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Abstract: Smart mobility is becoming an alternative technology of transportation development
for today and the future. Thailand has applied the intelligent transport system (ITS) to improve
traffic and transport services. The success of the project is generally dependent on collaboration
between private, public, and governmental agencies in policymaking and planning, coupled with
an inclusive agreement and technological knowledge in the field. This study argues that Thailand’s
automatic transportation has been successful because of cooperative-ITS (C-ITS). This study explores
the evidence-based cases of ITS development from six areas, Singapore, South Korea, Japan, China,
the European Union, and the United States of America, to explain how the C-ITS conditions support
the success of ITS. The study uses the SWOT (Strength, Weakness, Opportunity, Threat) and TOWS
(Threat, Opportunity, Weakness, Strength) analysis matrix to identify influential factors from the
six-area cases and compare them to Thailand. The authors identified seven components that relate to
the success of Thailand’s C-ITS. These include: (1) Pragmatic policy for pilot project implementation;
(2) close cooperation among stakeholders; (3) working criteria for C-ITS development; (4) architecture
of standard and framework; (5) share of lessons learned about current technology; (6) capability of
C-ITS deployment; and (7) a clear statement of data exchange and sharing. These findings represent
both the threat and opportunity for traffic and transport improvement in Thailand through the
C-ITS approach.

Keywords: cooperative-ITS; intelligent transport system; smart mobility; Thailand traffic and trans-
port services

1. Introduction

Smart mobility, which is one important component of smart city development, refers
to the coordination of goods, people, and transport with information and technology to
enable efficient mobility in the area [1,2]. Nowadays, digital technological advancement has
enabled the development of automatically smarter transportation systems. The advantages
of technological innovation promote the transformation of the transportation system into
smart mobility that is more efficient, intelligent, and environmentally friendly. This is
regarded as an intelligent transport system (ITS) that provides a variety of solutions for
emergency, safety, traffic management, information provider, and road-vehicle collabo-
ration [3]. Many countries in Asia, such as Singapore, South Korea, Japan, and China,
have used ITS to achieve smart mobility, as well as some countries from the European
Union (EU) as well as the United States of America (USA). They have strengthened the
ITS approach by adapting it to a cooperative-ITS (C-ITS) system [4]. The system can be
categorized into four sections: (1) Drivers, (2) other road users, (3) public agencies, and
(4) service providers, consistent with the cooperative patterns of vehicle-to-vehicle (V2V),
vehicle-to-infrastructure (V2I), and vehicle-to-everything (V2X) technology [5].

Thailand’s first ITS Master Plan was formulated in 2014 and the latest in 2019. The
ITS development plan that has set up projects that will allow Thailand to achieve smart
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transport by 2027. We classify our ITS into six systems: The area traffic control system,
commercial vehicle operations, travel information system, advanced public transporta-
tion systems, automation traffic enforcement, and electronic toll collection [6]. We also
transformed the ITS to the C-ITS, which is used to achieve smart mobility. The C-ITS
covers the roles of all related agencies in initiating harmonized specifications, learning and
utilizing the technologies, sharing and transferring technological knowledge, and building
cooperation among stakeholders [7]. To provide recommendations for Thailand’s C-ITS
development, we review the successful cases from the other countries using the index of
C-ITS development procedure.

2. Objectives and Methods

This study contributes to the drawing of an appropriate approach to C-ITS devel-
opment in Thailand. The study used the successful principles of C-ITS development
in Singapore, South Korea, Japan, the Republic of China, the USA, and the EU as the
evidence-based cases. These principles were examined through document analysis, and
then categorized and compared to analyze the internal and external factors of C-ITS de-
velopment in Thailand for integration into the SWOT (Strength, Weakness, Opportunity,
Threat) and TOWS (Threat, Opportunity, Weakness, Strength) analysis matrix format. The
final result was a feature of information about C-ITS development potential in the context
of Thailand.

3. Analysis and Results

This section is divided into four parts: (1) Current C-ITS development details in
Thailand and the other six areas, (2) success factors of C-ITS development in the six
countries by category, (3) factor comparison of C-ITS development between Thailand and
the other case studies, and (4) the matrix of SWOT and TOWS analysis for Thailand C-ITS
development. The results are reported accordingly.

3.1. Current C-ITS Development
3.1.1. Thailand

In 2019, Thailand’s ITS Development Master Plan was approved by the Commission
for the Management of Land Traffic. In the same year, the ITS Committee was established
to regulate and drive the ITS Master Plan. The goal of the Master Plan is to enhance ITS
as a tool for smart transport development in Thailand. The plan was defined for 10 years,
from 2018–2028. It was divided into two levels, the national level and the Bangkok and
Metropolitan Region level, under three phases of development, which are short-term
(3 years), intermediate-term (2 years), and long-term (5 years). It defines the policy and
plan for the responsible agency to implement nonduplicative projects. According to the
plan, the transport system will be strengthened by the smart systems of law enforcement,
traffic information communication, public transport management, and logistic process
to be more effective, inclusive, safe, and environmentally friendly. Besides, the project
of the connected vehicle, V2V, and V2X was designed for a prefeasibility study of C-ITS
implementation in Thailand [6].

In August 2020, the cabinet approved the 5-G Action Plan that utilizes 5G technology
to elevate social and economic growth. The development of a connected vehicle was
therefore set as the project platform to determine a flagship of this Action Plan [8]. Besides
the Ministry of Transport and the Ministry of Digital Economy and Society, there are
some more research institutes and private sectors working on C-ITS and smart mobility
development in Thailand, such as the ITS Lab of the National Electronics and Computer
Technology Center (NECTEC), ITS Thailand, and TOT Public Company Limited [9–11].
The relation of ITS development stakeholders in Thailand is presented in Figure 1. The pre-
feasibility study of connected V2V and V2X in accordance with ITS Master Plan evaluated
by OTP has not been established due to the capability of the concerned parties. One
more constraint is the barrier of automatic real-time integrated data exchange among all
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data centers, because there is no standard of data transfer or isolated information center
functioning as an ITS integration center. Only the Public Transport Information Standard
exists, which is reviewed by the national standard committee and used as the national
standard [12].
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3.1.2. Singapore: The CETRAN Project and C-V2X Technology

Due to the socioeconomic landscape of Singapore, with its scarcity of land, ITS sig-
nificantly enhances the overall commuting experience of travelers. “Moving towards a
more connected and interactive land transport community” was launched as an ITS vision in
shaping the country into an integrated, vivacious, and more inclusive community. The
Singapore-ITS strategic plan was first developed by the Land Transport Authority (LTA)
and the Intelligent Transportation Society of Singapore (ITSS) through the campaign of
“Smart Mobility 2030” [13]. The strategies can be divided into three key categories: The
implementation of innovative and sustainable smart mobility solutions, ITS standard
development and adoption, and the establishment of close partnerships and cocreations.

Under the plan, the Committee on Autonomous Road Transport (CARTS) and the
Singapore Autonomous Vehicle Initiative (SAVI) were formed to involve the public and
private sectors such as the JTC Corporation (JTC); the Agency for Science, Technology and
Research (A*STAR); and the Telecommunications Standards Advisory Committee (TSAC)
for setting the Dedicated Short-Range Communications (DSRC) standards supportive to
the ITS development [14,15]. In 2016, Nanyang Technological University (NTU) started
the Centre of Excellence for Testing & Research of AVs (CETRAN) project to establish a
national standard of autonomous vehicle testing and certification [16]. As part of NTU’s
plan, a self-driving golf cart and electric shuttle around the university were arranged
for the trial of two full-sized autonomous buses [17]. Moreover, NTU, together with M1
Limited (M1), has integrated 5G technology into the communication device of cellular
vehicle-to-everything (C-V2X), which permits industry partners to deploy 5G-connected
mobility in traffic areas regarding crash avoidance, real-time traffic routing, and network
security. The C-V2X equipment is installed in shuttle buses and autonomous vehicles to
enable vehicle localization tests in a real-world environment [18]. The attempts seek to
enrich the Singapore C-ITS.

3.1.3. South Korea: C-ITS on Daejeon-Sejong Expressway

In 2013, the C-ITS Master Plan, including C-ITS infrastructure implementation and
onboard unit installation, was established to meet the target of zero traffic accidents by
2030 [19]. The pilot project of C-ITS at Daejeon-Sejong expressway was initiated to promote
the system of road accident prevention. The project was designed through the coopera-
tion of the Ministry of Land, Infrastructure, and Transport (MOLIT); Korean Expressway
Cooperation (KEC); and Korea-ITS. Four main tasks covering infrastructure development,
service, technology verification, system maintenance, and standard establishment were per-
formed to assemble project accomplishments [20]. The task service is categorized into seven
sections: Primary information collection and providing, toll collection, safe driving support,
intersection-traffic safety support, public-transportation safety support, pedestrian care,
and accident prevention between vehicles.
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Besides these four parties, the National Research and Development Institute, Korean
Transport Institute (KOTI), Korea Institute of Construction Technology (KICT), and Korea
Research Institute for Human Settlements (KRIHS) are working on ITS research and
development to support policy and planning. Korea-ITS is the most important player to
establish the ITS standard, provide a workshop for ITS specialists, and facilitate dealings
between private and public agencies [20]. Korea-ITS has a responsibility to engage in
activities that meet both local and international standards, operate general assembly for
ITS standards, and act as a part working with the Korean Agency for Technology and
Standards. Consequently, all stakeholders are involved in the process of national standards
of ITS development [21].

3.1.4. Japan: A New C-ITS on the “ETC2.0” Project

In the late 1990s, the Japanese government and a nonprofit organization collaborated
on ITS development, starting from information and functions clarification by formulating
the ITS architecture [22]. As a result, they established 9 development areas, 21 user services,
and 172 user subservices [23]. Once the Japan C-ITS system was established, the Vehicle
Infrastructure Communication Systems (VICS) was applied with the radio frequency at
2.4 GHz to communicate the In-Vehicle Information (IVI) [24].

In 2014, Japan-ITS entered a subsequent stage where the Ministry of Land, Infras-
tructure, Transport, and Tourism (MLIT) set out a new C-ITS project, namely “ETC2.0.”
This development provided two more patterns of data communication: V2I and V2V. The
ETC2.0 requires higher capacity and bidirectional capabilities of the active 5.8-GHz Dedi-
cated Short-Range Communication (DSRC) to increase the information retrieval capacity
and devise simultaneously data prior collected as the probe data. The data were turned
into accurate and detailed traffic congestion information, resulting in multiple running V2I
applications. These features became the dynamic route guidance on an expressway in the
entire Tokyo metropolitan. Two years later, the joint public-private research on the next
generation of V2I was started by the National Institute for Land and Infrastructure Man-
agement (NILIM). The study covered three main topics: Roadside service, onboard-vehicle
service, and a common platform supporting safe driving and smoother road traffic.

In 2015, it became obvious that several types of C-ITS, coupled with innovations
in traffic issues, would be speedily developed and released in Japan. Anticipated is the
automated driving car after 2020. This technology deserves a semi-autopilot system that is
automated either for driving on an expressway or getting mobility service by a no-driver-
car in a limited area. It is concurrent to the Public-Private ITS Initiatives and Roadmap 2016
dealing with technology improvement which was beneficial for, and benefitted from, public
services and private companies.

3.1.5. Republic of China: LTE and 5G–V2X

The Republic of China initiated the C-ITS to elevate the connected-communication
system of vehicle-to-any. In the short term, the expressway information for safety and
traffic management is disseminated, while the encouragement of roadside and in-vehicle
equipment collaboration is set for the long term [25]. Standard and specification of V2X
development in China are promoted as government policy. First, the Industry Develop-
ment Special Committee was established to be responsible for V2X development. The
related ministries expressed their policy to support V2X about the standard, technology,
application, and service. National regulators such as the Frequency Management Regulations
for the Intelligent Connected Vehicles (Interim), Specifications of Automated Driving Tests
(Trial) on a public road, and Technical Guide for Construction of Automated Driving Closed
Test Site (Provisional) are responsible for defining the standard, specific, and fundamental
requirement of connected vehicle development. Currently, some closed areas in various
cities such as Beijing, Shanghai, and Wuxi are used to implement a test-based V2X and
automated driving technology. Another project is to improve more than 10 smart roadside
units for smart highways [26–28].
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The development of V2X can be classified into eight fields: Information service ap-
plication, safety application, transport efficiency improvement, vehicle platoon, remote
driving, sensor extension, and advanced driving [26]. In terms of the C2X industry, its chain
mainly includes communication chipset, module, terminal, a V2X protocol stack, vehicle,
intelligent road, and infrastructure. They function as the support agent for V2X develop-
ment. Companies such as Huawei, Datan, and Quectel are advancing their technology to
be compatible and harmonized with 5G technology [29].

3.1.6. The United States of America: V2X and C-V2X

Over the past several years, the United States Department of Transportation (USDOT)
and its operating administration have engaged in numerous activities of connected vehicles
devoted to the communication patterns of V2V, V2I, and V2P, which are collectively known
as V2X. The technology of V2X has the potential of improving transportation safety and
mobility benefits, both on their own and as a complementary technology if combined with
in-vehicle sensors. The technology also supports the integration of automated vehicles into
other innovative applications [30]. USDOT has routinely revised their regional ITS archi-
tecture, namely the Architecture Reference for Cooperative and Intelligent Transportation
(ARC-IT). ARC-IT creates a broadly cross-sectional ITS community, comprising experts
from transportation professionals and system engineers, system developers, technology
specialists, and consultants [31].

In 2017, the USDOT released new federal guidance of the Automated Driving System
(ADS) as a vision of Safety 2.0. A data roundtable on automated vehicle safety was arranged
to bring together over 60 participants from federal, state, and local governments; the private
sector; a nonprofit organization; and a research center to discuss data exchange for safe
deployment of an automated vehicle. The initial feedback involved the principle of data
exchange. Additionally, a framework to accelerate the safe deployment of automated
vehicles and an essential step in developing a shared understanding of collected and
exchanged data among stakeholders were discussed. The principles also extended to
all on-road transportation systems, as they were based on a diverse set of principles
from all stakeholders focused advancing multimodal safety, reducing policy uncertainty,
and outlining the work process of USDOT [32]. For adaptation to future transportation,
the Automated Vehicles 4.0 (AV 4.0) was created in relation to the Automated Driving
Systems 2.0 (ADS 2.0) and AV 3.0 [33]. The pilot undertaking covered the facility operation
and automated vehicles at rail crossings. Moreover, the National Highway Traffic Safety
Administration (NHTSA) has the authority to establish the Federal Motor Vehicle Safety
Standards (FMVSS) for ADS-equipped vehicles. The information and communications
technology (ICT) standards were set up for its subsystem and technology before integration
into the overall automation system, even the surface transportation system [34].

The pilot project of autonomous and connected vehicle infrastructure cooperation
for safety was developed in Fremont, California [35]. The project exhibited advanced
reporting technology in the ADS vehicle and the location of an infrastructure object repre-
senting safety, traffic signal status between the infrastructure and the ADS, the reliability
of phase-detection against time reporting, and the reliability of the traffic signal against
connected-freight priority over 4G or LTE. The direct and indirect benefits include decreased
travel time, congestion reduction, reduced fuel consumption, manufacturing performance
improvement, and economic growth. The project also brings technology and logistics solu-
tions beneficial for other commercial vehicles and those confronting similar transportation
issues. Also, the Cellular Vehicle-to-Everything (C-V2X) technology, which is behind the 5G
Automotive Association (5GAA) in the USA, was rolled out to increase safety for drivers,
pedestrians, and cyclists across the state. The development is consequently aligned with
5GAA’s Visionary 2030 Roadmap [36].
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3.1.7. European Union: C-Roads Platform

In 2016, the international collaboration of the C-Roads initiative was introduced as a
linkage of ITS development for the automatic system across countries in the EU, where
it covers a total of 18 core members [37]. This was achieved using common-technical
specification, policymaking, and developing a system of test basis. In 2019, a total of
43 cities and 100,000 km in EU were covered by the C-ITS service. Five working groups,
consisting of the Organization Aspect, Evaluation & Assessment, Technical Aspect, Urban
C-ITS Harmonization, and Digital Transport Infrastructure, were set for this task [38,39].
The factors for the success of C-ITS in EU are communication harmonization and the
international cooperative procedure. The ETSI ITS-G5 and operational cellular network
were combined accordingly, with the support, participation, and follow-up from the
European Commission (EC) and the Innovation and Networks Executive Agency (INEA).

Today, the 25 DAY 1-Service and the C-Roads platform are widely applied in various
applications, such as emergency brake lights in Spain and Portugal; emergency vehicle
access in the Czech Republic, Spain, and Portugal; and priority request for traffic signal
via designed vehicles in France, Austria, Hungary, and Italy. The common standard har-
monization of different components is also essential to C-ITS implementation. However,
in 2010, to solve some conflicts among existing ITS standards, European Standardization
Organizations (ESOs) were requested to function as developers of minimum and consis-
tent C-ITS standards used by vehicle manufacturers and responsible ITS implementation
sectors [39,40].

3.2. Success Factors of C-ITS Development by Category in the Six Areas

Although these selected six area-cases have different general ITS development stage
scales, they have common supportive factors to convey C-ITS development. China can be
classified as a single system, and Singapore is partially integrated, whereas government
pushes innovative technology and standards forward. South Korea, Japan, the USA,
and the EU are in a fully integrated system where the basic component is ready to step
forward to the C-ITS [41]. Public, private, and research institutes cooperate excellently
to initiate the C-ITS pilot project. Countries with a prompt to release a vehicle to fit with
C-ITS, such as South Korea, Japan, the Republic of China, and the USA, have developed
a practical pilot project in the C-ITS platform. Referring to the evidence-based cases of
C-ITS employment from the six areas, the common practices found by category as shown
in Table 1. Common practices involve five aspects covering policy, pilot project, standard
and framework agreements, collaboration among related agencies, and the research and
development sector (R&D).

3.3. Factor Comparison of C-ITS Development between Thailand and the Case Studies

The situation between Thailand and the case studies were compared as detailed
in Table 2. We aimed to compare the main factors which affect the deployment of ITS
utilizations. According to Table 1, the summarization of the driving factors of C-ITS activity
presents that all the advanced C-ITS developments have clear policy announcements and
have deployed the pilot project implementation based on the agreements and standards
among stakeholders. The support from all related agencies, public sectors, private sectors,
and research sectors is another explicit means causing the innovation of C-ITS development.
Nevertheless, Thailand has all basic ITS systems, but the general platform of C-ITS standard
has not been stated. Although advanced technology is introduced to be utilized in any
system, the integrated and integrated approach is difficult to initiate. Thus, when the
situation in Thailand was compared to the six area-based cases, four out of five aspects
presented a gap in C-ITS development in Thailand. The initiation of the ITS Master
Plan is only one similarity explaining the progress of C-ITS development in Thailand
that implies our intangible effort and possibly implies inefficient attainment. The rest is
certainly required for a professional working system of infrastructure project development.
Otherwise, the project is too risky to absorb.
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Table 1. Common practice for cooperative-ITS (C-ITS) development in the six-case study.

Case Studies Policy Pilot Project Standard and
Framework Collaboration R&D

Singapore
The Smart Mobility
2030 strategic plan
was issued in 2014

The CETRAN project
was launched in 2016

TSAC Working
Group for ITS

Standard
Development

NTU, Institute
Research, Private

Companies

Testing & Research of
AVs at NTU

South Korea
The C-ITS Master

Plan was established
in 2013

The Daejeon-Sejong
expressway was
initiated in 2014

ITS Standard by ITS
Korea

MOLIT, KEC, ITS
Korea

National R&D
Institution

Japan
ITS Promotion
Guidelines was
released in 2004

The C-ITS project
“ETC2.0” was launched

in 2014

ITS Architecture and
Common Platform

for C-ITS

Working group and
Public-Private ITS

cooperation

Public-Private ITS
Research

Republic of China
The government

policy was developed
issued in 2017

Autonomous cars test
in Beijing, Shanghai,
Wuxi, etc. started in

2017

National Standard
for V2X

MOT, MIIT, Private
Companies

R&D Institute and
Cooperation with

International
Agencies

USA

The guidance of the
Automated Driving
System (ADS) was

released in 2017

AV & CV infrastructure
cooperation for safety
was developed in 2020

ARC-ITS 9.0 &
Prepare for AV 3.0

Public, Private, and
research center

ITS Joint Program
Office

US DOT

European Union
The C-Roads
platform was

introduced in 2016

The crossing site testing
was deployed in 2019

C-ITS EU Standard
and documents

EU Members and
others

Workshop and
Seminar

Table 2. Comparison of C-ITS development between Thailand and the six-case study.

Topic Thailand 6 Case Studies

A policy of Smart Mobility Development • ITS Master Plan Establishment • ITS Master Plan Establishment

Pilot Project of C-ITS • Not yet implemented • Practical pilot projects implemented

Architecture for Standard and
Framework

• No official architecture
• Public Transport Information

Standard resumed as the relevant
standard

• Both national architecture and
standards of C-ITS are available at
the national reference.

Stakeholder Collaboration and
Regulation

• ITS Committee Establishment
• Fragmented inputs
• Individually or isolated trial

• Avail of leading agency for ITS
development

• C-ITS working group
• Building public-private cooperation

R&D
• The interest of some academic

institutes and generally
• A taskforce of the Research and

Development Institute

3.4. Matrix of SWOT and TOWS Analysis for Thailand C-ITS Development

The matrix of SWOT and TOWS analysis was applied to refine the prospective ap-
proach for C-ITS development in Thailand. Internal factors of strength (S) and weakness
(W) and external factors of opportunity (O) and threat (T) were investigated to represent
Thailand’s situation. The findings were then examined together with the strategies and
supportive factors from the C-ITS successes in the six countries referred to in this paper
as the evidence-based cases. The six-area case was itemized as a “case study” under the
opportunity factor.

For internal factors, as Thailand has started to develop ITS for many years, all related
agencies that already operate the ITS system, including the approval of the Master Plan, are
processing practical projects and will be evaluated the outcome by the committee. How-
ever, without an integrated platform and architecture, the responsible agencies effectively
elaborated the cooperative system. Moreover, the capability building of the representatives
in each organization is one of the major issues, because they have consulted to develop
the system. The knowledge transferring program is not effective enough to maintain and
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evaluate more advanced systems on its own. In terms of external factors, the national policy
in Thailand is now focusing on and encouraging all government offices to apply advanced
technology to support and enhance the government service platform. The countries with
advanced C-ITS development, such as the EU, Japan, and Korea, have issued an advanced
technology workshop on ITS development to share the experience. Although the research
sectors and private sectors in Thailand have also paid more attention to cutting-edge
technology applications in transport and traffic area, the contradiction of open and sharing
data and data privacy obstructs integrated data restriction. In terms of vehicle’s standard
on fitting C-ITS development, the private sectors have not acknowledged clear objectives
and goals of the policy on C-ITS development. Thus, there is a difficult decision to make
on investing in automotive vehicles in Thailand.

According to the summarization of success factors in Table 1 and the gap comparison
in Table 2, the proposal of appropriate procedure to urge C-ITS development in Thailand
is gathered with the strength of the six area case studies to figure out the development
gap fulfillment. By matching the strength and opportunities, the existing ITS should
be enhanced with advantageous technology to reach the objectives of the Master Plan.
The opportunities from the lessons learned and the research capability can overcome the
weakness of the lack of knowledge. Formulating the architecture and standard will become
a base platform of C-ITS development. As the committee has been set, the responsible
agencies should drive the unclear development of the open data policy. For the support
of professional skills, the knowledge transfer and workshop should elevate sustainable
capability development. Finally, the appropriate features for Thailand’s C-ITS development
are grouped and displayed in Table 3.

Table 3. Result of SWOT (Strength, Weakness, Opportunity, Threat) and TOWS (Threat, Opportunity, Weakness, Strength)
analysis for C-ITS development in Thailand.

Internal Factors

Ex
te

rn
al

Fa
ct

or
s

Strengths (S)

- ITS Master Plan and 5G Action Plan is es-
tablished as a guideline of development

- Existing ITS system and equipment in six
categories, and the responsible agencies
have experience and basic knowledge of
ITS development

- ITS committee and the responsibility of ITS
deployment is established

Weaknesses (W)

- Non-ITS architecture and
standard cause an inte-
grated, incomplete system

- Lack of capability build-
ing in advanced system en-
hancement

Opportunities (O)

- The national policy supports technol-
ogy and innovation development

- Advanced technology is available to
utilize in the current system

- Lessons learned and case studies from
other countries

- ITS Research Institutes (i.e., NECTEC,
ITS Thailand, TOT) are available and
prompt to cooperate with the public
sector.

- International collaboration is now in-
terested in providing workshops and
knowledge sharing

SO

- Proposing the pilot project according to the
plan and policy

- Enhancing existing ITS with advanced
technology

- ITS Committee setups with the C-ITS work-
ing group to examine the pilot project

WO

- Driving policy to imple-
ment

- Referring to architecture
and standard from case
studies

- Collaboration with research
institutes and international
organizations such as
ASEAN

Threats (T)

- Advanced technology introduced
nowadays is changed and updated all
the time

- Restriction of data exchange between
public and private sectors

- A standard of automotive vehicles in
Thailand

ST

- Maintenance and adjustment of an existing
system for new technology

- Applying some unchanged resources from
related stakeholders

- Initiating clarification for using open and
privacy data among public and private sec-
tors

- Provide clearer objectives and policy on
vehicle transition to C-ITS

WT

- Performing knowledge
transferring from institutes
or professionals

- Indicating officers to attend
workshops or seminars re-
lated to C-ITS development
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4. Discussion

In concordance with SWOT and TOWS analysis to designate C-ITS development
guidance in Thailand, the set of strategies and actions can be stated as below:

• The responsible agency that conducts the ITS Master Plan has to address C-ITS devel-
opment’s firm policy to direct the initiation of the pilot project of C-ITS development
and its timely implementation.

• ITS committee meetings should be scheduled and should continue to strengthen
cooperation among stakeholders that eventually leads to project evaluation and follow-
up actions.

• The working group of C-ITS development established by the ITS Committee has
to perform as a leading unit and steering group of C-ITS development in Thailand.
The group members should come from all stakeholders related to Thailand’s C-ITS
development and should be responsible for creating a convenient and comfortable
platform for communication and coordination.

• Architecture for the standard and framework of C-ITS development has to be designed,
concluded, and agreed upon by all stakeholders. The architecture is to formulate the
essential requirement and specifications. The architecture also implies the commu-
nication system, data exchange, and sharing condition for all major components of
C-ITS implementation, including the vehicle’s standard to perform the safety issues.

• Lessons learned should be integrated into current technology knowledge before apply-
ing and utilizing them for existing system improvement. In turn, C-ITS development
in other countries should be followed to understand new and advanced technology.
The advantages will either help to adjust the current system or to reduce the costs of
equipment and installation.

• The outcome of cooperation between public and private or academic and business
sectors includes a transfer of C-ITS knowledge and related technology, which is
possible through the workshop program, which can potentially be a key performance
indicator (KPI) for those involved.

• The statement of data exchange and sharing, among other concerns, may be set from
the memorandum of understanding (MOU) and memorandum of agreement (MOA)
to clarify the differences between open and private data.

• The clear objectives of C-ITS development from the government side must be stated
to provide the goal of system development. Thus, the private sectors from the vehicle
industry must acknowledge the direction of automotive transition to serve the C-
ITS policy.

In the early stage, the kick of meeting and collaboration among stakeholders should
be held to gather the common agreement of C-ITS development to lead the initiation of
architecture and standard issues within 1 year. The capability-building and workshop
program should be performed regularly to date on innovation and technology changes.

Moreover, system security must be determined carefully because C-ITS development
requires wireless connection among vehicles and external components or using an IoT
(Internet of Things) system, which may be possibly attacked by hackers and faces security
threats, thus impacting system safety [42]. Besides, the cooperative system should include
the monitoring system to support the effectiveness evaluation of the installation of the
project, such as the number of accidents, the number of public transportation usage, and
the degree of traffic congestion. The monitoring system should also provide the tracking of
C-ITS development scale in the future.

5. Conclusions

Advancements in technology have led to the evolution of ITS to C-ITS, which is more
complicated and automatic. Consequently, Thailand has to achieve the goal of a smarter
transport system through the strategy of smart mobility. It is, however, obvious that there
are numerous threats covering isolated-development, non-standardization, policy-driven,
and unclear statements of public and private collaboration. For Thailand to achieve C-ITS
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development for smarter transportation, the following factors must be clarified and figured
out: Inclusive policy statement and declaration, pilot project initiation, standard formula-
tion, and interagency collaboration. Not only do the closeup and solid collaborations have
a profound impact on Thailand’s C-ITS accomplishment, but they also alternate the factor
of policy-driven and capability building.
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