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ABSTRACT KEYWORD
Purpose: The comprehensive evaluation framework for the Smart Housing service encompassed eight distinct ~ 20LESHR FHA{H|A

categories, namely Strategy, Platform, Security (or Safety), Convenience, Wellness, Energy, Community, and ié]i }tﬂ%
Operation & Management. These categories were meticulously derived from an extensive review of existing Z-IE;_; fg Z A
literature. Furthermore, insights from prior research led to the subdivision of these eight categories into
sub-evaluation items. The primary objective of this study is to conduct an expert survey to determine the  Smart Housing Service
significance and application priority of the influencing factors derived from the sub-evaluation items in the above ~ Assessment Criteria Indicator

. . L . . L o Analytic Hierarchy Process(AHP)
eight categories, aiming to establish comprehensive guidelines for the development of assessment criteria for future Expert-Survey
smart housing services. Method: Using the Analytic Hierarchy Process (AHP) method, this paper suggests the
importances and priorities of factors to affect the evaluation indicators of Smart Housing service. A survey s cCEPTANCE INFO
conducted on expert groups such as Architects, Construction workers, Facility Engineers, Consultants, and -
Certification Assessors who involved in domestic Eco-Friendly building projects such as Intelligent Building Received Sep. 19, 2023

. . . . . . N . \ . » Final revision received Oct. 6, 2023

Certification and Green Building Certification. Result: In light of this analysis, the factors 'Convenience, Accepted Oct. 11, 2023
'Community,’ and 'Energy' have been respectively identified as the most important for Assessment Categories
(Level 1). While the factors listed under 'Strategy' are considered less important. In the case of Assessment Items

(Level 2), the factors 'Al-Controlled Air Comfort,' 'Smart Fire,' and 'Smart Window' are identified as the most

impactful.
(© 2023. KIEAE all rights reserved.
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Developing Indicators for Smart Housing
Services through Systematic Model
Construction

Literature Review on Smart
Housing Services

A

. Deriving evaluation domains and
assessment criteria based on previous
research

* Checking for duplicate factors, validating,

. and revising or enhancing validity %

+ Selection of essential
elements for developing
assessment criteria

+ Necessity of expert
surveys
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. . : Selection of Expert Fields and Groups
[ Creating Questionnaire ] [ Based on Assessment Criteria }

I’ Application of AHP Method for |

| « Expanding the scope to include experts in
1 Assessing the Importance and :
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the field of operations and management
« Exploring different survey methodologies

__________________________________

\
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)

" Priority of Evaluation Criteria

of Assessment Criteria

b

[ Analysis of Survey Results ]

[ Conducting Expert Survey on the Importance and Priority ]

« Ensuring Survey Reliability through Consistency Ratio (CR) Criterion Review
« Calculation and Analysis of Weights (Individual and Aggregate) for Assessment
Criteria Components

[ Drawing of Assessment Criteria ]

* Derivation of Importance and Priority from the result of AHP Analysis
* Suggestions for Future Research Directions

Fig. 1. Flow chart of research
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Fig. 2. Hterarchlcal model of smart housing services jor AHP

analysis
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Table 3. Composition of assessment indicators for smart housing service

Table 1. Literature review of research subjects in the field
housing services and smart housing[2]

of

N S Ty e R e
caegay B - B8 (B [SH{52 (35 |58 |58 |5HZE |55 5
Platform Ol1
Safety O|Ool0|O0|0O O|Oo|0 OlO]10
Convenience | O | O OO O O|10|1n
Heath |O|O OO0 O|0|0 7
Energy O O 2
Comfort |O|O O[O0 Of6
Community O O|0|0 4
Maintenance O O Ofs3
Security O O 2
Entertainment| O 1
Resource O 1
Spatiality O 1
Sustainability O 1

Table 2. Review of relevant certification standards' categories[2]

Standard 3) Category

) *Home Network *Home Gateway =WallPad =Network
Equipment *Public Server

o) *Wiring *Piping Equipment =Operating Room
*Premises Wiring =Digital Broadcasting

3) *HomeNetwork =Wiring =Convenience *Crime
Prevention =Safety =Security *Comfort~Energy

4) =Infrastructure =Safety =Convenience =Health *Energy

&)

*Building *Mechanical *Electrical *Information and
Communications =System Integration =Facility
Management System

(©)

*Housing Service Plans *Operation Plans *Housing
Service Facilities *Community =Maintenance

*Improvement Plans of Housing Performance

Assessment
Category Assessment Items (Level 2) Assessment Objectives
(Level 1)
Survey for specialized Residential Service Understanding the appropriateness of services and systems, and evaluating the scope
Y P Strate and specialized implementation strategy and execution plan for realizing smart housing
Strategy & residential services

(Residential Operational Strategy

Strategy for the system operation method and process of smart housing residential

Service services
Strategy and Specialized strategy for developing smart housing residential services suitable for users
Operational Service and Satisfaction Improvement Plan  |before residency (including market research and customer insight analysis), and

Plan) methods and strategies to improve resident satisfaction during/after residency

Eco-Friendly Building Performance Achievement
Plan

Green Building Plan for energy conservation and carbon emission reduction

Presence of Remote access to each household's home network and system control
Smart Device/Mobile (5G, Wifi) Platform availability through smart mobile devices, understanding system configuration and
performance

Platform Home Network Platform

Presence of Home Network Platform for each household, system configuration, and
performance

Integrated (Complex/Building) Smart Housing |Presence of Integrated platforms at the building or complex level, interoperability with
Platform home networks, understanding system configuration, and performance
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Table 3. Composition of assessment indicators for smart housing service (Continued)

Assessment
Category Assessment Items (Level 2) Assessment Objectives
(Level 1)
Evaluation of User Safety and Evacuation Response through a series of services,
Smart Fire Safety including data collection, storage, and transmission using IoT fire detection sensors in
the event of a fire
Security: Checking development of Al-based video analysis for anomaly detection, risk detection
(Residential Smart Security Safety through voice recognition, intrusion detection and real-time response through ICT
Safety convergence
Services) Natural Disaster Prediction & Detection Functionality of damage minimization and evacuation system through integration with
IoT detection sensors, A.l. video analysis, and local disaster alert systems
Emergency Detection & Response Srz;i( iﬁsfi(l)n:;stinrjs prevention during emergency situations through sensors linked to
Smart Infill Availability of flexibility for sensorization/intelligence in residential spaces
(walls/floors/ceilings) and smart in-fill installation
) Availability of internal temperature control (energy-saving), user-customized window
Lo Smart Window tinting, automatic TV viewing environment adjustment, and sleep assistance services,
etc.
IoT Wall Pad Provision of smart household terminal devices and their performance capabilities
ALControlled Air Comfort Solution Indoor temperature, humidity environment and ventilation services using smart
technology
Wellness Smart Noise Care Presence and functionality of Noise Care Services such as indoor/outdoor noise
(Health + detection, noise alerts, etc.
comfort) Smart Cleaning & Hygiene Ability to monitor, manage, and address indoor cleanliness conditions
Health Monitoring & Discase Prevention Capability of User health management, personalized stress and lifestyle rhythm
management, disease/infection prevention manuals
A.I-basse;lstfnlf)l\/l 8SL gsi%néoiﬁlgyseﬁ::sgemem Assessment of energy-saving capabilities based on smart technology
o Automatic adjustment capabilities for optimal indoor temperature control based on
Energy Smart Building Envelope System external buildjing systernsp (excluding WiII)IdOWS) ’
Optimal Control Management Service for Evaluation of renewable energy production and management capabilities based on smart
Renewable Energy technology.
Capability to provide communal facility or neighbor-to-neighbor life care services (ex.
Smart Lifestyle Care Service family care, shared parenting) using platforms/apps, and the provision of customized
life care service for special groups such as single-person households or elderly
Community individuals living alone
Capability to enhance accessibility to cultural services within residential communities
S C ity Servi using platforms/apps, diversity of community programs (humanities, social, education,
mart. Community Service culture, etc.), and provision of shared features for transparent operation of communal
facilities
Smart Safety Management of Public Facilities ﬁia:gne:;;c: t:zsn (S)Eu;ytural safety management of communal facilities and buildings
( Opgiil\:n & Smart Life Convenience Support Ca]?apility to'provi'de various public services (CCTV, parking m.anagement, elevators,
Maintenance individual unit maintenance fees, etc.) through a smart community platform
for Common Smart Cleaning, Hygiene, & Disease Capability to provide information through monitoring the hygiene status of communal
Facilities / Management of Public Facilities facilities and to manage cleaning and Infectious disease detection/prevention
arcas) Capability for overall building mold prevention and inspection management, individual
Smart Building Maintenance (Leaking, mold) |unit water usage management, water quality management, leak detection, and remote
metering system capabilities
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Table 4. Example of survey questionnaire format Table 6. Comparison matrix of assessment category (Level 1)
a1 Gy Q
Criterion 4 Scale P> Criterion w2 - 7 1S Q
SlE|E|E|E|8|8 ¢
Weighting of Weighting of T S L E. g 5 =
4 2|12 4 e
Importance S 3 3 S Importance = 3 < 5 é E»
Al A Strategy | 1.000 | 1.371 | 0.702 | 0.871 | 0.709 | 0.916 | 1.228 | 0.929
Category A Category B Platform | 0.730 | 1.000 | 0.616 | 0.697 | 0.662 | 0.758 | 1.192 | 0.828
/ Ttem A / Item B Security | 1.424 | 1.623 | 1.000 | 1.368 | 1.310 | 1.282 | 1.603 | 1.318
Convenience| 1.148 | 1.434 | 0.731 | 1.000 | 0.888 | 1.117 | 1.596 | 1.282
Table 5. Characteristics of survey respondents Wellness | 1.411 | 1.511 | 0.763 | 1.126 | 1.000 | 1.291 | 1.571 | 1.283
Classification Ttem Headcount % Energy‘ 1.092 | 1.320 | 0.780 | 0.895 | 0.775 | 1.000 | 1.428 | 1.117
Community | 0.815 | 0.839 | 0.624 | 0.626 | 0.637 | 0.700 | 1.000 | 0.791
Male 59 62.11 O&M 1.077 | 1.208 | 0.759 | 0.780 | 0.779 | 0.895 | 1.264 | 1.000
Sex
Female 36 37.89 Table 7. Comparison matrix of assessment item (Level 2): Strategy
20-29 25 26.32 Survey for . Eco-Friendly
Specialized Service and | g yin
Age 30-39 29 30.52 P . . . | Operational | Satisfaction g
(Years old) Residential Performance
. Strategy | Improvement .
over 40 41 43.16 Service Plan Achievement
Strategy Plan
Archlte:cture 12 12.63 SUIV'CY' for
/Design specialized
N . Residential 1.000 1.157 0.772 1.149
onstruf:t}on 7 737 Service
/Supervision e
Certification and 16 16.84 Operational | o5 1.000 0.766 1.005
Assessment ' Strategy
Service and
Programming Satisfaction
/Software 3 3.16 " 1.295 1.306 1.000 1.340
Development Plan
Field of Eco-Friendly
expertise Research 21 22.11 Building
Consulting 12 12.63 Performance 0.870 0.995 0.746 1.000
Achievement
Government Plan
/Institution 5 5.26
national Table 8. Comparison matrix of assessment item (Level 2): Platform
Professor 2 2.11 Smart Home Integrated
Device/Mobile (Complex/Building)
. . Network .
Facility p .42 (5G, Wifi) Platform Smart Housing
Management ’ Platform Platform
Smart Device/Mobile
Other 9 9.47 (5G, Wifi) Platform 1.000 1.884 1.640
Less than 5 28 2047 Home Network 0.531 1.000 1.033
years Platform
Integrated
5-10 years 28 29.47 ildi
S (C;’mpllfxl/{B ilding) 0.610 0.968 1.000
10-20 years 23 2421 mart Housimg
Platform
More than 20 16 16.85
years : Table 9. Comparison matrix of assessment item (Level 2): Security
L - Smart Smart ll;amr?l Emergency
7\1]9/]@'7’3—95‘:594 '(r)rE @%ﬂlolﬂ %50%]94 H-i‘ _Tl]-% 5‘4—‘” 7]’ Fire Security 1sc1s er& Detection
- _ - B Prediction
F3) 840 A gttt A, A7, §A0E, A5 9%/87} Safety | Safety | P 0 |& Response
HoF 5 Thgt Zofo] MEVHES tiF o2 HEo] A EeH, Smart Fire Safety | 1.000 | 1.366 1.698 1.055
22.11%°] A7 2ok A7HE9] Zrof7h 7P &3k, 59 wlrka, Smart Security |53, | 1000 1288 0.957
104 vlzte] 2ig 71 BRIt 5L 22t 29.47%%5 A7) ——
_ B B Natural Disaster
Sto] Y 2 Foles Bt 1 9 $EAEY 549 AAR Prediction & 0.589 | 0777 1.000 0.637
LH%% Table 5.9} 2 E]' Detection :
Emergency Detection 0.948 1045 1571 1.000
& Response
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Table 10. Comparison matrix of assessment item (Level 2):
Convenience

Smart IoT Wall
R Window Pad
Smart Infill 1.000 0.922 1.082
Smart Window 1.085 1.000 1.140
ToT Wall Pad 0.924 0.877 1.000

Table 11. Comparison matrix of assessment item (Level 2): Wellness

AI-Control Smart Smart Health
led Air Noise Cleaning | Monitoring
Comfort Care & & Disease
Solution Hygiene | Prevention
AlI-Controlled
Air Comfort 1.000 1.952 1.502 1.526
Solution
Smart Noise 0.512 1.000 0.834 0.855
Care
Smart Cleaning | (oo 1.199 1.000 1.158
& Hygiene
Health
Monitoring & 0.655 1.170 0.864 1.000
Disease
Prevention

Table 12. Comparison matrix of assessment item (Level 2): Energy

Table 14. Comparison matrix of assessment item (Level 2): O&M

Smart
Smart Safety Cleaning,
conent Smart Life | Hygiene, & Smart
g R Convenience | Disease Building
of Public .
Facilities Support | Management| Maintenance
of Public
Facilities
Smart Safety
Management
of Public 1.000 0.908 1.093 0.812
Facilities
Smart Life
Convenience 1.101 1.000 1.109 0.899
Support
Smart
Cleaning,
Hygiene, &
Disease 0.915 0.902 1.000 0.812
Management
of Public
Facilities
Smart
Building 1.231 1.112 1.231 1.000
Maintenance

Table 15. Reliability verification through Consistency Index(CI)
and Consistency Ratio(CR)

Optimal
AIbased Smart Control
BEMS & o
Building Management
HVAC i
Envelope Service for
Control
. System Renewable
Services
Energy
A.l-based BEMS (Building
Energy Management
1. 1.2 1.262
System) & HVAC Control 000 03 6
Services
Smart Building Envelope 0.831 1,000 1061
System
Optimal Control
Management Service for 0.793 0.943 1.000
Renewable Energy

Table 13. Comparison matrix of assessment item (Level 2): Community

Smart Lifestyle Smart Community
Care Service Service
Smart Llfes.tyle Care 1.000 1078
Service
Smart Community 0.927 1.000
Service
3.2. 7FA AR LIR v gE A4 9 9 74
AR SHAFEo] A4F 04 HEg vito g Mt Boh)
S 75t B@stel ST, oS s AHGSHE shtel A v
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UEtglo ™, Table 7.2 € Table 14.742)= $25 29| 7d
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919 7ot FRF A A e 4 AF 24
o] Table 15.9} o] X18i5t3ich. AHPZ| W ol A v tfio] 37) o]
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Category A-max(eigenvalues)
Elements for
Smart Housing 8.01745 0.00249 0.00177
Services
Strategy 4.00190 0.00063 0.00070
Platform 3.00326 0.00163 0.00281
Security 4.00449 0.00150 0.00166
Convenience 3.00010 0.00005 0.00008
Wellness 4.00291 0.00097 0.00108
Energy 3.00001 0.00001 0.00001
Community 2.00000 0.00000 0.00000
O0&M 4.00091 0.00030 0.00034

FYD B AR =94 IS HSS ol A A
(Consistency Index; CDE ¥ 9)A4*(Random Index; RDZ U+
o] ¥4 H]-&(Consistency Ratio; CR)S & 4= 91om([7], ¢
T H]-8-2 Saaty7} A|2HeH 9] A Q1 (Reasonable) 71l Sl =]
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Ao dieke FoE7 MY w2 R0 RS

D B4: B7 BRI ER)E A FRE S84

YA mel 7Y AAeidAel %ﬂﬂ EF H7HRoF
(Assessment Categories) 87l 2452 FEE A4 Fo=5

Table 17.7} Zro] =24 71222 55| v| Wt F7tEoF @
AE9 QAL ‘ZANGHNUA FAARAHA ‘FAH

94/%15 oA Alof e Au| A " Y&RA B, T A A Y]

22 LA, BRE, vhoR AR e LA et
}){E‘r. £5) FADAAU 2] F AT} A ZAE T ol
27K 243 Mow soheh ) 4401 B2

Table 16. Example of calculating the ‘Importance’

B | .
A 1 0.33
B 0.20 1
. 4
Elements of metri
Computan | A | B | N | tmeorance
A 4/0.20¥1.00 0.67 0.47
B 1/1.00%0.33 0.76 0.53
Total 1.43 1.00
Table 17. Relative importance and ranking of assessment
categories (Level 1)
Assessarr;:ilzl (ia;tegory T g Ranking
Strategy 0.11566 6
Platform 0.09728 7
Security 0.16635 1
Convenience 0.13721 3
Wellness 0.14927 2
Energy 0.12599 4
Community 0.09140 8
O&M 0.11686 5

2) BA: B FREGER) B AH Famet 9]

8712 WAA R R 047)4S PASHE 27744 319) Bt
2 of thet @250 AThA 715 3t LS B ATA Fa
= &9 thet 2o

A8 (Strategy), & Z(Platform)
FAAE A MY S GAE HobE ot 4714 o9l B

BAAN FAME A G R g
R S Bk o

L 37H) g EE)

—~
,_]
jovl

CJ“
('D

—
oo
\_/

AQH AU A (Security), 573 2] A H] A (Convenience),
AZAZF ] 2~ (Wellness)

ZAHAAH| A o2 A6t 4717 519 HrHHEEo o)
g 2QE AR HAAN ‘AntESAolA’, ‘S@ArggH 2 7}
A AAA el o] 2 A O] A= gEd

Table 18. Relative importance and ranking of assessment items
(Level 2: Strategy, Platform)

Assessment Item (Level 2) Importance Ranking
Survey for spemallzed Residential 024960 )
Service Strategy
2 Operational Strategy 0.22392 3
g Service and Satisfaction
3 0.30422 1
Improvement Plan
Eco-Fnendly. Building Performance 022225 4
Achievement Plan
Smart Device/Mobile (5G, Wifi) 046754 |
o Platform
&
= Home Network Platform 0.26295 3
g Integrated (Complex/Building) Smart
. 0.26951 2
Housing Platform

Table 19. Relative importance and ranking of assessment items
(Level 2: Security, Convenience, Wellness)

Assessment Item (Level 2) Importance Ranking
Smart Fire Safety 0.30672 1
% Smart Security Safety 0.23923 3
g‘ Natural Disaster .Prediction & 0.18002 4
g Detection
Emergency Detection & 0.27404 5
Response
g Smart Infill 0.33250 2
<
g Smart Window 0.35716 1
(<]
g IoT Wall Pad 031034 3
Al-Controlled .All‘ Comfort 035345 |
Solution
g Smart Noise Care 0.18890 4
5 Smart Cleaning & Hygiene 0.23838 2
Health Momtormg & Disease 021927 3
Prevention
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Table 20. Relative importance and ranking of assessment items AF 7 YEbTE
(Lerel 2 Preray, Communty, 04N 223 FAR A 2 Bobs A ekE 3714 5}¢) B
As t It 1 2 rtan i _ ‘ y o0 ¢
e e e Sl et FAk BAAHL AnHEAES’, AnkE Q' oT
I-base ontro ,
§ Sevices 038100 | 1 2o o] o2 ehie,
é’ Smart Building Envelope System 0.31802 2 ‘FAAZAH L Bobe ‘EYI Y £F4(Al-Controlled Air
Optimal Control Management Service 030089 3 Comfort Solution)’, ‘ARtEA A I QA ‘A7 U 9 2
for Renewable Energy ' Y, APE 2870] £07 4719 FEEY] FRA4 &9
= . .
.8 Smart Lifestyle Care Service 0.51882 1 2 el tH(Table 19.).
E Smart Community Service 0.48118 2
Smart Safety Management of Public - .
Facilities 0.23605 3 th) oA A H] 2 (Energy), 5541482 (Community), 2%
o
° Smart Life Convenience Support 0.25487 2 2 #2182 (0&M)
& | Smart Cleaning, Hygiene & Disease | (o0 4 oA A HIAT Boko] 3712] SH9E T FREY] FRE &=
Management of Public Facilities ’ AlS 0]9-3F BEMS @ HVAC A o] A] H]i’, ‘iU]’E ﬂﬂﬂ]i‘%ﬂ’,
e ey "] 020 | QAN A o] B I o] 40 2 ZAEISI,

ES, FEAAMHIL BIREokE "ATTE AgA o H AT, A

Assessment Mean composite

Relative Assessment Item Relative Composite

Ranking Importance of Ranking
Importance (Level 2) Importance Importance

Category

(Levell) Level1
. . . 0.2496
Residential Service Strateav
Operational Strategy 0.22392
Strategy 0.11566 T = T 8
Service and Satisfaction 0.30422
Improvement Plan
Eco-Friendly Building
Performance Achievement 0.22225
Srl.w.lrt Device/Mobile (5G, 046754
Wifi)
Platform 0.09728 Home Network Platform 0.26295 6
Integrated (.Complex/Bulldlng) 026957
Smart Housing Platform
Smart Fire Safety 030672
Smart Security Safety 0.23923
Security Q635 Natural Disaster Prediction @
¥ 0.78002
& Detection
Emergency Detection & 027404
Response —
Smart Infill 0.3325
Convenience 073727 Smart Window 035776 1
loT Wall Pad 037034
AI—Co'ntrolled Air Comfort 0.35345 S
Solution
Smart Noise Care 0.71889 EIB’I 971 O|3
Wellness 0. 714927 5
Smart Cleaning & Hygiene 0.23838 1582983 | 14
Health Monltorlng & Disease 027957 1 230423 I 17
Prevention
A.l-based BEMS & 1 |
HVAC Control Services o38109 jE==0 <
Smart Building Envelope
Energy 0.12599 Systam 0.37802 ‘Q6734 | 11 3
Optl.mal Control Management 030089 7909131 12
Service for Renewable energy
Smart Lifestyle Care Service 0.57882 ‘;'}20148 | 5
Community 00974 2
Smart Community Service 048778 m 79852 | 9
Smart Safél.:y4 Management of 0.23605 758480 22
Public Facilities
Smart Life 0.25487 978410 19
. Convenience Support
Operation & — —
Management 011686 Smart Cleaning, Hygiene 7
O;M ) & Disease Management of 0.22538 26337907 23
(¢ ) Public Facilities
Smart Building Maintenance )
(Leaking, Mold) 0.2837 E’I 53182 16

Fig. 3. Comparison of composite importance, mean composite importance and ranking
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upz et Prproel ‘@ ¥ fAe & Aok 4744 =
E2 UEANE fABE (4, AR), ‘AnEAS WOz,
TEAAY AULE bHTE] “FEA Y] AUE 4, S8 2
B £ 2 AEY GA 7t o] BrpRokA 71} Fagh
A= ZAE e (Table 20.).

o

fo

3) XS THF L B AA FEEH 49

WA E 84 A5 2] ANE SR SET A7 A
T FREE Yot 7] flsto], HEF SEFY FoE ¥
& JoF9] 1 g5 Fig. 3.7} Zo] AF&EsH3inh. & 27704 Bk
(Assessment Items) 245 5 EE #& &F 4 (Al-Controlled
Air Comfort Solution)®] 5.28%, AUtE 2}H¢HA(Smart Fire
Safety)©] 5.10%, AUE Q=971 4.90%2 449 43845
A2Fow, ol AA| F5 F HA 15.28%F A=At GHHe
T YEYI SHEo| 256%, AFAAEZE A5 2449
(Eco-Friendly Building Performance Achievement Plan)o]
2.57%, 29 A=k (Operational Strategy)©] 2.59%2 3}9] 38
2E 25kl on, o] RS AetdAEddA ohE e A
FEE B HE7tE 9] GFA iAo g d Fastth= 14
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B Uobh, 2t 2450 FWEA AL R B9 W
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