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(57) ABSTRACT

Provided are a sleep awaking system and a sleep awaking
method. The system comprises: a sign parameter collecting
module for collecting a sign parameter of a human body; a
time determining module for determining whether the present
time is a REM determining time; a REM determining module
for obtaining the sign parameter and determining whether the
human body is in a REM stage according to the sign param-
eterin a REM determining period when the time determining
module determines that the present time is the REM deter-
mining time; an awaking module for awaking the human
body after a pre-awaking period when the REM determining
module determines that the human body is in the REM stage
and causing the human body to enter the REM stage within
the pre-awaking period and awaking the human body after the
pre-awaking period when the REM determining module
determines that the human body is not in the REM stage,
wherein the REM determining period and the pre-awaking
period pass in turn from the REM determining time to the
awaking time. The above system and method realize awaking
the human body in the REM stage, making the human body
feel a clearmind, act agilely, and full of spirit and energy after
being awaked, which is good for health of the human body.
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SLEEP AWAKING SYSTEM AND METHOD

TECHNICAL FIELD OF THE DISCLOSURE

[0001] The present disclosure relates to a sleep awaking
system and a method thereof.

BACKGROUND

[0002] Scientific researches indicate that human’s normal
sleep structural period can be divided into two phases which
are non-rapid eye movement (NREM) term and rapid eye
movement (REM) term. The NREM and the REM appear
alternately, and one alternation is called one sleep period.
Each night usually has 4-5 sleep periods, and each period has
90-110 minutes.

[0003] During the NREM stage, the human body is in a
sound sleep and deep sleep state. The brain wave has a low
frequency and high amplitude, and presents a slowly varying
curve. In addition, the eyeballs will not move rapidly. At this
time, the sleep has large inertia, and the person is not easy to
be awaked. If waking up from the NREM stage, a person will
feel dizzy and sleepy, act slowly and be in a bad mood.
[0004] During the REM stage, the human body is in a
shallow sleep state. The brain wave has a high frequency and
low amplitude, and presents a saw tooth wave curve with
distinctive features. The eyeballs move rapidly between right
and left, the heart rate increases, and the breath is fast and
irregular, the body temperature goes up, and dreams appear.
Because the sleep is relatively shallow, the sleep inertia is
small, and thus the person is easy to be awaked. If waking up
from the REM stage, a person will feel a clear mind, act
agilely, and be full of spirit and energy.

[0005] Existing alarm clocks awake a human body forcibly
no matter in which sleep stage the human body is, which is
very bad for human health if it acts in such a way for a long
time.

SUMMARY

[0006] In order to overcome the above drawbacks in the
prior art, embodiments of the present disclosure provides a
sleep awaking system and method thereof to realize the func-
tion of awaking a human body in the REM stage.

[0007] A sleep awaking system comprises: a sign param-
eter collecting module for collecting a sign parameter of a
human body; a time determining module for determining
whether the present time is a REM determining time; a REM
determining module for obtaining the sign parameter and
determining whether the human body is in a REM stage
according to the sign parameter in a REM determining period
when the time determining module determines that the
present time is the REM determining time; an awaking mod-
ule for awaking the human body after a pre-awaking period
when the REM determining module determines that the
human body is in the REM stage and causing the human body
to enter the REM stage within the pre-awaking period and
awaking the human body after the pre-awaking period when
the REM determining module determines that the human
body is not in the REM stage, wherein the REM determining
period and the pre-awaking period pass in turn from the REM
determining time to the awaking time.

[0008] Alternatively, the sign parameter collecting module
comprises an acceleration collecting unit for collecting accel-
eration signals of body movement.
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[0009] Alternatively, the REM determining module com-
prises: a sleep/wake determining unit for obtaining accelera-
tion signals of respective times within the REM determining
period when the time determining module determines that the
present time is the REM determining time, calculating the
total variation of the acceleration signals within the REM
determining period, and comparing the total variation of the
acceleration signals with a threshold for the total variation of
the acceleration signals within the REM determining period,
determining that the human body is in a sleep state when the
total variation of the acceleration signals is smaller than or
equal to the threshold for the total variation of the acceleration
signals, and determining that the human body is in a wake
state when the total variation of the acceleration signals is
larger than the threshold for the total variation of the accel-
eration signals; and a REM determining unit for calculating
variations of acceleration signals at adjacent times within the
REM determining period when the sleep/wake determining
unit determines that the human body is in the sleep state,
comparing the variations of the acceleration signals with a
threshold for the variations of the acceleration signals one by
one, determining whether variation of the acceleration signals
is periodic, and determining that the human body is in the
REM stage when at least one variation of the acceleration
signals is larger than the threshold for the variations of the
acceleration signals at adjacent times and/or the variation of
the acceleration signals is not periodic, and determining that
the human body is not in the REM stage when all the varia-
tions of the acceleration signals are smaller than or equal to
the threshold for the variations of the acceleration signals at
adjacent times and the variation of the acceleration signals is
periodic.

[0010] Alternatively, the sign parameter collecting module
further comprises a heart rate collecting unit for collecting
heart rate signals; the sleep/wake determining unit of the
REM determining module is configured to obtain heart rate
signals of respective times within the REM determining
period, calculate the average of the heart rate signals within
the REM determining period when the time determining
module determines that the present time is the REM deter-
mining time, compare the average of the heart rate signals
with a threshold for the average of the heart rate signals within
the REM determining period, determine that the human body
is in the sleep state when the average of the heart rate signals
is smaller than or equal to the threshold for the average of the
heart rate signals and the total variation of the acceleration
signals is smaller than or equal to the threshold for the total
variation of the acceleration signals, and determine that the
human body is in a wake state when the average of the heart
rate signals is larger than the threshold for the average of the
heart rate signals and/or the total variation of the acceleration
signals is larger than the threshold for the total variation of the
acceleration signals; and the REM determining unit of the
REM determining module is configured to, when the sleep/
wake determining unit determines that the human body is in
the seep state, calculate variations of the heart rate signals at
adjacent times within the REM determining period, compare
the variations of the heart rate signals with a threshold for the
variations of the heart rate signals at adjacent times one by
one, determine whether variation of the heart rate signals 1s
periodic, determine the human body is in the REM stage
when any one or more of the determination results of the four
determinations that at least one variation of the heart rate
signals is larger than the threshold for the variations of the
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heart rate signals at adjacent times, that the variation of the
heart rate signals is not periodic, that at least one variation of
the acceleration signals is larger than the threshold for the
variations of the acceleration signals at adjacent times and
that the variation of the acceleration signals is not periodic is
true, and determine that the human body is not in the REM
stage when all the variations of the heart rate signals are
smaller than or equal to the threshold for the variations of the
heart rate signals at adjacent times, all the variations of the
acceleration signals are smaller than or equal to the threshold
for the variations of the acceleration signals at adjacent times,
and the variation of the heart rate signals and the variation of
the acceleration signals are both periodic.

[0011] Alternatively, the sign parameter collecting module
further comprises a body temperature collecting unit for col-
lecting body temperature signals; and the REM determining
unit of the REM determining module is configured to obtain
avariation curve of the body temperature signals with respect
to time within the REM determining period when the time
determining module determines that the present time is the
REM determining time, calculate a difference degree
between the variation curve of the body temperature signals
with respect to time and the ideal variation curve of the body
temperature signals of the human body in the REM stage with
respective to time, determine the human body is in the REM
stage when any one or more of the determination results of the
five determinations that the difference degree is smaller than
or equal to a threshold for the difference degree, that at least
one variation of the acceleration signals is larger than the
threshold for the variations of the acceleration signals at
adjacent times, that the variation of the acceleration signals is
not periodic, that at least one variation of the heart rate signals
is larger than the threshold for the variations of the heart rate
signals at adjacent times and that the variation of the heart rate
signals is not periodic is true, and determine that the human
body is not in the REM stage when the difference degree is
larger than the threshold for the difference degree, all the
variations of the acceleration signals are smaller than or equal
to the threshold for the variations of the acceleration signals at
adjacent times, all the variations of the heart rate signals are
smaller than or equal to the threshold for the variations of the
heart rate signals at adjacent times, and the variation of the
heart rate signals and the variation of the acceleration signals
are both periodic.

[0012] Alternatively, an awaking buffering period is
included after the REM determining period and the pre-awak-
ing period pass in turn from the REM determining time to the
awaking time, the time length from the REM determining
time to the awaking time is equal to the sum of the REM
determining period, the pre-awaking period and the awaking
buffering period.

[0013] Alternatively, the awaking module comprises: a
white light emitting unit for emitting white light changing
gradually from weak to strong within the awaking buffering
period after the pre-awaking period until the human body is
awaked or the awaking buffering period is over and stopping
emitting the white light changing gradually from weak to
strong then; a blue light emitting unit for, when the REM
determining module determines that the human body is not in
the REM stage, emitting blue light changing gradually from
weak to strong within the pre-awaking period to cause the
human body to enter the REM stage until the pre-awaking
period is over, and stopping emitting the blue light changing
gradually from weak to strong then; and a sound generating
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unit for generating a sound to awake the human body when
the human body is not awaked at the end of the awaking
buffering period.

[0014] Alternatively, the sleep/wake determining unit of
the REM determining module is also configured to determine
whether the human body is in the sleep state or the wake state
within the awaking buffering period, and trigger the white
light emitting unit to stop emitting the white light changing
gradually from weak to strong when it is determined that the
human body is in the wake state.

[0015] Alternatively, wherein the time length of the REM
determining period is 8 minutes~12 minutes, the time length
of the pre-awaking period is 15 minutes~25 minutes, and the
time length of the awaking buffering period is 10 minutes~20
minutes.

[0016] Alternatively, the time length from the REM deter-
mining time to the awaking time is equal to the sum of the
REM determining period and the pre-awaking period.
[0017] An embodiment of the present disclosure also pro-
vides a sleep awaking method comprising;: a step S1 of col-
lecting a sign parameter of a human body; a step S2 of deter-
mining whether the present time is a REM determining time,
and entering a step S3 if yes; the step S3 of obtaining the sign
parameter, determining whether the human body is in a REM
stage according to the sign parameter within the REM deter-
mining period, entering a step S4ifyes, and entering a step S5
if no; the step S4 of awaking the human body after a pre-
awaking period; the step S5 of causing the human body to
enter the REM stage within the pre-awaking period, and
awaking the human body after the pre-awaking period,
wherein the REM determining period and the pre-awaking
period pass in turn from the REM determining time to the
awaking time.

[0018] Alternatively, the step S1 comprises collecting
acceleration signals of body movement.

[0019] Alternatively, the step S3 comprises: a step S31 of
obtaining acceleration signals of respective times within the
REM determining period, calculating the total variation of the
acceleration signals within the REM determining period,
comparing the total variation of the acceleration signals with
a threshold for the total variation of the acceleration signals
within the REM determining period, determining that the
human body is in a sleep state and entering a step S32 when
the total variation of the acceleration signals is smaller than or
equal to the threshold for the total variation of the acceleration
signals, and determining that the human body is in a wake
state when the total variation of the acceleration signals is
larger than the threshold for the total variation of the accel-
eration signals; and the step S32 of calculating variations of
acceleration signals at adjacent times within the REM deter-
mining period, comparing the variations of the acceleration
signals with a threshold for the variations of the acceleration
signals at adjacent times one by one, determining whether
variation of the acceleration signals is periodic, determining
that the human body is in the REM stage and entering the step
S4 when at least one variation of the acceleration signals is
larger than the threshold for the variations of the acceleration
signals at adjacent times and/or the variation of the accelera-
tion signals is not periodic, and determining that the human
body is notinthe REM stage and entering the step S5 when all
the variations of the acceleration signals are smaller than or
equal to the threshold for the variations of the acceleration
signals at adjacent times and the variation of the acceleration
signals is periodic.
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[0020] Alternatively, the step S1 further comprises collect-
ing heart rate signals; the step S31 comprises: obtaining heart
rate signals of respective times within the REM determining
period, calculating the average of the heart rate signals within
the REM determining period, comparing the average of the
heart rate signals with a threshold for the average of the heart
rate signals within the REM determining period, determining
that the human body is in the sleep state and entering the step
S32 when the average of the heart rate signals is smaller than
or equal to the threshold for the average of the heart rate
signals and the total variation of the acceleration signals is
smaller than or equal to the threshold for the total variation of
the acceleration signals, and determine that the human body is
in a wake state when the average of the heart rate signals is
larger than the threshold for the average of the heart rate
signals and/or the total variation of the acceleration signals is
larger than the threshold for the total variation of the accel-
eration signals; and the step S32 comprises: calculating varia-
tions of the heart rate signals at adjacent times within the
REM determining period, comparing the variations of the
heart rate signals with a threshold for the variations of the
heart rate signals at adjacent times one by one, determining
whether variation of the heart rate signals is periodic, deter-
mining that the human body is in the REM stage and entering
the step S4 if any one or more of the determination results of
the four determinations that at least one variation of the heart
rate signals is larger than the threshold for the variations of the
heart rate signals at adjacent times, that the variation of the
heart rate signals is not periodic, that at least one variation of
the acceleration signals is larger than the threshold for the
variations of the acceleration signals at adjacent times and
that the variation of the acceleration signals is not periodic is
true, and determining that the human body is not in the REM
stage and entering the step S5 if all the variations of the heart
rate signals are smaller than or equal to the threshold for the
variations of the heart rate signals at adjacent times, all the
variations of the acceleration signals are smaller than or equal
to the threshold for the variations of the acceleration signals at
adjacent times, and the variation of the heart rate signals and
the variation of the acceleration signals are both periodic.

[0021] Alternatively, the step S1 further comprises collect-
ing body temperature signals; and the step S32 comprises:
obtaining a variation curve of the body temperature signals
with respect to time within the REM determining period,
calculating a difference degree between the variation curve of
the body temperature signals with respect to time and the
ideal variation curve of the body temperature signals of the
human body in the REM stage with respective to time, deter-
mining the human body is in the REM stage and entering the
step S4 when any one or more of the determination results of
the five determinations that the difference degree is smaller
than or equal to a threshold for the difference degree, that at
least one variation of the acceleration signals is larger than the
threshold for the variations of the acceleration signals at
adjacent times, that the variation of the acceleration signals is
not periodic, that at least one variation of the heart rate signals
is larger than the threshold for the variations of the heart rate
signals at adjacent times and that the variation of the heart rate
signals is not periodic is true, and determine that the human
body is not in the REM stage and entering the step S5 when
the difference degree is larger than the threshold for the dif-
ference degree, all the variations of the acceleration signals
are smaller than or equal to the threshold for the variations of
the acceleration signals at adjacent times, all the variations of
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the heart rate signals are smaller than or equal to the threshold
for the variations of the heart rate signals at adjacent times,
and the variation of the heart rate signals and the variation of
the acceleration signals are both periodic.

[0022] Alternatively, an awaking buffering period is
included after the REM determining period and the pre-awak-
ing period pass in turn from the REM determining time to the
awaking time, the time length from the REM determining
time to the awaking time is equal to the sum of the REM
determining period, the pre-awaking period and the awaking
buffering period.

[0023] Alternatively, the step S4 comprises: emitting white
light changing gradually from weak to strong within the
awaking buffering period after the pre-awaking period until
the human body is awaked or the awaking buffering period is
over and stopping emitting the white light changing gradually
from weak to strong then; and generating a sound to awake the
human body if the human body is not awaked at the end of the
awaking buffering period; the step S5 comprises: emitting
blue light changing gradually from weak to strong within the
pre-awaking period to cause the human body to enter the
REM stage until the pre-awaking period is over, and stopping
emitting the blue light changing gradually from weak to
strong then; emitting white light changing gradually from
weak to strong within the awaking buffering period until the
human body is awaked or the awaking buffering period is over
and stopping emitting the white light changing gradually
from weak to strong then; and generating a sound to awake the
human body if the human body is not awaked at the end of the
awaking buffering period.

[0024] Alternatively, the step S4 further comprises: deter-
mining whether the human body is in the sleep state or the
wake state within the awaking buffering period, and stopping
emitting the white light changing gradually from weak to
strong when it is determined that the human body is in the
wake state.

[0025] Alternatively, the time length of the REM determin-
ing period is 8 minutes~12 minutes, the time length of the
pre-awaking period is 15 minutes~25 minutes, and the time
length of the awaking buffering period is 10 minutes~20
minutes.

[0026] Alternatively, the time length from the REM deter-
mining time to the awaking time is equal to the sum of the
REM determining period and the pre-awaking period.
[0027] In the sleep awaking system and method provided
by the present disclosure, by setting a sign parameter collect-
ing module, a time determining module, a REM determining
module and awaking module, the REM determining module
determines at a time (i.e. the REM determining time) before
the awaking time whether the human body is in the REM
stage according to the sign parameter of the human body
collected by the sign parameter collecting module. If yes, the
awaking module awakes the human body; if no, the awaking
module causes the human body into the REM stage, and then
awakes the human body, such as to realize the purpose of
awaking the human body in the REM stage, making the
human body feel aclear mind, act agilely, and full of spirit and
energy after being awaked, which is good for health of the
human body.

BRIEF DESCRIPTION OF THE DRAWINGS

[0028] FIG. 1 is a schematic diagram of a structure of a
sleep awaking system provided by an embodiment of the
present disclosure;
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[0029] FIG.2isaschematic diagram of a structure of a sign
parameter collecting module in a sleep awaking system pro-
vided by an embodiment of the present disclosure;

[0030] FIG. 3 is a schematic diagram of a structure of a
REM determining module in a sleep awaking system pro-
vided by an embodiment of the present disclosure;

[0031] FIG. 4 is a schematic diagram of a structure of an
awaking module in a sleep awaking system provided by an
embodiment of the present disclosure;

[0032] FIG.5is atiming diagram of an operation of a sleep
awaking system provided by an embodiment of the present
disclosure;

[0033] FIG. 6 is another timing diagram of an operation of
a sleep awaking system provided by an embodiment of the
present disclosure;

[0034] FIG. 7 is a flowchart of a sleep awaking method
provided by an embodiment of the present disclosure;
[0035] FIG. 8is a flowchart for determining sleep or wake
in a sleep awaking method provided by an embodiment of the
present disclosure;

[0036] FIG.9is a flowchart for determining whether it is in
the REM stage in a sleep awaking method provided by an
embodiment of the present disclosure; and

[0037] FIG. 10 is a flowchart comprising an awaking
mechanism of a sleep awaking method provided by an
embodiment of the present disclosure.

DETAILED DESCRIPTION

[0038] In order to make the above features and advantages
of the present disclosure more clear and easily understood,
the technical solutions of embodiments of the present disclo-
sure will be clearly and completely described in connection
with the figures in the embodiments of the present disclosure
below.

[0039] FIG.1 illustrates a schematic diagram of a structure
of a sleep awaking system provided by an embodiment of the
present disclosure. As shown in FIG. 1, the sleep awaking
system comprises: a sign parameter collecting module 11 for
collecting a sign parameter of a human body; a time deter-
mining module 12 for determining whether the present time is
a REM determining time; a REM determining module 13 for
obtaining the sign parameter and determining whether the
human body is in a REM stage according to the sign param-
eterin a REM determining period when the time determining
module 12 determines that the present time is the REM deter-
mining time; and an awaking module 14 for awaking the
human body after a pre-awaking period when the REM deter-
mining module 13 determines that the human body is in the
REM stage, and facilitating the human body to enter the REM
stage within the pre-awaking period, and awaking the human
body after the pre-awaking period, when the REM determin-
ing module determines that the humanbody is notinthe REM
stage.

[0040] Itis noted that the REM determining period and the
pre-awaking period pass through in turn from the REM deter-
mining time to the awaking time. Whether the human body is
in the REM stage is determined in the REM determining
period. If it is determined that the human body is not in the
REM stage, the human body is facilitated to enter the REM
stage in the pre-awaking period to awake the human body
from the REM stage.

[0041] In the above sleep awaking system, by setting the
sign parameter collecting module 11, the time determining
module 12, the REM determining module 13 and the awaking
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module 14, the function of awaking the human body from the
REM stage is realized. Since the human body is in the shallow
sleep state, has small sleep inertia and is easily awaked in the
REM stage, the sleep awaking system provided by the present
embodiment enables the human body to feel a clear mind, act
agilely, and be full of spirit and energy after being awaked.
[0042] Factors such as breath and heart beat can cause the
human body to generate small movement in space (axis X,
axis y and axis z) even if the human body is static. Since the
human body has different breath frequencies and speeds and
different heart beat speeds in the REM stage and the NREM
stage of the sleep stage and the wake stage, it is possible to
know which state the human body is in by testing the accel-
eration of the body movement of the human body. Further-
more, factors such as heart rate and body temperature can also
reflect the state of the human body. Therefore, the sign param-
eter of the human body in the present embodiment can exem-
plarily comprise acceleration of body movement, heart rate,
body temperature, or the like of the human body.

[0043] FIG. 2 illustrates a schematic diagram of a structure
of the sign collecting module in the above sleep awaking
system. As shown in FIG. 2, the above sign parameter col-
lecting module 11 can exemplarily comprise an acceleration
collecting unit 111 for collecting acceleration signals of body
movement to take the collected acceleration signals as a base
for determining whether the human body is in the sleep or
wake state, or in the REM or NREM stage. The above sign
parameter collecting module 11 can further comprise: a heart
rate collecting unit 112 for collecting heart rate signals and/or
a body temperature collecting unit 113 for collecting body
temperature signals to provide more references for determin-
ing whether the human body is in the sleep or wake state, or in
the REM or NREM stage thereby making the determination
result more accurate.

[0044] It is noted that the collecting of the sign parameters
by the sign parameter collecting module 11 can be inreal time
in order to provide sign parameters at any time and raise the
processing speed of the system, can also be periodic in order
to save power consumption of the system, and can further be
under the control of a processor or triggered by another com-
ponent for sign parameters in order to save power consump-
tion of the system as much as possible.

[0045] FIG. 3 illustrates a schematic diagram of a structure
of the REM determining module in the above sleep awaking
system. As shown in FIG. 3, in the present embodiment, the
REM determining module 13 can exemplarily comprise a
sleep/wake determining unit 131 and a REM determining unit
132 connected thereto.

[0046] Here, the sleep/wake determining unit 131 is con-
figure to determine whether the human body is in the sleep
state or the wake state when the time reaches the REM deter-
mining time before the awaking time. Specifically, the deter-
mination procedure can be: when the time determining mod-
ule 12 determines that the present time is the REM
determining time, obtaining acceleration signals of respective
times within the REM determining period, wherein the accel-
eration signals comprises an acceleration signal at the REM
time and an acceleration signal at the end of the REM deter-
mining period, calculating the difference between the accel-
eration signal at the REM time and the acceleration signal at
the end of the REM determining period to obtain the total
variation of the acceleration signals within the REM deter-
mining period, comparing the total variation of the accelera-
tion signals with a threshold for the total variation of the
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acceleration signals within the REM determining period,
determining that the human body is in the sleep state when the
total variation of the acceleration signals is smaller than or
equal to the threshold for the total variation of the acceleration
signals, determining that the human body is in the wake state
when the total variation of the acceleration signals is larger
than the threshold for the total variation of the acceleration
signals within the REM determining period.

[0047] It is noted that the difference between the accelera-
tion signal at the REM determining time and the acceleration
signal at the end of the REM determining period is the actual
total variation of the acceleration within the REM determin-
ing period. If the actual total variation is smaller than or equal
to a threshold for the total variation of the acceleration within
the same period, it means that the human body has small
variation of body movement within the period and the human
body is in the sleep state; otherwise, it means that the human
body is in the wake state. The time length of the REM deter-
mining period can be preferably 8 minutes~12 minutes, or
can be 10 minutes. The user can also set the time length
according to his own condition. The threshold for the total
variation of the acceleration signals within the REM deter-
mining period is determined according to the acceleration
value when the human body is at the verge between the sleep
state and the wake state in a time period whose time length is
equal to the REM determining period. obtained by the obser-
vation in the scientific research.

[0048] In addition, when the sleep/wake determining unit
131 determines whether the human body is in the sleep state,
it is also possible to obtain heart rate signals at respective
times within the REM determining period, and calculate the
average of the heart rates within the period. Because the
average heart rate when the human body is in the sleep state is
smaller than that in the wake state, it is possible to compare
the calculated average of the heart rates with a threshold for
the average of heart rate signals within the REM determining
period. If the calculated average of the heart rate signals is
smaller than or equal to the threshold for the average of the
heart rate signals within the REM determining period and the
total variation of the acceleration signals is smaller than or
equal to the threshold for the total variation of the acceleration
signals, it is determined that the human body is in the sleep
state. If the calculated average of the heart rate signals is
larger than the threshold for the average of the heart rate
signals and/or the total variation of the acceleration signals is
larger than the threshold for the total variation of the accel-
eration signals, it is determined that the human body is in a
wake state. Therefore, the determination accuracy of the
sleep/wake determining unit 131 can be improved. The
threshold for the average of the heart rate signals is deter-
mined according to the average of the heart rate when the
human body is at the verge between the sleep state and the
wake state in a time period whose time length is equal to the
REM determining period obtained by the observation in the
scientific research.

[0049] Further, the temperature of the human body in dif-
ferent stages of the seep state and the wake state has a varia-
tion curve. Therefore, it is also possible to obtain tempera-
tures at respective times within the REM determining period
when the sleep/wake determining unit 131 determines
whether the human body is in the sleep state, and compare the
obtained temperature variation curve with the ideal tempera-
ture variation curve to be able to obtain information on which
state and which stage the human body is in and take it as a
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reference for determining whether the human body is in the
sleep state or wake state, thereby further raising the determi-
nation accuracy of the sleep/wake determining unit 131.
[0050] It is noted that, if the sleep/wake determining unit
131 determines that the human body is in the wake state, it
means that it is not necessary to perform awaking operation
on the human body, and the sleep awaking system can be
made stopping operation automatically.

[0051] The REM determining unit 132 is configured to
determine whether the human body is in the REM stage of the
sleep according to acceleration values at respective times
within the REM determining period when the human body is
determined to be in the sleep state. The determination proce-
dure can exemplarily be: when the sleep determining unit 131
determines that the human body is in the sleep state, calcu-
lating variations of acceleration signals at adjacent times
according to the obtained acceleration signals at respective
times within the REM determining period, comparing the
variations of the acceleration signals with a threshold for the
variations of the acceleration signals at adjacent times one by
one, and determining whether variation of the acceleration
signals is periodic; when at least one variation of the accel-
eration signals is larger than the threshold for the variations of
the acceleration signals at adjacent times and/or the variation
of the acceleration signals is not periodic, determining that
the human body is in the REM stage; and when the variations
of the acceleration signals are all smaller than or equal to the
threshold for the variations of the acceleration signals at
adjacent times and the variation of the acceleration signals is
periodic, determining that the human body is not in the REM
stage.

[0052] Itisnoted that the variation of the acceleration sig-
nal at adjacent times is the variation of the acceleration at the
present time relative to the acceleration at the previous time,
and it reflects the variation situation of the acceleration within
the REM determining period. Only if multiple variations
obtained by calculation are all smaller than or equal to the
threshold for variations of the acceleration signals at adjacent
times and the variation of the acceleration signal is periodic,
it means that the human body’s sign, the breath frequency is
stable, the sleep is deeper, among others, and thus the human
body is in the deep sleep phase, that is, not in the REM state.
On the contrary, as long as there is one variation is larger than
the threshold for the variation of the acceleration signals at
adjacent times and/or the variation of the acceleration is not
periodic, it means that the human body’s sign is not stable,
and thus the human body is in the shallow sleep stage, i.c., the
REM stage. The threshold for the average of the acceleration
signals at adjacent times is determined by the variation situ-
ation of the acceleration when the human body is at the verge
between the sleep state and the wake state obtained according
to the observation in the scientific research.

[0053] If the collected sign parameters comprise a heart
rate signal, it is possible to take the heart rate signal as refer-
ence data for determining the human body is in the REM stage
to raise the accuracy of determination. Specifically, when the
sleep/wake determining unit 131 determines that the human
body is in the seep state, the REM determining unit 132 of the
REM determining module 13 can calculate variations of the
heart rate signals at adjacent times within the REM determin-
ing period, compare the variations of the heart rate signals
with a threshold for the variations of the heart rate signals at
adjacent times one by one, and determine whether variation
of the heart rate signals is periodic. If any one or more of the
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determination results of the four determinations that at least
one variation of the heart rate signals is larger than the thresh-
old for the variations of the heart rate signals at adjacent
times, that the variation of the heart rate signals is not peri-
odic, that at least one variation of the acceleration signals is
larger than the threshold for the variations of the acceleration
signals at adjacent times, and that the variation of the accel-
eration signals is not periodic is true, it is determined that the
human body is in the REM stage. If all the variations of the
heart rate signals are smaller than or equal to the threshold for
the variations of the heart rate signals at adjacent times, all the
variations of the acceleration signals are smaller than or equal
to the threshold for the variations of the acceleration signals at
adjacent times, and the variation of the heart rate signals and
the variation of the acceleration signals are both periodic, it is
determined that the human body is not in the REM stage.

[0054] For taking three sign parameters that are accelera-
tion, heart rate and body temperature as determination bases
of the REM stage, for example, when the time determining
module 12 determines that the present time is the REM deter-
mining time, the REM determining unit 132 of the REM
determining module 13 can obtain a variation curve of the
body temperature signals with respect to time within the
REM determining period, calculate a difference degree
between the variation curve of the body temperature signals
with respect to time and the ideal variation curve of the body
temperature signals of the human body in the REM stage with
respective to time, determine the human body is in the REM
stage when any one or more of the determination results of the
five determinations that the difference degree is smaller than
or equal to a threshold for the difference degree, that at least
one variation of the acceleration signals is larger than the
threshold for the variations of the acceleration signals at
adjacent times, that the variation of the acceleration signals is
not periodic, that at least one variation of the heart rate signals
is larger than the threshold for the variations of the heart rate
signals at adjacent times and that the variation of the heart rate
signals is not periodic is true, and determine that the human
body is not in the REM stage when the difference degree is
larger than the threshold for the difference degree, all the
variations of the acceleration signals are smaller than or equal
to the threshold for the variations of the acceleration signals at
adjacent times, all the variations of the heart rate signals are
smaller than or equal to the threshold for the variations of the
heart rate signals at adjacent times, and the variation of the
heart rate signals and the variation of the acceleration signals
are both periodic. Therefore, the determination accuracy of
the REM is further improved.

[0055] It is noted that, in the present embodiment, it is
possible to connect the REM determining module 13 directly
with the sign parameter collecting module 11 and the time
determining module 12 respectively so that when the time
determining module 12 determines that the present time is the
REM determining time, the required signal parameter can be
directly obtained from the sign parameter collecting module
11 in order to perform determination. Alternatively, it is also
possible to connect the sign parameter collecting module 11,
the time determining module 12 and the REM determining
module 13 in turn, such that the sign parameter collecting
module 11 sends the sign parameter to the time determining
module 12 after collecting the sign parameter, then the time
determining module 12 determines whether the present time
is the REM determining time, if it is yes, sends the received
sign parameter to the REM determining module 13, and if it

Mar. 24, 2016

is no, does not send the received sign parameter but perform
the determination for the next time point.

[0056] FIG. 5 schematically illustrates an operation time
sequence of the sleep awaking system provided by the present
embodiment. As shown in FIG. 5, the time length from the
REM determining time to the awaking time is equal to the
sum of the REM determining period and the pre-awaking
period. In the REM determining period, it is determined
whether the human body is in the REM stage. After the
determination is completed, the awaking module 14 performs
awaking operation on the human body within the pre-awak-
ing period to awake the human body in time according to the
awaking time set by the user.

[0057] The scientific research shows that awaking the
human body by gradually changing light is gentler than the
conventional sound manner, and makes the person feel com-
fortable after being waked up. Based on this, the awaking
module 14 in the present embodiment can use the manner of
light awaking to perform awaking operation on the human
body. In this case, the operation time sequence of the sleep
awaking system provided by the present embodiment can be
as shown in FIG. 6. FIG. 6 schematically illustrates another
operation timing diagram of the sleep awaking system. As
shown in FIG. 6, an awaking buffering period is included after
the REM determining period and the pre-awaking period pass
in turn from the REM determining time to the awaking time,
the time length from the REM determining time to the awak-
ing time is equal to the sum of the REM determining period,
the pre-awaking period and the awaking buffering period.
Because the manner of light awaking is gentler, the procedure
in which the human body is awaked by light is a gradually
changing procedure, and thus the setting of the awaking buff-
ering period can ensure the timeliness of the awaking.
[0058] It is noted that the time lengths of the awaking
buffering period and the pre-awaking period are not specifi-
cally limited, but can be set according to practical situations.
The time length of the pre-awaking period can exemplarily be
15 minutes~25 minutes, or can also be 20 minutes, in order to
ensure the human body can enter the REM stage within this
period as far as possible. The time length of the awaking
buffering period can exemplarily be 10 minutes~20 minutes,
or can also be 15 minutes, in order to ensure that the human
body can be awaked by light gradually.

[0059] FIG. 4 illustrates a schematic structural diagram of
the awaking module in the sleep awaking system provided in
an embodiment of the present disclosure. As shown in FIG. 4,
the awaking module 14 can exemplarily comprise a white
light emitting unit 141, a blue light emitting unit 142 and a
sound generating unit 143.

[0060] Herein, the white light emitting unit 141 is config-
ured to emit white light changing gradually from weak to
strong in order to awake the human body gradually when the
human body is in the REM stage. The operation procedure of
the white light generating unit 141 can specifically be: when
the REM determining module 13 determines that the human
body is in the REM stage, emitting white light changing
gradually from weak to strong within the awaking buffering
period after the pre-awaking period until the human body is
awaked or the awaking buffering period is over, and stopping
emitting the white light changing gradually from weak to
strong then.

[0061] Itis noted that, in the procedure that the white emit-
ting unit 141 emits white light to perform awaking operation,
itis possible to use the sleep/awaking determining unit 131 of
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the REM determining module 13 to obtain the sign param-
eters of the human body continuously in order to perform
determination of sleep or wake on the human body until the
sleep/wake determining unit 131 determines that the human
body is in the wake state within the awaking buffering period,
and then trigger the white light emitting unit 141 to stop
emitting the white light changing gradually from weak to
strong and make the system stop operating.

[0062] The blue light emitting unit 142 is used to emit blue
light changing gradually from weak to strong when the
human body is not in the REM stage to lead the human body
to the REM stage gradually in order for the white light emit-
ting unit 141 to perform the awaking operation. The operation
procedure of the blue light emitting unit 142 can be specifi-
cally described as following: when the REM determining
module 13 determines that the human body is not in the REM
stage, emitting blue light changing gradually from weak to
strong within the pre-awaking period to cause the human
body to enter the REM stage until the pre-awaking period is
over, and stopping emitting the blue light changing gradually
from weak to strong then.

[0063] Itisnoted that, the gradually changing blue lightcan
control the release of melatonin of the human body. The
melatonin has the function of promoting the sleep of the
human body; therefore, the emitting of the blue light chang-
ing gradually from weak to strong can lead the human body in
the deep sleep state into the REM stage gradually.

[0064] Inthe procedure that the blue light emitting unit 142
emits blue light to cause the human body to enter the REM
stage, it is possible to use the REM determining module 13 to
perform determination on whether the human body is in the
REM stageuntil the human body enters the REM stage within
the pre-waking period.

[0065] The sound generating unit 143 is configured to gen-
erate a sound to awake the human body when the human body
is not awaked at the end of the awaking buffering period, such
as to effectively ensure the user is waked up in time at the
awaking time.

[0066] FIG. 7 illustrates a flow chart of a sleep awaking
method based on the sleep awaking system provided by the
above embodiment. As shown in FIG. 7, the method com-
prises the following steps:

[0067] astep S1 of collecting a sign parameter of a human
body;
[0068] astep S2 of determining whether the present time is

a REM determining time, and entering a step S3 if yes;
[0069] the step S3 of obtaining the sign parameter, deter-
mining whether the human body is in a REM stage according
to the sign parameter within the REM determining period,
entering a step S4 if yes, and entering a step S5 if no;

[0070] the step S4 of awaking the human body after a
pre-awaking period;

[0071] the step S5 of causing the human body to enter the
REM stage within the pre-awaking period, and awaking the
human body after the pre-awaking period.

[0072] Herein the REM determining period and the pre-
awaking period pass in turn from the REM determining time
to the awaking time.

[0073] By the above sleep awaking method, the human
body can be awaked from the REM stage. Since the human
body is in the shallow sleep state, has small sleep inertia and
is easily awaked in the REM stage, the sleep awaking method
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provided by the present embodiment enables the human body
to feel a clear mind, act agilely, and be full of spirit and energy
after being awaked.

[0074] Alternatively, when it is determined that the present
time is not the REM determining time, it can return to the step
S1 to continue the collecting of the sign parameter.

[0075] Depending on different sign parameters required by
the REM determination, the above step S1 can comprise
collecting acceleration signals of body movement, and the
step can also comprise collecting heart rate signals and/or
collecting body temperature signals.

[0076] In order to determine whether the human body is in
the REM stage, it is needed to first determine whether the
human body is in the sleep state, and then determine whether
the human body is in the REM stage.

[0077] FIG. 8 illustrates a flow chart for determining sleep
or wake in the sleep awaking method. Specifically, as shown
in FIG. 8, the above step S3 can comprise the following steps:

[0078] a step S31 of obtaining acceleration signals of
respective times within the REM determining period, in
which the acceleration signals comprises an acceleration sig-
nal at the REM determining time and an acceleration signal at
the end of the REM determining period, calculating the dif-
ference H between the acceleration signal at the REM deter-
mining time and the acceleration signal at the end of the REM
determining period, comparing H with a threshold H' for the
total variation of the acceleration signals within the REM
determining period, determining that the human body is in the
sleep state and entering a step S32 when the difference H is
smaller than or equal to the threshold H' for the total variation
of the acceleration signals within the REM determining
period, determining that the human body is in the wake state
when the difference H is larger than the threshold H' for the
total variation of the acceleration signals within the REM
determining period.

[0079] Alternatively, in the determination procedure
described in the above step S31, it is possible to additionally
judge some determination conditions to improve the determi-
nation accuracy. For example, it is possible to calculate the
average L of the heart rates within the REM determining
period, compare the average L ofthe heart rates with a thresh-
old L' of the average of the heart rates, determine the sleep
state when H=<H' and L<L', and determine the wake state
when H>H' and/or L>L'. As another example, it is also pos-
sible to add a determination condition related to body tem-
perature (details can refer to the related descriptions in the
first embodiment) to further improve the accuracy of the
determination of sleep or wake. FIG. 9 illustrates a flow chart
for determining whether the human body is in the REM stage
in the sleep awaking method. As shown in FI1G. 9, in the step
32, acceleration signals at individual times within the REM
determining period are obtained, variations G of acceleration
signals at adjacent times are calculated, the variations G with
athreshold G' for the variations of the acceleration signals are
compared one by one, and whether the acceleration signals
are periodic are determined, if at least one variation G is larger
than the threshold G' for the variations of the acceleration
signals at adjacent times and/or the variation of the accelera-
tion signals is not periodic, it is determined that the human
body is in the REM stage and the step S4 is entered, and if all
the variations G are smaller than or equal to the threshold G'
for the variations of the acceleration signals at adjacent times
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and the variation of the acceleration signals is periodic, it is
determined that the human body is not in the REM stage and
the step S5 is entered.

[0080] Alternatively, in the determination procedure
described in the above step S32, it is possible to add some
determination conditions to improve the determination accu-
racy. For example, it is possible to calculate the variations M
of heart rate signals at adjacent times within the REM deter-
mining period, compare the variations M of the heart rate
signals with the threshold M' of the variations ofthe heart rate
signals at adjacent times, and determine whether the varia-
tions M of the heart signals are periodic. When any one or
more of the determination results of the four determinations
that at least one G>@', at least one M>M', the variation of G
is not periodic, and the variation of M is not periodic is true,
it is determined to be the REM stage. When all the determi-
nation results of the four determinations that all G=G', all
M=M,, the variation of G is periodic, and the variation of M is
periodic are true, it is determined to be the non-REM stage. As
another example, it is also possible to add a determination
condition related to body temperature (details can refer to the
above related descriptions on the sleep awaking system of
embodiments of the present disclosure) to further improve the
accuracy of the determination on whether the human body is
in the REM stage.

[0081] It is noted that the time length of the REM deter-
mining period can be optionally 8 minutes~12 minutes, or can
be 10 minutes. The users can also set the time length accord-
ing to their own conditions.

[0082] Inthe presentembodiment, the timelength from the
REM determining time to the awaking time can exemplarily
be equal to the sum of the REM determining period and the
pre-awaking period. For the light awaking manner, an awak-
ing buffering period can be included after the REM determin-
ing period and the pre-awaking period pass in turn from the
REM determining time to the awaking time, that is, the time
length from the REM determining time to the awaking time is
equal to the sum of the REM determining period, the pre-
awaking period and the awaking buffering period.

[0083] In the following, detailed description will be made
on a sleep awaking method incorporating the light awaking
manner.

[0084] FIG. 10 is a flowchart comprising an awaking
mechanism of a sleep awaking method provided by an
embodiment of the present disclosure. As shown in FIG. 10,
the step S4 can exemplarily comprise: emitting white light
changing gradually from weak to strong within the awaking
buffering period after the pre-awaking period until the human
body is awaked or the awaking buffering period is over, and
stopping emitting the white light changing gradually from
weak to strong then; and generating a sound to awake the
human body if the human body is not awaked at the end of the
awaking buffering period.

[0085] It is noted that, in the above step, the determination
on whether the human body is in the sleep or wake state can
be continuously performed during the emitting of the white
light. If it is determined that the human body is in the sleep
state, the white light is continuously emitted until it is deter-
mined that the human body is in the wake state, and then the
emitting of the white light is stopped to make the system stop
operating. If the human body is still in the sleep state after the
awaking buffering period is over, then the emitting of the
white light has to be stopped and sound is generated at the
same time to force the human body to wake up.
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[0086] The step S5 can exemplarily comprise: emitting
blue light changing gradually from weak to strong within the
pre-awaking period to cause the human body to enter the
REM stage until the pre-awaking period is over, and stopping
emitting the blue light changing gradually from weak to
strong then; emitting white light changing gradually from
weak to strong within the awaking buffering period until the
human body is awaked or the awaking buffering period is
over, and stopping emitting the white light changing gradu-
ally from weak to strong then; and generating a sound to
awake the human body if the human body is not awaked at the
end of the awaking buffering period.

[0087] Inaddition, when determining that the human body
1s not in the REM stage, it is needed to cause the human body
to enter the REM stage by some means. In the above step, a
manner of emitting blue light changing gradually from weak
to strong is adopted to lead the human body to the REM stage
gradually. After the operation of causing to enter the REM
stage with the time length being the pre-awaking period is
performed, the white light changing gradually from weak to
strong is emitted to awake the human body. If the human body
is not awaked after the awaking buffering period is over, then
the sound is used to force the human body to wake up.
[0088] It is noted that the time lengths of the awaking
buffering period and the pre-awaking period are not specifi-
cally defined, but can be set according to practical situations.
The time length of the pre-awaking period can exemplarily be
15 minutes~25 minutes, or can also be 20 minutes, in order to
ensure the human body can enter the REM stage within this
period as far as possible. The time length of the awaking
buffering period can exemplarily be 10 minutes~20 minutes,
and can also be 15 minutes, to ensure the light can be used to
awake the human body gradually.

[0089] The above descriptions are only specific implemen-
tations of the present disclosure, but the protection scope of
the present disclosure is not limited to this. Changes or
replacements that can be easily devised by those skilled in the
art within the technical scope of the present disclosure should
all fall within the protection scope of the present disclosure.
Therefore, the protection scope of the present disclosure
should be defined by the protection scope of the claims.
[0090] The present application claims the priority of Chi-
nese Patent Application No. 201410489808.0 filed on Sep.
23, 2014, entire content of which is incorporated herein as
part of the present application by reference.

1. A sleep awaking system comprising:

a sign parameter collecting module configured to collect-
ing a sign parameter of a human body;

a time determining module configured to determining
whether the present time is a REM determining time;

a REM determining module configured to obtaining the
sign parameter and determining whether the human
body is in a REM stage according to the sign parameter
in aREM determining period when the time determining
module determines that the present time is the REM
determining time;

an awaking module configured to awaking the human body
after a pre-awaking period when the REM determining
module determines that the human body is in the REM
stage, and causing the human body to enter the REM
stage within the pre-awaking period and awaking the
human body after the pre-awaking period when the
REM determining module determines that the human
body is not in the REM stage,
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wherein the REM determining period and the pre-awaking
period pass in turn from the REM determining time to
the awaking time.

2. The sleep awaking system according to claim 1, wherein
the sign parameter collecting module comprises an accelera-
tion collecting unit configured to collecting acceleration sig-
nals of body movement.

3. The sleep awaking system according to claim 1, wherein
the REM determining module comprises:

a sleep/wake determining unit configured to obtaining
acceleration signals of respective times within the REM
determining period when the time determining module
determines that the present time is the REM determining
time, calculating the total variation of the acceleration
signals within the REM determining period, and com-
paring the total variation of the acceleration signals with
a threshold for the total variation of the acceleration
signals within the REM determining period, determin-
ing that the human body is in a sleep state when the total
variation of the acceleration signals is smaller than or
equal to the threshold for the total variation of the accel-
eration signals, and determining that the human body is
in a wake state when the total variation of the accelera-
tion signals is larger than the threshold for the total
variation of the acceleration signals; and

a REM determining unit configured to calculating varia-
tions of acceleration signals at adjacent times within the
REM determining period, when the sleep/wake deter-
mining unit determines that the human body is in the
sleep state, comparing the variations of the acceleration
signals with a threshold for the variations of the accel-
eration signals one by one, and determining whether
variation of the acceleration signals is periodic, deter-
mining that the human body is in the REM stage when at
least one variation of the acceleration signals is larger
than the threshold for the variations of the acceleration
signals at adjacent times and/or the variation of the
acceleration signals is not periodic, and determining that
the human body is not in the REM stage when all the
variations of the acceleration signals are smaller than or
equal to the threshold for the variations of the accelera-
tion signals at adjacent times and the variation of the
acceleration signals is periodic.

4. The sleep awaking system according to claim 3, wherein
the sign parameter collecting module further comprises a
heart rate collecting unit configured to collecting heart rate
signals;

the sleep/wake determining unit of the REM determining
module is configured to obtain heart rate signals of
respective times within the REM determining period
when the time determining module determines that the
present time is the REM determining time, calculate the
average of the heart rate signals within the REM deter-
mining period, compare the average of the heart rate
signals with a threshold for the average of the heart rate
signals within the REM determining period, determine
that the human body is in the sleep state when the aver-
age of the heart rate signals is smaller than or equalto the
threshold for the average of the heart rate signals and the
total variation of the acceleration signals is smaller than
or equal to the threshold for the total variation of the
acceleration signals, and determine that the human body
is in a wake state when the average of the heart rate
signals is larger than the threshold for the average of the
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heart rate signals and/or the total variation of the accel-
eration signals is larger than the threshold for the total
variation of the acceleration signals; and

the REM determining unit of the REM determining mod-
ule is configured to calculate variations of the heart rate
signals at adjacent times within the REM determining
period when the sleep/wake determining unit deter-
mines that the human body is in the seep state, compare
the variations of the heart rate signals with a threshold
for the variations of the heart rate signals at adjacent
times one by one, and determine whether variation of the
heart rate signals is periodic, determine the human body
is in the REM stage when any one or more of the deter-
mination results of the four determinations that at least
one variation of the heart rate signals is larger than the
threshold for the variations of the heart rate signals at
adjacent times, that the variation of the heart rate signals
is not periodic, that at least one variation of the accel-
eration signals is larger than the threshold for the varia-
tions of the acceleration signals at adjacent times and
that the variation of the acceleration signals is not peri-
odic is true, and determine that the human body is not in
the REM stage when all the variations of the heart rate
signals are smaller than or equal to the threshold for the
variations of the heart rate signals at adjacent times, all
the variations of the acceleration signals are smaller than
or equal to the threshold for the variations of the accel-
eration signals at adjacent times, and the variation of the
heart rate signals and the variation of the acceleration
signals are both periodic.

5. The sleep awaking system according to claim 3, wherein

the sign parameter collecting module further comprises a
body temperature collecting unit configured to collecting
body temperature signals; and

the REM determining unit of the REM determining mod-
ule is configured to obtain a variation curve of the body
temperature signals with respect to time within the REM
determining period when the time determining module
determines that the present time is the REM determining
time, calculate a difference degree between the variation
curve of the body temperature signals with respect to
time and the ideal variation curve of the body tempera-
ture signals of the human body in the REM stage with
respective to time, determine the human body is in the
REM stage when any one or more of the determination
results of the five determinations that the difference
degree is smaller than or equal to a threshold for the
difference degree, that at least one variation of the accel-
eration signals is larger than the threshold for the varia-
tions of the acceleration signals at adjacent times, that
the variation of the acceleration signals is not periodic,
that at least one variation of the heart rate signals is larger
than the threshold for the variations of the heart rate
signals at adjacent times and that the variation of the
heart rate signals is not periodic is true, and determine
that the human body is not in the REM stage when the
difference degree is larger than the threshold for the
difference degree, all the variations of the acceleration
signals are smaller than or equal to the threshold for the
variations of the acceleration signals at adjacent times,
all the variations of the heart rate signals are smaller than
or equal to the threshold for the variations of the heart
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rate signals at adjacent times, and the variation of the
heart rate signals and the variation of the acceleration
signals are both periodic.

6. The sleep awaking system according to claim 3, wherein
an awaking buffering period is included after the REM deter-
mining period and the pre-awaking period pass in turn from
the REM determining time to the awaking time, and the time
length from the REM determining time to the awaking time is
equal to the sum of the REM determining period, the pre-
awaking period and the awaking buffering period.

7. The sleep awaking system according to claim 6, wherein
the awaking module comprises:

a white light emitting unit configured to emitting white
light changing gradually from weak to strong within the
awaking buffering period after the pre-awaking period
until the human body is awaked or the awaking buffering
period is over and stopping emitting the white light
changing gradually from weak to strong then;

a blue light emitting unit configured to emitting blue light
changing gradually from weak to strong within the pre-
awaking period when the REM determining module
determines that the human body is not in the REM stage
to cause the human body to enter the REM stage until the
pre-awaking period is over, and stopping emitting the
blue light changing gradually from weak to strong then;

asound generating unit configured to generating a sound to
awake the human body when the human body is not
awaked at the end of the awaking buffering period.

8. The sleep awaking system according to claim 7, wherein
the sleep/wake determining unit of the REM determining
module is also configured to determine whether the human
body is in the sleep state or the wake state within the awaking
buffering period, and trigger the white light emitting unit to
stop emitting the white light changing gradually from weak to
strong when it is determined that the human body is in the
wake state.

9. The sleep awaking system according to claim 6, wherein
the time length of the REM determining period is 8 min-
utes~12 minutes, the time length of the pre-awaking period is
15 minutes~25 minutes, and the time length of the awaking
buffering period is 10 minutes~20 minutes.

10. The sleep awaking system according to claim 1,
wherein the time length from the REM determining time to
the awaking time is equal to the sum of the REM determining
period and the pre-awaking period.

11. A sleep awaking method comprising:

astep S1 of collecting a sign parameter of a human body;

astep S2 of determining whether the present time is a REM
determining time, and entering a step S3 if yes;

the step S3 of obtaining the sign parameter, determining
whether the human body is in a REM stage according to
the sign parameter within the REM determining period,
entering a step S4 if yes, and entering a step S5 if no;

the step S4 of awaking the human body after a pre-awaking
period;

the step S5 of causing the human body to enter the REM
stage within the pre-awaking period, and awaking the
human body after the pre-awaking period,

wherein the REM determining period and the pre-awaking
period pass in turn from the REM determining time to
the awaking time.

12. The sleep awaking method according to claim 11,

wherein the step S1 comprises collecting acceleration signals
of body movement.
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13. The sleep awaking method according to claim 12,
wherein the step S3 comprises:

a step S31 of obtaining acceleration signals of respective
times within the REM determining period, calculating
the total variation of the acceleration signals within the
REM determining period, comparing the total variation
of the acceleration signals with a threshold for the total
variation of the acceleration signals within the REM
determining period, determining that the human body is
in a sleep state and entering a step S32 if the total varia-
tion of the acceleration signals is smaller than or equal to
the threshold for the total variation of the acceleration
signals, and determining that the human body is in a
wake state if the total variation of the acceleration sig-
nals is larger than the threshold for the total variation of
the acceleration signals; and

the step S32 of calculating variations of acceleration sig-
nals at adjacent times within the REM determining
period, comparing the variations of the acceleration sig-
nals with a threshold for the variations of the accelera-
tion signals at adjacent times one by one, determining
whether variation of the acceleration signals is periodic,
determining that the human body is in the REM stage
and entering the step S4 when at least one variation of
the acceleration signals is larger than the threshold for
the variations of the acceleration signals at adjacent
times and/or the variation of the acceleration signals is
not periodic, and determining that the human body is not
in the REM stage and entering the step S5 when all the
variations of the acceleration signals are smaller than or
equal to the threshold for the variations of the accelera-
tion signals at adjacent times and the variation of the
acceleration signals is periodic.

14. The sleep awaking method according to claim 13,
wherein the step S1 further comprises collecting heart rate
signals;

the step S31 comprises: obtaining heart rate signals of
respective times within the REM determining period,
calculating the average of the heart rate signals within
the REM determining period, comparing the average of
the heart rate signals with a threshold for the average of
the heart rate signals within the REM determining
period, determining that the human body is in the sleep
state and entering the step S32 if the average of the heart
rate signals is smaller than or equal to the threshold for
the average of the heart rate signals and the total varia-
tion of the acceleration signals is smaller than or equal to
the threshold for the total variation of the acceleration
signals, and determine that the human body is in a wake
state if the average of the heart rate signals is larger than
the threshold for the average of the heart rate signals
and/or the total variation of the acceleration signals is
larger than the threshold for the total variation of the
acceleration signals; and

the step S32 comprises: calculating variations of the heart
rate signals at adjacent times within the REM determin-
ing period, comparing the variations of the heart rate
signals with a threshold for the variations of the heart
rate signals at adjacent times one by one, determining
whether variation of the heart rate signals is periodic,
determining that the human body is in the REM stage
and entering the step S4 if any one or more of the deter-
mination results of the four determinations that at least
one variation of the heart rate signals is larger than the
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threshold for the variations of the heart rate signals at
adjacent times, that the variation of the heart rate signals
is not periodic, that at least one variation of the accel-
eration signals is larger than the threshold for the varia-
tions of the acceleration signals at adjacent times and
that the variation of the acceleration signals is not peri-
odic is true, and determining that the human body is not
in the REM stage and entering the step S5 if all the
variations of the heart rate signals are smaller than or
equal to the threshold for the variations of the heart rate
signals at adjacent times, all the variations of the accel-
eration signals are smaller than or equal to the threshold
for the variations of the acceleration signals at adjacent
times, and the variation of the heart rate signals and the
variation of the acceleration signals are both periodic.

15. The sleep awaking method according to claim 14,
wherein the step S1 further comprises collecting body tem-
perature signals; and

the step S32 comprises: obtaining a variation curve of the
body temperature signals with respect to time within the
REM determining period, calculating a difference
degree between the variation curve of the body tempera-
ture signals with respect to time and the ideal variation
curve of the body temperature signals of the human body
in the REM stage with respective to time, determining
the human body is in the REM stage and entering the
step S4 if any one or more of the determination results of
the five determinations that the difference degree is
smaller than or equal to a threshold for the difference
degree, that at least one variation of the acceleration
signals is larger than the threshold for the variations of
the acceleration signals at adjacent times, that the varia-
tion of the acceleration signals is not periodic, that at
least one variation of the heart rate signals is larger than
the threshold for the variations of the heart rate signals at
adjacent times and that the variation of the heart rate
signals is not periodic is true, and determine that the
human body is not in the REM stage and entering the
step S5 if the difference degree is larger than the thresh-
old for the difference degree, all the variations of the
acceleration signals are smaller than or equal to the
threshold for the variations of the acceleration signals at
adjacent times, all the variations of the heart rate signals
are smaller than or equal to the threshold for the varia-
tions of the heart rate signals at adjacent times, and the

11
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variation of the heart rate signals and the variation of the
acceleration signals are both periodic.

16. The sleep awaking method according to claim 13,
wherein an awaking buffering period is included after the
REM determining period and the pre-awaking petiod pass in
turn from the REM determining time to the awaking time, the
time length from the REM determining time to the awaking
time is equal to the sum of the REM determining period, the
pre-awaking period and the awaking buffering period.

17. The sleep awaking method according to claim 16,
wherein the step S4 comprises: emitting white light changing
gradually from weak to strong within the awaking buffering
period after the pre-awaking period until the human body is
awaked or the awaking buffering period is over and stopping
emitting the white light changing gradually from weak to
strong then; and generating a sound to awake the human body
if the human body is not awaked at the end of the awaking
buffering period;

the step S5 comprises: emitting blue light changing gradu-

ally from weak to strong within the pre-awaking period
to cause the human body to enter the REM stage until the
pre-awaking period is over, and stopping emitting the
blue light changing gradually from weak to strong then;
emitting white light changing gradually from weak to
strong within the awaking buffering period until the
human body is awaked or the awaking buffering period
is over and stopping emitting the white light changing
gradually from weak to strong then; and generating a
sound to awake the human body if the human body is not
awaked at the end of the awaking buffering period.

18. The sleep awaking method according to claim 17,
wherein the step S4 further comprises: determining whether
the human body is in the sleep state or the wake state within
the awaking buffering period, and stopping emitting the white
light changing gradually from weak to strong when it is
determined that the human body is in the wake state.

19. The sleep awaking method according to claim 16,
wherein the time length of the REM determining period is 8
minutes~12 minutes, the time length of the pre-awaking
period is 15 minutes~25 minutes, and the time length of the
awaking buffering period is 10 minutes~20 minutes.

20. The sleep awaking system according to claim 11,
wherein the time length from the REM determining time to
the awaking time is equal to the sum of the REM determining
period and the pre-awaking period.
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