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Today’s world places increasing emphasis on comfort within living spaces. The growth in
awareness of energy conservation and environmental preservation has gradually contributed to
the widespread use of smart home control systems. In this study, data related to human comfort
conditions were compiled, and the control of smart devices in home environments was explored.
Specifically, information communication technology and the Internet of Things (IoT) were
combined to create a smart control system that creates a comfortable, energy-conserving home
environment through the concurrent monitoring of both indoor and outdoor environmental data.
If the outdoor indicators are ideal (denoting a comfortable environment) but the indoor indicators
are not ideal (denoting an uncomfortable environment), the system opens a window to allow the
incorporation of favorable outdoor environmental factors into the indoor environment. When the
outdoor environment is uncomfortable, the window is closed to prevent the infiltration of
unfavorable outdoor environmental factors. When the indoor indicators are nonideal, various
types of equipment are activated according to the detection values. For example, when the
humidity level is overly high, the dehumidifier is turned on. When the concentration of
particulate matter with a diameter of < 2.5 pum is overly high, the air purifier is turned on. When
the temperature is too high or low, the air conditioner is turned on, and when the CO,
concentration is too high, the fan is turned on for ventilation. The values detected by each sensor
and the operating conditions of each device are also displayed on the screen for the reference of
the user, who can adjust the threshold values to their preferences.

1. Introduction
In recent years, people have become increasingly concerned about the quality of their home

living environment, contributing to the current popularity of the topic of home comfort.
Advances in relevant technologies have facilitated the realization of physical requirements for
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ensuring comfort within home environments. Developments in manufacturing have resulted in
the continual exacerbation of environmental pollution, which has produced extreme climate
events, smog, and serious climate anomalies, including those caused by the greenhouse effect.()
Using sensors and smart control mechanisms to optimize the management of indoor air quality
and comfort level as part of energy conservation plays a pivotal role in the field of building
environment control. The health and productivity of home occupants are closely related to

indoor environment quality.>-)

1.1 Research content

A literature review was performed to examine the current applications of the Internet of
Things (IoT) and smart buildings in creating a comfortable home living environment. According
to a report issued by the United States Department of Energy, buildings account for 41% of the
country’s total energy consumption.>3) The optimal control of environmental conditions in
buildings (e.g., temperature, humidity, and lighting) contributes critically to the quality of the
indoor environment and the energy efficiency of buildings. An IoT-based system for controlling
the indoor environment typically connects various types of sensors for building environment
control through lighting, ventilation, and air conditioning systems, among others. In the present
study, with a comfortable home environment as the objective, data were compiled on
temperature, humidity, and the concentrations of carbon dioxide (CO,) and particulate matter
with a diameter of < 2.5 pm (PM, 5), and the sensing components were linked using an Arduino
control panel.®7) Finally, software was designed to control the equipment. The study objectives
were as follows: (1) compile data on factors determining the comfort of home living that can be
controlled by smart systems and their comfortable ranges; (2) explore and utilize IoT sensing
components to measure the detected values of each environmental factor; (3) monitor the values
through the Arduino control panel and subsequently control relevant equipment using the
developed software; and (4) construct a prototype of the system and test its functions.

1.2 Materials and methods

Smart buildings often feature the connection of equipment for building environment control
(i.e., lighting, ventilation, and air conditioning systems) to various types of sensors for
centralized control. Heating, ventilation, and air conditioning (HVAC) systems consume
approximately 70% of the energy used by commercial office buildings.®-19 Buildings and the
equipment within them consume a tremendous amount of energy. This generates pollution
constituting of gases such as CO,, sulfur dioxide, and nitrogen dioxide and contributes to global
warming.®1D) Therefore, reducing energy consumption in the building environment is essential.
Because it is closely related to the behavior of building personnel, energy conservation can be
achieved by controlling equipment operations by using detected values. To understand the
behavioral patterns of building occupants, various types of sensors are often used to collect
environmental data in smart buildings.(!>!% In this study, a smart home environment control
system was developed. The methods used are presented as follows:
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A. Literature review

Data related to the application of various technologies (e.g., IoT) in the field of home
environment control were compiled through a literature review to extract information on the
latest technologies for incorporation into the developed system.

B. Exploration of hardware functions in the loT

Continual technological innovation has contributed to the progressive development of
information and communications technology, in which links between such technology and
various objects are enabled. This paradigm of object connection is known as the IoT,14719) for
which numerous types of sensing components have been developed. System components and
control panels must be selected according to specific conditions within an environment. Thus, in
the present study, suitable [oT components were determined, their functions were examined, and
the wiring and connection between the components and the control panel were investigated.

C. Program design

On the basis of specific scenarios, a program was developed to monitor and collect the data
detected by the sensing components. When the monitored data reach preset values, the
operations of the controllable devices can be initiated or shut down to maximize environmental
comfort.

D. Testing

For any smart system to operate according to its functions, it must be subjected to a series of
tests to verify its precision. In this study, we assessed environmental data such as indoor and
outdoor temperature, humidity, and CO, and PM, 5 concentrations, according to which the
operations of air conditioners, dehumidifiers, air purifiers, and fans were controlled, as were the
opening and closing of windows in specific scenarios.

2. Literature Review
2.1 Smart buildings

Smart building operations, including automatic sensing and analysis, are realized through
Internet technology, monitoring equipment, and system integration. At the initial stage of
planning and design, user needs should be highlighted, and the convenience of subsequent
maintenance and management must be considered. This enables the fulfillment of user needs,
such as safety, comfort, convenience, and efficiency, through the operation of an optimized
combination of components. Furthermore, energy conservation and management/maintenance
cost reduction can also be achieved. The health and productivity of indoor space occupants are
dependent on indoor environmental quality (IEQ).07-29 Information on particulates in building
environments facilitates improvements in energy conservation, thermal comfort, and air quality
within buildings.?=23 To allow better understanding of the quality of the thermal environment
in the living space, as well as occupants’ perception of IEQ, through which health and
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productivity can be enhanced, equipment such as thermostats, smart meters, CO, sensors, and
heart rate sensors*2% can be used. In addition, analyzing building occupants’ behavioral
patterns by using sensors is conducive to energy conservation.(10-27)

In our previous research, we established a smart living control system, in which a temperature
and humidity sensor, air quality sensor, and gas sensor were used to obtain the indoor physical
environment index. An environmental control system for a smart household has been established
through Arduino in that study to provide a low-cost and highly smart environmental monitoring
and sensing system.(23)

2.2 Conditions of comfortable smart home environments

Home occupants’ health is related to indoor temperature and humidity. Overly high
temperatures result in emotional agitation and restlessness, whereas overly low temperatures can
trigger headaches and contribute to illnesses such as fever and influenza. Ideally, RT should be
between 18 and 20 °C. Indoor humidity, which plays a crucial role in maintaining the normal
function of the respiratory tract, is best maintained between 40 and 50%. Indoor air should be
kept fresh; this can be achieved by frequent ventilation and air exchange. Fresh air contains a
large amount of anions, which regulate cortical function, reduce fatigue, boost work efficiency,
improve immune system function, and enhance immunity. The most appropriate time periods to
open windows for ventilation are 9—11 a.m. and 2—4 p.m.

A. Indoor air quality standards

According to the indoor air quality standards established by the Taiwan Environmental
Protection Administration®® in 2012, we have collected data related to nine indicators of indoor
air quality in this study (Table 1).

B. Human perception of temperature and humidity
In meteorology, humidity often refers to air humidity—that is, the content of water vapor in
the air. Liquid or solid water in the atmosphere does not count toward humidity. The American

Table 1
Indoor air quality standards.
Item Standard value Unit
CO, 8 h value 1000 ppm
CcO 8 h value 9 ppm
HCHO 1 h value 0.08 ppm
Total volatile organic compounds
(sum of 12 types of volatile 1 h value 0.56 ppm
organic compounds)
Bacteria Maximum 1500 CFU/m’
value

. Maximum 1000. However, indoor—outdoor fungal
Fungi value concentrations < 1.3 are not limited by th;gs value. CFU/m’
PMig 24 h value 75 pg/m>
PM, 5 24 h value 35 pg/m’

03 8 h value 0.06 ppm
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Society of Heating, Refrigerating and Air-Conditioning Engineers recommended that humidity
levels be maintained between 30 and 60%; levels outside this range negatively affect health and
comfort. Humidity affects not only occupants’ health but also the quality of the home
environment.??) For example, personal items can often be damaged by high levels of humidity.
However, given that this damage occurs relatively slowly, the impact of humidity is often
overlooked. When humidity is high, fungi appear, potentially destroying artwork, clothes,
books, furniture, and towels. Thus, the influence of humidity on health and comfort is clear.
Although RT preferences vary among individuals, most people feel uncomfortable in humid
environments. On the other end of the spectrum, an environment with overly low humidity can
result in the sensations of dryness, as well as allergic reactions and disease.

Somatosensation is not affected by temperature and humidity independently; instead, it is
affected by a combination of both these factors. Experimental evidence indicates that the most
pleasant indoor temperature and humidity level (for more than 95% of individuals) in winter are
18-25 °C and 30-80%, respectively. In summer, they are 23-28 °C and 30—-60%, respectively. In
an air-conditioned indoor environment, the most pleasant indoor temperature and humidity level
are 19-24 °C and 40-50%, respectively. Most people feel comfortable under these conditions.
Considering the impacts of temperature and humidity on mental activities, the most suitable
temperature and humidity level are 18 °C and 40—-60%, respectively. Specifically, under such
conditions, mental activity, including mental agility and work efficiency, is optimal (Table 2).

In theory, ideally, indoor humidity can be kept below 60%. However, Taiwan has an island
climate, and the humidity is generally higher than 80%. To maintain humidity below 60%, we
need to have good airtight facilities; otherwise, the dehumidifier will operate for a long time,
which is very energy-intensive. To achieve a comfortable environment and effective and energy-
saving use of dehumidifiers, we set the target humidity at 70%. That is, when the indoor
humidity is higher than 70%, the dehumidifier is started, and when the humidity is lower than
70%, the dehumidifier is turned off.

2.3 IoT

The IoT refers to the connections between an omnipresent terminal device with other devices
such as smart sensors, smart equipment, and industrial equipment.®°33 A growing number of
products are adopting the IoT paradigm. Users can lead smart lives by turning hardware such as
air conditioners or lights on and off with a touch on their smartphone. The diverse applications
of the IoT, combined with the availability of numerous low-cost digital production and
development tools, have propelled the concept of the IoT onto the path of commoditization and

Table 2
Influence of relative humidity on health.
Overall humidity Lower than 30% 30-60% Higher than 60%
Eye dryness and nasal congestion Accelerated fungal growth
Aggravated allergic symptoms Prohferatlf)n of dust mltes,
Impact Comfortable bacteria, and fungi
Enhanced probability of Failure of perspiration

survival of certain viruses to lower body temperature
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commercialization. Software applications such as Arduino and Webduino can now be opened
from web pages on both Windows and Mac computers and on devices with Android and iOS
operating systems alike, allowing the operation of electronic components and the transmission
of sensor data. In short, the IoT enables the simple realization of cross-platform control.

In the IoT, objects are connected to the Internet and monitored through frequency
identification information.®? The IoT is regarded as an expansion of Internet applications and
innovation with the user experience at its core.

3. Research Design
3.1 Hardware and software

A. Arduino

Arduino,©® an open-source interactive environment development technology, can mainly be
divided into three categories, namely, hardware, software, and extension components. As shown
in Fig. 1, the hardware primarily consists of ready-made circuit boards. The software
development environment features open-source codes, and the grammar of the programming
language used by Arduino is similar to that of C or C**. The software, which features a text
editing interface, a bar presenting frequently used tools, a graphic control interface, and an error
editor, is used for the program uploads and sensor communication. The console interface keeps a
complete log of the execution information, and the input/output values can be monitored using
this interface. Built on the basis of a simple input/output interface, Arduino provides a
development environment similar to that in Java and C. The circuit boards comprise various
types of microprocessors and controllers and are typically equipped with a set of digital and
analog input/output pins, which can be used to connect to various expansion boards and
breadboards or other circuits. Furthermore, these circuit boards usually feature serial ports
(including USB ports on some models), and are thus used in PC loaders.

B. Raindrop sensor

The raindrop sensor module (Fig. 2) mainly detects drops of water by using the wiring on the
metal surface. Therefore, the higher the water content, the larger the conductive area. From the
changes in the measured values, the subsequent operations can be decided.

’ J e
O i

ARDUINO

Fig. 1.  (Color online) Arduino Mega microcontroller Fig. 2. (Color online) Arduino raindrop sensor.
board.
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C. Dust sensor

The dust sensor (GP2Y1014AUOQF) used in the present study is an optical device that detects
dust particles in the air. Within its interior is a diagonal arrangement of an IR LED and a
phototransistor, which allow the sensor to detect the light reflected by the dust in the air. Even
minute particles such as tobacco smoke particulates can be detected by this sensor (Fig. 3). The
dust sensor has a relatively low current consumption and its analog voltage output is proportional
to the dust concentration.

D. IR emitter

Visible light has wavelengths of 390—700 nm. In particular, the wavelength of visible red light
is approximately 620—750 nm. Electronic appliances that are remotely controlled, such as
televisions and air conditioners, typically use IR light of 940 nm to prevent disturbances by the
IR light emitted by the sun or indoor fixtures. Given that various objects can emit IR light, IR
receivers are designed to respond only to specific frequencies, most commonly 38 kHz. IR
LEDs, which emit IR light of specific wavelengths, can transform electrical energy into near-IR
(invisible) light; therefore, they constitute a light-emitting component. IR LEDs are mainly used
in photoelectric switches and remote control transmitters or receivers.*¥ The IR LED in Fig. 4
was used to control the operation of the remote control appliances in the current study.

E. Carbon monoxide (CO) sensor

The gas-sensitive material used by the MQ-7 CO gas sensor®> (Fig. 5) is tin oxide, which has
a lower rate of electrical conductivity in clean air. The MQ-7 sensor uses a low—high temperature
cycling method to detect CO under a low-temperature (1.5 V) heating condition. The electricity
conductance rate of the sensor increases with the CO concentration in the air. High-temperature
(5 V) heating is used to detect stray gases absorbed under the low-temperature condition. By
using a simple circuit, changes in the electricity conductance rate can then be transformed into
an output signal corresponding to the current gas concentration. This sensor has a high
sensitivity toward CO and can detect various gases that contain CO.

F. CO, sensor
The MG811 CO, sensor®®) can be used in home environments to detect concentrations
between 0 and 10000 ppm (Fig. 6).

Fig. 3. (Color online) Optical dust sensor. Fig. 4. (Color online) IR emitter.
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Fig. 5. (Color online) MQ-7 CO gas sensor. Fig. 6. (Color online) MGS811 CO, gas sensor.
7}

/

Fig. 7. (Color online) AM2320 sensor. Fig. 8. (Color online) Electronic window opener.

G. Temperature and humidity sensor

The outputs of the AM2320 digital temperature and humidity sensor (Fig. 7)®7) are generated
through self-calibrated digital signals. This sensor is highly reliable with long-term stability
owing to the special technology used for temperature/humidity detection. The sensor, which has
an extremely fast response and strong anti-interference ability, consists of a capacitance-type
humidity component and an integrated high-precision temperature measurement device
connected to a high-performance microprocessor.

H. Thin-film transistor (TFT) monitor

The 3.5-inch TFT color liquid crystal display (LCD) display module is a 320 x 480 ultrahigh-
definition LCD screen that supports development boards such as Arduino UNO, Arduino Mega
2560, and Arduino Due. The monitor, which can be plugged in and connected to the control
panel without any additional wiring, is used to display larger quantities of information in the
Arduino system—in this study, the values of the environmental factors and the operational
conditions of the appliances.

3.2 Smart environment control mechanisms

A. Electronic window opener

When a window must be opened or closed, the developed system prompts the KST-SLO02
electronic window opener (Fig. 8) to do so through an electronic relay. This system is typically
installed at the base of a horizontal sliding window. Its use in conjunction with wheel sets
installed at the base of this window ensures the smoothness of the window opening operation.
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This product adopts a DC motor design. Therefore, it must be used in concert with an exclusive
control box to achieve the various automatized window opening functions. In this study, the
control signals were transmitted to the electronic window opener through the control panel, such
that the system could automatically control window opening or closing as necessary. The
electronic window opener can enhance the usage rate of transom windows, promote natural
indoor ventilation, and reduce dependence on air conditioning for temperature control.

B. Electronic relay

Relays (Fig. 9), a type of electronic switch containing both a control system and a controlled
system, are often used in the automatic control of electronic circuits. Relays use a smaller current
to control a larger current. In circuits, relays serve as automatic regulators, with other functions
of safety protection and circuit transformation. In this study, a relay was used to open and close
the window.

C. Air conditioner

When physical air exchange and temperature reduction methods fail to meet indoor comfort
needs in the present study, the temperature was lowered by switching on an air conditioner. Air
conditioners rapidly increase or decrease RT through heat exchange with coolants, facilitating
increased comfort within a short period of time.

D. Dehumidifier

The subtropical oceanic climate of Taiwan often results in high temperatures and high
humidity. In the present study, when the indoor humidity was too high, the dehumidifier was
used to lower it and thereby contribute to a comfortable environment.

E. Air purifier

When the indoor air quality is nonideal, other than opening the window to promote air
exchange, an air purifier can also be used to filter out PM, 5. Furthermore, these appliances can
capture 99.9% of the allergens and germs in the air, effectively removing any unpleasant odors.

F. Servomotor

Servomotors are a component often used in toys, mechanical arms, and robots. In general,
servomotors can rotate by 180° and they can be precisely controlled through pulse-width
modulation. In this study, the servomotor (Fig. 10) was attached to the dehumidifier and used to
switch it on and off. This was achieved by rotating the servomotor and touching the switch.

Fig. 9. (Color online) Relay. Fig. 10. (Color online) Servomotor.
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G. Fan
The L9110 fan (Fig. 11) can rotate clockwise or anticlockwise. When the indoor CO,
concentration is overly high, the fan can be turned on for ventilation and air exchange.

H. Smart power outlet
A smart power outlet (Fig. 12) was used to control the air purifier.

3.3 Ideal indoor and outdoor environmental conditions and the corresponding strategies

We made appropriate judgments regarding the quality of the home environment by using the
criteria listed in Table 3. In actual applications, these values can be adjusted according to
personal needs.

In the current study, regardless of whether the environment was indoors or outdoors, it was
considered comfortable if the detected values fell within the ranges of comfort. If any value fell
within a range of discomfort, the environment was considered uncomfortable.

The operational logic conditions of the appliances controlled in this study are as follows:

A. If the outdoor environment is comfortable and the indoor environment is not comfortable,
then the window is opened. Through natural ventilation, the indoor temperature, humidity,
CO, concentration, etc., can be changed over a period of time to make the indoor environment
comfortable.

B. When the outdoor environment is within the uncomfortable range, the window is opened and
the following monitored values are assessed and acted on accordingly:

L 2
~ }i
1'
‘ e,
Fig. 11. (Color online) Fan. Fig. 12. (Color online) Smart power outlet.

Table 3

Quality assurance of the ideal home environment.

Item Comfortable range Range of discomfort
Temperature 19-24 °C <19 °Cor>25°C
Humidity 30-60% <30% or >60%
Rain drop sensor Dry Humid

COy 8 h value < 1000 ppm 8 h value > 1000 ppm
CcO 8 h value <9 ppm 8 h value > 9 ppm
PMjo 24 h value < 75 pg/m? 24 h value > 75 pug/m?

PM; s 24 h value <35 ug/m3 24 h value > 35 ug/m3
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(1) When the temperature is overly high or low, the air conditioner is turned on.
(2) When the CO, concentration is overly high, the fan is turned on to enable air exchange.
(3) When the PM, 5 or PM,, concentration is overly high, the air purifier is turned on.
(4) When the level of humidity is overly high, the dehumidifier is turned on.
(5) When the indoor sensor indicates that the monitored values have returned to the
comfortable range, the appliances are switched off.

C. When the CO concentration is too high, it is lowered by opening the window and turning on

the fan to promote forced ventilation.

4. Results
4.1 Study results

On the basis of the architecture framework presented in Fig. 13, the smart home environment
control system was constructed. The upper panels of the figure present the sensors used to
collect the environmental parameters. The left, center, and right images in the center panel of the
figure depict the display, the control panel, and the program editing interface, respectively.
Finally, the bottom panel of the figure presents the appliances within the system. Figure 14
presents the system prototype and Fig. 15 depicts the system in operation.

As shown in Fig. 16, an LCD monitor was used to display the following: (1) relevant values
detected by the indoor and outdoor sensors (e.g., CO concentration, PM, 5 concentration, indoor
CO, concentration, humidity, temperature, and whether it is raining); (2) whether the indoor or
outdoor environment was comfortable; and (3) the operating conditions of each control
component.

(7 3 L=
LCD Display Arduino IDE

4

' O X .

Control Mechanism

Fig. 13. (Color online) Architecture of the smart home environment control system.
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Power supply for
air purifier
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" 5V Power
supply
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Power supply for
dehumidifier

Arduino
Mega board

dehumidifier .,:"

Control wires to
close window

Control wires to |
: g
open window

Indoor dust | |Indoor
sensor temperature and
hunmdity sensor

temperature and
humdity sensor

Fig. 14. (Color online) Prototype of the smart home environment control system.

Fig. 15. (Color online) Smart home environment control system in operation.
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Fig. 16. (Color online) Displays of the system in operation. (a) Outdoor and indoor environments both comfortable.
(b) High CO concentration, windows open, and fan turned on for ventilation. (c) Fan turned off when CO
concentration returns to normal. (d) High humidity, windows open for ventilation. (¢) Indoor humidity has dropped.
(f) Outdoor rainy, windows closed, high humidity indoors, and dehumidifier turned on. (g) Outdoor rainy, windows
closed, PM, 5 concentration too high, and air purifier turned on. (h) Outdoor rainy, windows closed, high
temperature indoors, and air conditioner turned on. (i) Outdoor rainy, windows closed, indoor CO, concentration too
high, and fan turned on for ventilation.

The raindrop sensor used in this study has a specific way of expressing its detection value.
When no rain is detected, the value read from the sensor is about 1023. However, when there are
raindrops, the detection value drops to about 700. The threshold value set in this study is 950.
When the detection value is higher than 950, it is not raining, and when the detection value is
lower than 950, it is raining.

Figure 16(a) shows the display when the values detected by the indoor and outdoor sensors
are in an ideal range, indicating a comfortable environment both indoors and outdoors. When
the CO concentration became too high [Fig. 16(b)], the windows opened (Fig. 17) and the fan
was turned on [Fig. 18(b)] to improve ventilation. This caused the CO concentration to decrease,
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(a) (b) (©) (d)

Fig. 17. (Color online) Images depicting window opening by the automatic window opener. (a) Window closed. (b)
Window opening. (c) Window almost completely open. (d) Completely opened window.

Fig. 18. (Color online) Images depicting the operation of the fan. (a) Fan in off mode. (b) Fan in on mode.

and the fan turned off when the CO concentration reached an ideal value [Fig. 16(c)]. Next we
observed the operation of the system when the outdoor environment was comfortable but the
indoor environment was uncomfortable due to high humidity, which caused the system to open
the window to improve the ventilation [Fig. 16(d)]. This caused the humidity to decrease and the
indoor environment to become comfortable [Fig. 16(e)]. Figure 16(f) shows the display when the
raindrop sensor detected that it was raining outdoors, i.e., the outdoor environment was
uncomfortable. At this time, the windows were automatically closed to isolate the uncomfortable
outdoor environment. At the same time, when high humidity was detected in the room, the
dehumidifier was activated (Fig. 19) to reduce the humidity. When it rained outdoors and the
indoor PM, 5 was too high [Fig. 16(g)], the air purifier was activated (Fig. 20) to clean the air and
improve the air quality. Figure 16(h) shows the display when it was raining outside and the
indoor temperature was too high. The air conditioner was activated to lower the temperature
(Fig. 21). When the outdoor environment was uncomfortable and the indoor CO, concentration
was too high, the fan was activated to provide ventilation [Fig. 16(i)].

4.2 Novelty of this study
Our novel system uses indoor and outdoor sensors to detect indoor and outdoor environment

conditions. When the indoor environmental conditions are uncomfortable, the outdoor
environmental conditions are first determined, then the countermeasures to take are decided. If
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Fig. 19. (Color online) Images depicting the dehumidifier being turned on using the servomotor. (a) Dehumidifier in
off mode. The air outlet is completely closed. The servomotor has a swing rocker to touch the switch of the
dehumidifier to start the operation. (b) Dehumidifier being switched on. The air outlet starts to open. (c) Dehumidifier
when switching on process is almost completed. (d) Dehumidifier in on mode. The air outlet is fully open.

(@ (b)

Fig. 20. (Color online) Images depicting the operation of the air purifier. (a) Air purifier in off mode (lights are off).
(b) Air purifier in on mode (lights are on).

(@) (b)

Fig. 21. (Color online) Images depicting the operation of the air conditioner. (a) Air conditioner in off mode (off
pattern). (b) Air conditioner turned on (working pattern).

the outdoor conditions are comfortable, then the indoor environment can be improved through
ventilation by opening the window. This is in contrast to other similar studies, in which the
operation of related electrical appliances was mostly controlled to improve indoor environmental
conditions. Regarding the four seasons of the year, it is most feasible to directly use automatic
window ventilation to obtain good environmental quality in spring and fall. Simply automatically
opening the window to obtain good living conditions rather than relying on electrical devices
will save a lot of energy, which is an important novelty of this research.
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5. Conclusions

Through a literature review and data collection, factors contributing to a comfortable home
environment were determined, as were their ranges of comfort. Moreover, the current
applications of the IoT and smart buildings in the creation of comfortable home environments
were examined. Directions for smart environmental control were proposed, and a prototype of a
smart home environment control system was developed accordingly. Finally, the system
functions were tested and verified. Specifically, simple sensing components connected to smart
appliances—namely, an air conditioner, dehumidifier, air purifier, electronic window opener,
and fan—through an Arduino control panel were used to collect data on temperature, humidity,
PM, 5, PM;,, and CO concentrations. Furthermore, software for controlling the appliances was
developed with the purpose of creating a comfortable, convenient, and energy-efficient home
environment. Establishing smart living spaces will help attain the goals of energy conservation
and carbon reduction; this is beneficial for the future construction of green buildings and smart
home environments. Future researchers can modularize the findings and work toward producing
commercialized packages for smart building control to reduce development costs. In addition,
the findings serve as a valuable reference for the development of smart, green buildings.
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