J. Inf. Technol. Appl. Manag. 28(4): 79~101, August 2021 ISSN 1598-6284 (Print)
https://doi.org/10.21219/jitam.2021.28.4.079 ISSN 2508-1209 (Online)

5519 AHFH ARE &I AUEAE FoU|¢ 4

Analysis of Smart City Core Technology
Using Quantitative Indicators of Patentes
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Abstract

The purpose of this research is to define detailed technologies of smart city based on excellent patents
through patent analysis related to major technologies of smart city, and to use quantitative indicators
to classify relatively high technology importance and identify related technologies. To achieve the purpose
of the study, patent collection is conducted by reflecting literature research and expert opinions based
on information related to the smart city Internet of Things/Internet of Things communication core technology.
Also, DEA were used to determine the relatively high technology. The inputs and outputs used in the study
used quantitative indicators to determine technical value and made up of impact assessment, performance
assessment and value assessment. As a result of the analysis, various technology groups were classified
into smart city-related platform technologies, information sharing technologies, and network-related
technologies, and based on the results of this research, it is expected that it will be able to apply technology
patents related to smart cities to research and development strategies through key detailed technologies
by major technologies of Smart City.
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<Figure 2> Analysis of Patent Portfolio Consisting of Citation and
Family Indices
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(Table 2) Detail Evaluation Variable Classification Table

Sortation Variable Definition
. - Technological and economic value of patents by measuring their influence
Standardized . .
citation on current and subsequent technological development (Source: Patent
index Performance Guidelines, Patent Office).
- Technical and economic value measured against the impact of the patent
- The economic influence of technology carried patents measured by the
Standardized | regional scope of patent protection through the number of patent-registered
Family countries (Source: Patent Performance Guidelines, Patent Office).
Input Impact Index - The economic value of a patent measured by the geographical scope of patent
P Assessment protection
Element B ¢
ements - Using the technical and economic value of the patent to determining the
legal protection scope of an invention(Source: Patent Performance
Standardized Guidelines, Patent Office).
Billing - The number of claims means the number of patent inventions (the patent
Fxponential is generated for each claim), and the number of claims reflects the expected
P value of the market because a patent fee is charged per claim..
- Able to measure the degree of acquisition, maintenance, and exercise of
rights
- The technical and economic value of a patent (Source: Patent Performance
Guidelines, Patent Office) is measured by the scope to which the patent
Performance . . . .
Assessment Diversity is applied.
Flements Index - Evaluating the influence of the patent by measuring the technological
Output diversity to which the patent is applied through the number of IPCs included
Element in the patent.
. Expert . . . .
Valuation . - Evaluation of comprehensive technology value through quality evaluation
Evaluation . .
Factors Seore by experts using detailed technology
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(Table 3) Detailed Technology Classification Table and Definition of Smart City Major Technologies
[ Telecommunications Technology Association, 2019; Ministry of Land, Infrastructure and Transport, 2013]

Large Medium i .
Category Category Small Category Explanation Code
Smart City Control |Relating to the structure, function and interface of AA
Platform smart city platforms for integrated city control.
Smart City i fA miSdlew[T;eI pl%tftormlrfllaf(ed to pélatfton.n tstmtlcture,
Platform Smart City Data unction, protocol linkage adapter, tes
Platform specification, and utilization model that can AB
store/manage smart city data collected from IoT
non-ToT systems.




A2848 A4 Esio Y™ X|ZE ZEsH ADEAE FRI|E5 4 91
Large Medium .
Category Category Small Category Explanation Code
. Related to meta-information model definitions,
Smart City . . .
. domain-specific information models, data models,
Information . . AC
. and ontology technologies commonly appliable to
Processing . .
various domains.
Smart City Public | A management system that uses and shares public
Data Management |data (data or information that is being created or| AD
System managed) in a smart city.
Technology for
processing and Processing user-based large data using machin BA
i processing smart city | learning, deep learning.
Blockdc}éam*ba urban data
5¢ a.ta Building large databases through user-based data
processing | Database Technology . . BB
creation and collection
technology 0 5
arge Data Management and maintenance of large, user-based
Management BC
databases
Technology
Blockchain-ba
sed Blockchain-based . . . .
L L . Sharing and processing smart city data using
application application services . CA
. blockchain technology
services technology
technology
Technology for
acquiring and. Platform technology to support the collection and
constructing location K . L . DA
. mapping of smart city spatial information (GIS)
Collect and spatial
Spatial information
Information | Map and service using | Supports mapping and real-time navigation using DB
Network (Sensor) spatial data real-time spatial information data
etwor
Technology Space and location
data construction | Supports sensor-based real-time data collection DC
technology
Technology for smart | Standardized technology for use in platforms,
Data o . . o
. city information to |convergence services, etc. utilizing large-scale urban| EA
Processing
handle or process |data
Information The common term refering to the standardization
D standardization status of smart cities include all technological status| FA
. .ata. technology related to standardization
distribution -
and Smart City Urban
management In(fjoarrr;fzionDI;zz;ge Data management technology to efficiently manage FB
techniques pacity large urban data
Management
Technology
Cloud, which implements virtualization of all
Network . . : R
C . Virtualization city-related information, supports network GA
ommunica virtualization, including network technology VPN,
-tion Technology : )
open switches, and cloud computing
Infrastruc
“ture Technology for
(Network) building wired and | Supports wired and wireless fusion networks, wired GB

wireless network

systems

access, wireless access, etc.
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experience | Reference Structures

Large Medium .
Category Category Small Category Explanation Code
Digital Twin Urban administration digital twin technology
Technology Standard . . - .
standard to support scientific policy decision making
for Urban . . . .
.. . through modeling/simulation on a city
Administration
Smart Port Service |Smart port service requirements to provide logistics
Requirements management services within ports and increase
Convergence Standard efficiency
Convergence and corr}blned greiiﬁesg;:gigg Services related to smart street lamps for the efficient
- service o
T Siwllce technology for | Structures Standard management of street lamps in cities HA
echnolo .
&y citizen Smart Parking Service | Services related to smart parking lots and

management

Smart Healthcare
Service Reference
Structure

Services related to sharing, transactions, and remote
medical examinations using personal medical data

Smart Administration
and Welfare Service
Reference Structure

Services that can be supported remotely, such as
sharing personal information and ensuring the safety
of senior citizens living alone using smart technology.

Information Sharing
Information Technology

Represents network infrastructure protection,
digital copyright management technologies, etc. to IA
protect public information

Protection and -

Securit
v Network Security

Encryption technology, filtering technology,
anonymization technology, etc. for privacy 1B
protection

WEAE EYEES FAHETAVEH3]
F4eE ICT §3-22mhEAE] R [TTA, 2019)
tslo] 2vtEATE] A FHE, 2vtEAE o]
ENE, 2UEAE AX A 7], AUEAE 3
tlo]e] A AA= lﬂr%ﬂ"ﬂ‘“/}
20tEAE] Y EY T 7]4S Ao A7) oA
+ EWE E2A7|E w7 B -4=) dlolE] Ae
714, E5A 74k S-8-4n 1 71ER %%5}314
EAQ1 719k dlolE] A 7| EEAQY % k83
g2 dlole] A2 7S ovisie] AvtEAE EA]
dlele] Az W 78k 7)<, dolefHe 1 714, A&
F dlole #He 72 EFI
EEAQ 74 38R 7S A7l B2 A
+ &85t A2 AlF E Hel 5o 2vEAE An
2 Tl ARE = 7]eS vlEte Awrt S 5
3 dleld] 3 2 ML 7E 5o S8R s

m’z W

A
£

N

o
=0
L_

=

-8 dlole} A2] 7]zl gt

X
TEFe SRR A, ol A2 2 7h, dHlelH

=

42 W) 71%, B4 Azebles Aelsin 2
12 49 ae ﬂﬂuﬂ 2 gl 207

N
X
A
Iy
)
0
=
o
E
—3
DO
o
—
- oo
ilo
1
R
k)
L2
N
)
N
,d
NE ofd iy

= XMKPM 7]—;1*— 712 Aelsiolon] dlolel &
A e Ve AR 253 7]Ed) AvtEAE 2
AR o-g=F dloly 2] 7leE skt
TN A 7E 7 BAARE AR 37
T AH| A o] &) So] 83 9l T2 H AHl
AzE A § - 3 ARlzTIER RSkl Al
ERE A RFA/EH 5 ICT §3-2rtEAE
BAE Faste] 4] YA 913 HAd EL V)
20tE - A 2 ALY A 7)E, 2RkE kRS
AU A JAxFz AntE FAA AR A F2FR An)
E A Alo] AH| A F2FF AvnlE A 4 Bz AH|
2 FaTas FReh 2o §83 Aul el 2



287 A3 E5lo| HEH XN EE B8 ADEAE F2I|8 24 93
HEl 53] Ao ofHe N Ve Hele] B 4.3 5o & MEHs ME
2 la] & AelMe Anrled 54 EdE @ 5

g A 431 et 4SSt THRIET) B AL

LR R R

- 2PLEALE Va9
ZYE, MEYAE 53l DAste ARE HEdhs 7]
&5 ovlete A FHr]ed UEYD Bel|ER &
ekt

al
=

2 5§ Holg =& ¥ R85 MA

E3] dlo|8l WipsondlA] =&319]on Aol
2 ~vtEAE A FoU]E 7)Y EE ke R A4
< Aste] el 2E|w RS B 2 54
7ke] gt B35 e S ldsle] dlole &
FEslgict. AN AAE AntEAE A F87]%|
Agel dlo|el & 4l8b7] 1d HH-o] e F8 Al

= O

‘Smart City, ‘Smart’, ‘City % .
A5 53 dloelelA fFEESE =E3] 1% HA
zhed & AldEle, A% 53 tﬂ"lﬂ % 71% "?'ﬁET
Aole} EAol wkA] %= B3, T8 5
W, o= AAE Fdl & ATl 7‘33]
HEAE 7 4 ol o= AAE AAEE
g AFEQIE Y /A EEA] YiEEE Es
(Table 4)3} 2t} ‘:]'gc’i E3 zEZZ L
3 fr2 559 4E (Table 5ol A= sksich

LN

]';5 —v~rrt' R

<Table 4 Number of Patent Applications by Smart City Technology

Information
Platform Network Convergenc Protection Total
technology e Services and
Security
57 807 107 108 1079

{Table 5) Number of Effective Patents by Smart City Technology

Platform Convergence Information
Network .g Protection |Total
technology Services .
and Security
12 103 34 26 163
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(Table 6y Variables of Impact Assessment, Performance Assessment, Valuation Assessment

Code Impact Factor Family Size Number of Claims Diversity Index Expert Review

AA 0.70704225 2.2 1 1.02758621 3.6875

AB 1 1 1 1 4.03125

AC 1.18954248 2.33333333 1.85714286 0.29411765 4.218175

AD 1.22727273 1.22727273 1 1.125 3.96875

BA 1.41666667 1.5 1 1.1 3.84375

BB 0.95 1.05714286 1 0.96363636 3.6875

BC 1.50779221 14 1.55 0.97833333 3.84375

CA 1.09267315 1.86713287 1.06060606 1.13971029 3.8125

DA 1.16206347 2.43472222 1.71506345 0.89491389 3.78125

DB 1.11428047 3.21135531 1.23213743 0.88820957 3.9375

DC 1.25212975 1.7 1 1.03365385 4.0625

EA 1.16937445 2.56410413 1.36382486 1.07211925 4.25

FA 1.25544693 5.9625 1.59552728 1.13632653 4.125

FB 1.26119755 1.2 1.1375 0.95192308 3.90625

GA 1.09592079 2.9625 1 1.09848485 3.6875

GB 1.07264706 2.76 1.16 0.96315789 3.84375

HA 0.97881766 1.27771852 1.10638665 1.01325052 3.90625

IA 1.5992144 2.33333333 1 1.53333333 4.125

1B 0.96305062 1.92307692 1 1.03974359 4.1875
dlole] FHE, A~vtEAE FFdelel R AA, 2t AR71EEe] 284 HdS 0.93°]12 50%9] v|FA
EAY 24 Hole] A2l L ARESHE A%, delelle]  sl4e] ke EAlstel A oA BE A0 Fel
2 7|%, &7 S1A HlelE] 5 7%, ~vEAH & =it
AARE A2 3pAY 71gshe 71E, MEH A 73t S0 7 AT 28 EA A oA AR 28
N, ARFR A% MENT Be19)e] BEel 4 BHelA w3 Adk dhele] AjEd Fane
12 vieh} i o2 F03 71¢R W e 97 sk AAoleh AR Ak YuFRrles 25
o] A 71 (2~ EAE] A H AR, W45k dlolE] T 4 Fhol 714 =otow ~ntEAE A THE, &~
71e, BEARJME &840 V), A - FA R vt EAE dolE] FE, UEYZ BE AvtEAE
AS W T571%, TR FE ARAL D Ala Fgulely el 2o el ol b
AR FE3} 7|E, ~UEAE E*l?éiﬂ%%%k o] olelwle]l~ 7|5, 7k - 1A HlolE FE7]%, Al
I 7%, /7 VESZ AzEl 75 7], ARA AR § - B An], dlolE] 3 2 Mg 7|
e 9T & - B A2 Ve B2 AR R F2 % Y AlFTIEe] =2 3 /R AR F]lEy
] 2 7]l Ao #HrtElet BCC 23 oA o} 7 w49l 32 (Table 7) o AHelstdict
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(Table 7) Variables of Impact Assessment, Performance
Assessment, Valuation Assessment

Code CRS BCC efficiency
AA 1 1 1.36 (1/19)
AB 1 1 1.35 (2/19)
AC 0.78 0.96 1.16 (3/19)
AD 1 1 1.05 (4/19)
BA 0.94 1 1.03 (5/19)
BB 0.99 1 0.99 (6/19)
BC 0.7 0.71 0.98 (7/19)
CA 0.95 0.95 0.97 (8/19)
DA 0.7 0.71 0.95 (9/19)
DB 0.78 0.81 0.94 (10/19)
DC 0.98 1 0.92 (11/19)
EA 0.79 1 0.85 (12/19)
FA 0.68 0.85 0.81 (13/19)
FB 0.85 0.88 0.79 (14/19)
GA 0.92 1 0.78 (16/19)
GB 0.81 0.86 0.78 (15/19)
HA 0.97 0.97 0.7 (18/19)
1A 1 1 0.7 (17/19)
IB 1 1 0.68 (19/19)
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Table 8> Result of related technologies Analysis

AA AB 1A 1B
AA 1 0 0 0
AB 0 1 0 0
AC 0 0 0 0.5
AD 0 0 0 0
BA 0 0.625 0.375 0
BB 0 0 0 0
BC 0 1 0 0
CA 0.372 0.384 0.242 0
DA 0.591 0.272 0 0
DB 0.214 0 0 0.5
DC 0 0.244 0.007 0.747
EA 0 0 0 0
FA 0.100 0 0.198 0.701
FB 0 0.958 0.041 0
GA 0.564 0 0.435 0
GB 0.149 0 0 0.850
HA 0.187 0.797 0.015 0
1A 0 0 1 0
1B 0 0 0 1
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(Table 9> Classification of key and related technologies
Core Focus Related
Technology Technology Technologies (Key)
Smart City
Control Applied Service Technology (CA), Location and Spatial Information Acquisition and
Platform | Construction Technology (DA), Network Virtualization Technology (GA)
(AA)
Platform - — - - -
Smart City | Application service technology (BA) such as smart city urban data processing and
Data processing technology, data sharing and processing technology (CA), smart city urban
Platform |information large data management technology (FB), and citizen experience-type
(AB) convergence application service technology (HA)
Information
sharing Smart City Urban Data Processing Technology (BA) and Network Virtualization
Information | technology |Technology (GA)
Protection (IA)
and Security Network | Mart City Information Processing Technology (AC), Mapping and Service (DB), Spatial
Security Location Data Construction Technology (DC), Information Standardization
(IB) Technology (FA), Network Virtualization Technology (GB)
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