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METHOD AND DEVICE FOR IDENTIFYING
HUMAN MOVEMENT STATE

TECHNICAL FIELD

[0001] The present disclosure relates to the technical field
of movement state identification, and specifically to a
method and device for identifying a human movement state.

BACKGROUND

[0002] With the developing of economy and living stan-
dard, people are increasingly paying attention to their own
health. They do exercise according to various movement
themes, and analyze their own health statuses according to
the movement state. Therefore, various devices for moni-
toring movement states appear.

[0003] The conventional movement state monitoring
devices monitor human movement state mostly on the basis
of acceleration sensors, for example, using a pedometer
based on an acceleration sensor to obtain a step number by
statistics. Such a step counting solution mainly utilizes the
fact that during the process of pacing or running of the
human body, various parts of the human body are all
moving, and thus corresponding accelerations are generated,
and utilizing the characteristics of the acceleration such as
the quasi-periodicity to obtain by statistics the step number.
However, such a step counting solution cannot effectively
distinguish pacing and running. Therefore, a solution of
identifying movement state that can effectively distinguish
pacing and running is desired.

[0004] Furthermore, sleeping status can reflect the health
status of people to some extent, and people hope that they
can know and control the sleeping status to some extent.
Therefore, a record of sleeping status is necessary. The
conventional solutions are mainly to know the sleeping
quality of people by statistics on the duration of sleeping.
However, the conventional sleeping statistic methods have
the problem of fox sleep. For example, there are cases in the
sleeping process when the human body does not move at all
for a long time, which are similar to that the detecting device
is not being worn and is placed statically away from the
human body, and thus sometimes the case that the device is
placed statically may probably be misjudged as sleeping.
Therefore, how to solve the problem of fox sleep is another
problem that is required to be solved in sleeping state
statistics.

SUMMARY

[0005] In the light of the above problems, the present
disclosure provides a method for identifying a human move-
ment state that can validly distinguish pacing and running,
and a method for identifying a human movement state that
can validly solve the problem of fox sleep in sleeping state
statistics.

[0006] In order to achieve the above objects, the technical
solutions of the present disclosure are implemented as
follows:

[0007] In an aspect, the embodiments of the present dis-
closure provide a method for identifying a human movement
state, used for validly distinguishing a pacing state and a
running state, the method comprises:

[0008] providing a three-axis acceleration sensor and a
human physical sign sensor in a wearable device;
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[0009] determining according to acceleration signals that
are collected by the three-axis acceleration sensor that a
human body is in a walking state, calculating a walking step
number of the human body, and calculating a walking step
frequency according to the walking step number;

[0010] calculating a corresponding physical sign fre-
quency during the walking process according to a physical
sign signal that is collected by the human physical sign
sensor;

[0011] comparing the walking step frequency and the
physical sign frequency that are obtained by calculating
respectively with a step frequency threshold and a physical
sign frequency threshold, and if the walking step frequency
is greater than the step frequency threshold, and the physical
sign frequency is greater than the physical sign frequency
threshold, determining that the human movement state is a
running state, and recording the calculated walking step
number to be a running step number; and if not, determining
that the human movement state is a pacing state, and
recording the calculated walking step number to be a pacing
step number.

[0012] In another aspect, the embodiments of the present
disclosure further provide a device for identifying a human
movement state, used for validly distinguishing a pacing
state and a running state, the device for identifying com-
prises:

[0013] a walking step frequency calculating unit, for when
it is determined according to acceleration signals that are
collected by a three-axis acceleration sensor in the wearable
device that a human body is in a walking state, calculating
a walking step number of the human body according to the
acceleration signals that are collected by the three-axis
acceleration sensor, and calculating a walking step fre-
quency according to the walking step number;

[0014] a physical sign frequency calculating unit, for
calculating a corresponding physical sign frequency during
the walking process according to a physical sign signal that
is collected by a human physical sign sensor in the wearable
device;

[0015] a comparing unit, for comparing the calculated
walking step frequency and the physical sign frequency
respectively with a step frequency threshold and a physical
sign frequency threshold,

[0016] a movement state identifying unit, for if the walk-
ing step frequency is greater than the step frequency thresh-
old, and the physical sign frequency is greater than the
physical sign frequency threshold, determining that the
human movement state is a running state, and recording the
calculated walking step number to be a running step number;
and if not, determining that the human movement state is a
pacing state, and recording the calculated walking step
number to be a pacing step number.

[0017] The above technical solutions provided by the
embodiments of the present disclosure, on the basis of the
characteristic that the speed frequencies and the human
physical signs of human being in the running state and the
pacing state are different, provide a plurality of sensors in
the wearable device, for example an acceleration sensor and
a human physical sign sensor, collect the acceleration sig-
nals and the human physical sign signal in the movement
process of the human body by using the acceleration sensor
and the human physical sign sensor, calculate the speed
frequency and the corresponding human physical sign fre-
quency in the movement process respectively on the basis of
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the acceleration signals and the human physical sign signal,
and distinguish the pacing state and the running state by
referring to the speed frequency and the human physical sign
frequency.

[0018] In an aspect, the present disclosure provides a
method for identifying a human movement state, used for
validly solving the problem of fox sleep in sleeping state
statistics, the method comprises:

[0019] providing a three-axis acceleration sensor and a
human physical sign sensor in a wearable device;

[0020] detecting an instantaneous abnormal motion of a
human body according to acceleration signals that are col-
lected by the three-axis acceleration sensor;

[0021] judging, according to a physical sign signal that is
collected by the human physical sign sensor, whether the
wearable device is being worn; and

[0022] if a number of the instantaneous abnormal motions
that are detected within a sleeping state statistic duration is
less than or equal to a preset first number threshold, and it
is determined that the human body is wearing the wearable
device, determining that the human movement state is a
sleeping state; and if not, determining that the human
movement state is a waking state.

[0023] In another aspect, the present disclosure provides a
device for identifying a human movement state, used for
validly solving the problem of fox sleep in sleeping state
statistics, the device for identifying comprises:

[0024] an instantaneous abnormal motion detecting unit,
for detecting an instantaneous abnormal motion of a human
body according to acceleration signals that are collected by
a three-axis acceleration sensor in the wearable device;
[0025] a wearing judging unit, for judging, according to a
physical sign signal that is collected by a human physical
sign sensor in the wearable device, whether the wearable
device is being worn;

[0026] a movement state identifying unit, for if a number
of the instantaneous abnormal motions that are detected
within a sleeping state statistic duration is less than or equal
to a preset first number threshold, and it is determined that
the human body is wearing the wearable device, determining
that the human movement state is a sleeping state; and if not,
determining that the human movement state is a waking
state.

[0027] The above technical solutions provided by the
embodiments of the present disclosure provide a plurality of
sensors in the wearable device, for example, an acceleration
sensor and a human physical sign sensor collect the accel-
eration signals and the human physical sign signal in the
movement process of the human body by using the accel-
eration sensor and the human physical sign sensor, and
identify the sleeping state of the human body by referring to
the acceleration signals and the physical sign signal to
increase the accuracy of the identification results, thereby
avoiding counting the case when the wearable device leaves
the human body and is placed statically, into the sleeping
state.

BRIEF DESCRIPTION OF DRAWINGS

[0028] The drawings are intended to provide a further
understanding of the present disclosure, and constitute part
of the description. The drawings are intended to interpret the
present disclosure along with the embodiments of the pres-
ent disclosure, and do not function to limit the present
disclosure. In the drawings:
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[0029] FIG. 1 is the flow chart of the method for identi-
fying a human movement state provided by the first embodi-
ment;

[0030] FIG. 2 is the schematic diagram of the acceleration
signals that are generated in three directions by the three-
axis acceleration sensor during the walking and running
process that is provided by the first embodiment;

[0031] FIG. 3 is the flow chart of the method for identi-
fying the running state and the pacing state provided by the
first embodiment;

[0032] FIG. 4 is the flow chart of the method for identi-
fying a human movement state provided by the second
embodiment;

[0033] FIG. 5 is the schematic diagram of the acceleration
signals that are generated in three directions by the three-
axis acceleration sensor during the sleeping process that is
provided by the second embodiment;

[0034] FIG. 6 is the flow chart of the method for identi-
fying sleeping state provided by the second embodiment;
[0035] FIG. 7 is the schematic diagram of the device for
identifying a human movement state provided by the third
embodiment;

[0036] FIG. 8 is the schematic diagram of the device for
identifying a human movement state provided by the fourth
embodiment.

DETAILED DESCRIPTION

[0037] In order to make the objects, technical solutions
and advantages of the present disclosure clearer, the embodi-
ments of the present disclosure will be further described in
detail below by referring to the drawings.

The First Embodiment:

[0038] The present embodiment employs multiple sen-
sors, in combination with physical features (for example
heart rate detecting), to achieve the effect of more accurately
obtaining the pacing and the running movement states of
human body.

[0039] Because different walking states are corresponding
to different speed frequencies and physical signs, the present
embodiment utilizes a wearable device having an accelera-
tion sensor and a physical sign sensor to monitor in real time
the movement of the human body, and identifies the walking
state of the human body by referring to movement charac-
teristics and biological characteristics. The walking state of
the present embodiment comprises a pacing state and a
running state, and the walking step number comprises a
pacing step number and a running step number.

[0040] FIG. 1 is the flow chart of the method for identi-
fying a human movement state provided by the present
embodiment. As shown in FIG. 1, the method in FIG. 1
comprises:

[0041] S110, providing a three-axis acceleration sensor
and a human physical sign sensor in a wearable device.
[0042] Because the heart rates of the human body in
pacing and in running are obviously different, the present
embodiment preferably utilizes the heart rate sensor to
acquire the heart rate characteristic of the human body.
[0043] S120, determining according to acceleration sig-
nals that are collected by the three-axis acceleration sensor
that a human body is in a walking state, calculating a
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walking step number of the human body, and calculating a
walking step frequency according to the walking step num-
ber.

[0044] S130, calculating a corresponding physical sign
frequency during the walking process according to a physi-
cal sign signal that is collected by the human physical sign
sensor.

[0045] When the human physical sign sensor that is pro-
vided in the wearable device is a heart rate sensor, the
calculating a corresponding physical sign frequency during
the walking process according to a physical sign signal that
is collected by the human physical sign sensor in the present
step is specifically: calculating a heart rate during the
walking process according to a periodic fluctuation of a
heart rate signal that is collected by the heart rate sensor.
[0046] S140, comparing the walking step frequency and
the physical sign frequency that are obtained by calculating
respectively with a step frequency threshold and a physical
sign frequency threshold, and if the walking step frequency
is greater than the step frequency threshold, and the physical
sign frequency is greater than the physical sign frequency
threshold, determining that the human movement state is a
running state, and recording the calculated walking step
number to be a running step number; and if not, determining
that the human movement state is a pacing state, and
recording the calculated walking step number to be a pacing
step number.

[0047] The specific contents of the above Steps S120 to
S140 can be performed by a wearable device (such as a
smart watch or a smart wristband).

[0048] The present embodiment, on the basis of the char-
acteristic that the speed frequencies and the human physical
signs of human being in the running state and the pacing
state are different, provides the three-axis acceleration sen-
sor and the human physical sign sensor, collects the accel-
eration signals and the human physical sign signal in the
movement process of the human body by using the three-
axis acceleration sensor and the human physical sign sensor,
calculates the speed frequency and the corresponding human
physical sign frequency in the movement process respec-
tively on the basis of the acceleration signals and the human
physical sign signal, and distinguishes the pacing state and
the running state by referring to the speed frequency and the
human physical sign frequency.

[0049] In order to in more detail introduce the method for
identifying a human movement state of the present embodi-
ment, the present embodiment is described by a specific
implementation.

[0050] Because the parts of a human body are all moving
during the walking process, thereby generate certain accel-
erations, and because the pacing or the running of a human
body has a certain periodicity, the generated accelerations
also have certain periodicities. As shown in FIG. 2, FIG. 2
shows the acceleration signals that are generated in three
directions by the three-axis acceleration sensor during the
walking process, wherein the ax/g, ay/g and az/g in FIG. 2
are respectively the normalized acceleration signals that are
generated in the X-axis, the Y-axis and the Z-axis by the
three-axis acceleration sensor and g represents the gravita-
tional acceleration. It can be seen from FIG. 2 that, during
the walking process of pacing or running of the human body,
the acceleration signals that are collected by the three-axis
acceleration sensor present an obvious periodical character-
istic in at least one coordinate axis. Therefore, the walking
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step number can be determined by counting the extremum
points of the acceleration signals; for example, one maxi-
mum value point (or one minimum value point) corresponds
to that the left leg and the right leg individually stride one
step, that is, one extreme point corresponds to walking by
two steps.

[0051] FIG. 3 is the flow chart of the method for identi-
fying the running state and the pacing state provided by the
present embodiment. As shown in FIG. 3, the method for
identifying the running state and the pacing state comprises:
[0052] S311, acquiring acceleration signals having a pre-
set sampling duration from an output of the three-axis
acceleration sensor in the wearable device.

[0053] S321, acquiring heart rate signals having a preset
sampling duration from an output of the heart rate sensor in
the wearable device.

[0054] It should be noted that, the acceleration signals in
Step S311 and the heart rate signal in Step S321 correspond
to a same movement state, and the sampling durations are
the same. The sampling duration of the present embodiment
should not be too long, and preferably is less than 5 minutes.
If the sampling duration is too long, the walking states
within the sampling duration may possibly comprise both
the pacing state and the running state, which 1s adverse to the
distinguishing of the pacing state and the running state.
[0055] S312, performing a filtering processing on the
acceleration signals.

[0056] It can be seen from FIG. 2 that, the acceleration
signals that are outputted by the three-axis acceleration
sensor generally contains a direct current component, and
the existing of the direct current component will interfere
with the analysis on the acceleration signals. Therefore, the
present embodiment filters out the direct current component
in the acceleration signals by high-pass filtering.

[0057] Furthermore, the acceleration signals that have
been high-pass filtered may possibly contain various fre-
quency components that are corresponding to different body
rhythms, such as fundamental frequency component, double
frequency components and other high-frequency compo-
nents. Among those, the fundamental frequency component
is associated with the fundamental rhythm, and it is more
accurate to determine the quasi-periodicity of the signal
according to the fundamental frequency component. In order
to obtain acceleration signals that have only the fundamental
frequency component, the high-frequency components in
the acceleration signals are required to be filtered out. In
turn, in order to filter out the high-frequency components, it
is required to detect the frequency of the fundamental
frequency component, so as to construct a suitable filter for
filtering out the high-frequency components except the
fundamental component.

[0058] There are many method of detecting the fundamen-
tal frequency, and the classical methods that are commonly
used in speech signal fundamental tone detection can be
used, such as autocorrelation function method, cepstrum
method, linear predictive coding method and average mag-
nitude difference function method. Preferably, autocorrela-
tion function method can be used.

[0059] Specifically, firstly, attenuation processing is per-
formed on the acceleration signals that have been high-pass
filtered, that is, performing attenuation processing on the
signal by using a filter whose attenuation of signal energy is
progressively increased from low frequencies to high fre-
quencies, to restrain the high-frequency components in the



US 2018/0020953 A1l

acceleration signals, thereby intensifying the fundamental
frequency component in the acceleration signals and
decreasing the error of the fundamental frequency to be
solved.

[0060] Then, the autocorrelation function p(t) of the sig-
nal that has been attenuated is obtained by the following
formula, wherein the reciprocal of a value of T that is
corresponding to the maximum value of the autocorrelation
function p(t) is the fundamental frequency of the signal.

N
Z a(m)a(n —T1)

n=1
N
N
Z amy, atn-1)
n=1

[0061] wherein, a(n) is the n value of the signal, N is the
preset length of the signal, and 1=n=N, 7 is the delay time,
and p(t) is the normalized autocorrelation function of the
signal.

[0062] Finally, a low-pass filter or a band-pass filter is set
by using the fundamental frequency obtained by the funda-
mental frequency detection as the cut-off frequency, and
low-pass filtering or band-pass filtering is performed, by
using the low-pass filter or the band-pass filter, on the
corresponding acceleration signals that have been high-pass
filtered. After the low-pass filtering or the band-pass filter-
ing, a smoother signal can be obtained, thereby facilitating
accurately obtaining by statistics the extreme points of the
acceleration signals.

plr)=

[0063] S313, removing an interfering extremum point in
the acceleration signals that have been processed by filter-
ing.

[0064] The walking step number is only corresponding to

the number of the extremum points in the one-axis accel-
eration signal, and hardly has relations with the accurate
locations of those extremum points. In other words, a proper
number of the extremum points are only required to be
removed, to ensure that the cycle of movement during which
the left leg and the right leg individually stride one step is
corresponding to one maximum value point. Therefore, the
method of removing the interfering extremum points has
various modes.

[0065] The present embodiment can remove the extremum
points on the basis of the time intervals between neighboring
extremum points. Specifically, the extremum point of the
acceleration signals whose time interval with the previous
extremum point of the acceleration signals is less than a
preset threshold is removed, wherein the preset threshold is
much less than the cycle of the fundamental frequency
component of the one-axis acceleration signal. In this
method of removing the extremum points, regarding a group
of extremum points that are relatively close, only the left-
most extremum point is reserved, and the other extremum
points are removed as interfering extremum points. By such
a mode, the interfering extremum points in the extreme
points of the acceleration signals are removed by using the
time intervals between the extremum points of the accelera-
tion signals.

[0066] Certainly, the present embodiment can employ
other methods of removing the interfering extremum points,
for example by removing the extremum points of the accel-
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eration signals whose amplitude values are not the largest in
a group of extremum points of the acceleration signals
whose time intervals are less than a preset threshold. In this
method of removing the extremum points, regarding a group
of extreme points that are relatively close, only the extre-
mum point of the acceleration signals that has the largest
amplitude value is reserved, and the other extremum points
are removed as interfering extremum points.

[0067] S314, calculating the number of valid extremum
points in the acceleration signals from which the interfering
extremum point have been removed, wherein the number of
the valid extremum points is the walking step number.
[0068] In the present step, the number of the extremum
points of the acceleration signals in the three one-axis
acceleration signals from which interfering extremum points
have been removed, need to be obtained by statistics, and the
walking step number is determined according to the number
of the valid extremum points corresponding to each of the
one-axis acceleration signals.

[0069] The present embodiment may determine the walk-
ing step number by the following method: if the energies of
the one-axis acceleration signals do not differ largely, the
present embodiment may average the number of the extre-
mum points of the acceleration signals corresponding to the
axes from which interfering extremum points have been
removed and take the average number as the walking step
number obtained in this round of step counting process; and
if the energies of the one-axis acceleration signals differ
largely, the present embodiment may determine the walking
step number obtained in this round of step counting process
according to the number of the extremum points of the
acceleration signals corresponding to the one-axis accelera-
tion signal with the largest energy, from which interfering
extremum points have been removed.

[0070] S315, counting the number of signal sampling
points between two neighboring steps.

[0071] S316, multiplying the number of the signal sam-
pling points by a signal sampling duration, to obtain a
walking cycle, wherein a reciprocal of the walking cycle is
the walking step frequency.

[0072] S322, calculating a heart rate during the walking
process according to a periodic fluctuation of an acquired
heart rate signal.

[0073] S330, comparing the walking step frequency and
the heart rate respectively with a step frequency threshold
and a heart rate threshold, and judging whether the walking
step frequency is greater than the step frequency threshold,
and whether the heart rate is greater than the heart rate
threshold; and if the walking step frequency is greater than
the step frequency threshold, and the heart rate is greater
than the heart rate threshold, executing Step S340; and if not,
executing Step S350.

[0074] The step frequency threshold and the heart rate
threshold of the present embodiment may be set according
to data statistics. Preferably, the step frequency threshold
may be set as 2.5 steps/second, and the heart rate threshold
may be set as 120 times/minute.

[0075] Generally, the resting heart rate of a human being
is within the range of 60-100 times/minute, and when the
human body is in moving, the heart rate will increase.
Because running has a larger movement intensity than that
of pacing, the human body has a higher heart rate in running
than that in pacing. Therefore, the heart rate threshold may
be set according to whether the obtained heart rate satisfies
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the heart rate range in running, for example, the heart rate
threshold may be set as 120 times/minute. Because heart rate
is related to factors like age, body condition and resting heart
rate, the setting of the heart rate threshold may refer to the
parameters of those aspects, so that the distinguishing
between pacing and running is more accurate.

[0076] S340, determining that the current human move-
ment state is a running state, and recording the calculated
walking step number as a running step number.

[0077] S350, determining that the current human move-
ment state is a pacing state, and recording the calculated
walking step number as a pacing step number.

The Second Embodiment:

[0078] The present embodiment employs multiple sen-
sors, in combination with human physical features (for
example heart rate detecting), to achieve the effect of more
accurately distinguishing the sleeping state and the waking
state of the human body.

[0079] The present embodiment classifies sleeping states
into a light sleeping state and a deep sleeping state. The
sleeping states of different degrees are corresponding to
different movement energies, and the human physical sign
signals that are outputted by the human physical sign sensor
are not the same when the wearable device is placed
statically and when the human body enters the sleeping state
while wearing the wearable device. Therefore, the present
embodiment, by using a wearable device having an accel-
eration sensor and a human physical sign sensor, in combi-
nation with movement characteristics and human physical
signs, identifies the sleeping state of the human body.
[0080] FIG. 4 is the flow chart of the method for identi-
fying a human movement state provided by the present
embodiment. As shown in FIG. 4, the method in FIG. 4
comprises:

[0081] S410, providing a three-axis acceleration sensor
and a human physical sign sensor in a wearable device.
[0082] The present embodiment preferably utilizes a heart
rate sensor to acquire the heart rate physical sign, or utilizes
a capacitance sensor to acquire the capacitive physical sign
of human skin.

[0083] S420, detecting an instantaneous abnormal motion
of a human body according to acceleration signals that are
collected by the three-axis acceleration sensor.

[0084] When a human body enters the sleeping state, it is
in a breathing condition with no action in most of the time,
and instantaneous abnormal motions such as turning over,
scaring and convulsions happen merely occasionally. There-
fore, the acceleration signals of the present embodiment
have the characteristics as shown in FIG. 5. FIG. 5 is the
schematic diagram of the acceleration signals that are gen-
erated in three directions by the three-axis acceleration
sensor during the sleeping process. As shown in FIG. 5,
during the sleeping process of the human body, most of the
time the acceleration signals are very small and moderate,
and the durations in the sleeping process when abnormal
motions appear (for example, the instantaneous abnormal
motions such as the turning over that appears in the duration
of 600s-610s in FIG. 5) occupy a very small proportion of
the whole sleeping duration.

[0085] On the basis of the characteristic of the acceleration
signal in the sleeping process, the present embodiment
quantitatively analyzes the sleeping quality by analyzing the
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times of the instantaneous abnormal motions that happen
within the sleeping state statistic duration.

[0086] S430, judging according to a physical sign signal
that is collected by the human physical sign sensor whether
the wearable device is being worn.

[0087] When the human physical sign sensor that is pro-
vided in the wearable device is a heart rate sensor, the
Judging according to a physical sign signal that is collected
by the human physical sign sensor whether the wearable
device is being worn in the present step is specifically:
judging, according to an energy or amplitude of a heart rate
signal that is collected by the heart rate sensor, whether the
wearable device is being worn.

[0088] When the human physical sign sensor that is pro-
vided in the wearable device is a capacitance sensor, the
judging according to a physical sign signal that is collected
by the human physical sign sensor whether the wearable
device is being worn in the present step is specifically:
Judging, according to an energy or amplitude of a capaci-
tance signal that is collected by the capacitance sensor,
whether the wearable device is being worn.

[0089] S440, if a number of the instantaneous abnormal
motions that are detected within a sleeping state statistic
duration is less than or equal to a preset first number
threshold, and it is judged that the human body is wearing
the wearable device, determining that the human movement
state is a sleeping state; and if not, determining that the
human movement state is a waking state.

[0090] The present embodiment collects the acceleration
signals and the human physical sign signal in the movement
process of the human body respectively by using the accel-
eration sensor and the human physical sign sensor, and
identifies the sleeping state of the human body by referring
to the acceleration signals and the physical sign signal to
increase the accuracy of the identification results, thereby
avoiding counting the case when the wearable device leaves
the human body and is placed statically, into the sleeping
state.

[0091] The detecting an instantaneous abnormal motion of
a human body according to acceleration signals that are
collected by the three-axis acceleration sensor in Step S420
of the present embodiment comprises:

[0092] performing a filtering processing on the accelera-
tion signals that are collected by the three-axis acceleration
sensor, to filter out a direct current signal;

[0093] calculating a plurality of instantaneous energies
within a unit duration of the acceleration signals that have
been processed by filtering, wherein the instantaneous ener-
gies are energies of the acceleration signals in each of
sub-durations that are obtained by evenly dividing the unit
duration; and

[0094] comparing the plurality of instantaneous energies
individually with a first energy threshold, and if the plurality
of instantaneous energies are all less than the first energy
threshold, determining that the instantaneous abnormal
motions do not happen within the unit duration; and if not,
determining that the instantaneous abnormal motions hap-
pen within the unit duration.

[0095] Accordingly, the if a number of the instantaneous
abnormal motions that are detected within a sleeping state
statistic duration is less than or equal to a preset first number
threshold, and it is judged that the human body is wearing
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the wearable device, determining that the human movement
state is a sleeping state in Step S440 of the present embodi-
ment comprises:

[0096] evenly dividing the sleeping state statistic duration
into a plurality of movement amount statistic durations, and
counting the number of the instantaneous abnormal motions
that happen within each of the movement amount statistic
durations; and comparing the number of the instantaneous
abnormal motions within each of the movement amount
statistic durations individually with the preset first number
threshold, and if the number of the instantaneous abnormal
motions within each of the movement amount statistic
durations is less than or equal to the first number threshold,
and it is judged that the human body is wearing the wearable
device, determining that the human movement state is a
sleeping state.

[0097] Further, after executing Step S440, the method for
identifying a movement state further comprises:

[0098] dividing according to a certain condition the sleep-
ing state statistic duration into a plurality of deep/light
sleeping statistic duration sections, and counting the number
of the instantaneous abnormal motions that happen within
each of the deep/light sleeping statistic duration sections;
wherein duration lengths of the deep/light sleeping statistic
duration sections are greater than those of the movement
amount statistic durations;

[0099] comparing sequentially the number of the instan-
taneous abnormal motions within each of the deep/light
sleeping statistic duration sections with a preset second
number threshold; because the number of the abnormal
motions such as turning over and scratching itch when the
human body is in the deep sleeping state is less than that
when the human body is in the light sleeping state, in order
to further elaborately distinguish the deep sleeping state and
the light sleeping state of sleeping states, it is required that
the second number threshold is less than the first number
threshold; and

[0100] if the number of the instantaneous abnormal
motions within a deep/light sleeping statistic duration sec-
tion is less than or equal to the second number threshold,
determining that the sleeping state in this duration section is
a deep sleeping state; and if not, determining that the
sleeping state in this duration section is a light sleeping state;
[0101] or, dividing the sleeping state statistic duration into
a plurality of deep/light sleeping statistic duration sections
according to a certain condition, and calculating energies of
acceleration signals that have been processed by filtering
within each of the deep/light sleeping statistic duration
sections; wherein duration lengths of the deep/light sleeping
statistic duration sections are greater than those of the
movement amount statistic durations;

[0102] comparing sequentially the energies of the accel-
eration signals within each of the deep/light sleeping statistic
duration sections with a preset second energy threshold;
because the number of the abnormal motions such as turning
over and scratching itch when the human body is in the deep
sleeping state is less than that when the human body is in the
light sleeping state, in order to further elaborately distin-
guish the deep sleeping state and the light sleeping state of
sleeping states, it is required that the second energy thresh-
old is less than the first energy threshold; and

[0103] if the energies of the acceleration signals within a
deep/light sleeping statistic duration section are less than or
equal to the second energy threshold, determining that the
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sleeping state in the deep/light sleeping statistic duration
section is a deep sleeping state; and if not, determining that
the sleeping state in the deep/light sleeping statistic duration
section is a light sleeping state.

[0104] In that, the dividing the sleeping state statistic
duration into a plurality of deep/light sleeping statistic
duration sections may employ a static dividing method, for
example, evenly dividing the sleeping state statistic duration
into a plurality of deep/light sleeping statistic duration
sections by a fixed duration length, and may also employ a
dynamic dividing method, for example, in the sleeping state
statistic duration moving a window of a preset length
according to a preset step length, and a plurality of deep/
light sleeping statistic duration sections is divided by mov-
ing and overlapping the window.

[0105] In order to in more detail introduce the method for
identifying a human movement state of the present embodi-
ment, the present embodiment is described by a specific
implementation.

[0106] FIG. 6 is the flow chart of the method for identi-
fying sleeping state provided by the present embodiment. As
shown in FIG. 6, the method for identifying a sleeping state
comprises:

[0107] S611, acquiring acceleration signals from the out-
put of the three-axis acceleration sensor in the wearable
device.

[0108] As shown in FIG. 5, in the sleeping process in most
of the time the acceleration signals are very small and
moderate, and the durations in the sleeping process when
abnormal motions such as turning over and scratching itch
appear occupy a very small proportion of the whole sleeping
duration. Therefore, in the analyzing on the acceleration
signals that are generated by sleeping, the sampling length
of the signals should be larger, in order to ensure that the
abnormal motion signals in the sleeping process can be
collected.

[0109] S621, acquiring a human physical sign signal from
the output of a human physical sign sensor in the wearable
device.

[0110] It should be noted that, the acceleration signals in
Step S611 and the human physical sign signal in Step S621
correspond to the same movement state, and the sampling
durations are the same.

[0111] The human physical sign sensor of the present
embodiment is preferably a heart rate sensor or a capaci-
tance sensor.

[0112] S612, evenly dividing the sleeping state statistic
duration into a plurality of movement amount statistic
durations, and counting the number of the instantaneous
abnormal motions that happen within each of the movement
amount statistic durations.

[0113] In the present step the number of the instantaneous
abnormal motions that happen within each of the movement
amount statistic durations is calculated by the following
method:

[0114] Firstly, a filtering processing is performed on the
acceleration signals, to filter out a direct current signal.
[0115] It can be seen from FIG. 5 that, the acceleration
signals that are outputted by the three-axis acceleration
sensor generally contains a direct current component, and
the existing of the direct current component will interfere
with the analysis on the acceleration signals. Therefore, the
present embodiment filters out the direct current component
in the acceleration signals by high-pass filtering.
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[0116] Then, a plurality of instantaneous energies in unit
time of the acceleration signals that have been processed by
filtering, are calculated, wherein the instantaneous energies
are energies of the acceleration signals in each of sub-
durations that are obtained by evenly dividing the unit
duration.

[0117] The unit time of the present embodiment should not
be too long or too short. Too long unit time is adversed to
obtaining by statistics the abnormal motions, and if it is too
short, one instantaneous abnormal motion action may be
probably counted as two or as many. The unit time is
preferably 1 second.

[0118] The present embodiment evenly divides the unit
time of 1 second into two sub-durations, wherein the dura-
tion lengths of each of the sub-durations are 0.5 second, and
calculates the instantaneous energy STD of each of the
sub-durations by the following formula:

1w s 1 ¥
STD= | 5 B i =s0) ,so:ﬁ;s;

[0119] whetein, s, is the i? value of the acceleration signal,

N is the length of the acceleration signal, N=0.5, and 1<i<N,
and s, is the average value of the acceleration signal.

[0120] Further, the plurality of instantaneous energies are
compared individually with a first energy threshold, and if
the plurality of instantaneous energies are all less than the
first energy threshold, determine that the instantaneous
abnormal motions do not happen within the unit time; and if
not, determine that the instantaneous abnormal motions
happen within the unit time.

[0121] Because the energy that is generated by breathing
movement is very small, the first energy threshold of the
present embodiment is required to be able to distinguish the
instantaneous abnormal motions characterizing turning over
and scratching itch from breathing movement. Preferably,
the first energy threshold is a value that is close to zero.

[0122] When the unit time of 1 second is evenly divided
into two sub-durations, if the instantaneous energy of a
sub-duration of the two sub-durations is greater than the first
energy threshold, determine that the instantaneous abnormal
motions happen within the unit time.

[0123] Finally, the sleeping state statistic duration is
evenly divided into a plurality of movement amount statistic
durations, and the number of the instantaneous abnormal
motions that happen within each of the movement amount
statistic durations is counted.

[0124] In the present embodiment the range of the sleep-
ing state statistic duration is 20 minutes-60 minutes, and
preferably 30 minutes, and the range of the duration lengths
of the movement amount statistic durations is 1 minute-3
minutes.

[0125] When the sleeping state statistic duration is 30
minutes, the duration lengths of the movement amount
statistic durations are 1 minute, the present step is specifi-
cally, evenly dividing the 30 minutes of the sleeping state
statistic duration into 30 movement amount statistic dura-
tions according to a duration length of 1 minute, and
counting the number of the instantaneous abnormal motions
that happen within each minute.
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[0126] S622, judging according to an energy or amplitude
of a human physical sign signal whether the wearable device
is being worn.

[0127] When the human physical sign sensor that is pro-
vided in the wearable device is a heart rate sensor, whether
the wearable device is being worn is judged according to an
energy or amplitude of a heart rate signal, and when the
human physical sign sensor that is provided in the wearable
device is a capacitance sensor, whether the wearable device
is being worn is judged according to an energy or amplitude
of a capacitance signal.

[0128] S630, judging whether the number of the instanta-
neous abnormal motions within each of the movement
amount statistic durations is less than or equal to the first
number threshold, and judging whether the wearable device
is being worn; and if the number of the instantaneous
abnormal motions within each of the movement amount
statistic durations are all less than or equal to the first
number threshold, and it is judged that the human body is
wearing the wearable device, executing Step S640; and if
not, executing Step S650.

[0129] The range of the first number threshold of the
present embodiment is 0-60, and preferably 30.

[0130] The range of the first number threshold of the
present embodiment is 0-80, and preferably 30.

[0131] S640, determining that the current human move-
ment state is a sleeping state, then executing Step S660.

[0132] S650, determining that the current human move-
ment state is a waking state.

[0133] S660, dividing the sleeping state statistic duration
into a plurality of deep/light sleeping statistic duration
sections, and counting the number of the instantaneous
abnormal motions that happen within each of the duration
sections; wherein duration lengths of the deep/light sleeping
statistic duration sections are greater than those of the
movement amount statistic durations.

[0134] The range of the duration lengths of the deep/light
sleeping statistic duration sections of the present embodi-
ment is 4 minutes-10 minutes. A static dividing method is
adopted to divide the deep/light sleeping statistic duration
into a plurality of deep/light sleeping statistic duration
sections, and assuming that a duration length of the deep/
light sleeping statistic duration sections is 5 minutes, the 30
minutes of the sleeping state statistic duration may be evenly
divided into 6 deep/light sleeping statistic duration sections
according to the duration length of 5 minutes.

[0135] The present embodiment can also employ the
dynamic method of adding window and moving to divide
the sleeping state statistic duration, and assuming that the
window length of the adding window is 5 minutes and the
movement step length is 1 minute, the 30 minutes of the
sleeping state statistic duration may be evenly divided into
29 deep/light sleeping statistic duration sections according
to the duration length of 5 minutes.

[0136] S670, comparing sequentially the number of the
instantaneous abnormal motions within each of the deep/
light sleeping statistic duration sections with a preset second
number threshold, and if the number of the instantaneous
abnormal motions within a deep/light sleeping statistic dura-
tion section is less than or equal to the second number
threshold, executing Step S680; and if not, executing Step
5690.
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[0137] In the present step the second number threshold is
less than the first number threshold, and the range of the
second number threshold is 0-15.

[0138] It should be noted that, in Step S660 of the present
embodiment, energies of acceleration signals that have been
processed by filtering within each of the deep/light sleeping
statistic duration sections, may also be calculated.

[0139] Then Step S670 is correspondingly: comparing
sequentially the energies of the acceleration signals within
each of the deep/light sleeping statistic duration sections
with a second energy threshold, and if the energies of the
acceleration signals within a deep/light sleeping statistic
duration section are less than or equal to the second energy
threshold, executing Step S680; and if not, executing Step
S690, wherein the second energy threshold is less than the
first energy threshold.

[0140] S680, determining that the sleeping state in the
deep/light sleeping statistic duration section is a deep sleep-
ing state.

[0141] S690, determining that the sleeping state in the
deep/light sleeping statistic duration section is a light sleep-
ing state.

The Third Embodiment:

[0142] On the basis of the same technical concept as that
of the first embodiment, the present embodiment provides a
device for identifying a human movement state.

[0143] FIG. 7 is the schematic diagram of the device for
identifying a human movement state provided by the present
embodiment, as shown in FIG. 7, adapted for a wearable
device having multiple sensors, which can be a specific
module in the wearable device. The device for identifying
comprises:

[0144] a walking step frequency calculating unit 71, for
when it is determined according to acceleration signals that
are collected by a three-axis acceleration sensor in the
wearable device that a human body is in a walking state,
calculating a walking step number of the human body
according to the acceleration signals that are collected by the
three-axis acceleration sensor, and calculating a walking
step frequency according to the walking step number;
[0145] a physical sign frequency calculating unit 72, for
calculating a corresponding physical sign frequency during
the walking process according to a physical sign signal that
is collected by a human physical sign sensor in the wearable
device;

[0146] a comparing unit 73, for comparing the walking
step frequency and the physical sign frequency that are
obtained by calculating, respectively with a step frequency
threshold and a physical sign frequency threshold; and
[0147] a movement state identifying unit 74, for if the
walking step frequency is greater than the step frequency
threshold, and the physical sign frequency is greater than the
physical sign frequency threshold, determining that the
human movement state is a running state, and recording the
calculated walking step number to be a running step number;
and if not, determining that the human movement state is a
pacing state, and recording the calculated walking step
number to be a pacing step number.

[0148] In that, the walking step frequency calculating unit
71 comprises:
[0149] a filtering module, for performing a filtering pro-

cessing on the acceleration signals;
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[0150] an interfering extremum point removing module,
for removing an interfering extremum point in the accelera-
tion signals that have been processed by filtering;

[0151] an extremum point statistic module, for calculating
the number of valid extremum points in the acceleration
signals with the interfering extremum point removed,
wherein the number of the valid extremum points is the
walking step number; and

[0152] a step frequency calculating module, for counting
the number of signal sampling points between two neigh-
boring steps, and multiplying the number of the signal
sampling points by a signal sampling duration, to obtain a
walking cycle; and for obtaining the walking step frequency
by taking a reciprocal of the walking cycle.

[0153] In the present embodiment, if the human physical
sign sensor that is provided in the wearable device is a heart
rate sensor, the physical sign frequency calculating unit 72
is specifically for calculating a heart rate during the walking
process according to a periodic fluctuation of a heart rate
signal that is collected by the heart rate sensor.

The Fourth Embodiment:

[0154] On the basis of the same technical concept as that
of the second embodiment, the present embodiment pro-
vides a device for identifying a human movement state.
[0155] FIG. 8 is the schematic diagram of the device for
identifying a human movement state provided by the present
embodiment, adapted for a wearable device having multiple
sensors, which can be a specific module in the wearable
device. The device for identifying comprises:

[0156] an instantaneous abnormal motion detecting unit
81, for detecting an instantaneous abnormal motion of a
human body according to acceleration signals that are col-
lected by a three-axis acceleration sensor in the wearable
device;

[0157] awearing judging unit 82, for judging, according to
a physical sign signal that is collected by a human physical
sign sensor in the wearable device, whether the wearable
device is being worn;

[0158] wherein, the human physical sign sensor may be a
heart rate sensor or a capacitance sensor; when the human
physical sign sensor is a heart rate sensor, the wearing
judging unit is specifically for judging according to an
energy or amplitude of a heart rate signal that is collected by
the heart rate sensor whether the wearable device is being
worn; and when the human physical sign sensor is a capaci-
tance sensor, the wearing judging unit is specifically for
judging according to an energy or amplitude of a capacitance
signal that is collected by the capacitance sensor whether the
wearable device is being worn; and a movement state
identifying unit 83, for if a number of the instantaneous
abnormal motions that are detected within a sleeping state
statistic duration is less than or equal to a preset first number
threshold, and it is judged that the human body is wearing
the wearable device, determining that the human movement
state is a sleeping state; and if not, determining that the
human movement state is a waking state.

[0159] In that, the instantaneous abnormal motion detect-
ing unit 81 comprises:

[0160] a filtering module, for performing a filtering pro-
cessing on the acceleration signals that are collected by the
three-axis acceleration sensor, to filter out a direct current
signal,
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[0161] an instantaneous energy calculating module, for
calculating a plurality of instantaneous energies within a unit
duration of the acceleration signals that have been processed
by filtering, wherein the instantaneous energies are energies
of the acceleration signals in each of sub-durations that are
obtained by evenly dividing the unit duration; and

[0162] an instantaneous energy judging and processing
module, for comparing the plurality of instantaneous ener-
gies individually with a first energy threshold, and if the
plurality of instantaneous energies are all less than the first
energy threshold, determining that the instantaneous abnor-
mal motions do not happen within the unit duration; and if
not, determining that the instantaneous abnormal motions
happen within the unit duration.

[0163] Accordingly, the movement state identifying unit
83 comprises:
[0164] an instantaneous abnormal motion number statistic

module, for evenly dividing the sleeping state statistic
duration into a plurality of movement amount statistic
durations, and counting the number of the instantaneous
abnormal motions that happen within each of the movement
amount statistic durations; and

[0165] an instantaneous abnormal motion number com-
paring and judging module, for comparing the number of the
instantaneous abnormal motions within each of the move-
ment amount statistic durations individually with the preset
first number threshold, and if the number of the instanta-
neous abnormal motions within each of the movement
amount statistic durations is less than or equal to the first
number threshold, and it is determined that the human body
1s wearing the wearable device, determining that the human
movement state is a sleeping state.

[0166] Further, the movement state identifying unit 83
further comprises a deep/light sleeping judging module; and
[0167] the deep/light sleeping judging module is for divid-
ing the sleeping state statistic duration into a plurality of
deep/light sleeping statistic duration sections, and counting
the number of the instantaneous abnormal motions that
happen within each of the deep/light sleeping statistic dura-
tion sections; and comparing sequentially the number of the
instantaneous abnormal motions within each of the deep/
light sleeping statistic duration sections with a preset second
number threshold, and if the number of the instantaneous
abnormal motions within a deep/light sleeping statistic dura-
tion section is less than or equal to the second number
threshold, determining that the sleeping state in this deep/
light sleeping statistic duration section is a deep sleeping
state; and if not, determining that the sleeping state in this
deep/light sleeping statistic duration section is a light sleep-
ing state; wherein, duration lengths of the deep/light sleep-
ing statistic duration sections are greater than those of the
movement amount statistic durations, and the second num-
ber threshold is less than the first number threshold;
[0168] or, the deep/light sleeping judging module is for
dividing the sleeping state statistic duration into a plurality
of deep/light sleeping statistic duration sections, and calcu-
lating energies of acceleration signals that have been pro-
cessed by filtering within each of the deep/light sleeping
statistic duration sections; and comparing sequentially the
energies of the acceleration signals within each of the
deep/light sleeping statistic duration sections with a preset
second energy threshold, and if the energies of the accel-
eration signals within a deep/light sleeping statistic duration
section are less than or equal to the second energy threshold,
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determining that the sleeping state in this deep/light sleeping
statistic duration section is a deep sleeping state; and if not,
determining that the sleeping state in this deep/light sleeping
statistic duration section is a light sleeping state; wherein,
duration lengths of the deep/light sleeping statistic duration
sections are greater than those of the movement amount
statistic durations, the second energy threshold is less than
the first energy threshold.

[0169] In conclusion, the present disclosure provides a
method and device for identifying a human movement state
that can validly distinguish pacing and running. The tech-
nical solution of the present disclosure, on the basis of the
characteristic that the speed frequencies and the human
physical signs of human being in the running state and the
pacing state are different, provides an acceleration sensor
and a human physical sign sensor in a wearable device,
collects the acceleration signals and the human physical sign
signal in the movement process of the human body by using
the acceleration sensor and the human physical sign sensor,
calculates the speed frequency and the corresponding human
physical sign frequency in the movement process respec-
tively on the basis of the acceleration signals and the human
physical sign signal, and distinguishes the pacing state and
the running state by referring to the speed frequency and the
human physical sign frequency. Furthermore, the present
disclosure further provides a method and device for identi-
fying a human movement state that can validly solve the
problem of fox sleep in sleeping state statistics. The tech-
nical solution of the present disclosure provides an accel-
eration sensor and a human physical sign sensor in a
wearable device, collects the acceleration signals and the
human physical sign signal in the movement process of the
human body by using the acceleration sensor and the human
physical sign sensor, and identifies the sleeping state of the
human body by referring to the acceleration signals and the
physical sign signal to increase the accuracy of the identi-
fication results, thereby avoiding counting the case when the
wearable device leaves the human body and is placed
statically, into the sleeping state.

[0170] In order to facilitate the clear description on the
technical solutions of the embodiments of the present dis-
closure, in the embodiments of the present disclosure, word-
ings like “first” and “second” are employed to distinguish
identical items or similar items that have essentially the
same functions and effects. A person skilled in the art can
understand that, the wordings like “first” and “second” do
not limit quantity and execution order.

[0171] The above descriptions are merely preferable
embodiments of the present disclosure, and are not limiting
the protection scope of the present disclosure. Any modifi-
cations, equivalent substitutions or improvements that are
made within the spirit and principle of the present disclosure
are all included in the protection scope of the present
disclosure.

1. A method for identifying a human movement state,
wherein the method comprises:

providing a three-axis acceleration sensor and a human
physical sign sensor in a wearable device;

determining according to acceleration signals that are
collected by the three-axis acceleration sensor that a
human body is in a walking state, calculating a walking
step number of the human body, and calculating a
walking step frequency according to the walking step
number;
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calculating a corresponding physical sign frequency dur-
ing the walking process according to a physical sign
signal collected by the human physical sign sensor; and
comparing the walking step frequency and the physical
sign frequency that are obtained by calculating respec-
tively with a step frequency threshold and a physical
sign frequency threshold, and if the walking step fre-
quency is greater than the step frequency threshold, and
the physical sign frequency is greater than the physical
sign frequency threshold, determining that the human
movement state is a running state, and recording the
calculated walking step number to be a running step
number; and if not, determining that the human move-
ment state is a pacing state, and recording the calcu-
lated walking step number to be a pacing step number.

2. The method according to claim 1, wherein the detet-
mining, according to acceleration signals that are collected
by the three-axis acceleration sensor, that a human body is
in a walking state, calculating a walking step number of the
human body, and calculating a walking step frequency
according to the walking step number comprises:

performing a filtering processing on the acceleration

signals, and removing an interfering extremum point in
the acceleration signals that have been processed by
filtering;

calculating the number of valid extremum points in the

acceleration signals with the interfering extremum
point removed, the number of the valid extremum
points being the walking step number;

counting the number of signal sampling points between

two neighboring steps;

multiplying the number of the signal sampling points by

a signal sampling duration, to obtain a walking cycle,
areciprocal of the walking cycle being the walking step
frequency.

3. The method according to claim 1, wherein the human
physical sign sensor is a heart rate sensor, and the calculating
a corresponding physical sign frequency during the walking
process according to a physical sign signal that is collected
by the human physical sign sensor is specifically: calculating
a heart rate during the walking process according to a
periodic fluctuation of a heart rate signal that is collected by
the heart rate sensor.

4. A method for identifying a human movement state,
wherein the method comprises:

providing a three-axis acceleration sensor and a human

physical sign sensor in a wearable device;

detecting an instantaneous abnormal motion of a human

body according to acceleration signals that are col-
lected by the three-axis acceleration sensor;

judging, according to a physical sign signal that is col-

lected by the human physical sign sensor, whether the
wearable device is being worn;

if a number of the instantaneous abnormal motions that

are detected within a sleeping state statistic duration is
less than or equal to a preset first number threshold, and
it is judged that the human body is wearing the wear-
able device, determining that the human movement
state is a sleeping state; and if not, determining that the
human movement state is a waking state.

5. The method according to claim 4, wherein the detecting
an instantaneous abnormal motion of a human body accord-
ing to acceleration signals that are collected by the three-axis
acceleration sensor comprises:
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performing a filtering processing on the acceleration
signals that are collected by the three-axis acceleration
sensor, to filter out a direct current signal;
calculating a plurality of instantaneous energies within a
unit duration of the acceleration signals that have been
processed by filtering, the instantaneous energies being
energies of the acceleration signals in each of sub-
durations that are obtained by evenly dividing the umt
duration;
comparing the plurality of instantaneous energies indi-
vidually with a first energy threshold, and if the plu-
rality of instantaneous energies are all less than the first
energy threshold, determining that the instantaneous
abnormal motions do not happen within the unit dura-
tion; and if not, determining that the instantaneous
abnormal motions happen within the unit duration.
6. The method according to claim 5, wherein the if a
number of the instantaneous abnormal motions that are
detected within a sleeping state statistic duration is less than
or equal to a preset first number threshold, and it is judged
that the human body is wearing the wearable device, deter-
mining that the human movement state is a sleeping state
comprises:
evenly dividing the sleeping state statistic duration into a
plurality of movement amount statistic durations, and
counting the number of the instantaneous abnormal
motions that happen within each of the movement
amount statistic durations;
comparing the number of the instantaneous abnormal
motions within each of the movement amount statistic
durations individually with the preset first number
threshold, and if the number of the instantaneous abnor-
mal motions within each of the movement amount
statistic durations is less than or equal to the first
number threshold, and it is judged that the human body
is wearing the wearable device, determining that the
human movement state is a sleeping state.
7. The method according to claim 6, wherein the deter-
mining that the human movement state is a sleeping state
further comprises:
evenly dividing the sleeping state statistic duration into a
plurality of deep/light sleeping statistic duration sec-
tions, and counting the number of the instantaneous
abnormal motions that happen within each of the
duration sections; the duration lengths of the deep/light
sleeping statistic duration sections being greater than
those of the movement amount statistic durations;

comparing sequentially the number of the instantaneous
abnormal motions within each of the deep/light sleep-
ing statistic duration sections with a preset second
number threshold, the second number threshold being
less than the first number threshold;

if the number of the instantaneous abnormal motions

within a deep/light sleeping statistic duration section is
less than or equal to the second number threshold,
determining that the sleeping state in the deep/light
sleeping statistic duration section is a deep sleeping
state; and if not, determining that the sleeping state in
the deep/light sleeping statistic duration section is a
light sleeping state;

Or,

evenly dividing the sleeping state statistic duration into a

plurality of deep/light sleeping statistic duration sec-
tions, and calculating energies of acceleration signals
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that have been processed by filtering within each of the
deep/light sleeping statistic duration sections; the dura-
tion lengths of the deep/light sleeping statistic duration
sections being greater than those of the movement
amount statistic durations;

comparing sequentially the energies of the acceleration

signals within each of the deep/light sleeping statistic
duration sections with a preset second energy thresh-
old, the second energy threshold being less than the first
energy threshold;

if the energies of the acceleration signals within a deep/

light sleeping statistic duration section are less than or
equal to the second energy threshold, determining that
the sleeping state in the deep/light sleeping statistic
duration section is a deep sleeping state; and if not,
determining that the sleeping state in the deep/light
sleeping statistic duration section is a light sleeping
state.

8. The method according to claim 4, wherein the human
physical sign sensor is a heart rate sensor, and the judging
according to a physical sign signal that is collected by the
human physical sign sensor whether the wearable device is
being worn is specifically: judging, according to an energy
or amplitude of a heart rate signal that is collected by the
heart rate sensor, whether the wearable device is being worn;

or, the human physical sign sensor is a capacitance sensor,

and the judging according to a physical sign signal that
is collected by the human physical sign sensor whether
the wearable device is being worn is specifically:
judging, according to an energy or amplitude of a
capacitance signal that is collected by the capacitance
sensor, whether the wearable device is being worn.

9. A device for identifying a human movement state,
adapted for a wearable device having multiple sensors,
wherein the device for identifying comprises a processor and
at least one computer-readable storage medium, the at least
one computer-readable storage medium stores computer-
executable instructions which, when executed by the pro-
cessor, cause the processor to perform operations compris-
ing:

when it is determined according to acceleration signals

that are collected by a three-axis acceleration sensor in
the wearable device that the human body is in a walking
state, calculating a walking step number of the human
body according to the acceleration signals that are
collected by the three-axis acceleration sensor, and
calculating a walking step frequency according to the
walking step number;

calculating a corresponding physical sign frequency dur-
ing the walking process according to a physical sign
signal that is collected by a human physical sign sensor
in the wearable device;

comparing the calculated walking step frequency and the
physical sign frequency respectively with a step fre-
quency threshold and a physical sign frequency thresh-
old; and

if the walking step frequency is greater than the step
frequency threshold, and the physical sign frequency is
greater than the physical sign frequency threshold,
determining that the human body movement state is a
running state, and recording the calculated walking step
number to be a running step number; and if not,
determining that the human body movement state is a
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pacing state, and recording the calculated walking step
number to be a pacing step number.

10. The device for identifying according to claim 9,
wherein the when it is determined according to acceleration
signals that are collected by a three-axis acceleration sensor
in the wearable device that the human body is in a walking
state, calculating a walking step number of the human body
according to the acceleration signals that are collected by the
three-axis acceleration sensor, and calculating a walking
step frequency according to the walking step number com-
prises

performing a filtering processing on the acceleration

signals;
removing an interfering extremum point in the accelera-
tion signals that have been processed by filtering;

calculating the number of valid extremum points in the
acceleration signals with the interfering extremum
point removed, wherein the number of the valid extre-
mum points is the walking step number;

counting the number of signal sampling points between

two neighboring steps, and multiplying the number of
the signal sampling points by a signal sampling dura-
tion, to obtain a walking cycle; and for obtaining the
walking step frequency by taking a reciprocal of the
walking cycle;

wherein the human body physical sign sensor is a heart

rate sensor, and the calculating a corresponding physi-
cal sign frequency during the walking process accord-
ing to a physical sign signal that is collected by the
human physical sign sensor comprise: calculating a
heart rate during the walking process according to a
periodic fluctuation of a heart rate signal that is col-
lected by the heart rate sensor.

11. A device for identifying a human movement state,
adapted for a wearable device having multiple sensors,
wherein the device for identifying comprises a processor and
at least one computer-readable storage medium, the at least
one computer-readable storage medium stores computer-
executable instructions which, when executed by the pro-
cessor, cause the processor to perform operations compris-
ing:

detecting an instantaneous abnormal motion of a human

body according to acceleration signals that are col-
lected by a three-axis acceleration sensor in the wear-
able device;
judging, according to a physical sign signal that is col-
lected by a human physical sign sensor in the wearable
device, whether the wearable device is being worn;

if a number of the instantaneous abnormal motions that
are detected within a sleeping state statistic duration is
less than or equal to a preset first number threshold, and
it is judged that the human body is wearing the wear-
able device, determining that the human movement
state is a sleeping state; and if not, determining that the
human movement state is a waking state.

12. The device for identifying according to claim 11,
wherein the detecting an instantaneous abnormal motion of
a human body according to acceleration signals that are
collected by a three-axis acceleration sensor in the wearable
device instantaneous comprises:

performing a filtering processing on the acceleration

signals that are collected by the three-axis acceleration
sensor, to filter out a direct current signal;
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calculating a plurality of instantaneous energies within a
unit duration of the acceleration signals that have been
processed by filtering, the instantaneous energies being
energies of the acceleration signals in each of sub-
durations that are obtained by evenly dividing the unit
duration;

comparing the plurality of instantaneous energies indi-
vidually with a first energy threshold, and if the plu-
rality of instantaneous energies are all less than the first
energy threshold, determining that the instantaneous
abnormal motions do not happen within the unit dura-
tion; and if not, determining that the instantaneous
abnormal motions happen within the unit duration.

13. The device for identifying according to claim 12,
wherein the if a number of the instantaneous abnormal
motions that are detected within a sleeping state statistic
duration is less than or equal to a preset first number
threshold, and it is judged that the human body is wearing
the wearable device, determining that the human movement
state is a sleeping state comprises:

evenly dividing the sleeping state statistic duration into a
plurality of movement amount statistic durations, and
counting the number of the instantaneous abnormal
motions that happen within each of the movement
amount statistic durations;

comparing the number of the instantaneous abnormal
motions within each of the movement amount statistic
durations individually with the preset first number
threshold, and if the number of the instantaneous abnor-
mal motions within each of the movement amount
statistic durations is less than or equal to the first
number threshold, and it is determined that the human
body is wearing the wearable device, determining that
the human movement state is a sleeping state.

14. The device for identifying according to claim 13,
wherein the determining that the human movement state is
a sleeping state further comprises:

evenly dividing the sleeping state statistic duration into a
plurality of deep/light sleeping statistic duration sec-
tions, and counting the number of the instantaneous
abnormal motions that happen within each of the
deep/light sleeping statistic duration sections; and com-
paring sequentially the number of the instantaneous
abnormal motions within each of the deep/light sleep-
ing statistic duration sections with a preset second
number threshold, and if the number of the instanta-
neous abnormal motions within a deep/light sleeping

12
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statistic duration section is less than or equal to the
second number threshold, determining that the sleeping
state in the deep/light sleeping statistic duration section
is a deep sleeping state; and if not, determining that the
sleeping state in the deep/light sleeping statistic dura-
tion section is a light sleeping state; the duration
lengths of the deep/light sleeping statistic duration
sections being greater than those of the movement
amount statistic durations, and the second number
threshold being less than the first number threshold;
or,

evenly dividing the sleeping state statistic duration into a

plurality of deep/light sleeping statistic duration sec-
tions, and calculating energies of acceleration signals
that have been processed by filtering within each of the
deep/light sleeping statistic duration sections; and com-
paring sequentially the energies of the acceleration
signals within each of the deep/light sleeping statistic
duration sections with a preset second energy thresh-
old, and if the energies of the acceleration signals
within a deep/light sleeping statistic duration section
are less than or equal to the second energy threshold,
determining that the sleeping state in the deep/light
sleeping statistic duration section is a deep sleeping
state; and if not, determining that the sleeping state in
the deep/light sleeping statistic duration section is a
light sleeping state; the duration lengths of the deep/
light sleeping statistic duration sections being greater
than those of the movement amount statistic durations,
the second energy threshold being less than the first
energy threshold.

15. The device for identifying according to claim 11,
wherein the human physical sign sensor is a heart rate
sensor, and the judging according to a physical sign signal
that is collected by the human physical skin sensor whether
the wearable device is being wormn comprise: judging,
according to an energy or amplitude of a heart rate signal
that is collected by the heart rate sensor, whether the
wearable device is being worn;

or, the human physical sign sensor is a capacitance sensor,

and the judging according to a physical sign signal that
is collected by the human physical sign sensor whether
the wearable device is being worn comprise: judging,
according to an energy or amplitude of a capacitance
signal that is collected by the capacitance sensor,
whether the wearable device is being worn.
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