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Abstract This study was undertaken to analyze the characteristics of convergence between technologies
and industries in smart cities using patent bigdata. Characteristics were classified as technical, industrial,
and convergence characteristics. The data analysis was performed using patent data related to smart city
services presented in the Smart City Act. The analysis method utilized knowledge flow (co-classification
analysis) and network analysis using a 2-mode matrix by matching technology and industry based IPC
patent classifications. Results are summarized as follows. First, smart city technology was determined to
have the characteristics of convergence of mechanical, electronic/electrical, information, and
communication technologies and technologies such as robotics, semiconductors, and network
infrastructure. Second, smart city industry was not only affected by smart city technology but also by the
convergence characteristics of traditional manufacturing (e.g., machinery and transportation equipment),
ICT manufacture manufacturing, and ICT. Third, the characteristics of knowledge flow from technology
to industry showed that mechanical, electronic/electrical, and information and communication
technologies contributed most to ICT manufacturing, ICT service, knowledge services, mechanical
equipment manufacturing, and other electrical equipment manufacturing. Fourth, the convergence of
technology and industry appeared as one cluster, centering on machine technology, ICT manufacturing,
knowledge services, and transportation equipment manufacturing. The results of this study may
contribute to policies related to the development of smart city technology and industry in Korea.
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Table 1. Search keywords of patent

Smart City Services Search Keywords

Smart Administration, Smart City Administration, Ubiquitous Administration, Ubiquitous City (U-City)

Smart Administration L . . .
Administration, U-Administration

Smart Transport Smart Transport, Smart City Transport, Ubiquitous Transport, Ubiquitous City (U-City) Transport, U-Transport

Smart Smart Health, Smart City Health, Ubiquitous Health, Ubiquitous City (U-City) Health, U-Health, Smart Welfare,
Health/Welfare/Medic |Smart City Welfare, Ubiquitous Welfare, Ubiquitous City (U-City) Welfare, U-Welfare, Smart Medical, Smart City
al Medical, Ubiquitous Medical, Ubiquitous City (U-City) Medical, U-Medical

Smart Crime Prevention, Smart City Crime Prevention, Ubiquitous Crime Prevention, Ubiquitous City (U-City)

Smart Crime/Disaster
/ Crime Prevention, U-Crime Prevention, Smart Disaster Prevention, Smart City Disaster Prevention, Ubiquitous

P ti

revention Disaster Prevention, Ubiquitous City (U-City) Disaster Prevention, U-Disaster Prevention
Smart Facility Smart Facility Management, Smart City Facility Management, Ubiquitous Facility Management, Ubiquitous City
Management (U-City) Facility Management, U-Facility Management

Smart Education Smart Education, Smart City Education, Ubiquitous Education, Ubiquitous City (U-City) Education, U-Education

Smart Culture, Smart City Culture, Ubiquitous Culture, Ubiquitous City (U-City) Culture, U-Culture, Smart Tour,
Smart City Tour, Ubiquitous Tour, Ubiquitous City (U-City) Tour, U-Tour, Smart Sport, Smart City Sport,
Ubiquitous Sport, Ubiquitous City (U-City) Sport, U-Sport

Smart
Culture/Tour/Sport

Smart Distribution, Smart City Distribution, Ubiquitous Distribution, Ubiquitous City (U-City) Distribution,

Smart Distribution o
U-Distribution

Smart Smart Labor, Smart City Labor, Ubiquitous Labor, Ubiquitous City (U-City) Labor, U-Labor, Smart Employment,
Labor/Employment Smart City Employment, Ubiquitous Employment, Ubiquitous City (U-City) Employment, U-Employment
Smart Housing Smart Housing, Smart City Housing, Ubiquitous Housing, Ubiquitous City (U-City) Housing, U-Housing
Smart Energy Smart Energy, Smart City Energy, Ubiquitous Energy, Ubiquitous City (U-City) Energy, U-Energy
Smart Building Smart Building
etc. | Smart Factory Smart Factory
Smart Farm Smart Farm
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Table 2. Search result of patent focused on smart

city services (Unit: number of)

Smart City Services Patent Rate (%)

Smart Administration 2 0.1
Smart Transport 248 10.6

Smart Health/Welfare/Medical 162 6.9
Smart Crime/Disaster Prevention 514 22.0
Smart Facility Management 17 0.7
Smart Education 72 3.1

Smart Culture/Tour/Sport 89 3.8
Smart Distribution 45 1.9
Smart Labor/Employment 57 2.4
Smart Housing 246 10.5

Smart Energy 627 26.8

Smart Building 21 0.9

etc. Smart Factory 114 4.9
Smart Farm 126 5.4
SUM 2,340 100.0
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Table 3. Technological characteristics of smart city

. ) Cumulative
Technologies Number of Rate (%) Rate (%)
Machine 176 41.22 41.22
Blectricity/ 91 2131 62.53
Electron
Material 43 10.07 72.60
Informa.tiox?/ 31 7.6 79.86
Communication
Chemical 28 6.56 86.42
Constructio'n/ 14 3.8 89.70
Transportation
Agriculture/
Fishing/Food 13 3.04 92.74
Health/Medical 13 3.04 95.78
Energy/Resource 9 2.11 97.89
Environmental 9 2.11 100.00
SUM 427 100.0 -
AVG 42.7 - -
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Table 4. Industrial characteristics of smart city

Cumulative
. - 0,
Industries Number of| Rate (%) Rate (%)

ICT Manufacturing 129 30.2 30.2

Machine ‘Equi?ment 74 173 475
Manufacturing

Transpcrt‘ Equi}:)ment 32 75 55.0
Manufacturing

Etc. Electri‘c eq.lipment 29 68 618
Manufacturing

Etc. Manufacturing 24 5.6 67.4

Knowledge Service 20 4.7 72.1

Energy 18 4.2 76.3

Metal and Non.-metal 17 40 80.3
Manufacturing

Chemical PrOfiucts 15 35 83.8
Manufacturing

Precision Instr}iment 15 35 87.3
Manufacturing

Construction 14 3.3 90.6

ICT Service 13 3.0 93.6

Agriculture and Fishing 10 2.3 95.9

Textile and Le.ather 10 23 08.2
Manufacturing

Wood and P?per 4 0.9 99.1
Manufacturing

Food and Bev.erage 2 05 99.6
Manufacturing

Mining and Quarrying 1 0.4 100.0

SUM 427 100.0 -
AVG 25.1 - -

291370, 3.0%)°] =t

AnkE el
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Table 5. Flow of knowledge between technologies and industries
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(Unit: number of)

Machi Other
. Food .
Industries| and ne Electri Trans
Agricul . Bever ICT Knowle anc‘l Metal/| Mining Cm_l Other PFeCIS Textile|portat| Wood
ture (ChemiConstr|Energy Manuf| ICT Equip and |EquipManuf| ion )
X age K X dge Non- | K | and | ion | and | SUM
and | cal |uction|Supply acturi|Service| ~ | ment Quarryil ment |acturi |[Machi .
e Manuf] Service Metal Leather| Equip | Paper
Fishing .| ng Manuf] ng |Manuf| ng | ne
. acturi . . ment
Technologies acturi acturi
8 ng ng
Agrieulture and |y | 2 | o0 ololo|o|o|1]|o0o]o0o|o|o]13
Food
Chemical 0 7 0 9 0 0 0 0 0 2 0 2 0 0 8 0 0 28
Construction and | 5 | o | 14 | o | 0 | 0| 0| 0| o0o|o|o|o|o|o|o|ol|ol|u
Transportation
Blectricity and || o\ o | o | 0 | 58| 0| 4|19 0] 0o]1w0|o0o|o|o|lol|o]oa
Electronic
Energy and o|lolo|9|o|o|lo|]o]o|lo|o|o|]o|o|o0o]|o|oOo]|oQ9
Resource
Environmental 0 1 0 0 0 0 0 0 0 2 1 0 4 0 0 0 1 9
Health and Medical 0 0 0 0 0 0 0 0 0 0 0 0 0 13 0 0 0 13
Information and |\ 1 o 1 g | g | g |13 2 0] o]ololololo]olols3
Communication
Machine 0 0 0 0 0 55 0 14 55 0 0 17 1 2 0 32 0 176
Material 0 7 0 0 0 0 0 0 0 13 0 0 18 0 2 0 3 43
SUM 10 15 14 18 2 129 | 13 20 74 17 1 29 24 15 10 32 4 427 |
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Tobacco Manufacturing
Food Te®hnology

Electronic Compgfent Manufacturing Food Maufacturing

El ity 1T
ic Ci it Electricity, Ga® Water, Steam
New Renewable Energy

Electricity Equip@nt Manufacturing Prifting
Nano Chemical Pfcess Technology

Pharmaceutic#t Manufacturing

lnforrn? Theory
. Computer@®rograming
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Wood Product®™Manufacturing Agriculture®nd Fishing
HeaV/Surface Treatment Railway Equipm&nt Manufacturing

Mobile C unication otorcycle Manufacturing
Vehicle M ring
Telecommunication and Bro: st Equipment Manufacturing Vehicle/ y-Vehicle

Other Transportation E§uipment Manufacturing
Broadbar® Network Disaster Prevention/fre-fighting Equipment DefencesPlatform
Watch Mafufacturing 7 Nafo/Micro MBghine System Arms Martufacturing
R

Other Metalworking Product Manufacturing

Optical Measuremef@Control Equipment

Measurement/ | Manufacturing
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SemiconductoP Manufacturing Avionic®System )
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Semiconduct®r Equipment Insulated Wire and e Manufagturing Textile Pducts

Computer and Periph?quipmem Manufacturing tical Devic®Manufacturing ~ -¢@iher Bag and $hoe Manufacturing
Robov/Autof@htic Machine Professional, Scientifidnd Technical Services
Robot Control/inteMgence Technology
Medical Dyllanulac(urmg Cosmetics Manufacturing
Cure/Diagn Equipment Other chemicat manufacturing . -
Primary Battery and Stor&ge Battery Manufacturing Home/Electronic ications Eqipment
Ink and PaintManufacturing
. Pesticides Manufacturing
Magnetic and Opftcal Manufacturing Chemlcﬁoducls
Optical applitation device Rubber and Pla$¥c Manufacturing
Metal Products, Steam @enerators Manufacturing
Fertilizer and Nitrogen Chemicals Manufacturing

Polymer ProcegBing Technology
Clothing M&@nufacturing

Home Applian@Manufacturing

Shipbuilding/@¢ean System
ShiptRilding

Fig. 3. Convergence between technologies and industries from smart city perspectives
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Table 6. Technology with a wide range of interaction

Rank Technologies Wde;il;:d
1 Industry/General Machinery 27
2 Home/Electronic Applications Equipment 27
3 Vehicle/Railway Vehicle 27
4 Electricity/Electronic Component 26
5 Production Base Technology 24
6 Measurement Standard/Test and Evaluation 23
7 Metal Material 23
8 Semiconductor Device/System 20
9 Chemical Products 18
10 Mobile Communication 15

AVG 23
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Table 7. Industry with high technology concentration
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Table 8. Core smart city industries in connect with
smart city related technologies

Rank Industries Weighted . Eigenvector
degree Rank Industries .
centrality
1 General Machinery Manufacturing 36 1 Special Machine Manufacturing 1
2 Measurement/Control Manufacturing 34 2 General Machinery Manufacturing 0.7
3 Special Machine Manufacturing 30 3 Other Product Manufacturing 03
- 4 Generator and Electrical Controls 03
4 Other Product Manufacturing 19 Manufacturing j
5 Home Appliance Manufacturing 19 5 Office Machinery and Equipment 03
6 Telecommunication and Broadcast Equipment Manufacturing
Manufacturing 18 6 Measurement/Control Manufacturing 0.2
Tel icati d Broadcast
Video and Audio Equipment Manufacturing 17 7 clecommunication and Broadceas 0.2
Equipment Manufacturing
Electricity Equipment Manufacturing 16 8 |Video and Audio Equipment Manufacturing 0.2
Vehicle Manufacturing 15 9 Vehicle Manufacturing 0.2
10 |Generator and Electrical Controls Manufacturing| 14 10 Computer and Perlphe‘ral Equipment 0.2
Manufacturing
AVG 20.2 AVG 0.36
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Table 9. Result of convergence between technologies and industries in terms of smart city

Cluster Technologies Industries
Avionics System Aircraft Manufacturing
Disaster Prevention/Fire-fighting Equipment Motorcycle Manufacturing
Disaster Safety Equipment Optical Device Manufacturing
Element Component Railway Equipment Manufacturing
Energy/Environment Machine System Watch Manufacturing
Industry/General Machinery Computer and Peripheral Equipment Manufacturing
Cluster Measurement Standard/Test and Evaluation Insulated Wire and Cable Manufacturing
1 Nano/Micro Machine System Other Transportation Equipment Manufacturing
Precision Production Machinery Professional, Scientific and Technical Services
Production Base Technology Vehicle Manufacturing
Robot/Automatic Machine Video and Audio Equipment Manufacturing
Robot Control/Intelligence Technology Generator and Electrical Controls Manufacturing
Robot Design Technology Office Machinery and Equipment Manufacturing
. i . General Machinery Manufacturing
Vehicle/Railway Vehicle Special Machine Manufacturing
Metal Products, Steam Generators Manufacturing
Rub d Plastic Manufacturi
Chemical Products ubber an ,aS 1c Manuiac 1.erg
Other chemical manufacturing
Fertilizer and Nitrogen Chemicals Manufacturing
Cluster — 3 -
2 Pesticides Manufacturing
Cosmetics Manufacturing
Polymer Processing Technology Clothing Manufacturing
Primary Battery and Storage Battery Manufacturing
Ink and Paint Manufacturing
Ceramic Material Mln}ng and Quarrylr}g
Furniture Manufacturing
Other Metalworking Product Manufacturi
Cluster Metal Material er Metalworking Product Manufacturing
3 Wood Product Manufacturing
Primary Steel Manufacturing
Heat/Surface Treatment Non-metal Mineral Manufacturing
Other Product Manufacturing
Cluster Optical M'easurement/CO{ltrol Equipment Measurement/Control Manufacturing
4 Semiconductor Device/System
Mobile Communication
Clu_ster Telecommunication and Broadcast Equipment Manufacturing
5 Broadband Network
Cluster Electricity IT
Electricity, , ter, St
6 New Renewable Energy ectricity, Gas, Water, Steam
Cluster Lighting Equipment Manufacturing
H Electronic Applicati Equi t
7 ome/Electronic Applications Equipmen Home Appliance Manufacturing
Electricity Equi t Manufacturi
Cluster Electricity/Electronic Component ¢ r1c1. Y Squipmient Panulac url.ng
8 Electronic Component Manufacturing
Cluster Tobacco Manufacturing
Food Technol
9 ood technology Food Manufacturing
Cluster Printing
N: Chemical P: Technol, -
10 ano hemical FT0cess 1echnology Pharmaceutical Manufacturing
Cluster . L ) . . - .
1 Optical application device Magnetic and Optical Manufacturing
Chiszter Semiconductor Manufacturing Semiconductor Equipment
Ch,llzter Cure/Diagnosis Equipment Medical Device Manufacturing
Cluster ) . . .
14 Waste Management/Resource Circulation Waste Treatment, Environmental Restoration
Clust
1;55 er Shipbuilding/Ocean System Shipbuilding
Cluster . . . . - .
16 Robot/Automatic Machine Computer and Peripheral Equipment Manufacturing
Ch,lls;er Agriculture Machine/Facility Agriculture and Fishing
Cluster . .
18 Information Theory Computer Programming
Cluster .
19 Defense Platform Arms Manufacturing
Clust
;;er Territory Space Development Technology Construction
Cluster

21

Textile Products

Leather, Bag and Shoe Manufacturing
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Appendix 1. Classification of technologies and industries (unit: number of)

Technologies Detailed technologies (427) Industries Detailed industries (427)
Agriculture and Agriculture Machine/Facility (10) Agrl;?i;i;z and Agriculture and Fishing (1)
Food Food Technology (3) Cosmetics Manufacturing (1)
Chemical Products (18) Fertilizer and Nitrogen (?)hemlcals Manufacturing
Chemical Nano Chemical Process Technology (4) Ink and Paint Manufacturing (2)
Polymer Processing Technology (1) Chemical Other Chemical Manufacturing (1)
Textile Products (5) Pesticides Manufacturing (1)
Waste Management/Resource Circulation (9) Pharmaceutical Manufacturing (1)
Constructlon'and Territory Space Development Technology (14) Rubber and Plastic Manufacturing (8)
Transportation
Electricity/Electronic Component (26) Construction Construction (14)

Electricity and

Home/Electronic Applications Equipment (27)

Optical Application Device (1)

EBlectricity, Gas, Water, Steam (9)

Energy Supply

Waste Treatment, Environmental Restoration (9)

Food and Beverage
Manufacturing

Food Manufacturing (2)

Computer and Peripheral Equipment
Manufacturing (13)

Electricity Equipment Manufacturing (10)

Electronic Optical Measurement/Control Equipment (14)
Semiconductor Device/System (20)
Semiconductor Equipment (3)
Energy and Electricity IT (6)
Resource New Renewable Energy (3)

Electronic Component Manufacturing (10)

Health and Medical

Cure/Diagnosis Equipment (13)

Generator and Electrical Controls Manufacturing

(14

Information and
Communication

Broadband Network (3)

Insulated Wire and Cable Manufacturing (9)

IT Manufacturing

Information Theory (12)

Magnetic and Optical Manufacturing (1)

Mobile Communication (16)

Measurement/Control Manufacturing (34)

Avionics System (4)

Optical Device Manufacturing (5)

Defense Platform (1)

Semiconductor Manufacturing (3)

Disaster Prevention/Fire-fighting Equipment (4)

Telecommunication and Broadcast Equipment
Manufacturing (18)

Video and Audio Equipment Manufacturing (17)

Disaster Safety Equipment (7)

IT Service

Computer Programming (13)

Flement Component (4)

Knowledge Service

Professional, Scientific and Technical Services
(20)

Energy/Environment Machine System (9)

General Machinery Manufacturing (32)

Home Appliance Manufacturing (19)

Machine and

Industry/General Machinery (27)

Equipment

Office Machinery and Equipment Manufacturing

©

Manufacturing

Machine Measurement Standard/Test and Evaluation (23) Special Machine Manufacturing (30)
Nano/Micro Machine System (8) Metal Products, Steam Generators Manufacturing
Precision Production Machinery (8) Metal/Non-Metal Non-metal Mineral Manufacturing (10)
Production Base Technology (24) Other Metalworking Product Manufacturing (2)
Robot Control/Intelligence Technology (8) Primary Steel Manufacturing (2)
. Mining and R )
Robot Design Technology (4) Ouarrying Mining and Quarrying (10)
Robot/Automatic Machine (12) Other Electricity Lighting Equipment Manufacturing (8)
. RN Equipment Primary Battery and Storage Battery
Shipbuilding/Ocean System (6) Manufacturing Manufacturing (2)
Vehicle/Railway Vehicle (27) Arms Manufacturing (1)
Ceramic Material (14) Other Furniture Manufacturing (3)
Material Heat/Surface Treatment (1) Manufacturing Other Product Manufacturing (19)

Metal Material (23)-

Tobacco Manufacturing (1)

Polymer Material (5)

Medical Device Manufacturing (13)

Precision Machine

Watch Manufacturing (2)

Clothing Manufacturing (5)

[Textile and Leather

Leather, Bag and Shoe Manufacturing (5)

Aircraft Manufacturing (3)

Motorcycle Manufacturing (3)

Transportation

Other Transportation Equipment Manufacturing

4

Equipment

Railway Bquipment Manufacturing (2)

Shipbuilding (5)

Vehicle Manufacturing (15)

Printing (3)

Wood and Paper

Wood Product Manufacturing (1)
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