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(57) Abstract: A method and device for
controlling room temperature and relative
humidity to which to set a heating, ventila-
tion, and air conditioning (HVAC) system
are provided. The method for controlling
temperature and humidity by a temperature
and humidity control device includes ac-
quiring at least one piece of environmental
information and user biometric information,
determining, based on the acquired at least
one piece of the environmental information
and the user biometric information, control
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controlling an HVAC system based on the
determined control information. Accord-
ingly, it is possible to provide a comfortable
environment to a user and save energy
while maintaining comfort. The present dis-
closure relates to a sensor network, Ma-
chine Type Communication (MTC), Ma-
chine-to-Machine (M2M) communication,
and technology for Internet of Things (IoT).
The present disclosure may be applied to in-
telligent services based on the above tech-
nologies, such as smart home, smart build-

ing, smart city, smart car, connected car, health care, digital education, smart retail, security and safety services.
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Description
Title of Invention: METHOD AND DEVICE FOR CON-

TROLLING ROOM TEMPERATURE AND HUMIDITY
Technical Field

The present disclosure relates to a method and device for controlling temperature and
humidity. More particularly, the present disclosure relates to a method and device for
controlling room temperature and relative humidity to which to set a heating, ven-
tilation, and air conditioning (HVAC) system.

Background Art

The Internet, which is a human centered connectivity network where humans
generate and consume information, is now evolving to the Internet of Things (IoT)
where distributed entities, such as things, exchange and process information without
human intervention. The Internet of Everything (IoE), which is a combination of the
IoT technology and the Big Data processing technology through connection with a
cloud server, has emerged. As technology elements, such as "sensing technology",
"wired/wireless communication and network infrastructure”, "service interface
technology", and "Security technology" have been demanded for IoT implementation,
a sensor network, a Machine-to-Machine (M2M) communication, Machine Type Com-
munication (MTC), and so forth have been recently researched.

Such an IoT environment may provide intelligent Internet technology services that
create a new value to human life by collecting and analyzing data generated among
connected things. IoT may be applied to a variety of fields including smart home,
smart building, smart city, smart car or connected cars, smart grid, health care, smart
appliances and advanced medical services through convergence and combination
between existing Information Technology (IT) and various industrial applications.

Meanwhile, A temperature and humidity control device controls room temperature
and relative humidity by simply receiving room temperature and relative humidity
setting information from a user in real time and determining whether to activate the
temperature and humidity control device based on the received information according
to the related art.

The above information is presented as background information only to assist with an
understanding of the present disclosure. No determination has been made, and no
assertion is made, as to whether any of the above might be applicable as prior art with

regard to the present disclosure.

Disclosure of Invention
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Technical Problem

The temperature and humidity control device according to the related art controls
temperature and humidity only depending on settings manually and repeatedly input by
a user without considering the user's condition and the comfort experienced by the

user, which causes inconvenience to the user.

Solution to Problem

In accordance with another aspect of the present disclosure, a device for controlling
temperature and humidity is provided. The device includes a communication unit
configured to receive or transmit information from or to user equipment or indoor
equipment, and a control unit configured to acquire at least one piece of environmental
information and user biometric information, determines, based on the acquired at least
one piece of the environmental information and the user biometric information, control
information that determines statistical information to be within a certain range, and
control an HVAC system based on the determined control information.

In accordance with another aspect of the present disclosure, the temperature and
humidity control device can determine the set room temperature and relative humidity
as control information using statistical information determined based on biometric in-
formation as well as environmental information, and accordingly can provide a com-
fortable environment to a user and save energy while maintaining comfort.

Other aspects, advantages, and salient features of the disclosure will become apparent
to those skilled in the art from the following detailed description, which, taken in con-
junction with the annexed drawings, discloses various embodiments of the present

disclosure.

Advantageous Effects of Invention

Aspects of the present disclosure are to address at least the above-mentioned
problems and/or disadvantages and to provide at least the advantages described below.
Accordingly, an aspect of the present disclosure is to provide a method and device for
determining room temperature and relative humidity using statistical information de-
termined based on environmental information and user biometric information, and con-
trolling room temperature and humidity based on the determined room temperature and
relative humidity.
Brief Description of Drawings

FIG. 1 is a block diagram illustrating a configuration of a temperature and humidity
control system according to an embodiment of the present disclosure;

FIG. 2 is a flowchart illustrating a procedure of performing a temperature and
humidity control method according to an embodiment of the present disclosure;

FIG. 3 is a diagram illustrating a correlation between statistical information in-
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dicating the thermal comfort of a room environment and the predicted percentage of

dissatisfied (PPD) of a user according to an embodiment of the present disclosure;
[15] FIG. 4 is a flowchart illustrating in detail, operation S230 in FIG. 2 according to an

embodiment of the present disclosure;

[16] FIG. 5 is a diagram illustrating a coordinate system where temperature is plotted on
the x axis and relative humidity is plotted on the y axis according to an embodiment of
the present disclosure;

[17] FIG. 6 is a flowchart illustrating in detail a procedure of controlling a heating, ven-
tilation, and air conditioning (HVAC) system by a temperature and humidity control
device 100 in operation S240 according to an embodiment of the present disclosure;

[18] FIG. 7 is a diagram illustrating a coordinate system where room temperature is
plotted on the x axis and relative humidity is plotted on the y axis when there are a
plurality of users according to an embodiment of the present disclosure;

[19] FIG. 8 is a view illustrating a way to control an HVAC system based on a user's
location and user biometric information according to an embodiment of the present
disclosure;

[20] FIGS. 9A, 9B, and 9C are flowcharts illustrating a procedure of controlling indoor
equipment including an HVAC system based on the characteristics and biometric in-
formation of a user according to an embodiment of the present disclosure;

[21] FIG. 10 is a flowchart illustrating a procedure of controlling indoor equipment
including an HVAC system by a temperature and humidity control device 100
according to an embodiment of the present disclosure; and

[22] FIG. 11 is a block diagram illustrating an internal structure of a temperature and
humidity control device according to an embodiment of the present disclosure.

[23] Throughout the drawings, it should be noted that like reference numbers are used to
depict the same or similar elements, features, and structures.

Mode for the Invention

[24] The following description with reference to the accompanying drawings is provided
to assist in a comprehensive understanding of various embodiments of the present
disclosure as defined by the claims and their equivalents. It includes various specific
details to assist in that understanding but these are to be regarded as merely exemplary.
Accordingly, those of ordinary skill in the art will recognize that various changes and
modifications of the various embodiments described herein can be made without
departing from the scope and spirit of the present disclosure. In addition, descriptions
of well-known functions and constructions may be omitted for clarity and conciseness.

[25] The terms and words used in the following description and claims are not limited to

the bibliographical meanings, but, are merely used by the inventor to enable a clear and
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consistent understanding of the present disclosure. Accordingly, it should be apparent
to those skilled in the art that the following description of various embodiments of the
present disclosure is provided for illustration purpose only and not for the purpose of
limiting the present disclosure as defined by the appended claims and their equivalents.

"o

It is to be understood that the singular forms "a,"” "an," and "the" include plural
referents unless the context clearly dictates otherwise. Thus, for example, reference to
"a component surface” includes reference to one or more of such surfaces.

For the same reason, some elements may be exaggerated, omitted, or schematically
illustrated in the accompanying drawings. Further, the size of each element does not
completely reflect the actual size thereof. In the respective drawings, the same or corre-
sponding elements are provided with the same reference numerals.

The advantages and features of the present disclosure and ways to achieve them will
be apparent when reference is made to embodiments as described below in detail in
conjunction with the accompanying drawings. However, the present disclosure is not
limited to the various embodiments set forth below, but may be implemented in
various different forms. The following embodiments are provided only to completely
disclose the present disclosure and inform those skilled in the art of the scope of the
present disclosure, and the scope of present disclosure is defined only by the appended
claims. Throughout the specification, the same or like reference signs are used to
designate the same or like elements.

FIG. 1 illustrates a configuration of a temperature and humidity control system
according to an embodiment of the present disclosure.

The temperature and humidity control system may include a temperature and
humidity control device 100, at least one user equipment 110, at least one indoor
equipment 120 for adjusting or maintaining room temperature, and an external server
130.

The temperature and humidity control device 100 communicates with the at least one
indoor equipment 120 and the at least one user equipment 110 and centrally controls
the operation of the indoor equipment 120. More specifically, the temperature and
humidity control device 100 may determine the target values of set room temperature
and relative humidity based on user biometric information received from the user
equipment 110 and environmental information received from the external server 130
so as to control the indoor equipment 120, in particular, a heating, ventilation, and air
conditioning (HVAC) system. The temperature and humidity control device 100 may
determine the target values of set room temperature and humidity, which determine
statistical information to be within a certain range, based on the information. The target
values may be referred to as HVAC control information. The temperature and

humidity control device 100 may receive the biometric information from the user
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equipment 110.

The temperature and humidity control device 100 may acquire the environmental in-
formation using an internal sensor provided therein. The environmental information
may include room temperature, outdoor temperature, relative humidity, dew point tem-
perature, radiant heat, airflow, and the like. The internal sensor may include a tem-
perature detection sensor, a humidity detection sensor, a heat detection sensor, and the
like.

Further, the temperature and humidity control device 100 may control the HVAC
system included in the indoor equipment 120 using the determined control information.
The target values of set room temperature and relative humidity may be included in the
"control information" for controlling the HVAC system. The temperature and humidity
control device 100 may measure the current room temperature and relative humidity
through the internal sensor and then control the HVAC system to be set to the target
values of the set temperature and humidity included in the control information.

The user equipment 110 may be connected to the temperature and humidity control
device 100 so as to serve as a means for inputting user setting information into the tem-
perature and humidity control device 100. The user equipment 110 may include a
display unit that displays a current state of the temperature and humidity control device
100. Further, the display unit may include a touch pad that enables a user to input in-
formation with his/her finger, a touch pen, or the like. Further, the user equipment 110
may be connected to the temperature and humidity control device 100 so as to detect
whether a user exists in the room. The user equipment 110 may include a mobile
device such as a smart phone or include a wearable device. The wearable device is
worn on a user's body and serves to transfer information on the user to the temperature
and humidity control device 100. The wearable device may be a type attachable to
glasses, a bracelet type, an armband type, a pendant type, or the like.

The connection between the user equipment 110 and the temperature and humidity
control device 100 may be achieved by short-range wireless communication. The
short-range wireless communication may, for example, include Bluetooth (BT), Wi-Fi,
Wi-Fi-Direct, Zigbee, or near field communication (NFC). The user equipment 110
may transmit setting information established by the user equipment 110 to the tem-
perature and humidity control device 100 through the short-range wireless commu-
nication. Further, the temperature and humidity control device 100 may acquire
distance information between the user equipment and the temperature and humidity
control device 100 based on whether the short-range wireless communication is made
or disconnected.

The indoor equipment 120, which is a power consumer installed in the room, may,

for example, include an air conditioner, a multi air conditioner, an HVAC system, a
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lighting, a refrigerator, a sensor, a pump, a fan, a boiler, control equipment for blinds
and windows, and the like. The temperature and humidity control device 100 may
communicate with at least one indoor equipment 120 and control the indoor equipment
120.

The temperature and humidity control device 100 may control equipment including
the HVAC system by collectively considering device information and running in-
formation for the indoor equipment 120, surrounding environment condition in-
formation, and user setting information. The temperature and humidity control device
100 may receive the information related to the indoor equipment 120, the surrounding
environment condition information, and the user setting information from the external
server 130 and the user equipment 110. Further, the temperature and humidity control
device 100 may control the operation of the indoor equipment 120.

The temperature and humidity control device 100 may receive information from the
user equipment 110 and the external server 130 so as to control the indoor equipment
120. That is, the temperature and humidity control device 100, the user equipment 110,
and the indoor equipment 120 may share information through a connection
therebetween via a wired/wireless network, thereby creating the environment where
the indoor equipment 120 and the like can be controlled in consideration of the envi-
ronmental condition, user condition, and the like without the user's intervention. This is
called the Internet of things (IoT). The IoT refers to an intelligent technology and
service for connecting all things based on the Internet and mutually communicating in-
formation between persons, between a person and a thing, and between things. The
above technology enables the temperature and humidity control device 100 to create a
surrounding environment based on user biometric information and environment in-
formation without the hassle of receiving setting information input in real time from a
user, thereby providing the user with a comfortable environment.

The device information provided by the external server 130 may include both in-
formation on the type of indoor equipment 120, such as, an air conditioner, control
equipment for blinds and windows, and a lighting, and information on the indoor
equipment 120 itself, such as, the installation location, installation time, and product
serial number of the indoor equipment 120. Further, the running information may, for
example, include the operation state, user, or equipment location of the indoor
equipment 120, the running pattern of the indoor equipment 120 in a corresponding
area, and the running history for a certain period of time.

The temperature and humidity control device 100 may acquire information for tem-
perature and humidity control from the external server 130. The information for tem-
perature and humidity control may include a part of the environmental information.

The external server 130 may include an information providing server. The information
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providing server may, for example, include a meteorological agency's server. The tem-
perature and humidity control device 100 may acquire the environmental information
by receiving weather forecast information from the meteorological agency's server.
That is, the temperature and humidity control device 100 may, for example, receive,
from the meteorological agency's server, weather forecast information for tomorrow or
several days from now and use the received information to generate control in-
formation for controlling the HVAC system at the corresponding date.

FIG. 2 illustrates a procedure of performing a temperature and humidity control
method according to an embodiment of the present disclosure.

In operation S200, the temperature and humidity control device 100 acquires envi-
ronmental information and user biometric information. The temperature and humidity
control device 100 may acquire the environmental information using a sensor and an
external server. The "environmental information" refers to information indicating
various environmental indices, and control information for controlling an indoor
HVAC system is determined based on the environmental information. The envi-
ronmental information may, for example, include room temperature, outdoor tem-
perature, the amount of water vapor, relative humidity, the value of radiant heat,
airflow information, and the like.

The temperature and humidity control device 100 may include at least one sensor,
and the sensor may include a temperature detection sensor, a vapor detection sensor, a
heat detection sensor, and the like. In order to control the HVAC system, the tem-
perature and humidity control device 100 may acquire current room temperature,
outdoor temperature, and relative humidity using the sensors included therein. The
relative humidity is the ratio (expressed as a percentage) of the actual water vapor
amount to the saturated water vapor amount or the ratio of the actual water vapor
pressure to the saturated water vapor pressure at a given temperature. The temperature
and humidity control device 100 may calculate current relative humidity by acquiring
information on the saturated water vapor amount at a given temperature from the
external server and acquiring information on the actual water vapor amount from the
sensor. Further, the temperature and humidity control device 100 may collectively
process the environmental information acquired from the at least one sensor included
therein.

Further, the temperature and humidity control device 100 may acquire the envi-
ronmental information through sensors attached to the indoor equipment, as well as the
sensors included therein. The temperature and humidity control device 100 may
acquire not only environmental information in one home location but also envi-
ronmental information in various home locations through sensors attached to indoor

equipment installed in many indoor areas. Further, when the temperature and humidity
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control device 100 acquires the environmental information from the indoor equipment,
the environmental information including the location information of the indoor
equipment may be used to generate control information for controlling the HVAC
system. The temperature and humidity control device 100 may be connected to the
sensors using wireless communication in order to collect the relevant information
acquired through the sensors attached to the indoor equipment. That is, the temperature
and humidity control device 100 may serve as a hub device that integrates a plurality
of home sensors.

The temperature and humidity control device 100 may acquire the biometric in-
formation using the user equipment 110. The "biometric information"” is biometric data
of a user or an occupant, based on which control information for controlling the HVAC
system is determined, and may, for example, include the heart rate, body temperature,
blood pressure, electrodermal response (a change in the electrical conductivity of the
skin caused by an emotional response to a stimulus), and the like of a user or an
occupant. Further, the "biometric information" may include information such as the
age, gender, height, and weight of a user or an occupant.

The user equipment 110 may include a mobile device, such as a smart phone, or a
wearable device (electronic device that a user wears on his/her body) generally used in
the technical field of wireless communication. The wearable device may be attached to
a user's body so as to deliver the biometric information of the user to the temperature
and humidity control device 100. The wearable device may, for example, be a type at-
tachable to glasses, a bracelet type, an armband type, a pendant type, or the like. The
user equipment 110 may measure the heart rate, body temperature, blood pressure,
electrodermal response, and the like of a user by means of a plurality of internal
sensors included therein.

The user equipment 110 may transmit the measured biometric information to the
temperature and humidity control device 100. The user equipment 110 may synthesize
the user biometric information received from the plurality of internal sensors to
determine the situation in which the user currently is and may use the determined
situation to determine a user condition. The "user condition” may be determined based
on the characteristics and biometric information of a user and may mean a general
concept that refers to the physical activity, emotional state, health condition, or the like
of a user. For example, the user equipment 110 may determine the current condition of
a user by comparing user biometric information received in real time from the internal
sensors with user biometric information stored at a previous point of time or bio-
pattern information generated and stored in advance by a manufacturer. The user
equipment 110 may transmit the user biometric information including the determined

condition of the user to the temperature and humidity control device 100.
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The temperature and humidity control device 100 may acquire environmental in-
formation and biometric information from the external server 130 and the user
equipment 110 at regular time intervals, thereby updating the environmental in-
formation and the biometric information at each time operation. The regular time
interval may be predetermined by a user. The user settings may be received through
the user equipment 110. The temperature and humidity control device 100 may
maintain a high level of comfort experienced by a user in the room by updating the en-
vironmental information and the biometric information at regular periodic intervals.

In operation S210, the temperature and humidity control device 100 determines sta-
tistical information based on the above information. A storage unit of the temperature
and humidity control device 100 may pre-store data for use in determining the sta-
tistical information based on the environmental information and the biometric in-
formation. More specifically, the statistical information may be determined based on
room temperature, relative humidity, an activity function, and a clothing thermal re-
sistance function.

The "relative humidity" is the ratio (expressed as a percentage) of the actual water
vapor amount to the saturated water vapor amount or the ratio of the actual water vapor
pressure to the saturated water vapor pressure at a given temperature. The temperature
and humidity control device 100 may calculate current relative humidity by acquiring
information on the saturated water vapor amount at a given temperature from the
external server and acquiring information on the actual water vapor amount from the
Sensor.

The "activity function" refers to the heat production of a human body per unit area,
which is a concept including metabolic heat production and metabolic free energy
production. The value of the "activity function" may be determined based on a heart
rate included in the biometric information which has been acquired from the user
equipment 110. The value of the "activity function" may be determined based on Table
1 below that is pre-stored in the temperature and humidity control device 100. The
temperature and humidity control device 100 may extract the activity of a user based
on the acquired heart rate and may extract the value (Watt/m?) of the "activity
function" corresponding to the activity.

Table 1
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Activity wim* wt Bruhr ¥ Aer
Reclining, Sleeping 48 83 282 0s
Seated relaxed 58 104 358 1
Standing at rest 70 126 430 1.2
Sedentary activity (office, dwelling, scho,
laboratory) FO 126 430 1.2
Car driving 80 144 481 1.4
Graphic profession - Book Binder 85 163 522 1.5
Standing, light activity (shopping, laboratory, light
industry) o3 167 571 1.6
Teacher a5 171 583 1.8
Dome stic work -shaving, washing and dressing 100 180 814 1.7
Walking on the level, 2 kan'h 110 168 B75 1.9
Standln_g, me dium activity { shop assistant, 118 200 712 o
domestic work]
Building industry - Brick laying [Block of 5.3 kg]) 125 225 o8 2.2
VWashing dishes standing 145 251 ga0 2.5
Doime stic work - raking leaves on the lawn 170 208 1043 2.9
Doime stic work - vwashing by hand and ironing
{(120-220 W) 170 308 1043 2.9
Iron and _steel - rarmming the mould with a 175 515 1075 a
pneumatic hammer
Building industry -forming the mould 180 324 1105 3.1
Walking on the level, 5 kim'h 200 380 1228 3.4
Forestry -cutting across the grain with a 205 a5g 1259 a5
one-man power saw
Volleyball, Bicycling (15 kimvh) 232 418 1424 4
Calisthenics 261 470 1602 4.5
Euilding industry - loading a whee lbarrov with
stones and mortar 275 495 1688 a.7
Golf, Softball 280 22 1780 5
Gymnastics 319 574 18859 5.5
Aerchic Dancing, Swimming 348 624 2137 B
Sports - lce skating, 18 kmfh
Bicycling (20 kimth) 380 548 2210 6.2
Agriculture - digging with a spade (24 liftsfmin.] 380 674 2333 5.5
Skiing on level, good snow, 9 kimfh
Backpacking, Skating ice or roller 405 ¥29 2487 7
Basketball, Tennis
Handhball, Hockey, Racquethall,
Croass County Skiing, Soccer 464 835 2845 e
Running 12 min/mile
Forestry - working with an axe 500 a0 3070 2.5
{weight 2 kg. 33 blowsimin.)
Sports - Running in ‘15 kanrh 550 as0 33FT 9.5

Further, the value of the "clothing thermal resistance function" may be extracted
from external temperature. The "clothing thermal resistance function" refers to a
function that statistically indicates the ratio of the body surface area covered by clothes
to the naked surface area according to temperature, and corresponds to a statistical
function of external temperature. An equation for extracting the value of the "clothing
thermal resistance function" according to the external temperature may be pre-stored in
the temperature and humidity control device 100. The temperature and humidity
control device 100 may extract the value of the "clothing thermal resistance function”
from the external temperature included in the acquired environmental information.

The temperature and humidity control device 100 may determine the statistical in-
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formation using data from which the acquired information including the room tem-
perature, the outdoor temperature, and the water vapor amount, and the pre-stored in-
formation including the values of the "activity function" and the "clothing thermal re-
sistance function"” can be extracted. The statistical information may include an index
indicating the thermal comfort of a room environment. The statistical information
refers to a predicted mean vote (PMV) or a thermal index, which may indicate a nu-
merically expressed value of thermal sensation which a person statistically experiences
in a state where the room temperature, the relative humidity, the value of the activity
function, and the value of the clothing thermal resistance function are given. The sta-
tistical information may include the PMV that is generally used in the technical field to
which the present disclosure pertains. When the statistical information corresponds to
the PMV, the value of the PMV may include a numerically expressed value of thermal
sensation, ranging from numeral -3 (very cold) to numeral +3 (very hot).

In operation S220, the temperature and humidity control device 100 determines
whether the absolute value of the statistical information is in the range less than a
specific value. The specific value may include a value pre-stored in the temperature
and humidity control device 100. When the statistical information corresponds to the
PMYV, the pre-stored value may be determined based on an index indicating the
predicted dissatisfaction for the PMV value. The index indicating the predicted dissat-
isfaction for the PMV value may include a predicted percentage of dissatisfied (PPD)
(%) that is generally used in the technical field to which the present disclosure pertains.
The PPD versus the PMV value is illustrated in FIG. 3.

FIG. 3 illustrates a correlation between statistical information indicating the thermal
comfort of a room environment and the PPD of a user according to an embodiment of
the present disclosure.

When the temperature and humidity control device 100, for example, stores the PMV
value corresponding to a PPD value of 20% as the specific value for the PMV value,
the PMV value may have an absolute value of less than 0.84 based on FIG. 3. Sta-
tistically, an ordinary user feels comfortable when the PPD value is equal to or less
than 20%, and the above numerical value is disclosed in the American Society of
Heating, Refrigeration and Air Conditioning Engineers (ASHRAE) standard falling
within the general technical scope of the present disclosure. The temperature and
humidity control device 100 may always provide a comfortable environment to a user
by considering the above described PPD for the statistical information.

When it is determined in operation S220 that the absolute value of the statistical in-
formation is in the range less than the specific value, in operation S225, the tem-
perature and humidity control device 100 maintains the currently set room temperature

and relative humidity. This is because, when the temperature and humidity control
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device 100 determines the specific value based on the satisfaction of a user, as
described above, the user is already in the environment where he/she feels comfortable.

When it is determined in operation S220 that the absolute value of the statistical in-
formation is in the range out of the specific value, in operation S230, the temperature
and humidity control device 100 acquires the target values of room temperature and
relative humidity that satisfy the above condition. The target values of room tem-
perature and relative humidity may correspond to "control information"” based on
which the HVAC system is controlled. The control information may include an
ordered pair consisting of the target values of room temperature and relative humidity.
A procedure of acquiring the target values of room temperature and relative humidity
will be described in more detail in FIG. 4.

In operation S240, the temperature and humidity control device 100 controls the
HVAC system based on the acquired target values of room temperature and relative
humidity. The temperature and humidity control device 100 controls the HVAC system
such that the current room temperature and relative humidity reach the acquired target
values. A detailed procedure of controlling the HVAC system by the temperature and
humidity control device 100 will be described with reference to FIGS. 5 and 6.

FIG. 4 illustrates in detail operation S230 in FIG. 2 according to an embodiment of
the present disclosure.

More specifically, the temperature and humidity control device 100 determines the
target values of room temperature and relative humidity that determine the absolute
value of the statistical information to be less than a predetermined specific value.

In operation S400, the temperature and humidity control device 100 may acquire at
least one target ordered pair of room temperature and relative humidity, which
determine the statistical information to be within a certain range, based on the acquired
environmental information and biometric information. More specifically, the tem-
perature and humidity control device 100 may extract the values of the activity
function and the clothing thermal resistance function using the outdoor temperature
and the heart rate included in the acquired environmental information and biometric in-
formation and using the data pre-stored in the storage unit. The temperature and
humidity control device 100 may acquire at least one value of room temperature and
relative humidity, which determine the statistical information to be within a certain
range, based on the extracted activity function and clothing thermal resistance
function.

The "target ordered pair" may include an ordered pair consisting of the acquired
values of room temperature and relative humidity. The certain range may include a
range corresponding to the condition determined in operation S220, that is, a range

where the absolute value of the statistical information is equal to or less than the
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specific value. The values of room temperature and relative humidity may be
expressed as an ordered pair, as described above. The at least one target ordered pair
may be expressed as a coordinate value having temperature as the x coordinate and
relative humidity as the y coordinate. A set of the coordinate values may be rep-
resented by a given area in the above described coordinate system. As an example, for
the coordinate system where the x coordinate is temperature and the y coordinate is
relative humidity, a set of points having coordinates values corresponding to the target
ordered pairs is represented by an area at "570" in FIG. 5. Assuming that statistical in-
formation corresponds to the PMV, reference numeral "570" in FIG. 5 indicates the
area that represents a set of points having, as their coordinate values, ordered pairs of
current temperature and relative humidity, which determine the PMV as a PMV value
of less than 0.84, that is, the PMV value that allows the PPD to be less than 20%.

In operation S410, the temperature and humidity control device 100 calculates the
distance between the at least one target ordered pair and the ordered pair consisting of
current room temperature and relative humidity. The way of calculating the distance
between the ordered pairs is to consider the ordered pairs as coordinate values and
calculate the distance between the coordinate values. The distance between the ordered

pairs may be calculated by the following equation:

Equation 1

[= (5 =5, 4 (5, )

In Equation 1, x;, y; denote the room temperature and relative humidity in the target
ordered pair, and x,, y, denote the current room temperature and relative humidity re-
spectively.

In operation S420, the temperature and humidity control device 100 extracts a target
ordered pair that is smallest in distance from the ordered pair of current room tem-
perature and relative humidity, calculated by the above equation, among the target
ordered pairs. The temperature and humidity control device 100 may sort the distance
values calculated in operation S410 in an ascending order and store them in the storage
unit, and then may extract a target ordered pair having the smallest distance value.

In operation S430, the temperature and humidity control device 100 may determine
the extracted target ordered pair as the target values of room temperature and relative
humidity, that is, the control information based on which the HVAC is controlled.

The reason why the temperature and humidity control device 100 extracts a target

ordered pair having the smallest distance from the ordered pair of current room tem-
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perature and relative humidity among the target ordered pairs and determines the
extracted target ordered pair as the control information is because it intends to maintain
user comfort and at the same time save energy. That is, if current room temperature
and relative humidity fall within the area illustrated in FIG. 5, which represents target
ordered pairs that allow the statistical information to be within a certain range, that is,
allow the absolute value of the statistical information to be less than a specific value,
then there is no difference in the comfort experienced by a user regardless of whether
the current room temperature and relative humidity are located at an edge of the area or
in a central portion of the area. Therefore, the temperature and humidity control device
100 may maintain user comfort and at the same time save the energy used for con-
trolling the HVAC system within the comfort range by setting the target values to
values located at the edge of the area, that is, values having little difference from
current room temperature and relative humidity, if possible, and controlling the HVAC
system using the set target values.

FIG. 5 illustrates a coordinate system where temperature is plotted on the x axis and
relative humidity is plotted on the y axis according to an embodiment of the present
disclosure.

More specifically, in a coordinate system where temperature is plotted on the x axis
and relative humidity is plotted on the y axis, an ordered pair of current room tem-
perature and relative humidity may be represented by a point (reference numerals
"510", "520", "530", "540", "550", and "560"). Further, a set of at least one target
ordered pair of room temperature and relative humidity that determine the statistical in-
formation to be within a certain range may be represented by an area (reference
numeral "570").

Using the coordinate system, reference will be made to a method for controlling the
HVAC system by the temperature and humidity control device 100. The temperature
and humidity control device 100 controls the HVAC system such that the point 510,
520, 530, 540, 550, or 560 corresponding to the ordered pair of current room tem-
perature and relative humidity can be close to the area 570 corresponding to the set of
the target ordered pairs. A detailed control method will be described with reference to
FIG. 6.

FIG. 6 illustrates in detail a procedure of controlling an HVAC system by a tem-
perature and humidity control device 100 in operation S240 according to an em-
bodiment of the present disclosure.

The temperature and humidity control device 100 determines a control method for
the HVAC system by comparing the determined control information, that is, the target
values of set room temperature and relative humidity with current room temperature

and relative humidity. First, the temperature and humidity control device 100 de-
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termines in operation S600 whether the current room temperature is higher than the
target value of room temperature included in the control information, and determines
in operations S610 and S620 whether the current relative humidity is higher than the
target value of relative humidity included in the control information. Depending on the
determinations in operations S600 to S620, the temperature and humidity control
device 100 operates a cooling coil and a fan when the current room temperature is
higher than the target value of room temperature included in the control information,
and operates a heating coil and a fan when the current room temperature is lower than
the target value of room temperature included in the control information. Further, the
temperature and humidity control device 100 activates a dehumidification function
when the current relative humidity is higher than the target value of relative humidity
included in the control information, and activates a humidification function when the
current relative humidity is lower than the target value of relative humidity included in
the control information.

Further, the temperature and humidity control device 100 may control the HVAC
system in accordance with the difference between the target value of set room tem-
perature and the current room temperature and the difference between the target value
of relative humidity and the current relative humidity. More specifically, the tem-
perature and humidity control device 100 may determine the degree of control of the
HVAC system in proportion to the distance measured when the ordered pair consisting
of the target values of set room temperature and relative humidity and the ordered pair
consisting of the current room temperature and relative humidity are considered co-
ordinate values. For example, the greater the distance between the ordered pair of the
current room temperature and relative humidity and the ordered pair of the target
values of set room temperature and relative humidity included in the control in-
formation, the higher the degree of control of the HVAC system.

The degree of control of the HVAC system may be controlled by fixing the time it
takes for the current room temperature and relative humidity to reach the target values
of set room temperature and relative humidity, regardless of the current room tem-
perature and relative humidity. As an example, for the point 510 or 520, if the time it
takes to reach the area 570 is fixed to the same value, regardless of the distance
between the point 510 or 520 and the area 570, then the level of operation of the
cooling coil and the fan of the HVAC system may be increased for the point 520.

The temperature and humidity control device 100 may control the HVAC system in
accordance with the difference between the target value of set room temperature and
the current room temperature and the difference between the target value of relative
humidity and the current relative humidity, thereby consistently providing a com-

fortable environment to a user. In FIG. 5, the greater the distance from the area 570
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where the absolute value of the statistical information is less than the specific value,
that is, the PPD is less than a predetermined value, the less comfort that a user ex-
periences. That is, the point 520 that is farther away from the area 570 than the point
540 corresponds to the environment where a user experiences discomfort.

In this situation, if the time it takes to reach the area 570 is fixed to the same value
for any point, as described above, then it takes the same time for either of a user in the
environment corresponding to the point 540 and a user in the environment corre-
sponding to the point 520 to reach the comfortable environment. Accordingly, a user
can be prevented from staying long in the environment where he/she experiences
discomfort.

FIG. 7 illustrates a coordinate system where room temperature is plotted on the x axis
and relative humidity is plotted on the y axis when there are a plurality of users
according to an embodiment of the present disclosure.

More specifically, in a coordinate system where temperature is plotted on the x axis
and relative humidity is plotted on the y axis, an ordered pair of current room tem-
perature and relative humidity may be represented by a point (740). When there are a
plurality of users, a plurality of pieces of biometric information are acquired in
operation S200 of FIG. 2. Accordingly, the temperature and humidity control device
100 may determine, for each user, a different set of at least one target ordered pair
consisting of room temperature and relative humidity, which determine control in-
formation to be within a certain range, based on the acquired biometric information. As
a result, in the coordinate system where room temperature is plotted on the x axis and
relative humidity is plotted on the y axis, an area consisting of points having the target
ordered pairs as their coordinate values may be represented for each user.

For each user, the area consisting of points having the target ordered pairs as their co-
ordinate values is indicated by reference numerals "710", "720", and "730". For
example, it is assumed that the at least one target ordered pair of room temperature and
relative humidity that determine the control information to be within a certain range is
an ordered pair of room temperature and relative humidity that allow the PMV value to
be less than 0.84. The area 710 may correspond to a range of room temperature and
relative humidity where the PMV value for adult males is less than 0.84, the area 720
may correspond to a range of room temperature and relative humidity where the PMV
value for adult females is less than 0.84, and the area 730 may correspond to a range of
room temperature and relative humidity where the PMV value for juveniles is less than
0.84.

The temperature and humidity control device 100 may receive information on a user
who is selected to be considered in controlling the HVAC system, among the plurality

of users. Any one of the plurality of users may input the information on the selected
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user into the temperature and humidity control device 100 through the user equipment
110. The default value of the information on the selected user may be set for all users
of the HVAC system. The temperature and humidity control device 100 or the user
equipment 110 may display user information on the display unit. A user may touch or
otherwise select the displayed user information, thereby inputting information on a
user who is selected to be considered in controlling the HVAC system.

[88] The temperature and humidity control device 100 acquires the target ordered pair
only for the selected user. As a result, in the coordinate system where set temperature
is plotted on the x axis and set relative humidity is plotted on the y axis, an area
consisting of a set of points having the target ordered pairs as their coordinate values is
represented only for the selected user. The temperature and humidity control device
100 finally extracts target ordered pairs constituting an area corresponding to the in-
tersection of the areas represented for each user.

[89] That is, among the target ordered pairs acquired for each selected user, the tem-
perature and humidity control device 100 extracts those that are in common to the
users and finally determine control information based on the extracted target ordered
pairs. As an example, when the area consisting of a set of points having, as their co-
ordinate values, the target ordered pairs acquired for each selected user includes the
areas 720 and 730, the temperature and humidity control device 100 extracts, as the
final target ordered pairs, the coordinate values of the area corresponding to the in-
tersection of the areas 720 and 730. Subsequently, the temperature and humidity
control device 100 determines the target values of room temperature and relative
humidity, that is, the control information for the HVAC system, in the same manner as
in operations S410 to S430 of FIG. 4. And, the temperature and humidity control
device controls an HVAC system based on the target value of room temperature and
relative humidity, in the same manner as in operations of FIG. 6.

[90] FIG. 8 illustrates a way to control an HVAC system based on a user's location and
user biometric information according to an embodiment of the present disclosure.

[91] More specifically, reference numeral "§10" indicates a range that is within a prede-
termined distance from a building where the temperature and humidity control device
100 is located, and reference numeral "820" indicates a range that is within a second
predetermined distance from the building. Reference numeral "830" indicates a user.

[92] The temperature and humidity control device 100 may acquire information on the
distance between the temperature and humidity control device 100 and the user. The
temperature and humidity control device 100 may use connectivity between the tem-
perature and humidity control device 100 and the user equipment 110 as a means for
acquiring the distance information. The user equipment 110 may include a smart phone

or a wearable device (electronic device that a user wears on his/her body) generally
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used in the technical field to which the present disclosure pertains. The wearable
device may be a type attachable to glasses, a bracelet type, an armband type, a pendant
type, or the like. The connectivity may include short-range wireless communication.
The short-range wireless communication may include BT, Wi-Fi, Wi-Fi-Direct,
Zigbee, or NFC.

The temperature and humidity control device 100 may measure the distance between
the temperature and humidity control device 100 and the user equipment 110 using the
wireless communication connectivity. Further, when the measured distance is equal to
or greater than the predetermined distance, the temperature and humidity control
device 100 may detect that the user is absent from the room or the user is out. The user
may input the predetermined distance through any of the user equipment 110. Further,
when there is no input from the user, the default value of the predetermined distance
may be set to a distance that covers the range with respect to the building where the
temperature and humidity control device 100 is located.

Further, when the measured distance is equal to or less than the predetermined
distance, the temperature and humidity control device 100 may detect this and ac-
cordingly control the HVAC system. Further, when it is detected that the user is within
the second predetermined distance, the temperature and humidity control device 100
may control the HVAC system based on the environment information, the user
biometric information, and the distance. The second predetermined distance has a
greater value than the predetermined distance.

For example, when it is detected that the user is within the second predetermined
distance after the operation of the HVAC system is stopped because the connectivity is
disrupted or it is detected that the user is not within the predetermined distance, the
temperature and humidity control device 100 may begin to operate the HVAC system
such that heating/cooling or dehumidification/humidification is previously performed
in consideration of the time it takes until the user is within the predetermined distance.

Further, when it is detected that the user is within a certain distance from the tem-
perature and humidity control device 100, the temperature and humidity control device
100 may acquire environmental information and user biometric information and ac-
cordingly control the operation of the HVAC system. The temperature and humidity
control device 100 may determine statistical information based on the above in-
formation. More specifically, the statistical information may be determined based on
room temperature, relative humidity, an activity function, and a clothing thermal re-
sistance function. The "activity function" and the "clothing thermal resistance
function" are the same as described above. The temperature and humidity control
device 100 may determine whether the absolute value of the statistical information is

in the range less than a specific value. Assuming that the statistical information cor-
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responds to the PMV, the range less than the specific value may be a range where the
absolute value of the PMYV is less than 0.84. This is the same as described above in
FIG. 2.

When it is determined that the absolute value of the statistical information is in the
range out of the specific value, the temperature and humidity control device 100 may
determine, based on the "activity function" and the "clothing thermal resistance
function", the target values of room temperature and relative humidity that determine
the absolute value of the statistical information to be less than the predetermined
specific value. The temperature and humidity control device 100 may determine the
acquired room temperature and relative humidity as control information and control
the HVAC system based on the control information. The temperature and humidity
control device 100 may control the HVAC system such that current room temperature
and relative humidity reach the target values of room temperature and relative
humidity included in the control information.

In contrast to the case where the user is within the predetermined distance, when the
user is between the predetermined distance and the second predetermined distance, the
temperature and humidity control device 100 may control the HVAC system based on
the distance between the temperature and humidity control device 100 and the user.
The temperature and humidity control device 100 may use the distance and user
motion information to predict the time when the user is to be within the predetermined
distance. The user "motion information” may be acquired through a motion sensor
provided in any of the user equipment 110. The "motion information” may include in-
formation on the average moving speed of the user. The temperature and humidity
control device 100 may control the HVAC system from the current point of time such
that the current room temperature and relative humidity reach the room temperature
and relative humidity included in the control information at the time when the user is
to be within the predetermined distance.

The temperature and humidity control device 100 may previously detect the user's
biometric information through the user equipment 110 including the user's wearable
device before the user is within the predetermined distance, for example, before the
user returns home, and then may predict the time when the user is to be within the pre-
determined distance and accordingly control the HVAC system. On account of this, the
comfort experienced by the user can be maximized without a need for temperature/
humidity settings for each event and schedule settings. Further, since the time when the
user is to be within the predetermined distance is predicted as described above, it is
possible to save the energy consumed to keep the room, from which the user is absent,
comfortable before the user is within the predetermined distance. In other words, the

temperature and humidity control device 100 can maximize energy saving as far as the
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user experiences comfort.

Hereinafter, an embodiment of the present disclosure will be described. The tem-
perature and humidity control device 100 may control other indoor equipment such as
a lighting device, a sound device, a ventilation device, and an air cleaner, as well as the
HVAC system in the indoor equipment 120 based on the acquired environmental in-
formation and biometric information. This corresponds to a technology belonging to
the above-mentioned field of IoT.

FIGS. 9A, 9B, and 9C illustrate a procedure of controlling indoor equipment
including an HVAC system based on the characteristics and biometric information of a
user according to an embodiment of the present disclosure.

More specifically, FIG. 9A illustrates a procedure of controlling an HVAC system by
the temperature and humidity control device 100 based on biometric information
including the characteristics of a user, and FIGS. 9B and 9C illustrate examples of con-
trolling the HVAC system using the above method.

Referring to FIG. 9A, in operation S900, the temperature and humidity control
device 100 acquires information on the characteristics of a user who is within the pre-
determined distance. The "user characteristics” may, for example, include the gender,
age, height, weight, or basal metabolic rate of the user. The user characteristics may be
previously input by the user through the user equipment 110, and the temperature and
humidity control device 100 may acquire the user characteristics from the user
equipment 110.

In operation S910, the temperature and humidity control device 100 determines a
user condition based on the characteristics and biometric information of the user. The
temperature and humidity control device 100 may receive the current biometric in-
formation of the user from the user equipment 110. The user condition may be de-
termined as any of user conditions pre-stored in the temperature and humidity control
device 100. The "user condition" may be determined based on the characteristics and
biometric information of the user and may mean a general concept that refers to the
physical activity, emotional state, health condition, or the like of the user. The user
condition may include information indicating whether the user is exercising, whether
the user is melancholy, whether the user catches a cold, whether the user suffers from
indigestion, and the like.

More specifically, using the user characteristic information received from the user
equipment 110, the temperature and humidity control device 100 determines a range of
biometric information to be used as criteria for determining the user condition. For
example, whether the user is exercising is determined as the user condition using the
user biometric information, the temperature and humidity control device 100 may

determine the threshold value of a heart rate according to whether the gender of the
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user is male or female and determine whether the user is exercising based on the de-
termined threshold value. For example, the threshold value of a heart rate for a male
may be generally determined to be lower than the threshold value of a heart rate for a
female. Further, the temperature and humidity control device 100 may determine the
threshold value of the user biometric information according to the age of the user char-
acteristics.

The temperature and humidity control device 100 may determine the user condition
by estimating the acquired user biometric information based on the determined
threshold value of the user biometric information to be used for the determination of
the user condition. A more specific example will be given below in FIG. 9B.

In operation S920, the temperature and humidity control device 100 controls the
indoor equipment based on the determined user condition. Information for controlling
the indoor equipment based on the user condition may be pre-stored in the storage unit
of the temperature and humidity control device 100. The temperature and humidity
control device 100 may determine the user condition and then control the indoor
equipment based on the pre-stored information.

Alternatively, the temperature and humidity control device 100 may determine the
current user condition by acquiring user biometric information using a plurality of
internal sensors included in the user equipment 110 and synthesizing the user biometric
information received from the plurality of internal sensors. For example, the user
equipment 110 may determine the current user condition by comparing user biometric
information received in real time from the internal sensors with user biometric in-
formation stored at a previous point of time or bio-pattern information generated and
stored in advance by a manufacturer. Alternatively, the user equipment 110 may
determine the user condition using various methods used when the temperature and
humidity control device 100 determines the user condition. The user equipment 110
may transmit the result of the determination to the temperature and humidity control
device 100.

FIG. 9B illustrates an example of a method for controlling equipment including an
HVAC system by the temperature and humidity control device 100.

The temperature and humidity control device 100 may control the equipment
including the HVAC system based on user characteristics and biometric information.
First, the temperature and humidity control device 100 receives, from the user
equipment 110, information on the characteristics of a user who is detected to be
within a predetermined distance from the temperature and humidity control device 100.
In operations S950 and S960, the temperature and humidity control device 100 de-
termines the gender and age of the user from the information of the characteristics of

the user in that order. The temperature and humidity control device 100 may determine
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the age of the user using age level classification.

FIG. 9C illustrates a method for controlling equipment including an HVAC system
when a user corresponds to male age level 1.

In operation S970, the temperature and humidity control device 100 uses the de-
termined age level to determine the threshold value of the user biometric information
to be used for determining a user condition. For example, in the case of a user corre-
sponding to male age level 1, the temperature and humidity control device 100 may
determine the threshold value of a heart rate as 100bpm (beats per minute) and
determine the threshold value of body temperature as 37°C, wherein the heart rate and
the body temperature are used to determine whether the user (occupant) is exercising.
If the user is a female, then the temperature and humidity control device 100 may
determine the threshold values of the heart rate and the body temperature as lower
values than for the male user.

When the heart rate and body temperature of the user are higher than the threshold
values determined on based the user characteristics, the temperature and humidity
control device 100 determines whether the motion of the user is accelerated. Whether
the motion of the user is accelerated may be measured using a motion acceleration
sensor included in the user equipment 110. If the motion acceleration sensor in the user
equipment 110 detects the motion of the user, then the user equipment 110 transmits
such detection information to the temperature and humidity control device 100. Upon
receiving the detection information from the user equipment 110, the temperature and
humidity control device 100 may determine whether the user is exercising. When it is
determined that the user is exercising, the temperature and humidity control device 100
may control the equipment including the HVAC system based on information pre-
stored in the storage unit. As an example, when it is determined that the user is ex-
ercising, the temperature and humidity control device 100 may set, as target values,
that is, as control information, room temperature and relative humidity that allow the
PMV, which may be included in statistical information, to have a value ranging from -
0.5 to -1.0, and accordingly control the HVAC system.

Further, the temperature and humidity control device 100 may divide the room into a
plurality sections and determine, for each section, whether a user exists, and may
control the HVAC system and the indoor equipment located in a section for which it is
determined that a user exists. The temperature and humidity control device 100 may be
connected to a motion detection sensor, an indoor sound detection sensor, and an
indoor light detection sensor located in the corresponding section so as to determine,
for each section, whether a user exists. Further, the temperature and humidity control
device 100 may use sensors, which are provided in the indoor equipment located in

each home area, as described above, to determine, for each area, whether a user stays
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in the room. When the indoor sound detection sensor continuously detects a sound
lower than a predetermined threshold sound level (decibel) over a period of time
longer than a predetermine threshold time, the temperature and humidity control device
100 may detect that no occupant stays in the room. When the indoor light detection
sensor continuously detects light lower than a predetermined threshold illuminance
(Lx) over a period of time longer than a predetermine threshold time, the temperature
and humidity control device 100 may detect that no occupant stays in the room. The
temperature and humidity control device 100 may acquire the predetermined threshold
value and the predetermined threshold time by user settings. A user may input the
threshold value and the threshold time into the temperature and humidity control
device 100 using the user equipment 110.

When it is determined using the sensors that no user exists in a specific section, the
temperature and humidity control device 100 may stop the operation of the HVAC
system or power off the equipment. The temperature and humidity control device 100
may control indoor equipment located in the section where the HVAC system is
received based on information pre-stored in the storage unit. For example, the tem-
perature and humidity control device 100 may receive information on the amount of
carbon dioxide and the level of fine dust from a detection sensor and the like located in
the specific section and control the equipment in the corresponding section based on
the received information. Further, the temperature and humidity control device 100
may control the equipment in the specific section based on environmental information
received from the sensors that are provided in the indoor equipment located in each
home area, as described above. As an example, upon receiving information indicating
that the amount of carbon dioxide in the specific section is greater than a prede-
termined threshold value, the temperature and humidity control device 100 may
activate a ventilation device located in the specific section. As another example, upon
receiving information indicating that the level of fine dust in the specific section is
higher than a predetermined threshold value, the temperature and humidity control
device 100 may activate an air cleaner located in the specific section.

On a section by section basis, the temperature and humidity control device 100 may
receive environmental information through sensors located in a specific section and
control the indoor equipment including the HVAC system based on the received in-
formation, thereby providing a user with comfort in a more detailed manner. Further,
since the control of the indoor equipment including the HVAC system is made only for
the specific section, it is possible to prevent the indoor equipment located in a section
where no user exists from being unnecessarily operated, and thus save energy.

The temperature and humidity control device 100 may control the indoor equipment

based on environmental information and user biometric information. The information
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based on which the indoor equipment is controlled may be pre-stored in the storage
unit of the temperature and humidity control device 100. Basically, the temperature
and humidity control device 100 may analyze the acquired information and ac-
cordingly control the equipment so as to provide a comfortable environment to a user.

As an example, information for controlling equipment so as to provide a comfortable
sleep environment to a user may be pre-stored in the temperature and humidity control
device 100, which will now be described in detail. Using a sensor located in a specific
section, the temperature and humidity control device 100 may detect a section where a
user exists. The temperature and humidity control device 100 may determine whether
the user is asleep through the acquired user biometric information. For example, the
temperature and humidity control device 100 may determine whether the user is asleep
using a motion sensor and the like in the user equipment 110. When it is determined
that the user is asleep, the temperature and humidity control device 100 may auto-
matically control a blinds control device, a lighting device, and an HVAC system
located in the section where the user exists based on the pre-stored information. As an
example, the temperature and humidity control device 100 may lower the blinds using
the blinds control device, dim the lighting device, and control the set room temperature
and relative humidity of the HVAC system. Further, when a wake-up alarm function is
previously set, the temperature and humidity control device 100 may automatically
turn on the lighting device and play back alarm music while adjusting the sound
volume.

For example, the temperature and humidity control device 100 may control the
equipment according to the pre-stored information so as to create an environment
where the user can be prevented from catching a disease (e.g., asthma or atopic
allergy). To avoid fine dust, cold temperature and humidity that may cause asthma, the
temperature and humidity control device 100 may detect fine dust, room temperature,
and relative humidity using sensors located in home and then control the indoor
equipment according to the pre-stored information. Further, the temperature and
humidity control device 100 may receive information on the level of fine dust and the
level of yellow sand on the date on which to control temperature and humidity from a
meteorological agency's server that is an external server connected to the temperature
and humidity control device 100 and control the indoor equipment according to the
pre-stored information.

For example, the temperature and humidity control device 100 may control the
equipment according to the pre-stored information so as to create the environment
where the constitution of the user can be improved. When diabetes or heavy weight is
input as the user's disease into the user characteristic information or a high blood

glucose level is detected through the user equipment 110, the temperature and
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humidity control device 100 may acquire such information. In this case, the tem-
perature and humidity control device 100 may control the set room temperature and
humidity of the HVAC system according to the pre-stored information so as to create
the environment where an increase in blood glucose can be blocked and body fat can
be easily burnt. Further, the temperature and humidity control device 100 not only may
provide a user-adaptive environment, but also may be connected to a local hospital's
server so as to transmit user biometric information to the server. Further, the tem-
perature and humidity control device 100 may receive information for establishing the
environment suitable for a diseased user from the local hospital's server connected
thereto. Accordingly, since a medical team can take care of the user even during a
period of time when the user is not admitted to the hospital, the treatment for the
disease can be effective and the medical team can also provide a medical service of
good quality.

FIG. 10 illustrates a procedure of controlling indoor equipment including an HVAC
system by a temperature and humidity control device 100 according to an embodiment
of the present disclosure.

The storage unit of the temperature and humidity control device 100 may store an
algorithm as shown in FIG. 10 so that the temperature and humidity control device 100
can control the equipment according to the algorithm. In operation S1010, the tem-
perature and humidity control device 100 determines, from acquired environment in-
formation and biometric information, whether the daily temperature range exceeds
10°C or physical exhaustion occurs. When it is determined that the daily temperature
range does not exceed 10°C and no physical exhaustion occurs, in operation S1020, the
temperature and humidity control device 100 may determine control information
having the target values of room temperature and relative humidity that determine the
PMYV value to be less than 0.84 and may control the HVAC system based on the de-
termined control information. When it is determined that the daily temperature range
exceeds 10°C or physical exhaustion occurs, in operation S1030, the temperature and
humidity control device 100 determines whether the user suffers from a sudden body
temperature change of greater than 1°C. When there is no change in the body tem-
perature of the user, the temperature and humidity control device 100 returns to
operation S1020 and controls the HVAC system in the same way.

When it is determined that the user suffers from a sudden body temperature change
of greater than 1°C, in operation S1040, the temperature and humidity control device
100 may adjust the room temperature and relative humidity to 20 to 22°C and 60 to
70% respectively or control the room temperature and relative humidity so as to
maintain the PMV value to 0.5 to 1. Further, the temperature and humidity control

device 100 determines in operation S1050 whether the body temperature of the user is



WO 2016/036062 PCT/KR2015/009026
26

subsequently maintained in a range of 36.5+0.5°C, and when the body temperature of
the user is in the corresponding range, returns to the first operation, that is, operation
S1010 and repeats the above procedure. Further, when the body temperature of the
user is not maintained in a range of 36.5+0.5°C, the temperature and humidity control
device 100 may determine in operation S1060 that the user develops symptoms of a
cold, control in operation S1070 the HVAC system so as to maintain the PMV value to
I to 1.5, and periodically ventilate the room by using an indoor window control device
or activating a ventilation device.

[124] Further, the temperature and humidity control device 100 may continue to determine
whether the user develops symptoms of a cold by repeatedly performing operations
S1010 to S1050, and when it is determined in operation S1080 that the symptoms of a
cold last seven days or longer, may display information for recommending a nearby
hospital to the user equipment 110 or request the hospital's server for an appointment
by transmitting corresponding information to the server in operation S1090. Further,
the temperature and humidity control device 100 may transmit the biometric in-
formation of the user to the hospital at which the user has made an appointment.

[125] FIG. 11 illustrates an internal structure of a temperature and humidity control device
according to an embodiment of the present disclosure.

[126] As shown in FIG. 11, the temperature and humidity control device 100 may include a
communication unit 1100, a sensor unit 1110, a storage unit 1120, a display unit 1130,
and a control unit 1140.

[127] The communication unit 1100 may be connected to the user equipment 110, the
indoor equipment 120, and the external server 130 so as to transmit or receive in-
formation used for temperature and humidity control. The connectivity between the
communication unit 1100 and the user equipment 110 may include short-range
wireless communication. The short-range wireless communication may include BT,
Wi-Fi, Wi-Fi-Direct, Zigbee, or NFC. The connectivity between the communication
unit 1100 and the user equipment 110 may be used as a means for acquiring distance
information between the temperature and humidity control device 100 and the user.
The communication unit 1100 may receive biometric information from the user
equipment 110. Further, the communication unit 1100 may receive environmental in-
formation from sensors attached to the indoor equipment. Further, the communication
unit 1100 may be connected to the external server 130, for example, a meteorological
agency's server, and may receive, from the external server 130, weather forecast in-
formation on the date on which to control the indoor equipment including the HVAC
system.

[128] Further, the communication unit 1100 may transmit equipment control information to

the indoor equipment 120. The equipment control information may include the set



WO 2016/036062 PCT/KR2015/009026

[129]

[130]

[131]

[132]

[133]

27

room temperature and relative humidity of the HVAC system. The communication unit
1100 may receive information for temperature and humidity control from the external
server 130. The information for temperature and humidity control may include, as a
part of the environmental information, information on the saturated water vapor
amount at a given temperature. The communication unit 1100 may receive information
on the indoor equipment 120 from the external server 130. The external server 130
from which the information on the indoor equipment 120 is transmitted may include
the equipment manufacturer's server.

The sensor unit 1110 may acquire indoor and outdoor environmental information
around the temperature and humidity control device 100. The sensor unit 1110 may,
for example, include a temperature sensor, a humidity sensor, a light sensor, a motion
sensor, a sound detection sensor, and the like. The sensor unit 1110 may measure the
ambient environment through the sensors so that the temperature and humidity control
device 100 can acquire the environment information. The environmental information
may, for example, include at least one of room temperature, the amount of water vapor,
irradiation, radiant heat, airflow, and wind speed. Further, the sensor unit 1110 may
detect whether a user exists in a specific section using the sensors.

The storage unit 1120 stores information used for the temperature and humidity
control device 100 to control temperature and humidity. The storage unit 1120 may
store the acquired environment information and user biometric information. The
storage unit 1120 may store control information, which determines statistical in-
formation to be within a certain range, based on the above information. The storage
unit 1120 may store information received from any other external server 130. The
storage unit 1120 may transmit the stored information to the control unit so that the
control unit can use the information.

The storage unit 1120 may store information used for the temperature and humidity
control device 100 to control the indoor equipment including the HVAC system based
on the environmental information and biometric information. The information used to
control the indoor equipment may be in the form of a pre-stored algorithm.

The display unit 1130 may display information used for the temperature and
humidity control device 100 to control temperature and humidity. The display unit
1130 may display room temperature, outdoor temperature, humidity, irradiation, and
the like detected by the sensor unit 1110. The display unit 1130 may indicate whether
the statistical information is currently less than a specific value. That is, when the sta-
tistical information corresponds to the PMV and the specific value corresponds to an
absolute PMV value of 0.84, the display unit 1130 may indicate whether a user is sta-
tistically in a comfortable condition.

The display unit 1130 may display the determined target values of set room tem-
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perature and relative humidity, that is, control information based on which the HVAC
system is controlled. When there is a plurality of users, the display unit 1130 may
display information on a user who is selected to be considered in controlling the
HVAC system. The display unit 1130 may be in the form of a touchpad so as to
receive the information of the selected user from the user.

[134] The control unit 1140 controls the method for controlling temperature and humidity
by the temperature and humidity control device 100. The control unit 1140 may
acquire at least one piece of environmental information and user biometric in-
formation; determine, based on the acquired information, control information that de-
termines statistical information to be within a certain range; and control the HVAC
system based on the determined control information.

[135] Before acquiring the information, the control unit 1140 acquires the distance in-
formation between the temperature and humidity control device and the user, and when
the acquired distance information is within a predetermined distance, controls the
HVAC system based on the environmental information, the biometric information, and
the distance information. Before acquiring the information, the control unit 1140
detects, for each section, whether a user exists in the corresponding section, and
controls the HVAC system only for the section where the existence of the user has
been detected.

[136] While the present disclosure has been shown and described with reference to various
embodiments thereof, it will be understood by those skilled in the art that various
changes in form and details may be made therein without departing from the spirit and
scope of the present disclosure as defined by the appended claims and their

equivalents.
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Claims

A method for controlling temperature and humidity by a temperature
and humidity control device, the method comprising:

acquiring at least one piece of environmental information and user
biometric information;

determining, based on the acquired at least one piece of the envi-
ronmental information and the user biometric information, control in-
formation that determines statistical information to be within a certain
range; and

controlling a heating, ventilation, and air conditioning (HVAC) system
based on the determined control information.

The method of claim 1, wherein the statistical information comprises
information that indicates a numerically expressed value of thermal
sensation statistically experienced by the user based on the at least one
piece of the environmental information and the user biometric in-
formation.

The method of claim 1, wherein the environmental information
comprises at least one of current room temperature, current outdoor
temperature, and current relative humidity.

The method of claim 3, wherein the determining of the control in-
formation comprises acquiring at least one target ordered pair of room
temperature and relative humidity, which determines the statistical in-
formation to be within a certain range, based on the outdoor tem-
perature and the user biometric information.

The method of claim 4, wherein the determining of the control in-
formation comprises:

calculating a distance between the at least one target ordered pair and
an ordered pair consisting of the current room temperature and the
current relative humidity;

extracting, among the at least one target ordered pair, an ordered pair
that is smallest in the calculated distance; and

determining the control information based on the extracted ordered
pair.

The method of claim 5, wherein the controlling of the HVAC system
comprises controlling the HVAC system such that a time it takes for
the current room temperature and the current relative humidity to reach

room temperature and relative humidity included in the extracted
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ordered pair corresponds to a predetermined time.

The method of claim 4, wherein, if there is a plurality of users, the de-
termining of the control information comprises:

receiving information on a user who is selected to be considered in con-
trolling the HVAC system, among the plurality of users;

acquiring target ordered pairs for each selected user;

extracting, among the target ordered pairs acquired for each selected
user, target ordered pairs that are in common to the selected users; and
determining the control information based on the extracted target
ordered pairs.

The method of claim 1, further comprising:

before acquiring the at least one piece of the environmental information
and the user biometric information, acquiring distance information
between the temperature and humidity control device and the user; and
if a distance in the acquired distance information is within a prede-
termined distance, controlling the HVAC system based on the envi-
ronmental information, the biometric information, and the distance in-
formation.

The method of claim 1, further comprising:

before acquiring the information, detecting, for each section, whether a
user exists in the corresponding section; and

controlling the HVAC system only for the section where the existence
of the user has been detected.

The method of claim 1, wherein the acquiring of the at least one piece
of environmental information comprises acquiring the at least one envi-
ronmental information from sensors attached to at least one indoor
equipment.

A device for controlling temperature and humidity, the device
comprising:

a communication unit configured to receive or transmit information
from or to user equipment or indoor equipment; and

a control unit configured to:

acquire at least one piece of environmental information and user
biometric information,

determine, based on the acquired at least one piece of the envi-
ronmental information and the user biometric information, control in-
formation that determines statistical information to be within a certain

range, and
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control a heating, ventilation, and air conditioning (HVAC) system
based on the determined control information.

The device of claim 11, wherein the statistical information comprises
information that indicates a numerically expressed value of thermal
sensation statistically experienced by the user based on the at least one
piece of the environmental information and the user biometric in-
formation.

The device of claim 11, wherein the environmental information
comprises at least one of current room temperature, current outdoor
temperature, and current relative humidity.

The device of claim 13, wherein to determine the control information,
the control unit is further configured to:

acquire at least one target ordered pair of room temperature and relative
humidity, which determines the statistical information to be within a
certain range, based on the outdoor temperature and the user biometric
information.

The device of claim 14, wherein to determine the control information,
the control unit is further configured to:

calculate a distance between the at least one target ordered pair and an
ordered pair consisting of the current room temperature and the current
relative humidity,

extract, among the at least one target ordered pair, an ordered pair that
is smallest in the calculated distance, and

determine the control information based on the extracted ordered pair.
The device of claim 15, wherein to control the HVAC system, the
control unit is configured to:

control the HVAC system such that a time it takes for the current room
temperature and the current relative humidity to reach room tem-
perature and relative humidity included in the extracted ordered pair
corresponds to a predetermined time.

The device of claim 15, wherein, if there is a plurality of users, to
determine the control information, the control unit is further configured
to:

receive information on a user who is selected to be considered in con-
trolling the HVAC system, among the plurality of users,

acquire target ordered pairs for each selected user,

extract, among the target ordered pairs acquired for each selected user,

target ordered pairs that are in common to the selected users, and
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determine the control information based on the extracted target ordered
pairs.

The device of claim 11, wherein, before acquiring the at least one piece
of the environmental information and the user biometric information,
the control unit is further configured to:

acquire distance information between the temperature and humidity
control device and the user, and

if a distance in the acquired distance information is within a prede-
termined distance, control the HVAC system based on the envi-
ronmental information, the bio metric information, and the distance in-
formation.

The device of claim 11, wherein, before acquiring the information, the
control unit is further configured to:

detect, for each section, whether a user exists in the corresponding
section, and

control the HVAC system only for the section where the existence of
the user has been detected.

The device of claim 11, wherein the control unit is further configured to
acquire the at least one environmental information from sensors

attached to at least one indoor equipment.
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