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[Abstract]

The home environment by passive user manipulation is expanding to an automated home service environment, but it is not
widely used by users yet. Therefore, in order to improve the usability of smart homes, the direction of support in terms of space
is studied. For this, laws and guidelines related to smart homes at home and abroad are investigated and used as the basis for
analysis. It is classified into space, technology, and services as elements that make up smart homes. Space elements are classified
into kitchens, bathrooms, bedrooms, entrances, other living spaces, and common items. Technical elements are classified into
power supply and switch, sensor (device), middleware, and network, and service elements are classified into convenience, safety,
energy, and healthcare. The direction of spatial support is studied by extracting details corresponding to spatial elements, technical
elements, and service elements from related laws and guidelines. As a result of this study, 1. reflecting various user characteristics
2. considering scalability to user needs 3. responsiveness to changes 4. ease of use and operation 5. upgrade support 6. ease of
security and management 7. integrated devices through compatibility and connection 8. controllable automation devices are

presented as spatial support directions for smart homes.
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Table 1. Contents of analysis

Large Small :
) ) Analysis

categories categories

Space Space composition, space
elements

Smart Sensor(device), network,
Technology ; ;

home middleware, interface, power
factor .

component supply and switch
Service Safety, convenience, energy,
element healthcare

—Reflecting the user's various
characteristics.

—Reflects the scalability of the
user's needs

—Ease of use and manipulation
—Flexibility to respond to changes
—Support for potential upgrade.
—Safety and reliability.
—Compatible and connective
devices

—Automatic device that can be
controlled

Direction of smart home
space support
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Table 2. List and content of applicable design guidelines

Number
of Title of guideline Overview Scope of application Scope of exclusion
guideline
Pr | of ign idelin for ) Iti li nl h nten
oplosa of desig gulde es fo For each item, the .t S app ed o yl to the contents
) ) detailed elements of a wide range of | . o ) including design elements
Universal Design ) : ) incremental step divided into )
- areas, ranging from basic spatial ) applicable to smart homes
Guidelines For L UD Home and UD Home+ is
1 ) elements such as finishing, - ; ) (space components such as
Homes in Ireland . . P divided into essential and . oo
electricity, heating, and lighting to electrical facilities, lighting, and
(2015, Ireland) : recommended elements and ; - e
smart home environments based on ) control switches, auxiliary living
- - applied.
auxiliary living technology. technology, smart home system).
Proposal of comfortablg rfagdentlal Efficient deployment of smart
. ) environment design guidelines that
Universal Design home technology elements . ) .
are easy for anyone to manage and - ) Excluding the installation of
Approach for . f . | such as auxiliary science and o o
; understand by promoting residents : ) specific auxiliary home
2 Dementia ) e technology, Ambientr Assist .
; ) well-being and health, predicting the o appliances (calendors, watches,
Friendly Dwellings . Living (AAL), telecare, and . .
changing demands of all tenants, N etc.) for dementia patients.
(2015, Ireland) ) ' X L telehealth, and application of
including patients, families, and | .
X items related to safety.
guardians.
Establish a residential environment | Application of guidelines in Conte.n.ts chgr than the
Smart and h . - electricity, lighting, and gas
) that reduces the environmental | the electricity, lighting, and 7
Sustainable . S sectors contain the concept of
- ) burden and allows you to live at a | gas sectors, and application . ) ) )
3 housing design . e sustainable residential design,
S lower cost through designs that | of a system of classification
objectives ) . ) ) but are excluded because they
) realize social, economic, and of essential and .
(2008, Australia) ) o . are judged to be less related to
environmental sustainability. recommended items.
the smart home context.
) . . Guidelines such as effective
An adaptive housing design that can - . . . .
; . Application of items related | width of passages, circulation
) flexibly accommodate changes in . ) AR
The livable and ) | ) ; to spatial components such | space allocation, and anti-slip
residents' needs and lifestyles without ) .
4 adaptable house . as electrical  equipment, | surfaces are excluded as
) the need to demolish or change | ., .. . ) )
(2013, Australia) - ; lighting, and control switches | overlapping contents with
existing spatial structures and : i . .
) applicable to smart homes. existing Universal Design
services. T
Guidelines.
It proposes graded standards for L ) E.XCIUdmg 'tems related to a
o Application of the rating | single—generation external and
Home network buildings that can remotely control ) .
. - L ) system according to the | complex, such as a main
building services such as lighting, heating, . .
5 e . ; * | number of devices applied, entrance controller, a remote
certification and access, and promotes residents L .
; Use the contents of the | meter transmission device, a
(2019, Korea) convenience through smart home ) )
T apartment sector. vehicle controller, and a parking
activation. ) -
location recognition system.
Excluding items related to the
It induces systematic technological evaluation system of operation
Intelligent development of intelligent buildings | It is configured to achieve 0.8 | and facility management, such
buildi?\ and maximizes technical value | points or more for each item | as operation data accumulation
e o rou objective information an of the authentication standar evel, facility management quali
certlflcgtlon e . ; L
(2016, Korea) graded certification standards for the | (based on the maximum | evaluation level, and facility
’ technical elements constituting | score of 1.0). management customer
intelligent buildings. satisfaction evaluation system
level.
Excluding the noise, environment,
) ) . and fire fighting sectors,
Provide accurate information on CoE
) e . ) ) Excluding items that do not fall
) housing to consumers by classifying | Review three items in the . A
Housing : . under the spatial category of this
major performances such as noise, | structural sector and two !
performance - ) ; : o ) study from the items of
7 durability, sunlight, and energy | items in the living environment : . .
grade ) consideration for the socially
performance of new apartments and | sector applicable to smart )
(2009, Korea) . . ) disadvantaged, such as
announcing them at the time of | home and adaptable design.
playgrounds, and the elderly

announcement of pre—sale.

among the
sectors.

living environment
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Table 3. Kitchen Design Guidelines and Sources Table 5. Badroom Design Guidelines and Sources
Design guidelines Sources Design guidelines Sources
1. Service scalability 1. Convenience
O Kitchen furniture actively uses modularity that can O Automatic lighting control device connected to a 5
easily remove or modify individual parts to facilitate | 4 moving sensor or bed pressure mat.
changes. 2. Remote safety service
2. Convenience O Infrared fall detection device connected to a
(O Smart ovens and smart microwave ovens that can remote system 27
be used and monitored remotely. 2,5 O A pull-code emergency call device connected to a ’
O Kitchen TV. remote system.
3. Safety
(O Carbon monoxide/gas detector and shut-off
valve. 1,2,5,7 '_i
O Gas valve controller (electricity cutoff device) oy # |
O The alarm system in the kitchen is installed with a "h""‘”“"A' ==
heat detector, not a smoke detector, to prevent | 1 . mam
malfunction. I. 1 !
(O Cooking utensils, car short circuit ﬁ*'{
— Induction that generates heat only in a pot or pan
and keeps the rest of the surface cold. - SIAFOIZ o5t AOIES MIA
— Induction programmed to be automatically 57 :f": 1. @2H01E ofgh 20IEE HIA
blocked after a specified time or when an object falls ’ Fig. 1. Smart Homes Sensors for Elderly Healthcare[17]
on the surface.
- Installation of an automatic locking device for a =0
sensor and timer—-based cooking appliance. 4) = ‘J‘?‘
O Flood detector and water shut—off valve. 2 ) o
H 6. ZT CIAfRl Jtol=aiel & O &X
Table 6. Entrance Design Guidelines and Sources
2) &4 e ——
Design guidelines | Sources
_ 1. Service scalability.
E 4. 24 Cixlel Jjoj=tel @ T EX !
Table 4. Bathroom Design Guidelines and Sources QO Considering the installation of future automatic
; — devices (door opening and closing assist devices,
Design guidelines Sources automatic curtain/blind opening devices, etc.) by
1. Safety providing power supplies on indoor entrances, top or ’
- side of windows, and mop racks.
O Installation of a flood detector and a water | , O Data circuits and power actuators are installed at
shut—off valve. the entrance to respond to remote control devices.
2. Convenience O All windows and doors are equipped with actuators
O Bathroom phone 5 2. Safety.
3. Remote safety service (O Door camera at the front door.
O Infrared fall detection device connected to a O Digital door lock.
remote system. O The front door security detector 2,5
O A pull-code emergency call device connected to a 2,7 QO If the front door opens for a certain period of time,
remote system. send a warning to the designated person.
http://dx.doi.org/10.9728/dcs.2022.23.6.1083 1086
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Table 7. Other living spaces and common matters Design
Guidelines and Sources

Design guidelines | Sources

1. Plan that can be changed

1087

O Plan of floor plan and facilities to consider
changes in the life cycle of residents.

— A structure that can change the generation plan.
— Whether to secure a household balcony and an
indoor unit installation space for the outdoor unit
installation of the air conditioner.

— |t supports the easy installation of smart devices
or assisted living technologies for an easy and
independent life.

O Establishment of a plan for a building facility
space considering remodeling.

— The area of the shaft for standing, such as piping,
wiring, duct, etc., is sufficient, and maintenance
such as an inspection tool is possible at all times.
— Whether equipment can be brought in or out of the
equipment and maximum equipment can be
brought in or out.

— It is a layered pipe structure that can be repaired
and repaired in the event of an accident, such as a
leak in a wastewater or drainage pipe in the
bathroom.

The location of electrical and information
communication facilities (heat outlet, TV water
outlet, telephone outlet, etc.) will be set so that they
can easily respond to variable changes in space.

1,6,7

QO Plans for ease of renovation and inspection.

(™ Design of a dedicated pipe.

— Securing independence from dedicated facility
space and common piping.

— Avoid installing vertical shafts in the dedicated
space and utilize the space facing the outside.

@ Ease of renovation and inspection.

— Designed to facilitate repair of piping and wiring.
O Plan for horizontal and vertical integration and
separation of households

— Facility plans to respond to integrated separation,
capacity increase, living changes, and spatial
variability in the future.

— Variable response of parts and material space.
QO In order to secure variability, the length ratio of
the internal bearing wall and pillar of the household
is 10% or more and less than 40% of the total
bearing wall and pillar length.

2. Service scalability

O Provides an integrated system that allows the
device and system to synchronize operations.

O App for smart devices.

O Secure the scalability of connecting loT devices

1,6
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3. The versatility of information delivery

O The possibility of changing both auditory and
visual signals of the alarm system.

O Alarm sound that does not exceed 120 dB.

O Insta Il multiple quiet alarms to achieve even
distribution of signals.

QO Use flashing lights between 2Hz and 4Hz.

O The control box and panel of the alarm system | 1,5
are installed between 750mm and 1,000mm on the
completed floor.

O The (remote) operation switch of various home
appliances uses braille symbols that enable tactile
reading.

O Voice recognition controller

4. Healthcare

O Installing auxiliary living skills for an easy and
independent life.

QO Consider installing a large clock and calendar to | 1,2,5
assist dementia patients in their manpower.

(O Home viewer camera.

5. Safety

O Intrusion detector 5
O Environmental sensor

a8 4. 2021 #11e
Fig. 4. The Best Smart Home Devices for 2021 [20]
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Table 8. Power supply and switch design guidelines and
sources

Design guidelines | Sources

1. Appropriateness and consistency of electrical
arrangement

O Consistent placement of outlets, switches and
sockets, installation locations, design and style and
accessories

O All outlets, switches, and sockets are located at
least 500 mm away from all corners of the interior
space.

O Install all outlets, switches and sockets at a
consistent height between 450mm and 1200mm from
the floor and at least 500mm from all corners of the
interior space.

O Switches and other controls are located between
900mm and 1200mm on the finished floor and
installed at a consistent height at least 500mm away
from all corners of space.

QO The electrical and telephone outlets are located at
least 600 mm above the finished floor and at least 500
mm away from all corners of the interior space.

1,3,4

QO Place a telephone outlet adjacent to the electrical
outlet in the main living space (living room)

O Two TV antenna outlets located at the appropriate
height of the main living space (living room)

O Use a 2-way switch at each end of the hallway and
at least two entrances.

O Install light switches at the top and bottom of the
stairs.

2. Service scalability

O Install sufficient number of power outlets in
consideration of additional installation of furniture and
home appliances.

O Place at least four dual electrical outlets in the main
living space (living room)

O Place a 2-way light switch, phone outlet, additional
electrical outlet, and TV outlet in the bedroom.

(O Considering the installation of future automatic
devices (door opening and closing assist devices,
automatic curtain/blind opening devices, etc.) by
providing power supplies on indoor entrances, top or
side of windows, and mop racks.

QO Data circuits and power actuators are installed at
the entrance to respond to remote control devices.

O All windows and doors are equipped with actuators

1,3,4

i)
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Table 9. Sensor design guidelines and sources
Design guidelines Sources
1. Appropriateness
O Standardization of wired/wireless connections and
appropriate connections. 57

(O Shape and installation location of the device
considering the context of use
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Table 10. Middleware design guidelines and sources

Design guidelines | Sources

1. Operate an integrated server

O The System Integration(Sl) server has an auxiliary
(backup) server so that functions can be serviced
without interruption. A cluster is configured using
high availability (HA) software with a separate
backup server.

— Establishment application exclusively for integrated
Sl servers or implementationt HA application
exclusively for integrated Sl servers.

— Evaluate the hardware configuration diagram of
system integration, types of backup equipment, and
backup methods.

— Evaluate cluster configuration using HA software
with a separate server.

— Evaluate whether data backup is configured using
an auxiliary device (DAT, CD-ROM, Storage, etc.).
O Number of systems subject to integration of
system integration (SI)

— The main driving system, Power control system.,
Remote meter system., CCTV system., Parking
control system, Elevator system, Electronic security
system, Facility control system, Lighting control
system.

O Server management system of system integration
(SN

— Evaluate how the integrated system works with
operational management software.

(O System Integration (SI) Server Vaccine and
Security

Check security functions for server
solutions and DBMS of integrated servers.

6,7

security

2. Link smart home appliances and devices

O App for smart devices.
O Secure the scalability of connecting loT devices
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Table 11. Network design guidelines and sources

Design guidelines | Sources

1. Network installation

O Ensure that hub locations, structures, and
materials do not interfere with Wi—Fi performance.

2. Network installation

O Install CAT6 data communication and power
cables in major areas of residential space in
consideration of additional network expansion.

QO Install CAT6 data cables and secure power cables
for media, entertainment, and Internet use in major
living areas.

O Considering the installation of additional auxiliary
living technologies that may be introduced in the
future, it provides blank off connections that can be
connected to power and data at key locations

O Accessible with a power supply and ventilated
storage space to store hubs and network devices on
smart devices

1,2
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Table 12. Interface design guidelines and sources

Design guidelines ‘ Sources

1. Usability of switches, outlets, switches, and

sockets.

O Any device that can be used with less power.

O The clearly marked operation method

O Installation location that can be easily reached and

operated with one hand. 1,3,4,7

O All kinds of switchesare designed with toggle,

rocker, or push switch.

O Use of the 2nd and 3 switches.

2. Adjustable lighting plan

O Brightness adjustable light that considers visual

impairment 145

O Automatic lighting of timer operation on common v

stairs and corridors.

http://www.dcs.or.kr
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O Lighting controller. System for controlling the lights
off.

3. The versatility of information delivery

(O The possibility of changing both auditory and visual
signals of the alarm system.

O Alarm sound that does not exceed 120 dB.

O Use flashing lights between 2Hz and 4Hz.

O The control box and panel of the alarm system are
installed between 750mm and 1,000mm on the
completed floor.

O Use braille symbols that enable tactile reading of
remote switch controls

1,5

7| x| M
Fig. 5. Smart Wiring Home Packages Explained [21]
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Table 13. The content and source of the guidelines on
convenient services

1. Create a pleasant indoor environment

O Whether room temperature control is possible and
controller within each generation
O Generation bathroom exhaust method

O Appropriateness of kitchen exhaust 1,3,5,6,
O Indoor temperature control system 7

O Provide indoor and outdoor environment
information.

O Air conditioner, Ventilation control, Heating controller

http://dx.doi.org/10.9728/dcs.2022.23.6.1083
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2. Remote and automated device support

O Smart oven, smart microwave oven for remote use
and monitoring.

QO Kitchen TV, Bathroom phone.

O Night automatic lighting system

O Lighting controller, Voice recognition controller

O Blanket light control.

QO Integrated management app for smart devices

1,2,5,7

3. Providing other residential convenience services

O Electronic security system.

O Providing interactive monitoring and support
services in consultation with professional service
providers.

5,7

4. Residential environment and facility management

QO Diversity of operation and maintenance work

O The level of members of the facility management
organization.

QO Control and monitoring level.

2) AZ A=

E 17, okdet MelA X|F dient O X

Table 17. The content and source of the guidelines on

safe services

Design guidelines

Sources

1. Automobile protection device

O Power supply.
O Power outage device
O Manage electricity usage data

2. Gas detection

(O Carbon monoxide/gas detector alarm.
O Gas valve controller (electricity cutoff device)
O Gas detector and shut-off valve.

1,2,5,7

3. Heat detection

O The alarm device in the kitchen installs a heat
detector, not a smoke detector, to prevent
malfunction.

4. Cooking equipment and auto control equipment

O Consider installing an induction that generates
heat only in a pot or pan and keeps the rest of the
surface cold

O Automatic locking of sensors and timer—-based
cooking utensils.

5. Flood detection

O Flood detector and water shut—off valve.

6. Intrusion detection

QO Intrusion detector
(O Home viewer camera.
O Environmental sensor

5,7

7. Opening/closing management device

O Opening/closing status notification service.
(O Door camera at the front door.

(O The front door security detector

QO Digital door lock.

O electronic security system.

2,5,7
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Table 18. The content and source of the guidelines on
energy services

Design guidelines Sources
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Table 20. Overview of Spatial Support for Smart Homes

Technology .
1. Provide energy management information Space factor Service
O Smart meter or electrical energy monitor ;.gittc:en ;.gower ?éjpply ) 1 .Convenience
O Data display and information inquiry function that -bathroom : gnsor evice 2.Safet
gl ; : 3.Badroom > | 3.Middleware > v
allows easy identification of data and information 156 : M w 3.Energy
related to energy (power, gas, water supply, etc.) | g.EEntrance |4.Neftwork 4. Healthcare
within the generation. - Ete nterface
O Energy efficiency management system v
Spatial Support Criteria (Design Details)
4) @)\7]]01 HH]/\ 1.Various users 2.Users' needs 3.Responsive to change 4.Easy
_ _ _ to use
Eﬂ/\ﬂ]o:l e 2= A9 a5 7 2 AES X9s)7] 98 5.Upgradeability 6.Easy to secure 7.Integrated device
A 7)eS BEela, 94 Ao vat 1A &A=, 94 = 8.Automation device
= AL 2k Alswe] A4 F mE g Bet A S ] e .
i o SEA] O Zlo
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Table 19. The content and source of the guidelines on
health care services E 21. AOIE E9| 27} X|Ql drskMo| E5HM H|A|

Design guidelines ‘ Sources
1. Remote health care
QO Assistance living skills to support independent
living.
O Remote infrared fall detection device 1907
O Consider installing a pull-code emergency call T
device connected to a remote or similar smart
system.
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Table 21. Integrated Presentation of Space Support
Direction in Smart Home

) Techn
Spatéa:litgﬁgport Design Details Space | ology |Service
factor
1.Reflecting gftg’rf]rsat”'ty of the waming| o) 576 INT — [CON,
the SAF
characteristics|, , .. . CON,
of various Using Braille symbols OLSTC |INT SAF
users Voice recognition controller |OLSTC |COM gSFN!
The |nstallat|onulocat|on of oLsTc INET  |con
the network facility
‘ ~ |Design of accessible
2.Consideration|network facility storage OLSTC |NET |[CON
of scalability space
for user needs
A sufficient number of
power outlets considering|OLSTC |PSS |CON
service expansion

http://www.dcs.or.kr
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Installation of an

Infrared fall detection device
Remote control furniture
KIT,
Kitchen TV BAT,[COM |CON
OLSTC
Bathroom phone
Light controller OLSTC |COM |CON
Heat detector
- KIT COM [SAF
Automatic breakers for
cooking utensils
An immersion detector and|K | T ,
a water shut—off valve BaT |COM [SAF
Gas valve controller KIT COM [SAF
Automatic lighting system at
ight
e oLstc|com [ZON:
Blanket light control
Environmental detection
Appropriateness of the
exhaust system
Provide environmental
inf "
information oLSTC |com CON,
. . HEA
Air conditioner
Heating controller
8.Controllable
automation Ventilation control
device SAF
Power supply OLSTC |COM ENE,
Standby power cutoff device SAF
OLSTC |COM ’
Managing electricity usage ENE
data
Managing electricity usage SAF,
data OLSTC |COM ENE
Infiltration detection
OLSTC |COM [SAF
Electronic security system
Opening/closing status
notification service
Enterance camera.
Enterance crime detector ENT COM [SAF
Digital door lock
Electronic security system
Home viewer camera OLSTC |[COM [HEA

ENT PSS [CON,
expandable power supply SAF
.Using modular furniture. KIT CON
3.Responsiven ) CON,
ess to changes Remodeling response OLSTC |PSS SAF
Responding to changes in (E)h?:—acn coM |con
the life cycle of residents ’
ce HEA
Appropriate installation
location.
PSS
OLSTC CON
Installation method  that INT
considers the properties of
space
4 Easy touse |INe proper shape and
and manipulate |nsﬁtaILat|on method of the
swite oLstc 55 |con
Easy operation of switches
and devices
The type and installation oLsTeINT - lcon
location of the alarm system
Diversity of integrated oLsTe Ivip  lcon
systems
Dlvgr3|ty of operation and OLSTC CON
maintenance work
5-Support for |~ v o1 and monitoring level|OLSTC [MID  |CON
upgrade
Interactive momtormg and OLSTC CON
support services
Beal—tlme management of oLsTcIMD  IsAF
integrated Sl servers
Server vaccine and security |OLSTC |[MID  |SAF
6.Security and|Thg |evel of members of the
manageability |facility management OLSTC CON
organization
App for smart devices OLSTC [MID  |CON
loT connection OLSTC |MID  |CON
expandability
Appropriate installation
location of power supply PSS
and outlet
Installing a network device
7.Integrated that does not impair network|OLSTC [NET  [CON
devices performance
through Standard wire performance
compatibility and piping CON
and OLSTC [SEN  |Spe
connectivity Standard wire performance
and piping
Operation of the integrated oLSTC IMID
system
Infrared fall detection device
BAT |COM aé AF’
Emergency call device
Infrared fall detection device|BED  |COM aéAF ’

http://dx.doi.org/10.9728/dcs.2022.23.6.1083

*OLSTC; Other living spaces and things in common / INT; Interface /
NET; Network / PSS; :Power supply and switch / COM; Combination /
MID; Middleware / CON; Convenience / HEA; Heathcare / SAF;Safety /
ENE; Energy / BAT; Bathroom / BED; Bedroom / ENT; Enterance / KIT;
Kitchen / SEN;Sensor
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