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Abstract The development focus of a smart city has been changed gradually from a physical development aspect to a space
development aspect. In a space development aspect, the major application technologies are Environment Technology (ET),
Information Technology (IT) and Environment Information Technology. On the other hand, it is unclear if the space
convergence in a smart city has been changed by the 3 technologies. Therefore, specific analysis was performed on the
convergence change of smart city 4 spaces (District, Street, Building, Facility) using the 3 technologies. The convergence
distribution ratio according to the periods (period 1 : 1972~1999, period 2 : 2000~2009, period 3 : 2010~2017) among the
spaces, ET (Environment Technology), IT (Information Technology), ET+IT (Environment Information Technology) in a
smart city were examined. The smart city was high in the order of 'District (53/43%) - Building (36/29.1%) - Street
(22/17.9%) - Facility (12/10.0%)" in the number of applications and ratio of convergence (Technology Convergence) at Period
1 (1972~1999). The smart city was high in the order of 'District (223/32.4%) - Building (197/28.6%) - Street (195/28.3%)
- Facility (74/14.8%)' in the number of applications and ratio of convergence (Technology Convergence) at Period 2
(2000~2009). At period 3, the District (467/33%) was also the highest. On the other hand, the street (384/27.4%) was higher
than the building (361/25.8%) and facility (188/13.4%) in smart city space. Fourth, the smart city was high in the order of
'District - Building - Street - Facility' in the number of applications and ratio of convergence (Technology Convergence) at
Periods 1 (1972~1999) and 2 (2000~2009). In contrast, the average of number was high in the order of 'Building - Street
- District - Facility'. At period 3(2010~2017), the number of applications and the ratio of convergence was high 'District -
Street - Building - Facility'; the average of number was the same as in period 1 and 2. As a result, smart city space has
been changed by the development of macroscopic urban spaces in the initial stage. Since then, district space-centric
development and building space are confused with devices/technologies and changed for citizen inflow. The building space
has evolved continually and smart city space will be expected to revitalize the street space connecting completed buildings.

Keywords : Building, Convergence and Change, District, Facility, Smart City, Street

*Corresponding Author : Sang Ho Lee(Hanbat National Univ.)

Tel: +82-42-821-1191 email: Ishsw@hanbat.ac.kr

Received February 14, 2018 Revised (1st March 14, 2018, 2nd March 26, 2018, 3rd April 4, 2018)
Accepted May 4, 2018 Published May 31, 2018

537



St=Alksly| &5k =2 Al19d A5Z, 2018

1. M2

il

=

el WZ7FE A= (Mega-Trend) = A1
= El(Smart City)= 7]/ S0l
W SR WElsial glon, asls FEet
2747
7] (Information Technology) ©|tH1]. H3t ARLEA]
Bl Aal 847)1&37 Air)eo] 47 A ow s}
= Aol opd, 3L FAo=E wsketar giTH2].
a2 AR AA2017d 71F)7HA o€ A W}
o} Walslar QAo et At ofA A HFs}
A &7Fset 2t EAE S SJsiM = A7
7153 FRI)Ee] ofBA Tl §3Ee] W
BAE Far} gl
2mlEAE 4709 FIHAT, 7=,
2t} 719 3 WEkE B
T8 AT Y& 2vlEAE
71=3t 4749 F3tAto]
T v 1:1972~1999, A|7] 2
: 2000~2009, A17] 3 : 2010~2017)% Te}algict.
Al 2oy oga 2ok Al Tk
B9, A W9 aEa, e WSR2 R skch
T H9E 2~rtEAE Y oAt 1970 (F1 1170,
ot 2] 7} 471, ofAlekel @ Aot ol 47)) wuAleEl 12
ME, & 31709 E=A] o]tk AlXHA W91=+= 19724
FHE 20179 A7 elch
W& HeE A R4
&7 olE|HES 347,

B23le] AulEAE Y]

TAl9] diEA
AF AL 9l 2ntEA|
A FN

2=0
=T

o~

<(Environment Technology)@} .

L

L

7]

5

i

X171 39HA(171:1972~1999, 271:2000~2009, 3
71:2010~2017)2 AAsl1 3473 AR7)ES BF
sk AlAY] E& Aok

£, 2ulEAIE] A 317018 45k, 4. tulo]
/7123 ofHHES wEsth =EE tiule]2/7]
=5 THOE 7N ARI)eR AEFste o9
2(Index)3} sk} AA, tlule]~/7)%3) o}E|HE 1
2] 2ntEAIE F7ke] §3 Wl 2A4S 913 o}

L=

538

29,

a17] Slal AT
A, FEA7], d FHAA, 5, Ak, 3D,
, AAAER, RYAER a7ER) A8
H, AZ 9, A, AE(FAE, A7IEA e,
AL, oAENE, sEEYE)S 22719 7EEit

= IE=S
5 89

=, 0%

o
=
S
55
S

=

2. O|EHA
21 AOIEAIE|Q| 744
Z~utEXE Y] fEde AREAV|ES

of Lt oWl 7171E FIME HARE

AN HEA] o]t} o] A dA

AEEA], FATE],

gefstar giek. 7]

2.2 ADEAIE|S] 2MA

2PEAEE TASE Fo TALE olEdE
(Artifact)9} TlH}o] /7)< (Device/Technology)©lth. o}
El A E 9} tluo] /7o) e AvRE ofE]AE:
<0l9Z o] AT olgh=s mo g B oA oE|HE
o e 874, AR, SRR FAO Au2g 9
Hjo| 27| E50] §E AlElo g Aol a9 th4][Fig 1.

LE-Te

Ls-Twe

Smart City Space

Artifact

Fig. 1. Components of Smart City :
Artifact and Device/Technology



AutEAJE F7he] ®ist BA A4, vt2 AlAde] g3 W3t

2.3 AOIEAE|0| S&E F27I= AR7IE(IT)L o|&Aor Mulx, 7], e, &

ATEAJEIE TASHE 4 3 7P 7)Ee] g HE FASE NEENTh ARTV|ES 7SS,

nlo| 274 ZHE B B tey) o] Aojat = WIS, AFVB(ERALY, HFH HEL, st=do,

AALE F2 §F7IEZ= 7475 (ET : Environment AFE, RZEg 0, DEJE]U]‘:]Oi)E/\] W 7)s, ARe] &

Technology), A:714(IT : Information Technology), (7%, 7Fs, A%, A, 41, =)l #& 7|< ot
A747)1%1 ARr)%o] §3% HA-AR/|SETHT : [4.6-7][Fig. 3]. HEA Zéiﬂ% A2 A (ex.

o)

Environment-Information Technology)® &5 & = 9l

tH4].

= '6‘, 37 7]’—5‘(ET)9“ /@EHZN 7]%%@1 ]Z_]_'A]'Q
ZA9] B ey A FaA 2L, =, vl

2+

L8]

AEA B, AFEH(F,

A &)e] g8 o]&3} oux A&, AADAFI
EX)e] 4 A

_317]

9 el s fe lew Aoan AtesiFe
2] HEAQ #471EARE A8 (ex. FFED),
A ex. o), Aeh(ex. $71%4A) 52 7}
we)g 2oz AR fr

Eco-centrism

O°
Techno-
centrism

Fig. 2. Environment Technology(ET) Concept

Broadcasting
Network . Telecommunication

: Infrusi_rucfure .

Hardware «

Computer

Smart City
Technol
of
N Infomation
oftware Techholﬂgy + Collection

Multimedia

Communication .
Network

Service
Sercr';

Reception Data Processing

Transmission

Fig. 3. Information Technology(IT) Concept

539

nfE =T AA), YIEY A (ex. WI-FI), S1E #H o]~ (ex
AGAA T, Z2ZA(ex. HFE), EHex. CCTV)
o] FHE A E FHoE Al drt

S4- AR 7)S(ETHT)S 18 A% (Green Computing)
EE 19 IT(Green ITE WxEAQ] 719=2 st gl
o 2HITE S ulate 543 JREFA7]E9]
Ao 2 ITHE2] 53K Green of IT)9+ ITHSHl <
& =5 Green by IT)ol| B3 714 o]tH4,8].

oA 7MA] BA- AR e ASFT ZAd
| Abdlel ol mE B %7&31 =)
waht, AaF ~ntEAE
g] 1"51 g} [ ] q].;.x%
7)4(WI-FI+ A 58+ Al A) 3} 3
77 §FE oA AAke] X
7ol

il _IN

L

L

d-#elsl] gl AxH
=9} o]i(Issue) S &

= D}vﬂ% 7ol 'ﬂi}o}oﬂu}. 171(19723~1999 ) ol =
27, oA, 27](20003~2009F)0l = 87, o=
71%, 371201019~2017\ )l = 84, ou=A, 7]1F,
VIE(RHE, g, HEY 2, HA) R el
7} tfokat A=A olo|dlElE <} /Y ENES H}EPO
waksta AATH2]. o 22 AVIE RS 2AE
AR dod ALS|H o|gpet oJHIE(17] ¢ 25E
3]9], AARNZEA 39, YA UL, g4,
AZ|FHSFGALTF3], AEAA, 27] : ThE

rlo

L
L

ulm N

=

3]

L)

vy

55



Farsly|&aksl B A9 A5E, 2018

UNeHAlt), AAZ|FH, 37]  AutEAFASR, A, & ¢ Ao &, A9AEE, 05 A B A~
EIP-SCC, 2=rtEAdUARIZ A S, BRAA A4 § 7|, 715 Ae|E Ajzgl A, AAA oy, g)7]
T, AqA S, 2nfEYo| AR AEA T, AuEA| 3, As 2 AL, Auale] FeR BRHAL A
H 4t A, ~0EAIE 7Y, SIASS)E TAL  HI|eE AN, VEYA, IHH o)~ TR, Hto

2 85 Hooh

)
>~
=
tot
rﬂy‘
o
ol
tjo
off
ol
==

[2][Table 2].

Table 1. ET and IT classification criteria table
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ET(Environmental Technology)

Land Usage

Intensive Land use density, Appropriateness of walking and school sttendance sphere
Appropriateness of Neighborhood Planning Waking sphere, Transit-Oriented Development

Transport and Distribution

New-transportation, Bicycle road , Parking system, Eco-Friendly Pedestrian Road,

Traffic Calming Method

Ecological parks and green
space

Green Network, Facility green land, Buffer green land, Landscape green land, Walking green space,
Eco-experience center, 3D-Green Space Planning, Securement of green area rate, Recycling rate of topsoil,
Eco-pond, Green area rate of natural ground, Bio-top, Wind-path, Eco-corridor and Bridge

Water circulation
system&management

Porous pavement, Rainwater management Technology for ground-water discharge using, Storage facilities of
resources recycling, Wastewater reclamation and reusing system, Sewage treatment system, Saving style water

tap, Water amenity space

Reusing of resource

Composting technology from waste, Reusing of wastewater, rainwater collector well

Passive system technology
of Building

High heat insulation and gastight material, Natural lighting and ventilation, Reduced material of harmful
substance, Noise abatement system between building walls, Noise abatement system from outside(ex. traffic

noise etc), Window eaves and pent roof, Using of eco-friendly material

Active system technology
of Building

Using of solar heat and sunlight system

New renewable energy

Sunlight energy, Geothermal energy, Wind energy, Group energy

Atmosphere

Low carbon technology, Protection technology of ozone, Cooling energy system

Material&Resource

Using of EPD, Using of low carbon material

In&Exterior Space

Indoor air cleaning system, Natural ventilation system, Outdoor airing system

IT(Information Technology)

Sensing Context awareness, Wide area information, Position recognition, Wireless Tag

Network Internet address standard, wire&wireless&broadband IcT technology, PAN technology

Interface Moving picture, Audio, Codec-technology, LCD, PDP, OLED, FED, LED

Processing USN middleware, Home network, VRTX, xTRON, Embedded Linux

Security Password/Authentication management network, Knowledge, Risk management, Disaster management, Security

robot system

Table 2. Trends and Issue of ET and IT

Period 1 (1972~1999)

Period 2 (2000~2009)

Peiod 3 (2010~2017)

Period of Energy

Saving/efficiency time (Energy)

Period of New Renewable Energy
(Eco-Friendly)

Period of Zero Energy
(Low Carbon)

Stockholm Conference

United Nations Conference on the

Human Environment

0il Shock

Rio Earth Charter
Copenhagen Climate Change
Conference

Kyoto Protocol

Davos Forum
UN Agenda
UNFCCC

Act

Act

SIASS

Act of Smart Metering implement
of Smart Energy Infrastructure
EU(EIP-SCC)

Information Economic Strategy

of Energy Transformation
Law of Smart-Nation

4 Policy Strategy of Smart City
Integration Act of Smart City
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Table 3. Device/Technology Index of ET

Environmental Technology(ET)

Eco-Friendly(FE)

Energy (EG)

Low Carbon(LC)

01 Plant(Eco-preservation)

01 Recharging system

02 Plant(Urban Environment
improvement)

02 Floored LED lighting

24 Transformation facility of

01 Car shaing system

electric energy

02 Collecting system of waste

03 Plant(Air cleaning)

03 Sunlight panel

25 heat extraction facility

03 Refuse incineration plant

04 Box plant(Air cleaning)

04 Variable sunlight panel

26 Cogeneration facility

04 Classifying tank of waste

0

Iy

Box plant(Street)

05 Storage battery

27 Cooling device

05 Automated Waste Collection
System (Moving)

06 Garden box(Air cleaning)

06 Stirling engine

28 External power system

06 Automated Waste Collection
System (Fixing)

07 Stone(River levee)

07 Condenser

0

0

Stone(Pedestrian street)

08 LED lighting(Street)

29 Energy sharing system

07 Passive recycling system

08 Auto recycling system

0

O

Percolation block

09 Thermostatic controled
LED lighting

30 Mixed system shade
membrane and collector well

09 Passive re-cycler

10 Green roof system

10 Southern Window&
Building Height 18m

31 Plain water facility

10 Auto-cycler

11 Wood-deck

11 Geothermal heat&rain
water energy system

12 Biotop

12 Large side window

32 Water management
system(filter&recycling)

11 Small wastebasket

12 Large wastebasket

13 Drop-structures

13 Insulation system

33 Sunlight reflector

13 Waste disposal equipment

14 Water collective&purifier
system

14 Heat exchanger

34 Sloped roof

14 Ventilator

15 Microbial decomposition

15 General collector

16 Bio-mass

16 Bio window

35 Controling(temperature& 15 Air dam

wind, air) window

16 Pilotis of building

17 Eco-bridge

17 Wind power generation

36 Lithium battery

17 Air cleaning system

18 Fin brick

18 Small hydro generation

37 EV recharger

19 ETFE

19 Biogas boiler

38 Gas storage

18 Water sprinkler
(Air cleaning)

20 Eco wood structure

20 Hot water tank

21 Eco tunnel

2

—_

Gas storage facilities

22 Eco corridor

22 Electrolysis device

23 Sandbar

23 Pump facility

39 Solar thermal system

19 Water supplying facility

20 Air cleaner

21 Crowded Plant

Table 4. Device/Technology Index of IT

Information Technology(IT)

Sensing(SS) Network(NW) Interface(IF) Processing(PC) Security(SC)
01 Sensor 01 WI-FI 01 Park info-system 15 Table monitor 01 Computing 01 CCTV
02 Weather 02 IoT 02 Digital board 16 3D-VR wall screen 02 Information fire
research craft wall system
03 Cloud 03 Analog board 17 U-Health 03 Central control
03 Contact breaker | 04 Classifying 04 Smart measuring 18 ATM system

system Big data

&controling system

04 Smart sensor 05 LSN 05 Power regulator 19 Public equipment 04 IP-Camera
05 Spotter 06 LORA 06 Mobile phone 20 Phone charger 05 Individual control
06 Wearable Tag | 07 WCDMA 07 Video Desk 21 Sensor wall system

08 LTE 08 Card reader 22 See through wall 06 Public control

09 LPWA G/W | 09 Video Gallery 23 LCD Projector system

10 Beacon G/W

10 Payment system

24 Step Floor

11 Augmented reality

25 Audio guidance

12 LED lighting for 26 VMS
event&information
13 Speaker 27 crosswalk safety

14 Web touchscreen

28 Mosquito attractant
facility
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Table 5. The frame of analysis (Unit : %)

Space Functional Space ET IT | ETHT
Port
Park
Green Field
Amuse-ment Park
Public Open Space
Water and Electricity
Heat Supply Facility
River and Stream
Railroad
Canal
Car Road
Bike Road
Pedestrian Road

Overpass

District

Street

Inside
Outside
Inter-space
Park
Waste Treatment

Building

Facility | Government Office Building

Passenger Terminal

Cargo Terminal

Table 6. Ratio analysis(sample) of Convergence
between device/technology and artifact

GGFO01

GGF02
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Table 7. The analysis data on the ET-IT-Space convergence change of Smart ci Unit : number, %
Yy p g g
Period 1(1972 ~ 1999)
ET IT ETHT Total of
otal o
Space Total of | Ratio of
P I:urﬁl(::ioonf Average | Ratio of I:urﬁl(::ioonf Average | Ratio of I:urﬁl(::ioonf Average | Ratio of | number azeraoe S IZC:
PP of number | technology PP of number | technology PP of number | technology | (atbtc) 8 P
(a) (b) (c)
District 48 4.8 90.6% 5 0.5 9.4% 0 0.0 0% 53 5.3 43.0%
Street 20 5.0 90.9% 2 0.5 9.1% 0 0.0 0% 22 5.5 17.9%
Building 27 9.0 75.0% 9 3.0 25.0% 0 0.0 0% 36 12.0 29.1%
Facility 9 1.8 75.0% 3 0.6 25.0% 0 0.0 0% 12 24 10.0%
Total 104 20.6 331.5% 19 4.6 68.5% 0 0.0 0% 122 25.2 100%
Period 2(2000 ~ 2009)
ET IT ETHT Total of
otal of
N Total of | Ratio of
pace I:urﬁl;e;ioorf Average | Ratio of I:urﬁl;e;ioorf Average | Ratio of I:urﬁl;e;ioorf Average | Ratio of | number ajera(:e S l;)ceo
Pliz a) of number | technology Pliz b) of number | technology Pliz ) of number | technology | (atbtc) e P
District 116 11.6 35.9% 80 8.0 52.0% 27 2.7 12.1% 223 223 32.4%
Street 74 18.5 37.9% 94 23.5 48.2% 27 6.8 37.9% 195 48.75 28.3%
Building 68 22.7 34.5% 103 34.3 52.3% 26 8.7 13.2% 197 65.7 28.6%
Facility 14 2.8 18.9% 48 9.6 64.9% 12 24 16.2% 74 14.8 10.7%
Total 272 55.6 127.2% 325 75.4 217.4% 92 20.6 79.4% 689 110.35 100%
Period 3((2010 ~ 2017)
ET IT ETHT Total of
otal o
N Total of | Ratio of
pace I:LUEEZ;;;E Average | Ratio of I:LUEEZ;;;E Average | Ratio of I:LUEEZ;;;E Average | Ratio of | number azera(:e ;]:c:
PIE 2) of number | technology PIE b) of number | technology PIE ) of number | technology | (atb+c) e P
District 183 18.3 39.2% 215 21.5 46.0% 69 6.9 14.8% 467 46.7 33.4%
Street 109 27.3 27.4% 220 55.0 57.3% 55 13.8 14.3% 384 96 27.4%
Building 97 32.3 26.9% 200 66.7 55.4% 64 21.3 17.7% 361 120.3 25.8%
Facility 33 6.6 17.6% 126 252 67.0% 29 5.8 15.4% 188 37.6 13.4%
Total 422 84.5 111.1% 761 168.4% | 225.7% 217 47.8 62.2% 1400 300.6 100%
ANeie 827Nl 7P %a, k3185 7FR1097), ARV, AHGIN) w02 E3k )
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Table 8. Convergence change of smart city space

Period Analysis Items

Number of application

1 Ratio of convergence

Average of number

Space-ce Number of application

ntric Ratio of convergence

Change
Average of number
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