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Abstract: Recently, the demand for citizen-sensible service solutions such as traffic, crime prevention,
and disasters in smart cities is increasing. In order to provide technology-based smart city services,
local government control centers could be utilized. Accordingly, this paper presented a method for
selecting a control center-based dynamic object information utilization service model through in-
depth interviews with 26 related local government control center operation personnel. A comparative
analysis according to the size of the local government to which the evaluator belongs was also
performed. As a methodology, Fuzzy AHP was used, which can support rational decision-making
by mathematically expressing ambiguous phenomena such as subjective and uncertain judgments.
The summary of the research results is as follows. Services related to recent incidents in South Korea
(e.g., school zone traffic accidents and lowland inundation) were identified as very important. These
social issues are significant factors in policy decisions. In comparing the results for each urban scale,
the importance of pedestrian safety services on backside roads and main road traffic services was
found to be important in the metropolitan area and regional, medium, and small cities, respectively.
This was attributed to metropolitan cities with high population density, and medium and small cities
experiencing alienated traffic information. In metropolitan areas, new services are highly important
owing to the demand for a more scientific control service and future mobility based on a sound control
infrastructure. In medium and small cities, facility management services were assessed relatively
highly owing to the poor conditions of regional cities with a lack of supervising personnel in the field
and a lack of surveillance system infrastructure. This paper was able to confirm the difference in
service preference by city size, and it is necessary to select the optimal service model considering
these results.

Keywords: dynamic information; service assessment; fuzzy AHP

1. Introduction
1.1. Research Background and Purpose

In South Korea, closed-circuit television (CCTV) control centers in 226 lower-level
local governments monitor anomalies (e.g., transportation problems, crime, and disasters)
based on dynamic information. Until the early 2000s, controllers at city control centers
directly monitored CCTV images; however, with recent developments in information
and communication technology and smart city operation technology, advanced control
technologies such as artificial intelligence (AI), big data, Internet of Things (IoT), and digital
twins have found extensive use. These advanced control technologies help recognize, renew,
and predict the dynamic information of objects, such as pedestrians and vehicles. With this
information, emergencies can be responded to within the golden hour, and the expected
risk factors can be eliminated. In particular, smart cities are developing various application
solutions using advanced technologies such as IoT, artificial intelligence, blockchain, big
data, and cloud computing for sustainable development. Looking at the service sector,
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the importance of areas directly related to citizen safety, such as transportation and crime
prevention, is increased [1–3].

In order to provide smart city services based on advanced technology to citizens, it is
necessary to utilize a central control tower in the public. The New York Police Department
in the United States established a real-time surveillance system linked to the police database
and CCTV image data through a domain awareness system, which is an integrated real-
time crime surveillance system [4]. China operates an active urban surveillance system
through CCTV-based facial recognition technology using SenseTime and Face++ [5]. South
Korea has also achieved the connection and integration of services in various sectors,
including crime prevention, transportation, and disaster management, based on the CCTV
control center [6]. Moreover, in South Korea, the characteristics, purpose, and budgeting
priority of each local government are considered for the integrated operation of each
local government’s control center. However, the control center utilization technology in
South Korea is unilaterally implemented by official policymakers without considering the
urban scale, the characteristics of the detected dynamic information, and the importance
of each service, while mostly focusing on short-term performances [7–9]. In terms of
research topics, though there are a great number of studies on individual services, including
transportation and crime prevention, there is insufficient research on the utilization of
dynamic information based on local government control centers for realistic technology
implementation. Furthermore, there are few reviews of alternative services and methods for
supporting decision-making processes that are appropriate for local governments within a
limited budget.

Therefore, this paper aimed to select a control center-based dynamic object infor-
mation application service model through in-depth interviews with related experts. The
goal of this study was to propose a method for selecting a service using dynamic object
information by actual city size, to this end, the evaluation target was composed of actual
local government control center operating personnel, and the evaluator’s affiliated local
government was classified and analyzed into large cities and small and medium-sized
cities. This is expected to support the selection of core services in the transportation and
crime prevention fields responsible for citizen safety in smart cities. The literature review
is presented in Section 1 (Introduction), and the methodology for assessing the service is
presented in Section 2. In Section 3, after selecting a service model for evaluating the control
center-based dynamic information utilization service, SWOT analysis and hypotheses were
established for accurate diagnosis. In Section 4, the assessment criteria and service are
evaluated, and an empirical analysis per urban scale is performed. Sections 5 and 6 present
the discussion and implications of the study.

1.2. Research Methodology

This study targeted main roads, backside roads, and the dynamic information uti-
lization service of the local government, which includes roads monitored by the control
centers of local governments. Dynamic information refers to the temporary existence and
disappearance of spatial data such as changes in transportation circumstances, pedes-
trian/vehicle movements, transportation density, and facilities [10].

For the research method, we decided upon dynamic information utilization services by
considering spatial characteristics, service sectors, and data monitored by the control center
through in-depth interviews with specialists. Thereafter, we reviewed the methodology for
supporting decision-making and selecting assessment criteria by considering the control
center and service characteristics. Finally, a hierarchy was set based on the fuzzy analytic
hierarchy process (AHP), and the dynamic information utilization service was assessed at
each urban scale.

1.3. Literature Review

This paper focuses on city control services based on dynamic object information in
the transportation and safety fields, which are the core fields of smart cities. Smart cities



Systems 2023, 11, 368 3 of 20

have emerged as a result of innovative ICT industries and markets, and new solutions
utilizing IoT, big data, and cloud computing technologies have been used to build profound
cities [11]. The role of various computing and communication technologies in the sustain-
able development of smart cities is presented, and the importance of public safety services,
traffic improvement, and safety services to quickly respond to disasters and threats is
emphasized [12]. In particular, looking at the recent smart city trends, if the goal of a smart
city in the past was to build urban infrastructure, now it is to provide smart city services.
Accordingly, smart city service operation and maintenance is an important situation [13].
It is necessary to select a service model for the purpose of providing citizen safety and
convenience required in such a smart city.

Dynamic object information mainly refers to moving objects and changing phenom-
ena in the city through CCTVs, drones, etc., and can contribute to solving various social
problems by detecting them in real-time. Research on dynamic information utilization has
mainly focused on autonomous driving and vehicles in advanced transportation, such as
intelligent transport systems (ITS) and pedestrian objects, while research on autonomous
driving has covered transportation CCTV imagery-based dynamic object-autonomous
driving support [14,15], dynamic information platform technology for urban road coopera-
tive automated driving [16], and dynamic information service assessment [17]. Related to
ITS, there are studies on location determination in dynamic transportation environments
and simulations [18,19] and real-time safety information provision based on road traffic
information [20]. From the perspective of detailed transportation services, research has
been conducted on dismissal strategies and dynamic information provision before and after
traffic incidents through smart road lighting facilities with video and radar equipment [21]
and object analysis based on situation recognition scenarios in school zones [22]. In sectors
other than transportation, research on dynamic object detection and intelligent image
surveillance system construction based on CCTV [23–26] has been conducted for crime
prevention. In the disaster sector, there have been studies on multi-disaster drone system
development through optimal path search and deep-learning-based object recognition [27].
In addition, there have been studies on visualization and system development, including
dynamic information and mashup performance comparisons of dynamic and spatial in-
formation [28], and dynamic image control system development based on user tracking
information [29]. These studies detected, tracked, and systemized dynamic object data
based on AI and big data and are significant in advancing analysis research relevant to
dynamic information in each sector. However, these studies were conducted as individual
units of research and did not consider the comprehensive and dynamic information utiliza-
tion services monitored by local government control centers. Thus, this study is significant
and differs from the previous research.

Research on selected services that will be operated in public, such as CCTV control
centers, mainly focuses on services related to smart cities and crime prevention. Examples
include research on temporal and spatial crime prediction in smart cities based on crime-
related data [30]; analysis of impact factors, number of lawsuits, and crime occurrence
according to CCTV control in public areas [31]; CCTV surveillance data verification systems
using blockchain technology [32]; and image surveillance systems during events and under
fog [33]. In addition, studies have assessed the importance of daily security operations
center (SOC) services in transportation, living convenience, medicine, education, culture,
and physical activity [34] and AHP assessment for social overhead capital facilities such
as bridges, tunnels, and ports [35]. However, although the targets of the abovementioned
research were publicly operated services, none targeted the local government control center
that implements dynamic information utilization services. Additionally, although most
studies use the AHP as a decision-making method, there is a lack of consideration of
advanced methods that complement the ambiguity of the AHP’s subjective determina-
tions. This study set the dynamic information utilization service monitored by each local
government’s CCTV control center as the assessment criterion, thereby providing decision-
making support with greater practical potential. Additionally, it used fuzzy AHP, which
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can mathematically complement the uncertain and subjective determinations of AHP, to
advance a control center-based decision-making support methodology.

2. Methodology

This study has the purpose of supporting decision-making by introducing a control
service using dynamic object information that can be monitored by a control center. There-
fore, it is important to select a research methodology supported by scientific evidence and
logic. In this regard, the multi-criteria decision-making method (MCDM) is mainly used in
academia to present objective priority alternatives to the criteria based on the purpose of
the research.

Among them, AHP has the following advantages: the possibility of structuring al-
ternative selections during complex decision-making situations and the easy integration
of quantitative/qualitative factors and subjective/objective factors based on experts’ ex-
periences and knowledge. Thus, it is a validated decision-making method used by the
government for the comprehensive assessment of preliminary feasibility plans. AHP
was developed by Saaty and supports decision-making through pairwise comparisons
between class factors [36]. Since Saaty, numerous researchers have developed various
derivative methods. Zadeh applied fuzzy theory to derive a fuzzy AHP [37]. Fuzzy theory
implements fuzzy sets and logic to overcome the inaccuracy and imprecision of subjective
determinations during assessments. Fuzzy AHP mathematically expresses ambiguous
phenomena, including subjective and uncertain decisions, as well as uncertain quantitative
data, and reasonable decision-making alternatives can be derived using fuzzy AHP.

This study used fuzzy AHP as the methodology for assessing dynamic information
utilization services, considering its advantages. Although there is no existing research
targeting control-center-based dynamic information utilization systems, several studies
have applied fuzzy AHP to the manufacturing and energy technology sectors. This research
focused on selecting the cutting process technology for water jets through fuzzy AHP [38].
Based on the weighted result values according to a pairwise comparison of each class of the
six assessment criteria, two final alternatives were selected through a relative importance
analysis per assessment criterion. To select a new manufacturing technology, research has
been conducted to develop a decision-making support system based on a fuzzy AHP [39].
The corresponding system supports investment decisions for manufacturing technologies
through a relative importance analysis of qualitative attributes, such as flexibility and
quality, which are difficult to quantify. For an important analysis of the cost efficiency of
various hydrogen production technologies, researchers have comparatively analyzed AHP,
fuzzy AHP, and advanced AHP [40]. Fuzzy AHP is considered mathematically reliable
because it supplements the ambiguity of subjective determinations. Studies have also
derived the priority of hydrogen energy and energy technologies using fuzzy AHP with
respect to high oil prices [41,42]. Various studies have utilized the relative importance-based
AHP and fuzzy AHP models for technology and service assessments. Most studies have
assessed the reliability of fuzzy AHP models. In research based on AHP, all assessment
criteria were analyzed through relative importance surveys; however, several studies
focused on absolute importance assessment in consideration of the fact that there would
be numerous faithless responses and relative assessment survey questions in the case of a
significant number of assessment alternatives.

The fuzzy AHP utilized in this study is a complementary formula implemented by
Laarhoven and Pedrycz [43] using a triangular fuzzy number (TFN) based on the AHP of
Saaty [36]. Here, the TFN is expressed in a triangular form with three dots (l, m, u) (l = lower
bound, m = median, u = upper bound), and the area is the size of the TFN [41,44,45]. This
study uses the fuzzy scale presented in Table 1 to derive a TFN. This scale has been applied
in numerous research models of fuzzy AHP, where the fuzzy AHP expansion analysis
technique has been presented [41,45–47].
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Table 1. Fuzzy scale.

Linguistic Scale F-No. Fuzzy Triangular Scale Reciprocal F-T-Scale

Equal importance 1 (1, 1, 1) (1, 1, 1)
Moderate importance 3 (2/3, 1, 3/2) (2/3, 1, 3/2)

Strong importance 5 (3/2, 2, 5/2) (2/5, 1/2, 2/3)
Very strong importance 7 (5/2, 3, 7/2) (2/7, 1/3, 2/5)

Extreme importance 9 (7/2, 4, 9/2) (2/9, 1/4, 2/7)

To derive the assessment criteria for each class, the fuzzy scale in Table 1 was used
to calculate the average value of the weight based on pairwise comparisons. Using
Equations (1)–(4), the TFN Si = (li, mi, ui) value of the ith property was derived, and
the eigenvector normalization value of the minimum value was determined for the defuzzi-
fication of TFN Si for each assessment criterion [41,45]. Equation (1) shows the sum of the
relative evaluation scores before fuzzification for each item, and Equation (2) shows trian-
gular fuzzification according to l, m, and u values according to the fuzz scale. Equation (3)
shows the sum of the relative evaluation items of each evaluation standard for l, m, and u
values, and Equation (4) shows the final TFN value obtained by taking the reciprocal of the
sum of l, m, and u.

Si = ∑m
j=1 Mij ×

[
∑n

i=1 ∑m
j=1 Mij]

−1 (1)

s.t∑m
j=1 Mij =

(
∑m

j=1 lij, ∑m
j=1 mij, ∑m

j=1 uij

)
, (2)

∑n
i=1 ∑m

j=1 Mij =
(
∑n

i=1 ∑m
j=1 lij, ∑n

i=1 ∑m
j=1 mij, ∑n

i=1 ∑m
j=1 uij

)
, (3)

[
∑n

i=1 ∑m
j=1]

−1 =

[
1

∑n
i=1 ∑m

j=1 uij
,

1
∑n

i=1 ∑m
j=1 mij

,
1

∑n
i=1 ∑m

j=1 lij

]
. (4)

The fuzzy scale listed in Table 1 was used to derive an alternative assessment. The
alternative assessment included numerous assessment criteria, unlike the assessment
standard, and it was difficult to maintain reliability and consistency, as it increased survey
fatigue during relative evaluation. Therefore, this study performed an absolute assessment
based on a five-point Likert scale to increase the immediacy of each question and the
number of survey questions. Because determining absolute importance involves expression
at three points, a centroid method based on the TFN, which is simple to use and easy to
mathematically analyze, was applied. The fuzzy value of n TFNs for acquiring TFN A is
shown in Equation (5):

A =
(∑n

i=1 a, ∑n
i=1 b, ∑n

i=1 c)
n

= (a, b, c). (5)

The formula for defuzzification used to express the generated fuzzy set as real values
is as follows:

g = c −
√

(c − a)(c − b)
2

, g = a +

√
(c − a)(b − a)

2
. (6)

where g is the centroid value, and a, b, and c are triangular fuzzy numbers derived from
Equation (6). The alternative attribute value of the triangular fuzzy number can be derived
by determining the corresponding centroid value [44,48].

Based on the centroid value determined for each alternative, the decision value (DV)
that applies the fuzzy AHP assessment criteria weight is determined using Equation (7).
The importance of each alternative is compared through the DV, and decision-making can
be supported based on this. Here, DV(i) is the DV value of the ith dynamic information
utilization service, and Wx is the importance (weighting) value of the assessment factor x
determined through Equations (1)–(4) based on a pairwise comparison. Thus, ∑γ

x=a Wx = 1
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is valid. ai(x), bi(x), and ci(x) are the TFNs a, b, and c, respectively, of the assessment factor x
of the ith service. The assessment factor x is expressed as α, β, and γ; α is the assessment of
purpose correspondence, β is the assessment of service suitability, and γ is the assessment
of service feasibility.

DV(i) = ∑γ

x=α
Wx

ci(x) −

√√√√(
ci(x) − ai(x)

)(
ci(x) − bi(x)

)
2

. (7)

x = α,β,γ∑γ

x=a Wx = 1.

3. Service Model Selection
3.1. Service Model Selection

To establish an alternative for the assessment of the dynamic information utilization
service of the control center, the service model was selected through focus group interviews
(FGIs) based on relevant experts. FGIs are necessary to discover solutions from new
perspectives or when relevant existing research is insufficient [49]. In particular, FGIs are
a highly useful decision-making support method when comprehensive viewpoints and
insights are necessary across various fields, as was the case in this study. Thus, this study
included seven experts in the FGI expert group, including local government control center
officials in the fields of spatial data and image analysis, system integration industries, and
government think tanks. The FGIs consisted of two parts.

First, the discussion mainly focuses on the existing services provided by local govern-
ment control centers. With local governments’ control center officials, the spatial character-
istics, service sectors, and data collection sources for the dynamic information utilization
service of control centers were discussed. Consequently, spatial attributes were classified
into three categories–main roads, backside roads, and metropolitan controls–followed by
the derivation of service sectors for each space, such as road/traffic, road management,
pedestrian safety, and facility safety.

Thereafter, the collected data were classified into mobile objects, such as pedestrians,
vehicles, two-wheeled vehicles, bicycles, and sharing mobility (electric scooter); fixed
objects, such as road surfaces, road facilities, and illegal structures; and static data, such as
communication, bus, and taxi operation data.

Finally, system connection data operated by local governments, such as ITS and crime
prevention monitoring systems, were derived. A total of 17 service models were established
based on spatial characteristics and service sectors [10].

The service model selected as the primary model is a service already operated by
the control center, and it lacks expansion in terms of research and commercialization.
Experts have determined that a more active dynamic information utilization service should
be derived, which includes the reflection of recent issues, trends, and future technology
use. Thus, in the second FGI, additional service model selections based on each spatial
characteristic and service sector criterion were discussed. As a result, 11 services were
added, including services reflecting future mobility trends such as autonomous driving
and shared mobility, living SOC management service for citizens’ life convenience, and
urban attractiveness services such as streetscape and landscape; a total of 28 service models
were finally selected (Table 2).
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Table 2. Service model.

Space Service Topic Service Detail Additional
Selection

Main road

Road traffic

A-1 Road congestion
information

Location of congestion section for each
traffic lane/time of occurrence analysis and

congestion impact zone analysis

A-2 Emergency information
Accidents, jaywalking, law violation
(reverse driving, illegal U-turn, etc.),

emergency information system

A-3 Two-wheeler/Shared
mobility analytics

Concentration/flow analysis of
two-wheelers (motorcycles etc.) on

highways and shared mobility (electric
scooter, bicycle, etc.)

o

A-4 Construction zone
analysis information

Road construction information monitoring
that changes over time

A-5 Construction vehicle
analytics

Monitoring heavy construction vehicles that
may cause traffic congestion and

air pollution
o

A-6 Autonomous driving
support information

Drone-based autonomous driving vehicles
and monitoring route surprises o

Road management

B-1 Road lane damage
risk information

Drone-based road-damage-state analysis
and aging management for each lane

B-2 Road lane climate
risk information

Manage road icing (black ice) and flooding
(ponding, etc.)

B-3 Road facility
management

Road structure damage/functional defect
management (median, sidewalk block, etc.)

Backside road

Pedestrian safety

C-1 Unexpected incident
information

Monitor backside road pedestrian threat
surprises (two-wheelers, kickboards, etc.)

C-2 Illegal parking
information

Real-time backside road illegal parking
information monitoring

C-3 Two-wheeler/Shared
mobility analytics

Congestion/flow analysis of two-wheelers
(motorcycle etc.) on backside roads and
shared mobility (kickboard, bicycle, etc.)

o

C-4 Pedestrian congestion
information Pedestrian congestion analysis o

C-5
Pedestrian abnormal

behavior analysis
information

Pedestrian abnormal behavior monitoring
(clustering, loitering, assault, littering, etc.)

Facility safety

D-1 Illegal private use
information on road

Monitoring of illegal private use/illegal
installations (promotional event, valet booth,

etc.) on the road

D-2 Structural safety state
information

Structural safety state
information monitoring

D-3 Fire occurrence
information

Fire occurrence information detection
monitoring (smoke, flame, etc.)

Living SOC
management

E-1
Moving object

origin-detection
(OD) map

Trajectory-based moving object OD map
by type o

E-2 Living SOC
site selection

Living SOC facility and common parking
lots based on trajectory-based OD map, and

walking/PM living zone map
o

E-3 Backside road
congestion

Backside road congestion during commute
hours based on the “PM utilization

efficiency index” (for recommending the use
of transportation means)

o

E-4 Moving object
trajectory heat map

Bicycle trajectory information heat map (for
additional bicycle map plan) o
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Table 2. Cont.

Space Service Topic Service Detail Additional
Selection

Local control

Pedestrian
environment

F-1 Pedestrian
environment analysis

Pedestrian environment improvement and
attractiveness analysis based on pedestrian
environment assessment (safety, comfort,

accessibility, etc.)

F-2
School zone pedestrian
environment analysis

information

Children pedestrian normal/abnormal
behavior detection based on CCTV in front
of the school, and school zone pedestrian

safety map identifying quantity
and characteristics

F-3 Living area fine dust
analysis information

Fine dust analysis information monitoring
based on fine dust concentration data, road

congestion, construction area, and
construction vehicle information

Crime prevention
safety

G-1 Crime safety map

Insecurity, life safety map, and crime safety
improvement map creation considering

micro-built environment (natural
surveillance, access control, and

maintenance) and macro-environment
(spatial context) related to regional safety

G-2 Lowland inundation
information

Flooding information provision during
abnormal climate by comprehensively using
such information as river levels, CCTV, and

lowland parking

Urban attractiveness

H-1 Attractiveness of
commercial streets

Visualization of attractiveness index per
street, considering traffic volume,

movement speed, and dwell time per street
o

H-2
Streetscape

attractiveness
(walkability)

Assessment map of streets attractive for
walking and attractiveness felt qualitatively

for each street
o

3.2. SWOT Analysis

In order to play a role as a practical public service, an accurate diagnosis of the dy-
namic object information utilization service should be made. Therefore, a SWOT analysis
was performed on the dynamic object information utilization service in the control center
covering the previously selected service model. First, the strength factor of the dynamic
object information utilization service is that all dynamic objects detected based on the
city control center can be identified. It is possible to control without blind spots by us-
ing CCTV, which is a fixed facility, and a drone, which is a mobile device. In addition,
sustainable city control is possible, because it includes future-oriented elements as well
as currently operating control technologies and targets. Second, the weak point is the
construction and operation costs that will be incurred for each service model. CCTV, which
is the main means of detecting dynamic object information, does not add cost because
it utilizes existing infrastructure. However, in the case of drones to control CCTV blind
spots, it is necessary to establish a drone station and a drone control system that can control
and manage drones as well as product cost. In addition, it is necessary to build a server
and control/visualization system for secondary analysis such as video and space. It is
judged that it is necessary to select a service model considering these HW and SW costs.
In particular, small local governments need support from the central government because
of the lack of budget. Another weakness is that these local government control services
are the government-led, unilateral, and uniform introduction of services. It is necessary to
select a service type based on spatial characteristics such as city scale, characteristics of local
government, and residence type. Third, the opportunity factor is the rapid development of
advanced technology to implement the proposed dynamic object utilization service. The
rapid development of advanced technologies such as AI, digital twins, and drones, which
are essential for the realization of this service, leads to a reduction in construction and
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operation costs. This is expected to be a positive factor in terms of service expansion and
commercialization. Fourth, the threat factor is the problem of personal privacy exposure
due to the large number of video-based service models. In the case of Korea, citizens’
awareness tends to value safety services more than personal privacy, but a more cautious
approach is needed. One way is to promote the introduction of technology that anonymizes
personal information. Based on the SWOT analysis of dynamic object information utiliza-
tion services, it seems that additional discussions for service operation are needed. This is
dealt with in-depth in the discussion section.

3.3. Hypothesis Setting

This study intends to establish several hypotheses about the finally selected service
model. First, the new service model will have a lower importance than the service set in
the first phase. Since the primary setting service model is operated by the existing control
center, it is an essential operation item. New service models are likely to be pushed back in
policy priorities as they are mainly focused on grafting future technologies and additional
services for citizen convenience. Second, in large cities, the road traffic on the main road
and pedestrian safety services on the backside road will be more important than in small
and medium-sized cities. Since large cities have high population densities, it is judged
that the importance of services for monitoring traffic volume and pedestrian safety will
be high. Third, in small and medium-sized cities, the importance of facility safety and
living SOC management services will be higher than in large cities. This is because small
and medium-sized cities lack facilities management, control infrastructure, and living
convenience services for citizens compared to large cities. In the discussion chapter, the
hypotheses and analysis results are contrasted for comparative analysis.

4. Empirical Analysis
4.1. Analysis Outline

To assess the dynamic information utilization service based on fuzzy AHP, we con-
ducted an expert survey targeting the control center officials of local governments. The
survey was conducted face-to-face or via e-mail by the researcher directly with the person
in charge of the local government control center, and Microsoft Office Excel 2019 based on
Windows 10 was used as an analysis tool. As this study assumes that dynamic information
utilization services operate in local government CCTV control centers, the AHP survey
target was set as the officials in charge of the corresponding task to increase the reliability
of the analysis. To analyze the difference in importance for each urban scale, we acquired
26 effective samples, including 10 public officials in charge of CCTV control centers in
metropolitan areas such as Seoul and Busan, and 16 officials from other regional cities and
districts. As the assessor selected and operated the actual relevant service, the level of
understanding of the research and survey was significantly high, and the reliability of the
analysis results could be enhanced. Despite the small number of respondents in the AHP
research, the sample size is not significantly problematic as long as expertise and logical
consistency are assumed [50].

The classification process, which is an important process in AHP analysis, must sys-
tematically design decision-making details, such as assessment criteria and class structures
between alternatives, to achieve the final purpose. The 1st class, which is the goal of this
research, is the selection of a dynamic information utilization service based on control
centers, and the assessment criteria that evaluate the alternatives are classified as second
and third classes; the fourth class is the assessment alternative of the 28 previously selected
service models. The final class structure reflecting this is shown in Figure 1. The 4th class
in Figure 1 refers to the service model. This study reviews the major public guidelines
that assess technology and service value in South Korea to select the assessment criteria
that correspond to classes 2 and 3. A review of the smart city service verification sys-
tem [51], the Korea Technology Finance Corporation’s technology evaluation [52], and
the technology value assessment manual by the Ministry of Land, Infrastructure, and
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Transport [53] showed that the corresponding guidelines commonly have assessment cri-
teria, such as compliance, technology evaluation, marketability, and business feasibility,
based on the assessment purpose. Considering that this research is at the service model
establishment stage before the actual technology and service operation, the rights, business
feasibility, and functional evaluation criteria necessary during the commercialization stage
were excluded from the previously surveyed criteria. Finally, three large classification
assessment criteria, namely, compliance with purpose, service suitability, and service feasi-
bility, were selected. The sub-classification assessment criteria show that compliance with
purpose includes the effectiveness of service provision and correspondence to relevant
policies, while service suitability consists of the competitiveness of existing services and
service/market growth. For service feasibility, economic efficiency and risk factor/field
application potential were selected.
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4.2. Assessment Criteria Analysis

The consistency of the survey was validated prior to the analysis of the assessment
criteria. The consistency ratio (CR) is calculated according to the comparison matrix
Consistency Index (CI) and size n and is determined using the average random index
of multiple CIs [50]. In general, if CR is smaller than 0.1, consistency is moderate, and
CR = 0.1–0.2 is also considered to be not significantly problematic. The CI of the 26 samples
used in this study showed CI = 0.051, indicating a significantly good consistency.

For the pairwise comparison analysis of the assessment criteria classes, Class 2 and
Class 3, a matrix was composed based on the aforementioned fuzzy scale, followed by the
determination of the geometric average value of the fuzzy preference. Based on this, the
final weight, which is the eigenvector value of the minimum value, was determined for
defuzzification, and the TFN value for each assessment criterion. The TFN values of Class
2 were “0.25, 0.31, 0.38” for purpose compliance, “0.24, 0.29, 0.36” for service suitability,
and “0.31, 0.40, 0.50” for service feasibility (Table 3). The normalized weight derived based
on this was the highest in service feasibility at 0.388, followed by purpose compliance
at 0.317, and service suitability at 0.295. It is important to create various conditions for
implementing actual services s uch as securing a budget for service model construction
and operations, field application risks, and management operations was highly assessed.
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Table 3. 2nd class TFN & weight calculation result.

2nd Class Purpose Compliance Service Suitability Service Feasibility

Purpose compliance (1, 1, 1) (0.98, 1.12, 1.27) (0.63, 0.73, 0.86)
Service suitability (0.79, 0.89, 1.02) (1, 1, 1) (0.64, 0.78, 0.97)
Service feasibility (1.16, 1.37, 1.60) (1.03, 1.28, 1.56) (1, 1, 1)

TFN (S1,S2,S3) (0.25, 0.31, 0.38) (0.24, 0.29, 0.36) (0.31, 0.40, 0.50)
Weight (normalization) 0.317 0.295 0.388

The TFN for each assessment criterion and weight were determined for Class 3
(Table 4). As for the TFN for purpose compliance, the values were “0.48, 0.58, 0.70” for
the effectiveness of service provision and “0.36, 0.42, 0.50” for correspondence to relevant
policies; the resultant weight was 0.571 for the effectiveness of service provision, which was
relatively higher than 0.429 for correspondence to relevant policies. Thus, the importance
of effectiveness based on service purposes such as accident prevention, real-time situation
response, and user convenience provision was found to be higher than that of relevant
government policies. As for the TFN for service suitability, the values were “0.41, 0.46, 0.52”
for competitiveness to existing service and “0.48, 0.54, 0.61” for service/market growth; the
weight of service/market growth was 0.539, which was higher than the weight of 0.461 for
competitiveness to existing service. Thus, the growth potential of services and the relevant
markets is an important aspect of service selection. Lastly, in terms of the TFN for service
feasibility, the values were “0.37, 0.45, 0.54” for economic efficiency and “0.44, 0.55, 0.68”
for field application potential; the weight was 0.546 for field application potential, which
was higher than 0.454 for economic efficiency. Thus, the importance of the field application
potential, such as service operations in the field, personal information protection, and risk
management, including administrative delays, was highly assessed.

Table 4. Third class TFN and weight calculation result.

3rd Class Effectiveness of Service Provision Correspondence to Relevant Policies

Purpose compliance

Effectiveness of service provision (1, 1, 1) (1.15, 1.37, 1.63)

Correspondence to relevant policies (0.61, 0.73, 0.87) (1, 1, 1)

TFN (S1,S2,S3) (0.48, 0.58, 0.70) (0.36, 0.42, 0.50)

Weight (normalization) 0.571 0.429

Third class Competitiveness to existing service Service/market growth

Service suitability

Competitiveness to existing service (1, 1, 1) (0.75, 0.84, 0.96)

Service/market growth (1.04, 1.18, 1.33) (1, 1, 1)

TFN (S1,S2,S3) (0.41, 0.46, 0.52) (0.48, 0.54, 0.61)

Weight (normalization) 0.461 0.539

Third class Economic efficiency Field application potential

Service feasibility

Economic efficiency (1, 1, 1) (0.66, 0.81, 1.00)

Field application potential (1.00, 1.24, 1.50) (1, 1, 1)

TFN (S1,S2,S3) (0.37, 0.45, 0.54) (0.44, 0.55, 0.68)

Weight (normalization) 0.454 0.546

The order of importance was derived by multiplying the Class 2 and Class 3 assessment
criteria by the weights: the field application potential was highest at 0.212, followed by
the effectiveness of service provision (0.181), economic efficiency (0.176), service/market
growth (0.159), competitiveness with existing services (0.136), and correspondence with
relevant policies (0.136) (Table 5). Thus, a service model with significant service effects is
necessary, as is the securement of economic efficiency and field application potential for
realizing services such as risk management, cooperation with relevant institutions, and
government support.
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Table 5. Analysis results of assessment criteria.

Class A Class B

Classification Weight
(Rank) Sub-Classification Weight

(Rank)
Final Importance

(Rank)

Purpose compliance 0.317
(3)

Effectiveness of service provision 0.571
(1)

0.181
(2)

Correspondence to relevant policies 0.429
(2)

0.136
(6)

Service suitability 0.295
(2)

Competitiveness to existing services 0.461
(2)

0.136
(5)

Service/market growth 0.539
(1)

0.159
(4)

Service feasibility 0.388
(1)

Economic efficiency 0.454
(2)

0.176
(3)

Field application potential 0.546
(1)

0.212
(1)

4.3. Service Assessment Analysis
4.3.1. Calculation Processes

In this study, the centroid value was used to determine the absolute importance of
assessment alternatives. The average value of the triangular fuzzy number, transformed
based on the fuzzy scale for each assessment criterion, was determined. For example, the
average values of the triangular fuzzy numbers—the lower bound a, median b, and upper
bound c—of the field application potential among the service model’s road congestion
information (A-1) from the total respondents were calculated using Equation (5).

∑n
i=1 ai

n
=

(3.5 + 2.5 · · ·+ 1.5 + 3.5)
26

=
69.3
26

= 2.67,

∑n
i=1 bi

n
=

(4.0 + 3.0 · · ·+ 2.0 + 4.0)
26

=
82.0
26

= 3.15,

∑n
i=1 ci

n
=

(4.5 + 3.5 · · ·+ 2.5 + 4.5)
26

=
95.0
26

= 3.65

The centroid value (g) of 3.16 was calculated using Equation (6) based on the derived
road congestion information) and TFN values of the field application potential (2.67, 3.15, 3.65).

g = 3.65 −
√

(3.65 − 2.67)(3.65 − 3.15)
2

= 3.16

The centroid value for each assessment criterion of the 28 service models was calcu-
lated, and the value of the final mathematical decision-making model, DV, which applied
the weights for each assessment criterion derived above, was determined. For example, the
DV value of road congestion information (A-1) was calculated using Equation (7) as follows:

DV(1) =
γ

∑
x=a

Wx·gx.

= (0.181 × 3.50) + (0.136 × 3.08) + (0.136 × 2.51) + (0.159 × 2.55) + (0.176 × 2.62) + (0.212 × 3.16)

= 2.93.

4.3.2. Analysis Results

An assessment analysis was performed for the dynamic information utilization service
of control centers for each classified urban scale of metropolitan areas and regional, medium,
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and small cities based on the service assessment calculation process. Table 6 presents the
DV for each service model and the order for metropolitan areas and regional, medium, and
small cities. The overall service model importance tendency was similar in metropolitan
and regional cities. In particular, school zone pedestrian environment analysis data, which
is a recent social issue in South Korea, showed the highest DV in metropolitan areas (third
rank, 3.04), followed by small and medium cities (third rank, 2.91), while the lowland
inundation information service showed the highest DV in metropolitan areas (second
rank, 3.06), followed by medium and small cities (fifth rank, 2.89). It was determined that
various traffic accidents in school zones and inundation accidents owing to heavy rainfall
in the summer of 2022 would have significantly affected the results. These social issues
significantly contribute to political decision-making, regardless of the urban scale. The
overall tendency indicated that the importance of service models related to traffic accident
prevention and safety, including pedestrians and vehicles, was high. In the case of the
additionally selected new service models, autonomous driving support information and
backside road congestion ranked in the middle, whereas the rest ranked low. The new
service model is mainly a secondary analysis of information for preventing accidents rather
than emergencies, and it was an afterthought for control center officials in terms of urgency.

The differences in importance between metropolitan areas and medium and small
cities are as follows: Metropolitan areas showed high importance for pedestrian safety
services on backside roads, such as illegal parking information (DV 3.32, first rank) and
unexpected situation information (DV 2.92, fifth rank), whereas medium and small cities
showed relatively high importance for main road traffic services, such as road congestion
information (DV 3.04, first rank) and unexpected incident information (DV 2.85, sixth rank).
Given the characteristics of metropolitan areas with high population densities, numerous
major factors threaten pedestrian safety, such as vehicles, bicycles, and electric scooters.

Table 6. Analysis results of service model alternative assessment.

Space Service Topic Service
Metropolitan Area Medium and Small

Cities (Region)

Decision
Value Rank Decision

Value Rank

Main road

Road traffic

A-1 Road congestion information 2.76 8 3.04 1

A-2 Unexpected incident information 2.82 6 2.85 6

A-3 Two-wheeler/Shared mobility analysis information 2.46 16 2.19 28

A-4 Construction area analysis information 2.78 7 2.77 10

A-5 Construction vehicle analysis information 2.56 13 2.49 20

A-6 Autonomous driving support information 2.70 10 2.71 13

Road
management

B-1 Road surface damage risk information 2.95 4 2.83 8

B-2 Road surface climate risk information 2.31 19 2.54 18

B-3 Road facility management 2.69 11 2.80 9

Backside road

Pedestrian safety

C-1 Unexpected incident information 2.92 5 2.74 11

C-2 Illegal parking information 3.32 1 2.71 14

C-3 Two-wheeler/Shared mobility analysis information 2.51 15 2.23 27

C-4 Pedestrian congestion information 2.27 20 2.26 26

C-5 Pedestrian abnormal behavior analysis information 2.06 26 2.33 23

Facility safety

D-1 Information on illegal private use of the road 2.51 14 2.84 7

D-2 Structural safety state information 2.22 23 2.62 15

D-3 Fire occurrence information 2.67 12 2.95 2
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Table 6. Cont.

Space Service Topic Service
Metropolitan Area Medium and Small

Cities (Region)

Decision
Value Rank Decision

Value Rank

Backside road Living SOC
management

E-1 Moving object OD map 1.99 27 2.33 22

E-2 Living SOC site selection 2.26 21 2.57 17

E-3 Backside road congestion 2.36 17 2.89 4

E-4 Moving object trajectory heat map 2.22 24 2.52 19

Local control

Pedestrian
environment

F-1 Pedestrian environment analysis 2.35 18 2.62 16

F-2 School zone pedestrian environment
analysis information 3.04 3 2.91 3

F-3 Living area fine dust analysis information 2.25 22 2.30 24

Crime
prevention safety

G-1 Crime safety map 2.72 9 2.72 12

G-2 Lowland inundation information 3.06 2 2.89 5

Urban
attractiveness

H-1 Attractiveness of commercial streets 2.17 25 2.28 25

H-2 Streetscape attractiveness (walkable area) 1.96 28 2.34 21

In the case of the two-wheeler/shared mobility analysis data (C-3), metropolitan
areas ranked 15th (DV 2.51), and medium and small cities ranked 27th (DV 2.23). For
pedestrian congestion information, metropolitan areas ranked 20th (DV 2.27) and medium
and small cities ranked 27th (DV 2.23). As such, it was possible to identify the differences
between the relevant service models in metropolitan areas and medium and small cities. In
the case of medium and small cities, the order of main road congestion information (DV
3.04, first rank) and backside congestion (DV 2.89, fourth rank) was significantly higher
than in metropolitan areas. This was understood as the alienation of relevant data in
medium and small cities owing to road traffic information service operations, mainly in
metropolitan areas.

The importance of facility safety services on backside roads was relatively higher in
medium- and small-sized cities than in metropolitan areas. This was attributed to the
difficulty in effectively controlling illegal private road use or installations, owing to the
lack of onsite enforcement personnel and surveillance system infrastructure in medium
and small cities. Similarly, the importance of fire occurrence information detection and
structural safety state information monitoring in medium and small cities is considered to
be higher owing to the lack of control infrastructure.

Among the secondarily selected new services, metropolitan participants in the survey
considered road traffic and pedestrian safety services such as two-wheeler/shared mobility
analysis information, autonomous driving support information, and pedestrian congestion
information to be important. In metropolitan areas, future mobility demand is considered
based on the overall sound control infrastructure, and the demand for a more effective and
scientific control service is reflected. The importance of living SOC management and urban
attractiveness services was slightly higher in medium and small cities. In medium and small
cities, urban attractiveness was interpreted as highly important from the perspective of
urban vitalization and living SOC management from the perspective of securing residents’
living services.

5. Discussion

This study assessed the dynamic information utilization service operable in control
centers at each urban scale. An important keyword is South Korea’s control center, which is
characterized by a centralized supervisory system. In South Korea, 226 local governments
have CCTV control centers that can monitor 1,330,000 (as of 2020) CCTVs. Based on
type, there were 704, 134 crime prevention CCTV, which accounted for 52.7%, 575,146



Systems 2023, 11, 368 15 of 20

(43.0%) facility safety and fire prevention CCTVs, 41,745 (3.1%) traffic control CCTVs,
and 15,628 (1.2%) CCTVs for traffic data collection, analysis, and provision. The control
center provides citizens with various safety services based on the corresponding CCTVs
related to crime prevention, transportation, fire, and inundation. However, as mentioned in
the Section 1, services are uniform and mainly based on short-term performance, without
considering service importance and dynamic object information. In addition to the dynamic
information utilization service model presented in this research, it is necessary to resolve
CCTV shadow areas and reflect on rapidly developing future technologies. South Korea
uses 50 CCTV monitors per control official as the standard for determining the number of
controllers in a control center. However, increasing the number of control officials based on
a higher number of CCTVs is impossible, given the limited budget of local governments.
Recently, studies criticizing the inefficiency of Korea’s CCTV operation and the lack of
control personnel are also increasing [54,55]. For example, the number of monitored CCTVs
per control officer in Seoul is 958, which exceeds the optimal level by a factor of 19. Thus,
the demand for intelligent control through the application of AI to CCTV images has
increased. Convergent utilization services must be sought with future technologies, such
as robots and autonomous driving, along with the application of recent technologies (e.g.,
AI, big data, digital twins, and drones). As controlling the shadow areas of CCTV will
be possible with the use of drones and robots, additional service model discovery and
demonstration of the service that reflects them are necessary.

This research presented 28 dynamic information utilization service models and a
decision-making support method for service selection; however, public budgets must be
secured for service implementation in local government control centers. Although the
28 services presented in this study can be operated based on existing CCTV images without
additional sensor installation, a drone is required to cover CCTV shadow areas. In this
regard, a study dealing with the issue of effective coverage through mixed operation of
fixed CCTV and patrol drones has also been conducted [56]. However, to implement these
services, operating systems (SW) and servers (HW) must be implemented as well as field
equipment, which may incur operational and maintenance costs. As local governments
spend significant funds on maintaining existing control centers, it is difficult to secure addi-
tional funds to implement these new services. In medium and small cities where financial
circumstances are weaker, support from the central government, such as government-
matched funds and contest projects, is necessary. In addition to securing the public budget,
the demands of residents must be reflected in the selection of service models. Thus far,
control services have only been introduced through unilateral decision-making by public
institutions and citizens’ opinions have been poorly reflected. Thus, services appropriate
for residents have not been provided, and conflicts have arisen between public institutions
and residents. Studies suggesting citizen participation in the public policy decision-making
process are continuously being proposed [57,58]. As a dynamic information utilization
service is implemented to ensure the safety of residents, and personal information issues
may occur due to CCTV, it is necessary to identify residents’ demands. For this purpose,
realistic measures, such as the establishment of a public and resident governance council
for the operation of the control service, are necessary, and residents’ preference assessment
of the service models must be followed.

It is necessary to select an optimal service model for each local government, consid-
ering the urban scale, local government control infrastructure, and field circumstances.
This research presents the implications of dynamic information utilization service assess-
ment by classifying metropolitan areas and regional, medium, and small cities. This is
academically significant in that a difference in service preferences was identified for each
classified urban scale. However, for field applications, a detailed survey of the current
state must entail not only the urban scale but also the characteristics of the cities of each
local government, control infrastructure level, residential types, and spatial characteristics.
The city characteristics of each local government, including tourism, education, business,
nature, and development orientation, differ. In tourist cities, a strategy primarily based
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on urban attractiveness and pedestrian congestion information services may be necessary;
in educational cities, strategies based on school zones and pedestrian safety services may
be necessary; in business cities, strategies based on road traffic and autonomous driving
support services may be required; and in natural cities, strategies based on fire occurrence
and inundation information services may be required. As the control infrastructure and
control centers differ for each local government, the current state of the local governments’
equipment by type and relevant project implementation must be investigated in detail. A
multidata-based convergence service may be required through connections with relevant
projects. In addition, the importance of each service may differ according to the type of
residence and spatial characteristics such as high-density apartment complexes, low-rise
residences, and single-room neighborhoods. In regions where the foundation of living
facilities is weak, the living SOC management service can be set as the major service, and
it is possible to establish a strategy for maximizing intelligent platform-based scientific
control service operations in areas where systematic spatial management is possible (e.g.,
apartment complexes).

The following is a comparison of the hypotheses established above and the results
of the analysis. The first hypothesis is that ‘the new service model will have a lower
importance than the service set in the first phase’. Overall, the new service model tends to
appear less important than the existing primary service model. As an example, looking at
road traffic services on the main road, new services such as two-wheeler/shared mobility
analytics (A-3) and autonomous driving support information (A-6) were ranked lower than
the existing primary service models such as road congestion information (A-1), emergency
information (A-2), etc. As the reason for setting the hypothesis, it is interpreted that the
primary service model, which is an existing essential operation item, is evaluated as more
important than new services, which are future technology grafting and citizen convenience
additional services. An exception was the case where backside road congestion (E-3) was
selected as fourth in a small and medium-sized city. The second hypothesis is ‘in large
cities, the importance of road traffic on the main road and pedestrian safety services on
backside road will be higher than in small and medium-sized cities’. Pedestrian safety
services on backside roads were rated higher in large cities than in small and medium-sized
cities, as hypothesized. In particular, illegal parking information (C-2) and unexpected
incident information (C-1) were ranked first and fifth in the overall ranking. This was able
to grasp the importance of pedestrian safety services according to population density in
large cities. However, the road traffic service on the main road did not show a tendency
toward large cities. Rather, road congestion information (A-1) was ranked first in the overall
ranking in small and medium-sized cities. It is interpreted as reflecting the needs of small
and medium-sized cities, which are somewhat insufficient compared to large cities that
already have well-equipped traffic control infrastructure/services. The third hypothesis
is that ‘in small and medium-sized cities, the importance of facility safety and living SOC
management services will be higher than in large cities’. Since the importance of small
and medium-sized cities in all detailed service models of facility safety (D-1, D-2, D-3) and
living SOC management (E-1, E-2, E-3, E-4) was high, this hypothesis was accepted. As the
basis for setting the hypothesis, it is interpreted that small and medium-sized cities lack
facility management/control infrastructure and living services compared to large cities.

The implications of this study are summarized as follows. This research presents
a dynamic information utilization service model operable in actual local government
control centers and a selection process. This is academically and practically significant in
that actual control center officials were included in the expert group. The results can act
as a reference for decision-making in selecting dynamic information utilization services
from local government control centers. In addition, the spatial range and collected data
controlled by local governments were reviewed, differentiating this study from previous
studies that focused only on certain sectors. It was possible to confirm the differences in
service preferences based on metropolitan areas and medium and small cities classified
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at urban scales. An optimal service model selection that considers these differences is
necessary for each local government.

The limitations of this study are as follows. First, as this research focused on the assess-
ment of services based on local government control centers, we could not reflect opinions
from private companies. Although local governments implement dynamic information
utilization services, private companies develop, operate, and maintain actual services; thus,
their opinions must be considered in future research. Second, this study analyzes the
difference in service importance for each urban scale, classified into metropolitan areas and
medium and small cities. However, a more detailed classification system (e.g., the charac-
teristics of the cities of each local government, control infrastructure level, and residential
type) is not available. The purpose of this study was to suggest a method for selecting a
service model. In the future, it will be necessary to expand the regional scope and follow-up
research through a detailed current status survey of the local government. Third, because
this study selected a summarized dynamic information utilization service of the control
center, it could not suggest specific service implementation methods (e.g., necessary data,
connection system, service range, and predicted costs for each service). Fourth, in relation
to the research methodology, there is a difference in the number of samples between large
cities and small and medium-sized cities, and the total number of samples is rather small
at 26. Thus, subsequent research must overcome the limitations of this study and promote
its practical use for the effective and efficient operation of local government control centers
such as service implementation plans based on a detailed status survey by city, service
architecture design, economic feasibility analysis, etc.

6. Conclusions

This study selected a dynamic information utilization service model by considering
the spatial characteristics, service sector, data collection sources, and data types based on
dynamic object information controlled by local governments. Based on this, we assessed
services while targeting local government control center officials and presented a decision-
making support and service implementation method for each urban scale. The results are
summarized as follows. The dynamic information utilization service model is broadly
classified into main roads, backside roads, and local controls, by considering the charac-
teristics of the spaces monitored by the CCTV control centers of local governments. The
service sector was identified for each spatial characteristic. The main road was specifically
categorized into road, traffic, and road management; the backside road into pedestrian
safety, facility safety, and living SOC management; and local control into the pedestrian
environment, crime prevention safety, and urban attractiveness. Based on the classifications,
the fuzzy AHP technique was applied to assess the service model for each assessment crite-
rion and urban scale. Among the assessment criteria, the importance of service feasibility,
particularly field application potential, was the highest. Service promotion that accounts for
onsite service implementation potential, government support, cooperation with relevant
institutions, and risk management is necessary. For service assessment, services relevant to
recent incidents in South Korea (e.g., school zone traffic accidents and lowland inundation)
were found to be highly important. Thus, these social issues are significant factors in policy
decision-making.

In comparing the results for each urban scale, the importance of pedestrian safety
services on backside roads and main road traffic services was found to be important in
the metropolitan area and regional, medium, and small cities, respectively. This was
attributed to metropolitan cities with high population density, and medium and small
cities experiencing alienated traffic information. In medium and small cities, facility
management services were assessed relatively highly owing to the poor conditions of
regional cities with a lack of supervising personnel in the field and a lack of surveillance
system infrastructure. In metropolitan areas, the importance of future services, such
as mobility analysis information and autonomous driving support information, is high.
This was owing to the demand for a more scientific control service and future mobility
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based on a sound control infrastructure. In medium and small cities, the importance of
urban attractiveness services was high in terms of urban vitalization, and the importance
of living SOC management services was highly assessed in terms of securing residents’
living services.

Through this thesis, it was possible to present a method for selecting a service using
practical dynamic object information in a local government control center. Finally, 28 service
models, the Fuzzy AHP methodology to evaluate them, and the optimal service introduc-
tion plan for each city size were presented. Through this, it was possible to confirm the
difference in service preference according to large cities and local small and medium-sized
cities, and it is judged that it is necessary to select the optimal service model for each local
government considering this. It is hoped that related follow-up research will be actively
conducted so that people can lead a safe and convenient life.
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