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(57) ABSTRACT

The present disclosure provides a method for turning on an
air conditioner and a device for turning on an air conditioner,
belonging to the field of smart home. The method includes:
acquiring a sensor parameter collected by a sensor in a
wearable device; determining a physiological parameter
based on the sensor parameter; determining a change in a
sleep state of a user wearing the wearable device based on
the physiological parameter; detecting whether the change in
the sleep state is in conformity with a predetermined con-
dition; and turning on the air conditioner when the change in
the sleep state is detected to be in conformity with the
predetermined condition.
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1
METHOD AND DEVICE FOR TURNING ON
AIR CONDITIONER

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is based on and claims priority to Chi-
nese Patent Application No. 201510236279.8, filed on May
11, 2013, the entire content of which is incorporated herein
by reference.

TECHNICAL FIELD

The present disclosure generally relates to the field of
smart home, and more particularly, to a method and a device
for turning on an air conditioner.

BACKGROUND

Along with the gradual improvement of people’s living
standards, an air conditioner has become an essential house-
hold appliance in daily life and has greatly improved peo-
ple’s living quality.

Due to the relatively large power consumption of an air
condition, at households without a heater, the air conditioner
1s usually turned off at night and turned on for heating before
a user gets up during autumn and winter. In order to enable
the room temperature to be heated to an appropriate tem-
perature before the user wakes up, a conventional air con-
ditioner is provided with a timing switching function, so that
the user may set up a certain time point at which the air
conditioner will be turned on. For example, if the user
expects to get up at 7 o’clock, the air conditioner may be set
up to be turned on for heating at 6:40.

SUMMARY

According to a first aspect of the present disclosure, there
is provided a method for turning on an air conditioner. The
method includes: acquiring a sensor parameter collected by
a sensor in a wearable device; determining a physiological
parameter based on the sensor parameter; determining a
change in a sleep state of a user wearing the wearable device
based on the physiological parameter; detecting whether the
change in the sleep state is in conformity with a predeter-
mined condition; and turning on the air conditioner when the
change in the sleep state is detected to be in conformity with
the predetermined condition.

According to a second aspect of the present disclosure,
there is provided a device for turning on an air conditioner.
The device includes a processor and a memory configured to
store instructions executable by the processor. The processor
is configured to: acquire a sensor parameter collected by a
wearable device; determine a physiological parameter based
on the sensor parameter; determine a change in a sleep state
of a user wearing the wearable device based on the physi-
ological parameter; detect whether the change in the sleep
state is in conformity with a predetermined condition; and
turn on the air conditioner when the change in the sleep state
is detected to be in conformity with the predetermined
condition.

According to a third aspect of the present disclosure, there
is provided a non-transitory computer-readable storage
medium having stored therein instructions that, when
executed by a processor of a device, cause the device to
perform a method for turning on an air conditioner. The
method includes: acquiring a sensor parameter collected by
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a sensor in a wearable device; determining a physiological
parameter based on the sensor parameter; determining a
change in a sleep state of a user wearing the wearable device
based on the physiological parameter; detecting whether the
change in the sleep state is in conformity with a predeter-
mined condition; and turning on the air conditioner when the
change in the sleep state is detected to be in conformity with
the predetermined condition.

The technical solution provided in embodiments of the
present disclosure may have the following advantageous
effect. The change in the sleep state of a user wearing the
wearable device is determined on a basis of the physiologi-
cal parameter, which is determined based on the sensor
parameter collected by the wearable device. In the case that
the change in the sleep state is in conformity with the
predetermined condition, the air conditioner is turned on
when the user wakes up, thereby ensuring that the room
temperature has been adjusted to an appropriate temperature
when the user wakes up. Besides, it is not required for the
user to set up the time point at which the air conditioner will
be turned on manually, thereby simplifying operations for
users, and thus improving user experience.

It is to be understood that both the foregoing general
description and the following detailed description are merely
exemplary and explanatory, and not intended to limit the
present disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are incorporated in
and constitute a part of this specification, illustrate embodi-
ments consistent with the present disclosure and, together
with the description, serve to explain the principles of the
present disclosure.

FIG. 1 is a schematic diagram showing an environment in
which a method for turning on an air conditioner according
to exemplary embodiments of the present disclosure may be
implemented.

FIG. 2 is a flow chart showing a method for turning on an
air conditioner, according to an exemplary embodiment of
the present disclosure.

FIG. 3 is a flow chart showing a method for turning on an
air conditioner, according to another exemplary embodiment
of the present disclosure.

FIG. 4 is a flow chart showing a method for turning on an
air conditioner, according to a further exemplary embodi-
ment of the present disclosure.

FIG. 5 is a block diagram showing a device for turning on
an air conditioner, according to an exemplary embodiment
of the present disclosure.

FIG. 6 is a block diagram showing a device for turning on
an air conditioner, according to another exemplary embodi-
ment of the present disclosure.

FIG. 7 is a block diagram showing a device for turning on
an air conditioner, according to an exemplary embodiment
of the present disclosure.

DETAILED DESCRIPTION

Reference will now be made in detail to exemplary
embodiments, examples of which are illustrated in the
accompanying drawings. The following description refers to
the accompanying drawings in which the same numbers in
different drawings represent the same or similar elements
unless otherwise represented. The implementations set forth
in the following description of exemplary embodiments do
not represent all implementations consistent with the present
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disclosure. Instead, they are merely examples of apparatuses
and methods consistent with aspects related to the invention
as recited in the appended claims.

FIG. 1 is a schematic diagram showing an environment in
which a method for turning on an air conditioner according
to exemplary embodiments of the present disclosure may be
implemented. Such environment includes a wearable device
110, an air conditioner 120, and at least one relay device 130.

The wearable device 110 may be a wearable smart device
like a smart watch, a smart bracelet, or the like. The
wearable device 110 includes a sensor, such as an infrared
sensor, a piezoelectric sensor, a temperature sensor, a body
movement sensor, and the like.

The relay device 130 may be a smart device, for example,
a smart phone, a smart router, or the like.

The wearable device 110, the air conditioner 120, and the
relay device 130 are connected by a wired or wireless
network. A connection of short-distance wireless communi-
cation may be established directly between the wearable
device 110 and the air conditioner 120 or between the
wearable device 110 and a remote controller of the air
conditioner 120. Alternatively, a connection of short-dis-
tance wireless communication may be also established indi-
rectly between the wearable device 110 and the air condi-
tioner 120 or between the wearable device 110 and a remote
controller of the air conditioner 120 via the relay device 130.

FIG. 2 is a flow chart showing a method for turning on an
air conditioner, according to an exemplary embodiment of
the present disclosure. Such method for turning on the air
conditioner is used in the wearable device 110, the air
conditioner 120, or the relay device 130 as shown in FIG. 1.
As shown in FIG. 2, the method for turning on the air
conditioner may include the following steps.

In step 202, a sensor parameter collected by a sensor in a
wearable device is acquired.

In step 204, a physiological parameter is determined
based on the sensor parameter.

In step 206, a change in a sleep state of a user corre-
sponding to (e.g., wearing) the wearable device is deter-
mined based on the physiological parameter.

In step 208, it is detected whether the change in the sleep
state is in conformity with a predetermined condition.

In step 210, the air conditioner is turned on for heating
when the change in the sleep state is detected to be in
conformity with the predetermined condition.

The physiological parameter includes at least one of a
heart rate parameter, a body temperature parameter, and a
body movement parameter. The determining of the physi-
ological parameter based on the sensor parameter includes at
least one of: determining the heart rate parameter based on
a parameter collected by an infrared sensor or a piezoelectric
sensor in the wearable device; determining the body tem-
perature parameter based on a parameter collected by a
temperature sensor in the wearable device; and determining
the body movement parameter based on a parameter col-
lected by a body movement sensor in the wearable device.

The sleep state includes at least a deep sleep state and a
light sleep state. The predetermined condition includes a
transition from the deep sleep state to the light sleep state.

Prior to turning on the air conditioner for heating, the
method further may include determining an estimated length
of time period t, during which the user will be in the light
sleep state. The turning on the air conditioner for heating
includes: turning on the air conditioner for heating imme-
diately when the change in the sleep state is detected to be
in conformity with the predetermined condition in the case
of t,=t,; and turning on the air conditioner for heating after
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a time period (t, -t,) from the change in the sleep state being
detected to be in conformity with the predetermined condi-
tion in the case of t,>t,, in which t, represents an estimated
length of time period during which a room temperature will
be heated to a target temperature by the air conditioner.

The determining of the estimated length of time period t,
during which the user will be in the light sleep state includes:
acquiring historical sleep state information including a
length of every historical time period during which the user
was in the light sleep state; and determining an average
length of the historical time periods during which the user
was in the light sleep state as the estimated length of time
period t,.

Prior to turning on the air conditioner for heating, the
method may further include: determining whether a time
point of detecting, at which the change in the sleep state is
detected to be in conformity with the predetermined condi-
tion, is within a predetermined time period; and turning on
the air conditioner for heating when the time point of
detecting is within the predetermined time period.

In summary, the method for turning on the air conditioner
according to the embodiments of the present disclosure may
determine the change in the sleep state of a user wearing the
wearable device on a basis of the physiological parameter,
which is determined based on the sensor parameter collected
by the wearable device. In the case that the change in the
sleep state is in conformity with the predetermined condi-
tion, the air conditioner is turned on for heating when the
user wakes up, thereby ensuring that the room temperature
has been elevated to an appropriate temperature when the
user wakes up. Besides, the user is not required to manually
set up the time of turning on the air conditioner. As a result,
operations by the users may be simplified, and the user’s
experience may be improved.

FIG. 3 is a flow chart showing a method for turning on an
air conditioner, according to another exemplary embodiment
of the present disclosure. Such method for turning on the air
conditioner is used in the wearable device 110, the air
conditioner 120, or the relay device 130 shown in FIG. 1. As
shown in FIG. 3, the method for turning on the air condi-
tioner may include the following steps.

In step 302, a sensor parameter collected by a sensor in a
wearable device is acquired.

The wearable device may be provided with various kinds
of sensors, such as an infrared sensor, a piezoelectric sensor,
a temperature sensor, a body movement sensor, and the like.

In some embodiments of the present disclosure, at least
one of the following physiological parameters may be
determined based on the sensor parameter: a heart rate
parameter, a body temperature parameter, and a body move-
ment parameter. The method for determining various physi-
ological parameters may be shown as follows.

In step 304, the heart rate parameter is determined based
on a parameter collected by an infrared sensor or a piezo-
electric sensor in the wearable device.

For example, the infrared sensor in the wearable device
may emit an infrared ray generated by an infrared light
emitting diode to a blood vessel in the body of a user
wearing the wearable device, and collect an infrared signal
transmitted or reflected from the blood passing through the
blood vessel. A real-time heart rate in the user’s body may
be obtained after preamplifying, smoothing, and preforming
related calculations on the infrared signal collected by the
infrared sensor.
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Alternatively, when the wearable device is provided with
the piezoelectric sensor, the real-time heart rate the user may
also be obtained by processing a change of the user’s blood
pressure.

In step 306, the body temperature parameter is determined
based on a parameter collected by a temperature sensor in
the wearable device.

When the wearable device is provided with the tempera-
ture sensor, it may collect a real-time temperature of body by
the temperature sensor.

In step 308, the body movement parameter is determined
based on a parameter collected by a body movement sensor
in the wearable device.

When the wearable device is provided with the body
movement sensor, it may collect a tiny movement by the
body movement sensor, for example turning over, moving a
limb, and the like.

In step 310, a change in a sleep state of the user corre-
sponding to (e.g., wearing) the wearable device is deter-
mined based on the physiological parameter.

The user’s sleep state may include a deep sleep state, a
light sleep state, and a waking state. The physiological
parameter of the user changes when the user’s sleep state
changes from one state to another. For example, when the
sleep state of the user changes from the deep sleep state to
the light sleep state, the user’s heart rate, body temperature,
and body movement may increase. Conversely, when the
sleep state of the user changes from the light sleep state to
the deep sleep state, the user’s heart rate, body temperature,
and body movement may decrease. The change in the user’s
sleep state may be determined by analyzing the changes of
these physiological parameters. Specific algorithm for deter-
mining the user’s sleep state by analyzing the physiological
parameters may be established in accordance with actual
conditions, which is not limited in the present disclosure.

In step 312, it is detected whether the change in the sleep
state is in conformity with a predetermined condition.

In some embodiments of the present disclosure, the pre-
determined condition may be set as that the user’s sleep state
changes from the deep sleep state into the light sleep state.

Moreover, those skilled in the art may also set other
predetermined conditions in accordance with user’s usage
condition, which is not limited in embodiments of the
present disclosure. For example, the predetermined condi-
tion may be set as that the user’s sleep state changes from the
light sleep state into the waking state.

In step 314, the air conditioner is turned on for heating
when the change in the sleep state is detected to be in
conformity with the predetermined condition.

It may be determined that the user is about to wake up and
ready to get up when the user’s sleep state is detected as
transiting into the light sleep state from the deep sleep state.
At this time, the air conditioner may be turned on for
heating, so that the room temperature will have been
elevated to an appropriate temperature by the time the user
gets up.

In embodiments of the present disclosure, all of the
above-mentioned steps may be accomplished by the wear-
able device. For example, in the case that the wearable
device is a smart bracelet, a sensor in the smart bracelet may
collect the sensor parameter, and then the smart bracelet may
determine the physiological parameter based on the sensor
parameter, and send an instruction for turning on the air
conditioner for heating to the air conditioner when the smart
bracelet determines that the user is about to wake up based
on the physiology parameter.
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Alternatively, the above-mentioned steps may be accom-
plished by the air conditioner or the relay device. For
example, the air conditioner acquires, from the smart brace-
let, the sensor parameter collected by the sensor of the smart
bracelet, determines the physiological parameter based on
the sensor parameter, and turns on itself for heating when
determining that the user is about to wake up based on the
physiology parameter. As another example, a smart phone or
a router acquires, from the smart bracelet, the sensor param-
eter collected by the sensor of the smart bracelet, determines
the physiological parameter based on the sensor parameter,
and sends an instruction to the air conditioner so as to turn
on the air conditioner for heating when determining that the
user is about to wake up based on the physiology parameter.

In summary, the method for turning on the air conditioner
according to the embodiments of the present disclosure may
determine the change in the sleep state of a user wearing the
wearable device on a basis of the physiological parameter,
which is determined based on the sensor parameter collected
by the wearable device. In the case that the change in the
sleep state is in conformity with the predetermined condi-
tion, the air conditioner is turned on for heating when the
user wakes up, thereby ensuring that the room temperature
has been elevated to an appropriate temperature when the
user wakes up. Besides, the user is not required to manually
set up the time of turning on the air conditioner. As a result,
operations by the users may be simplified, and the users’
experience may be improved.

FIG. 4 is a flow chart showing a method for turning on an
air conditioner according to a further exemplary embodi-
ment of the present disclosure. Such method for turning on
the air conditioner is used in the wearable device 110, the air
conditioner 120, or the relay device 130 as shown in FIG. 1.
As shown in FIG. 4, the method for turning on the air
conditioner may include the following steps.

In step 402, a sensor parameter collected by a sensor in a
wearable device is acquired.

The wearable device may be provided with various kinds
of sensors, such as an infrared sensor, a piezoelectric sensor,
a temperature sensor, a body movement sensor, and the like.

In step 404, a physiological parameter is determined
based on the sensor parameter.

In some embodiments of the present disclosure, the physi-
ological parameter to be determined may include at least one
of a heart rate parameter, a body temperature parameter, and
a body movement parameter. The method for determining
various physiological parameters may be similar as steps
304 to 308 in the embodiment shown in FIG. 3, the descrip-
tion of which is not repeated herein.

In step 406, a change in a sleep state of a user wearing the
wearable device is determined based on the physiological
parameter.

The user’s sleep state may include a deep sleep state, a
light sleep state, and a waking state. The physiological
parameter of the user changes when the user’s sleep state
changes from one state to another. For example, when the
sleep state of the user changes from the deep sleep state to
the light sleep state, the user’s heart rate, body temperature,
and body movement may increase. Conversely, when the
sleep state of the user changes from the light sleep state to
the deep sleep state, the user’s heart rate, body temperature,
and body movement may decrease. The change in the user’s
sleep state may be determined by analyzing the changes of
these physiological parameters.

In step 408, it is detected whether the change in the sleep
state is in conformity with a predetermined condition. Step
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410 is executed when the change in the sleep state is in
conformity with the predetermined condition.

In some embodiments of the present disclosure, the pre-
determined condition may be set as that the user’s sleep state
changes from the deep sleep state to the light sleep state.

Moreover, those skilled in the art may also set other
predetermined conditions in accordance with user’s usage
condition, which is not limited in embodiments of the
present disclosure. For example, the predetermined condi-
tion may be set as that the user’s sleep state changes from the
light sleep state to the waking state.

In step 410, it is determined whether a time point of
detecting is within a predetermined time period. Step 412 is
executed if the time point of detecting is within the prede-
termined time period, otherwise the process ends.

The time point of detecting is a time point at which the
change in the sleep state is detected to be in conformity with
the predetermined condition.

In some cases, the user’s sleep state changing from the
deep sleep state to the light sleep state does not necessarily
mean that the user is about to wake up and get up. For
example, the user may suffer from insomnia in the midnight.
In order to prevent the air conditioner from being turned on
in this case, it may be further determined whether a time
point of detecting, at which the change in the sleep state is
detected to be in conformity with the predetermined condi-
tion, 1s within the predetermined time period. For example,
it may be determined whether the time point of detecting is
within a time period from 7 o’clock to 9 o’clock. If the time
point of detecting is within the time period from 7 o’clock
to 9 o’clock, then the subsequent steps are executed, other-
wise the subsequent steps are not executed.

In step 412, historical sleep state information including a
length of every historical time period during which the user
was in the light sleep state is acquired, and an average length
of the historical time periods during which the user was in
the light sleep state is determined as an estimated length of
time period t, during which the user will be in the light sleep
state.

The time period between the light sleep state and the
waking state varies across different users. If a user requires
a longer time period for transitioning from the light state to
the waking state, then turning on the air conditioner in
advance may result in a waste of electric power. In order to
improve the heating effect and save the electric energy, the
historical sleep state information including a length of every
historical time period during which the user was in the deep
sleep state, the light sleep state, and the waking state may be
acquired, respectively; and an average length of the histori-
cal time periods during which the user was in the light sleep
state may be determined as the estimated length of time
period t,.

The historical sleep state information may be automati-
cally recorded by the wearable device or other devices such
as a smart phone, so as to be checked by the user or called
by other third-party applications.

In step 414, the air conditioner is turned on for heating
immediately when the change in the sleep state is detected
to be in conformity with the predetermined condition in the
case of t,<t,, in which t, represents an estimated length of
time period during which a room temperature will be heated
to a target temperature by the air conditioner.

In the case that the estimated length of time period t;
during which the user will in the light sleep state is shorter
than the estimated length of time period t, during which the
room temperature will be heated to the target temperature by
the air conditioner, which indicates that the room tempera-
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ture will not be heated to an appropriate temperature at the
time the user wakes up, then the air conditioner needs to be
turned on for heating immediately. The estimated length of
time petiod t, during which the room temperature will be
heated to the target temperature may be determined by
calculating in accordance with the air conditioner’s power
and heating efliciency, and a temperature difference between
the current room temperature and the target temperature.

In step 416, the air conditioner is turned on for heating
after a time period (t,-t,) from the change in the sleep state
being detected to be in conformity with the predetermined
condition in the case of t,>t,.

In the case that the estimated length of time period t,
during which the user will in the light sleep state is longer
than the estimated length time period t, during which the
room temperature will be heated to the target temperature by
the air conditioner, which indicates that the room tempera-
ture will be heated to an appropriate temperature before the
user wakes up, then the air conditioner needs to be turned on
for heating after the time period (t,-t,), other than immedi-
ately, so that the room temperature can be heated to the
appropriate temperature right at the time when the user
wakes up, thereby avoiding unnecessary waste of electric
powet.

In embodiments of the present disclosure, all of the
above-mentioned steps may be accomplished by the wear-
able device. For example, in the case that the wearable
device is a smart bracelet, a sensor in the smart bracelet may
collect the sensor, and then the smart bracelet may determine
the physiological parameter based on the sensor parameter,
and send an instruction for turning on the air conditioner for
heating to the air conditioner when the smart bracelet
determines that the user is about to wake up based on the
physiology parameter.

Alternatively, the above-mentioned steps may be accom-
plished by the air conditioner or the relay device. For
example, the air conditioner acquires, from the smart brace-
let, the sensor parameter collected by the sensor of the smart
bracelet, determines the physiological parameter based on
the sensor parameter, and turns on itself for heating when
determining that the user is about to wake up based on the
physiology parameter. As another example, a smart phone or
a router acquires, from the smart bracelet, the sensor param-
eter collected by the sensor of the smart bracelet, determines
the physiological parameter based on the sensor parameter,
and sends an instruction to the air conditioner so as to turn
on the air conditioner for heating when determining that the
user is about to wake up based on the physiology parameter.

In summary, the method for turning on the air conditioner
according to the embodiments of the present disclosure may
determine the change in the sleep state of a user wearing the
wearable device on a basis of the physiological parameter,
which is determined based on the sensor parameter collected
by the wearable device. In the case that the change in the
sleep state is in conformity with the predetermined condi-
tion, the air conditioner is turned on for heating when the
user wakes up, thereby ensuring that the room temperature
has been elevated to an appropriate temperature when the
user wakes up. Besides, the user is not required to manually
set up the time of turning on the air conditioner. As a result,
operations by the users may be simplified, and the users’
experience may be improved.

Besides, the method for turning on the air conditioner
according to the embodiments of the present disclosure may
determine the estimated length of time period during which
the user will be in the light sleep state based on the user’s
historical sleep state information, and determine the specific
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time of turning on the air conditioner based on the relation-
ship between the estimated length of time period during
which the user will be in the light sleep state and the
estimated length of time period during which the room
temperature will be heated to the target temperature, thereby
avoiding unnecessary electric power consumption.

In addition, the method for turning on the air conditioner
according to the embodiments of the present disclosure may
turn on the air conditioner for heating only if the time point
of detecting, at which the change in the sleep state is
detected to be in conformity with the predetermined condi-
tion, is within the predetermined time period, thereby pre-
venting the air conditioner from being turned on when it
should not be turned on.

The following device embodiments of the present disclo-
sure may be used to perform the method embodiments of the
present disclosure. For details not disclosed in the device
embodiments of the present disclosure, reference is made to
the method embodiments of the present disclosure.

FIG. 5 is a block diagram showing a device for turning on
an air conditioner, according to an exemplary embodiment
of the present disclosure. Such device for turning on the air
conditioner may be used in the wearable device 110, the air
conditioner 120, or the relay device 130 as shown in FIG. 1,
so as to execute all or part of the steps of the method shown
in any one of FIGS. 2 to 4. As shown in FIG. 5, such device
for turning on the air conditioner includes, but is not limited
to, a sensor parameter acquiring module 501, a physiological
parameter determining module 502, a state change deter-
mining module 503, a detecting module 504, and a control-
ling module 505.

The sensor parameter acquiring module 501 is configured
to acquire a sensor parameter collected by a sensor in a
wearable device.

The physiological parameter determining module 502 is
configured to determine a physiological parameter based on
the sensor parameter.

The state change determining module 503 is configured to
determine a change in a sleep state of a user wearing the
wearable device based on the physiological parameter.

The detecting module 504 is configured to detect whether
the change in the sleep state is in conformity with a
predetermined condition.

The controlling module 505 is configured to turn on the
air conditioner for heating when the detecting module 504
detects that the change in the sleep state is in conformity
with the predetermined condition.

In summary, the device for turning on the air conditioner
according to the embodiments of the present disclosure may
determine the change in the sleep state of a user wearing the
wearable device on a basis of the physiological parameter,
which is determined based on the sensor parameter collected
by the wearable device. In the case that the change in the
sleep state is in conformity with the predetermined condi-
tion, then the air conditioner is turned on for heating when
the user wakes up, thereby ensuring that the room tempera-
ture has been elevated to an appropriate temperature when
the user wakes up. Besides, the user is not required to
manually set up the time of turning on the air conditioner. As
a result, operations by the users may be simplified, and the
users’ experience may be improved.

FIG. 6 is a block diagram showing a device for turning on
an air conditioner according to another exemplary embodi-
ment of the present disclosure. Such device for turning on
the air conditioner may be used in the wearable device 110,
the air conditioner 120, or the relay device 130 as shown in
FIG. 1, so as to execute all or part of the steps of the method
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shown in any one of FIGS. 2 to 4. As shown in FIG. 6, such
device for turning on the air conditioner includes, but is not
limited to, the sensor parameter acquiring module 501, the
physiological parameter determining module 502, the state
change determining module 503, the detecting module 504,
and the controlling module 505 (FIG. 5).

The physiological parameter is at least one of a heart rate
parameter, a body temperature parameter, and a body move-
ment parameter. The physiological parameter determining
module 502 includes: a first determining sub-module 5024,
a second determining sub-module 5024, and a third deter-
mining sub-module 502c.

The first determining sub-module 502q is configured to
determine the heart rate parameter based on a parameter
collected by an infrared sensor or a piezoelectric sensor in
the wearable device.

The second determining sub-module 5025 is configured
to determine the body temperature parameter based on a
parameter collected by a temperature sensor in the wearable
device.

The third determining sub-module 502¢ is configured to
determine the body movement parameter based on a param-
eter collected by a body movement sensor in the wearable
device.

The sleep state includes at least a deep sleep state and a
light sleep state. The predetermined condition includes a
transition from the deep sleep state to the light sleep state.

The device further includes a time period length deter-
mining module 506, configured to determine an estimated
length of time period t, during which the user will be in the
light sleep state prior to turning on the air conditioner for
heating by the controlling module 505.

The controlling module 505 includes a first controlling
sub-module 5054 and a second controlling sub-module
5055.

The first controlling sub-module 505q is configured to
turn on the air conditioner for heating immediately when the
change in the sleep state is detected to be in conformity with
the predetermined condition in the case of t;st,.

The second controlling sub-module 5055 is configured to
turn on the air conditioner for heating after a time period
(t,-t,) from the change in the sleep state being detected to be
in conformity with the predetermined condition in the case
of t,>t,.

Here, t, represents an estimated length of time period
during which a room temperature will be heated to a target
temperature by the air conditioner.

The time period length determining module 506 includes
a state information acquiring sub-module 506a and a time
period length determining sub-module 5065.

The state information acquiring sub-module 5064 is con-
figured to acquire historical sleep state information includ-
ing every historical time period during which the user was
in the light sleep state.

The time period length determining sub-module 5065 is
configured to determine an average length of the historical
time periods during which the user was in the light sleep
state as the estimated length of time period t,.

The device further includes a determining module 507,
configured to determine whether a time point of detecting, at
which the change in the sleep state is detected to be in
conformity with the predetermined condition, is within a
predetermined time period before the controlling module
505 turns on the air conditioner for heating. The controlling
module 505 is configured to turn on the air conditioner for
heating when the time point of detecting is within the
predetermined time period.
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In summary, the device for turning on the air conditioner
according to the embodiments of the present disclosure may
determine the change in the sleep state of a user wearing the
wearable device on a basis of the physiological parameter,
which is determined based on the sensor parameter collected
by the wearable device. In the case that the change in the
sleep state is in conformity with the predetermined condi-
tion, then the air conditioner is turned on for heating when
the user wakes up, thereby ensuring that the room tempera-
ture has been elevated to an appropriate temperature when
the user wakes up. Besides, the user is not required to
manually set up the time of turning on the air conditioner. As
a result, operations by the users may be simplified, and the
users’ experience may be improved.

Besides, the device for turning on the air conditioner
according to the embodiments of the present disclosure may
determine the estimated length of time period during which
the user will be in the light sleep state based on the user’s
historical sleep state information, and determine the specific
time of turning on the air conditioner based on the relation-
ship between the estimated length of time period during
which the user will be in the light sleep state and the
estimated length of time period during which the room
temperature will be heated to the target temperature, before
the air conditioner is turned on for heating, thereby avoiding
unnecessary electric power consumption.

In addition, the device for turning on the air conditioner
according to the embodiments of the present disclosure may
turn on the air conditioner for heating only if the time point
of detecting, at which the change in the sleep state is
detected to be in conformity with the predetermined condi-
tion, is within the predetermined time period, thereby pre-
venting the air conditioner from being turned on when it
should not be turned on.

FIG. 7 is a block diagram showing a device 700 according
to an exemplary embodiment of the present disclosure. For
example, the device 700 may be a mobile phone, a computer,
a digital broadcasting terminal, a message sending and
receiving device, a router device, a game console, a flat
panel device, a medical device, a fitness device, a personal
digital assistant, a smart control device, a smart household
appliance device, a smart wearable device, or the like.

Referring to FIG. 7, the device 700 may include one or
more of the following components: a processing component
702, a memory 704, a power component 706, a multimedia
component 708, an audio component 710, an input/output
(I/O) interface 712, a sensor component 714, and a com-
munication component 716.

The processing component 702 typically controls overall
operations of the device 700, such as the operations asso-
ciated with display, telephone calls, data communications,
camera operations, and recording operations. The processing
component 702 may include one or more processors 718 to
execute instructions to perform all or part of the steps in the
above described methods. Moreover, the processing com-
ponent 702 may include one or more modules which facili-
tate the interaction between the processing component 702
and other components. For instance, the processing compo-
nent 702 may include a multimedia module to facilitate the
interaction between the multimedia component 708 and the
processing component 702.

The memory 704 is configured to store various types of
data to support the operation of the device 700. Examples of
such data include instructions for any applications or meth-
ods operated on the device 700, contact data, phonebook
data, messages, pictures, video, etc. The memory 704 may
be implemented using any type of volatile or non-volatile
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memory devices, or a combination thereof, such as a static
random access memory (SRAM), an electrically erasable
programmable read-only memory (EEPROM), an erasable
programmable read-only memory (EPROM), a program-
mable read-only memory (PROM), a read-only memory
(ROM), a magpetic memory, a flash memory, a magnetic or
optical disk. The memory 704 may include one or more
modules which are configured to be executed by one or more
processors 718, so as to perform all or part of the steps in the
above described method shown in any one of FIGS. 2-4.

The power component 706 provides power to various
components of the device 700. The power component 706
may include a power management system, one or more
power sources, and any other components associated with
the generation, management, and distribution of power in
the device 700.

The multimedia component 708 includes a screen pro-
viding an output interface between the device 700 and the
user. In some embodiments, the screen may include a liquid
crystal display (LCD) and a touch panel (TP). If the screen
includes the touch panel, the screen may be implemented as
a touch screen to receive input signals from the user. The
touch panel includes one or more touch sensors to sense
touches, swipes, and gestures on the touch panel. The touch
sensors may not only sense a boundary of a touch or swipe
action, but also sense a period of time and a pressure
associated with the touch or swipe action. In some embodi-
ments, the multimedia component 708 includes a front
camera and/or a rear camera. The front camera and the rear
camera may receive an external multimedia datum while the
device 700 is in an operation mode, such as a photographing
mode or a video mode. Each of the front camera and the rear
camera may be a fixed optical lens system or have focus and
optical zoom capability.

The audio component 710 is configured to output and/or
input audio signals. For example, the audio component 710
includes a microphone configured to receive an external
audio signal when the device 700 is in an operation mode,
such as a call mode, a recording mode, and a voice recog-
nition mode. The received audio signal may be further stored
in the memory 704 or transmitted via the communication
component 716. In some embodiments, the audio compo-
nent 710 further includes a speaker to output audio signals.

The /O interface 712 provides an interface between the
processing component 702 and peripheral interface mod-
ules, such as a keyboard, a click wheel, buttons, and the like.
The buttons may include, but are not limited to, a home
button, a volume button, a starting button, and a locking
button.

The sensor component 714 includes one or more sensors
to provide status assessments of various aspects of the
device 700. For instance, the sensor component 714 may
detect an open/closed status of the device 700, relative
positioning of components, e.g., the display and the keypad,
of the device 700, a change in position of the device 700 or
a component of the device 700, a presence or absence of user
contact with the device 700, an orientation or an accelera-
tion/deceleration of the device 700, and a change in tem-
perature of the device 700. The sensor component 714 may
include a proximity sensor configured to detect the presence
of nearby objects without any physical contact. The sensor
component 714 may also include a light sensor, such as a
CMOS or CCD image sensor, for use in imaging applica-
tions. In some embodiments, the sensor component 714 may
also include an accelerometer sensor, a gyroscope sensor, a
magnetic sensor, a pressure sensor, or a temperature sensor.
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The communication component 716 is configured to
facilitate communication, wired or wirelessly, between the
device 700 and other devices. The device 700 can access a
wireless network based on a communication standard, such
as WiFi, 2G, or 3G, or a combination thereof. In one
exemplary embodiment, the communication component 716
receives a broadcast signal or broadcast associated informa-
tion from an external broadcast management system via a
broadcast channel. In one exemplary embodiment, the com-
munication component 716 further includes a near field
communication (NFC) module to facilitate short-range com-
munications. For example, the NFC module may be imple-
mented based on a radio frequency identification (RFID)
technology, an infrared data association (IrDA) technology,
an ultra-wideband (UWB) technology, a Bluetooth (BT)
technology, and other technologies.

In some exemplary embodiments, the device 700 may be
implemented with one or more application specific inte-
grated circuits (ASICs), digital signal processors (DSPs),
digital signal processing devices (DSPDs), programmable
logic devices (PLDs), field programmable gate arrays (FP-
GAs), controllers, micro-controllers, microprocessors, or
other electronic components, for performing the above
described methods.

In some exemplary embodiments, there is also provided a
non-transitory computer-readable storage medium including
instructions, such as included in the memory 704, executable
by the processor 718 in the device 700, for performing the
above-described methods. For example, the non-transitory
computer-readable storage medium may be a ROM, a RAM,
a CD-ROM, a magnetic tape, a floppy disc, an optical data
storage device, and the like.

For the device in the above-mentioned embodiments, the
specific manners for performing operations for individual
modules therein have been described in detail in method
embodiments of the present disclosure, which are not
repeated herein.

Although the above described methods and devices turn
on the air conditioner for heating in the exemplary embodi-
ments, one of ordinary skill in the art will understand that the
present disclosure is not so limited, and the above described
methods and devices can also be used to turn on the air
conditioner for cooling.

Other embodiments of the invention will be apparent to
those skilled in the art from consideration of the specifica-
tion and practice of the invention disclosed here. This
application is intended to cover any variations, uses, or
adaptations of the invention following the general principles
thereof and including such departures from the present
disclosure as come within known or customary practice in
the art. It is intended that the specification and examples be
considered as example only, with a true scope and spirit of
the invention being indicated by the following claims.

It will be appreciated that the present invention is not
limited to the exact construction that has been described
above and illustrated in the accompanying drawings, and
that various modifications and changes can be made without
departing from the scope thereof. It is intended that the
scope of the invention only be limited by the appended
claims.

What is claimed is:

1. A method for turning on an air conditioner, comprising:

acquiring a sensor parameter collected by a sensor in a
wearable device;

determining a physiological parameter based on the sen-
sor parameter;
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determining a change in a sleep state of a user wearing the
wearable device based on the physiological parameter,
the sleep state comprising at least a deep sleep state and
a light sleep state;

detecting whether the change in the sleep state is in
conformity with a predetermined condition, the prede-
termined condition comprising a transition from the
deep sleep state to the light sleep state; and

turning on the air conditioner when the change in the sleep

state is detected to be in conformity with the predeter-
mined condition,

wherein prior to turning on the air conditioner, the method

further comprises determining an estimated length of
time period t, during which the user will be in the light
sleep state, and
the turning on the air conditioner comprises:
turning on the air conditioner immediately when the
change in the sleep state is detected to be in confor-
mity with the predetermined condition in the case of
t,st,; and
turning on the air conditioner after a time period (t,-t,)
from the change in the sleep state being detected to
be in conformity with the predetermined condition in
the case of t;>t,,
wherein t, represents an estimated length of time period
during which a room temperature will be adjusted to
a target temperature by the air conditioner.
2. The method according to claim 1, wherein the physi-
ological parameter is at least one of a heart rate parameter,
a body temperature parameter, or a body movement param-
eter, and
the determining a physiological parameter based on the
sensor parameter comprises at least one of:

determining the heart rate parameter based on a parameter
collected by an infrared sensor or a piezoelectric sensor
in the wearable device;

determining the body temperature parameter based on a

parameter collected by a temperature sensor in the
wearable device; or

determining the body movement parameter based on a

parameter collected by a body movement sensor in the
wearable device.

3. The method according to claim 1, wherein the deter-
mining an estimated length of time period t; during which
the user will be in the light sleep state comprises:

acquiring historical sleep state information including each

historical time period during which the user was in the
light sleep state; and

determining an average length of the historical time

periods during which the user was in the light sleep
state as the estimated length of time period t,.

4. The method according to claim 1, wherein prior to
turning on the air conditioner, the method further comprises:

determining whether a time point of detecting, at which

the change in the sleep state is detected to be in
conformity with the predetermined condition, is within
a predetermined time period; and

turning on the air conditioner when the time point of

detecting is within the predetermined time period.

5. A device for turning on an air conditioner, comprising:

a processor; and

a memory configured to store instructions executable by

the processor,

wherein the processer is configured to:

acquire a sensor parameter collected by a wearable
device;
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determine a physiological parameter based on the sen-
Sor parameter;

determine a change in a sleep state of a user wearing the
wearable device based on the physiological param-
eter, wherein the sleep state comprises at least a deep
sleep state and a light sleep state;

detect whether the change in the sleep state is in
conformity with a predetermined condition, wherein
the predetermined condition comprises a transition
from the deep sleep state to the light sleep state; and

turn on the air conditioner when the change in the sleep
state 1s detected to be in conformity with the prede-
termined condition,

wherein the processer is further configured to determine

an estimated length of time period t, during which the
user will be in the light sleep state prior to turning on
the air conditioner, and

the processer is further configured to:

turn on the air conditioner immediately when the
change in the sleep state is detected to be in confor-
mity with the predetermined condition in the case of
t,=t,; and

turn on the air conditioner after a time period (t,-t,)
from the change in the sleep state being detected to
be in conformity with the predetermined condition in
the case of t,>t,,

wherein t, represents an estimated length of time period
during which a room temperature will be adjusted to
a target temperature by the air conditioner.

6. The device according to claim 5, wherein the physi-
ological parameter is at least one of a heart rate parameter,
a body temperature parameter, or a body movement param-
eter, and

the processer is configured to determine a physiological

parameter based on the sensor parameter by performing
at least one of:

determining the heart rate parameter based on a parameter

collected by an infrared sensor or a piezoelectric sensor
in the wearable device;

determining the body temperature parameter based on a

parameter collected by a temperature sensor in the
wearable device; or

determining the body movement parameter based on a

parameter collected by a body movement sensor in the
wearable device.

7. The device according to claim 5, wherein the processer
is configured to determine an estimated length of time period
t, during which the user will be in the light sleep state time
by:
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acquiring historical sleep state information including each
historical time period during which the user was in the
light sleep state; and

determining an average length of the historical time

periods during which the user was in the light sleep
state as the estimated length of time period t,.

8. The device according to claim 5, wherein the processer
1s further configured to:

determine whether a time point of detecting, at which the

change in the sleep state is detected to be in conformity
with the predetermined condition, is within a predeter-
mined time period prior to turning on the air condi-
tioner; and

turn on the air conditioner when the time point of detect-

ing is within the predetermined time period.

9. A non-transitory computer-readable storage medium
having stored therein instructions that, when executed by a
processor of a device, cause the device to perform a method
for turning on an air conditioner, the method comprising:

acquiring a sensor parameter collected by a sensor in a

wearable device;
determining a physiological parameter based on the sen-
Sor parameter;

determining a change in a sleep state of a user wearing the
wearable device based on the physiological parameter,
the sleep state at least comprising a deep sleep state and
a light sleep state;

detecting whether the change in the sleep state is in
conformity with a predetermined condition, the prede-
termined condition comprising a transition from the
deep sleep state to the light sleep state; and

turning on the air conditioner when the change in the sleep

state is detected to be in conformity with the predeter-
mined condition,

wherein prior to turning on the air conditioner, the method

further comprises determining an estimated length of
time period t, during which the user will be in the light
sleep state, and

the turning on the air conditioner comprises:

turning on the air conditioner immediately when the
change in the sleep state is detected to be in confor-
mity with the predetermined condition in the case of
t;=t,; and

turning on the air conditioner after a time period (t,-t,)
from the change in the sleep state being detected to
be in conformity with the predetermined condition in
the case of t,>1,,

wherein t, represents an estimated length of time period

during which a room temperature will be adjusted to a
target temperature by the air conditioner.

* #* * #* #®
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