converting the sampled analog voltage sig-
nals into digital data, the sum of squares calculation unit

101 calculates the square root of the sum of the squares
of the respective acceleration values in the X axis, Y axis,
and Z axis that have been converted to the digital data
(S201).
[0060] Next, the local maximum/minimum value detec-
tion unit 102 performs sampling of the values output from
the sum of squares calculation unit 101 during a prede-
termined time, and detects a local maximum value (the
largest value) from the sampled values during the pre-
determined time (S202).
[0061] Next, the threshold value determination unit 103
determines whether the local maximum value detected
by the local maximum/minimum value detection unit 102
exceeds a predetermined value A (S203). In the case
where the local maximum value detected by the local
maximum/minimum value detection unit 102 exceeds the
predetermined value A (Yes in S203), the threshold value
determination unit 103 determines that the user is run-
ning, and determines a threshold value B (first threshold
value) as a threshold value to be used (S204).
[0062] Further, after detecting the local maximum val-
ue in S202, the local maximum/minimum value detection
unit 102 continues to detect the local minimum value
(S205). After calculating a difference between the local
maximum value and the local minimum value that have
been detected by the local maximum/minimum value de-
tection unit 102, the step count measuring unit 104 de-
termines whether the difference exceeds the threshold
value B that has been determined by the threshold value
determination unit 103 in step S204 (S206).
[0063] In the case where the difference exceeds the
threshold value B (Yes in S206), one step is measured
by the step count measuring unit 104 (S207). Further, in
the case where the difference does not exceed the
threshold value B (No in S206), no step is measured by
the step count measuring unit 104.
[0064] Further, in the case where the local maximum
value detected by the local maximum/minimum value de-
tection unit 102 does not exceed the predetermined value
A (No in S203), the threshold value determination unit
103 determines that the user is walking, and determines
a threshold value C (second threshold value) as the
threshold value to be used (S208).
[0065] Further, after detecting the local maximum val-
ue in S202, the local maximum/minimum value detection
unit 102 continues to detect the local minimum value
(S209). After calculating a difference between the local
maximum value and the local minimum value that have
been detected by the local maximum/minimum value de-
tection unit 102, the step count measuring unit 104 de-
termines whether the difference exceeds the threshold
value C determined by the threshold value determination
unit 103 in step S208 (S210). In the case of the difference
exceeding the threshold value C (Yes in S210), one step
is measured by the step count measuring unit 104 (S207).
Further, in the case where the difference does not exceed
the threshold value C (No in S210), no step is measured
by the step count measuring unit 104.
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[0066] In the second embodiment, the similar effects
as the first embodiment can be obtained. Further, ac-
cording to the second embodiment, the threshold value
determination unit 103 determines the threshold value
after the local maximum value has been detected by the
local maximum/minimum detection unit 102. Therefore,
the threshold value can be determined in a shorter time.

(Other embodiments)

[0067] In the first embodiment and the second embod-
iment, the threshold value is determined by determining
whether the local maximum value that has been detected
by the local maximum/minimum value detection unit 102
exceeds the predetermined value A, which has been de-
scribed above. However, the threshold value may be de-
termined by determining whether an absolute value of
the local minimum value exceeds a predetermined value
D (a value different from the predetermined value A).
Further, the threshold value may be determined by de-
termining whether an absolute value of the local maxi-
mum value and an absolute value of the local minimum
value exceed the predetermined values A and D, respec-
tively.
[0068] Further, in the second embodiment, the thresh-
old value determination unit 103 determines the thresh-
old value after the local maximum value has been de-
tected by the local maximum/minimum value detection
unit 102. However, the threshold value determination unit
103 may determine the threshold value after the local
minimum value has been detected by the local maxi-
mum/minimum value detection unit 102.
[0069] Further, in the second embodiment, after de-
tecting the local minimum value in S202, whether or not
an absolute value of the local minimum value exceeds
the predetermined value D may be determined in S203.
In this case, in steps S205 and S209, the local maximum
value is detected.
[0070] Further, in a step count measuring apparatus 1
according to the first and second embodiment, whether
the user is walking or running is determined by using a
square root of the sum of the squares of the acceleration
values in the X axis, Y axis, and Z axis output from the
acceleration sensor 2. However, whether the user is
walking or running may be determined by using at least
one of the values with respect to the X axis, Y axis, and
Z axis output from the acceleration sensor 2.

[DESCRIPTION OF THE REFERENCE NUMERALS]

[0071]

1 step count measuring apparatus
2 acceleration sensor
101 sum of squares calculation unit
102 local maximum/minimum detection unit
103 threshold value determination unit
104 step count measuring unit

105 memory unit

Claims

1. A step count measuring apparatus that measures a
step count based on a degree of acceleration, the
step count measuring apparatus comprising:

a local maximum/minimum value detection unit
configured to detect at least one of a local max-
imum value and a local minimum value of the
acceleration in a predetermined time;
a threshold value determination unit configured
to determine a threshold value based on the at
least one of the local maximum value and the
local minimum value that has been detected by
the local maximum/minimum value detection
unit; and
a step count measuring unit configured to meas-
ure the step count based on the acceleration
and the threshold value that has been deter-
mined by the threshold value determination unit.

2. The step count measuring apparatus according to
claim 1, wherein, the threshold value determination
unit determines a first threshold value as the thresh-
old value in the case where the at least one of the
local maximum value and the local minimum value
exceeds a predetermined value, and determines, as
the threshold value, a second threshold value that
is less than the first threshold value in the case where
the at least one of the local maximum value and the
local minimum value is equal to or less than the pre-
determined value.

3. The step count measuring apparatus according to
claim 1 or 2, wherein the threshold value determina-
tion unit determines the threshold value after the lo-
cal maximum value and the local minimum value
have been both detected by the local maximum/min-
imum value detection unit.

4. The step count measuring apparatus according to
claim 1 or 2, wherein the threshold value determina-
tion unit determines the threshold value after one of
the local maximum value and the local minimum val-
ue has been detected by the local maximum/mini-
mum value detection unit.

5. The step count measuring apparatus according to
any one of claims 1 to 4, wherein
the step count measuring unit measures the step
count based on a difference between the local max-
imum value and the local minimum value that have
been detected by the local maximum/minimum value
detection unit.
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6. The step count measuring apparatus according to
any one of claims 1 to 5, wherein the acceleration
that is input to the local maximum/minimum value
detection unit is a sum of the squares of acceleration
values in three axes including a X axis, a Y axis, and
a Z axis that are orthogonal to each other.

7. The step count measuring apparatus according to
any one of claims 1 to 6, further comprising: an ac-
celeration sensor that measures the acceleration.

8. A step count measuring program used for measuring
a step count based on a degree of acceleration, the
step count measuring program causes a computer
to:

detect at least one of a local maximum value
and a local minimum value of the acceleration
in a predetermined time;
determine a threshold value based on the at
least one of the local maximum value and the
local minimum value that has been detected by
the detecting; and
measure the step count based on the accelera-
tion and the threshold value that has been de-
termined by the determining.

15 16 



EP 3 364 345 A1

10



EP 3 364 345 A1

11



EP 3 364 345 A1

12



EP 3 364 345 A1

13



EP 3 364 345 A1

14



EP 3 364 345 A1

15



EP 3 364 345 A1

16

5

10

15

20

25

30

35

40

45

50

55



EP 3 364 345 A1

17

5

10

15

20

25

30

35

40

45

50

55



EP 3 364 345 A1

18

REFERENCES CITED IN THE DESCRIPTION

This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

• JP 5017062 B [0004]


	bibliography
	abstract
	description
	claims
	drawings
	search report
	cited references

