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CHAPTER | INTRODUCTION

1.1 Rationale
With disruptive technology in future mobility around the world, Thailand has been

preparing to transform current conventional automotive industry with internal combustion
engine to next generation automotive industry focusing on Autonomous-Connected-Electric-
Shared (A-C-E-S) Technology. In recent years, Thai government has been accommodating
electric vehicles (EV) from Hybrid Electric Vehicle (HEV), Plug-in Hybrid Electric Vehicle
(PHEV) to Battery Electric Vehicle (BEV) through technical and regulatory framework adopted
from international setting into local environment. A number of XEVs can now be legally
registered to use public road with some public charging infrastructure. In 2018, 20,056 new
HEV/PHEV and 110 BEV sedan was registered to the accumulative 122,303 HEV/PHEV and 201
BEV sedan on the road with 220 public charging station. In addition, with changing behavior
of car ownership among new generation, Mobility-as-a-Service (MaaS) has emerged out with
shared vehicle service in the market. It will be just a matter of time for consumer to adapt
Electric-Shared vehicles into the market.

On the other hand, Autonomous and Connected vehicle technologies, or sometimes
called Connected Autonomous Vehicles (CAVs), are relatively new to Thailand with early
stage of deciding which technical and regulatory frameworks to adopt. Since CAVs still
heavily rely vehicle-connecting infrastructure like 5G, which is not readily available yet,
demonstration and testing of CAVs are limited to research and development phases. As
defined by Society of Automotive Engineers Internationals (SAE), National Highway
Transportation Safety Administration (NHTSA) has adopted the definition for levels of
automation, as shown in Fig. 1 [1], where

v' Level 0: this is driving as most people know it. The human controls everything.

v' Level 1: the driver-assistance level, where certain functions like steering or
accelerating can be done by the vehicle automatically

v' Level 2: Driver does not have to have hands on steering wheel or pedals, but must
be ready to take over

v Level 3: Drivers still necessary but most “safety-critical” functions are shifted to
the vehicle

v' Level 4: Fully-autonomous, car can drive itself

v' Level 5: no steering wheel in the car
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Note that some of today vehicles have already featured some automation with benefit in safety,
not just comfort, such as automated emergency braking, lane departure warning and assisted
parking, as shown in Fig. 2 [2]
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Fig. 2 Connected and autonomous vehicle technology




Over the past few years, Thailand has begun to put technical and regulatory framework
of CAVs into perspective, where think-tank group composed of government organization,
academic/research institutions and private sectors meets regularly on “CAV Roundtable” for
technology and policy update and discussion on particular topics. With official support from
Office of Industry Economics (OIE) under Ministry of Industry, a white paper on “Next
Generation Automotive Industry Development in Thailand” was recently drafted [3] with
policy recommendation on A-C-E-S technologies, where, for the first time, a target on CAV
has been set coupled with Zero Emission Vehicle (ZEV) to fight recent PM2.5 crisis as follows

v' By 2030: 15% of new vehicle is ZEV with 60% for level 3 CAV

v' By 2040: 100% of new vehicle is ZEV with 80% for level 4 CAV

1.2 Objectives

The present study aims to investigate technical and regulatory framework for
autonomous vehicles industry as a preparation for this industrial transition in Thailand,

focusing on new automotive supply chain and potential new product champion sector.

1.3 Methodology

In order to systematically to investigate technical and regulatory framework for
autonomous vehicles industry in Thailand, the following methodology is proposed

e Update status of connected and autonomous vehicles (CAVs), from both
technological and regulatory aspects.

e Analyze collected datato identify key enabling technical and regulatory framework.

e Deep diveinto specific details for concrete actions with timeline for CAVs industry
to adapt. Interview if needed.

e Conduct roundtable discussion with stakeholders to get feedback for final

recommendation.




CHAPTER 2 RESEARCH PLAN

2.1 Project Schedule

Table 1 shows the project planning schedule with project expenditure shown in Table
2. All project members are scheduled to meet regularly to discuss the technical results
performed by project research assistant, and directions of the project. Occasionally, the
progress report will be presented to the advisors to further seek guidelines and comments of

the results and future direction.

Table 1: Project planning schedule

2020 2021
Activity Apr | May | Jun | Jul | Aug | Sep | Oct | Nov | Dec | Jan | Feb | Mar
Update status of CAVs
Analysis to identify key
technical and regulatory
framework
Deep dive for concrete actions
with timeline for CAVs industry
Interview, meeting and
discussion to finalize
recommendations
Inception report submission 20-
pr
Interim report presentation 20-
Aug
Interim report submission 30-
Sep
Final report presentation at 11-
board meeting Dec
Final report presentation to 111/
IATSS Dec
Final report submission 31-
Mar
2.2 Project Expenditure
Table 2 shows the breakdown of the project expenditure.
Table 2: Project expenditure
No Item Unit cost | # of units | Sub total
1 | Project leader 3,000 12 36,000
2 | 2 Researchers (200 THB/hr x 5 hrs/day x 10 10,000 24 | 240,000
days/month) for 12 months)
3 | Expenses for project meeting 3,000 6 18,000
4 | Travel expenses to collect data and interview 2,000 6 12,000
5 | Office & computer supply 3,000 6 18,000
6 | Secretariat's participation portion 10,000 1 10,000




No Iltem Unit cost | # of units | Sub total
7 | Publishing proportion of the report book 50,000 1 50,000
Total | 384,000
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CHAPTER 3 RESULTS & DISCUSSION

3.1 Updates of Autonomous Vehicles Worldwide
Despite COVID-19 pandemic, the project members have tried to get updates of

autonomous vehicle technology and regulation around the world. As shown in Fig. 1 and Fig.
2, 5 levels of autonomous vehicles are classified according to level of machine interaction in
terms of safety and connectivity, Fig. 3 [4] has put timeline for 5 levels of vehicle autonomy
in terms of self-driving abilities and conditions from 2000 till after 2021. On the other hand, if
considering legal protection aspect, timeline for 5 levels of vehicle autonomy could span to
after 2035, as shown in Fig. 4 [5], which really emphasizes how both technology and
regulatory framework are needed to realize vehicle autonomy in the market. From industry
point of view, Fig. 5 [6] shows key technologies from industries to help overcome challenges
in each level of vehicle autonomy before autonomous vehicle can be integrated into public
road, which prompts for necessity for level 5 technology development. However, it should be
noted that Audi Traffic Jam Pilot was announced but was not deployed in a market because
it could not get certification; whereas, Honda deployed Traffic Jam Pilot in Japanese market
in March 2021, which was the 15t time in the world. With focus on level 5 vehicle autonomy,
Fig. 6 [7] illustrates how level-5 vehicle autonomy could be accelerated through both
technology and legal aspects, which further emphasizes necessity for legal aspects ramp up
to accommodate technology innovation. In details, vehicle autonomy depends on 5
categories of vehicle sensors, as shown in Fig. 7 [8]. Hence, regulatory framework should

correspond to each categories of core technologies for vehicle autonomy.




vel 1

Level 0 Le

and conditions

QOZZ:_ 0 Olif'

Partial
Automation

) )

Conditional
Automation

> > HighAutnmation> > Full Automation

Level 2

ands-off

Vary in term of ranges of self-driving

Level 3

4,-‘-.3-1-|j:ﬁ”

Limited
| self-driving

%ﬁ

Level 4
“Brain-off”

Level 5
No driver

Full self-driving Full self-driving

under certain

1
ccmdltlorls I
|
1

under all
conditions

-/

Driver in charge of
longitudinal or

lateral control

toring mode at all

Driver is in moni

ready to take over as

Driver needs t

a backup system

times

Driverless during
defined use cases

Vehicle in charge of

Vehicle in charge of
ateral and

nal control

ongit

Levels of Autonomous Vehicles

Driver completely in Vehicle in charge of lat ) in all situations
lateral anc
charge lateral and According to use
Siakicks s charod & ongitudinal contro =
venicie in ‘JJVE'-: of ugnu:i nal control case,
) - in many situ.
ateral and n many situations. ‘ wheel and/or pec
Vehicle takes over rol W ) Minimized r
0 Warns driver in a required.
other tasks . accidents
er task S timely manner
<2000 2000+ 2010+ 2018+ 2019+ 2021+
Source: Deloitte research 2018, SAE International 2014

Fig. 3 Timeline for autonomous vehicle technology in terms of self-driving abilities and

conditions

Autonomous driving technology will advance in waves

LV S
@)) £ bl
El Globa
C n g Autonomous megacity
O Fully (robotic) networks
-— automated driving
> C Partly
- — QJ automated
| -
QO = |
2015 2020 2025 2030 2035+
n
3 >3 Legal Scoring system  Daily legal Legal protection  Legal protection  Legal protection
U) protection for preventive protection for based on for all kinds for all kinds
O O driving car rental mobile devices of devices of devices
and car-to-go
E =
O O Technology First-generation  Second-genera- Third-generation  Fourth-genera- Fully automated
(- automation tion automation, fixed-distance tion automated traffic flow
— and contro pooling automation traffic junctions management
d | li i ffic j i
b Q Infra- Highway Regional Selected Micro-/mobile Globally
Q structure networks or national megacities city metropolises  interconnected
- I network megacities
Standards Internet Camera and Radio frequency  Control and Fully automated
standards for image processing  and interface automation networks/
mobility apps and interfaces standards standards telematics

Sources: Rinspeed: AT. Kearney analysis

Fig. 4 Timeline for autonomous vehicle technology with legal aspect consideration

Final
Report




Final
Report

2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030

- ' [ Google sibling Waymo \\\\\\\\\\\\\\\\\\
('U Level 5 | launches fully autonomous Alftonomous p.rlvate
D-) ride-hailing service” \ vehicles on public roads
Q < N AR
| -
- - E m\\\\\ Urban and suburban pilot
N > el m\\\\\\ Highw:y ;utopilot including
= ighway convo
_D | - N Automated valet parking gy ¥
L O m Parking garage pilot \
0 Traffic jam . GM 2019/
Level 3 Highway chauffeur Audi 2020/
: [ETT T Bosch
AVP 2018 Daimler 2020/
@) @) e.Go (ZF) BMW 2021
4+ E Mover iNext 2021
. 2019+/
Q Level 2 Trafflctjam Conti CUbE
O e Audi Al Traffic 2019+
(48] C Jam Pilot 2019
E O Tesla Autopilot
ACC, Stop
Level 1 L
@) "5’ e &Go, .. v9 2018
48] S \ /
m Level 0
Source: ERTRAC 2017 “Automated Driving Roadmap”, VDA 2018 “Automatisiertes Fahren”, \\\\\ Testing and ramp-up phase
The Guardian 2017 “Google sibling Waymo launches fully autonomous ride-hailing service”, Deloitte Research 2018 - Series dep\oyﬂ*en[

Fig. 5 Timeline for autonomous vehicle technology with industrial readiness

Deep-dive autonomous driving: Mainstream ramp-up of level 5
autonomous driving is expected no earlier than 2027-28

\/

Forecast time line for level 5 autonomous driving based on main elements

Autonomous driving

+ Vehicle technology
— E-mobility
— Level 5 technology

« Infrastructure technology
— Operating models
- Level 5 infrastructure technology
— 5G technology

+ Legal (laws and regulations)
— Laws and regulations

* Mobility services
- Robotaxis

— E-hailing/car sharing 1 ‘ l i |
Priot Wl ramp tonstional laws [l Series and y
Source: Strategy& analysis
The 2017 PwC's Strategy& Digital Auto Report 10

Fig. 6 Timeline for level-5 autonomous vehicle technology acceleration




Surround View

Traffic Sign

Recognition
Emergency Braking Park Parking
Pedestrian Detection A:s;st Assistancg{
Collision Avoidance Surround View

Traffic Sign
Recognition

- Long-Range Radar

LIDAR Surround View

Camera
Short-/Medium-Range Radar

Ultrasound

Fig. 7 5 categories of vehicle sensor for autonomous vehicle technology

3.2 Updates of Autonomous Vehicle Activities in Thailand
From global trends on autonomous vehicle in previous section, this section reports

related activities on autonomous vehicle as Thailand is still in the early stage of AV
technology, regulation and public awareness. Official target on AV was first identified at 2030
to have 15% of automotive production be BEV with 60% of Level-3 autonomous in “Policy
recommendations on Thailand development of Next-Generation Automotive Industry [9]” by
Thailand Automotive Institute (TAI) with related partners such as Office of National Higher
Education Science Research and Innovation Policy Council (NXPO), National Science and
Technology Development Agency (NSTDA), and Chulalongkorn University on 25 September
2019. Table 3 shows summary of action plans for next generation automotive industry
including autonomous vehicle. This policy recommendations were then proposed to National
Electric Vehicle Policy Committee meeting on 11 March 2020 for adopting a target of 30% XEV
of estimated total vehicle production 2.5 million units by 2030. Later in September 2020, NXPO
has update [9] as shown in Fig. 8 with the following targets [10].
v' 30% of vehicle registration be ZEV (zero emission vehicle) with 60% of Level-3
autonomous in 2030
v' 100% of vehicle registration be ZEV with 80% of Level-4 autonomous in 2035 with
Local Capacity Building Plan and Technology Localization Plan.
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Table 3: Summary of action plans for next generation automotive industry

Summary table of plans that must be completed within 5 years in order to achieve the goals of the Automotive Industry by 2030

Ministry of ﬁ ¢ o ;
s| B| & g g % > o
P SlalElelzl gl e8| 8lel gl 18
E| 8| E| 8| 8| S| S|E| 8[| E|B 5
0
(1) Establish ‘National Automotive Industry Development Committee’ / / / / / / / /| Prime Minister % / /
(2) Reform tax structure related to automotive products * / / /
(3) Define incentive for consumers * / * / / &
(4) Revise rules and regulations for EV charging business * / / /| EGAT /
(5) Elevate Thai entrepreneur capabilities / / * | goI / /4
(6) Human resources development (Reskill and Upskill) and prepare new * / | BOI EEC OHEC TAI / /
skill labor to be ready for the Next-Generation Industry
(7) Prepare infrastructure, law, and regulations for the new form of mobility / * * / V4 / / | BOI / /
business
(8) Use Next-Generation vehicles in the pilot area / / / / * / | Bangkok Pattaya and / /
other Smart Cities
(9)  Define new Next-Generation vehicles standards and regulations and / / - TAl /
provide testing facilities
(10) Encourage RRD activities *® [ ® | EEC TAITSRI / /
(11)_Ectablish RRD Consortiums eve 2 i icle prototype. * | % CTALTSRI__
/| NAIDC TAI
(13) Preparation for Autonomous vehicles I
I (13.1) Define standards and compatibility * / * Ministry Of Justice / I
NAIDC
I (13.2) Create HD Map * / % £ AR |
| (13.3) Define standards related to Connected vehicles with everything / / / /| NBTC / /
I (V2X) and provide infrastructure for ‘Intelligence Traffic System’ I
I| (13.4) Develop support infrastructure, i.e. satellite navigation system, and / NBTC / /
related regulations I
I (13.5) Cybersecurity and data privacy * NBTC / .
(13.6) Set up AV standard, law, and regulations for public use * Ministry Of Justice / |
NAVSC RTP N
(14) AV adoption / i
I (14.1) Demonstration of AV in real case / / * / | EEC Smart city / I
NAVSC RTP
¢ AV testing in verified roads / / * [ navsc / 1
(14.3) Start AV level 3 usage in verified roads * NAVSC RTP / N
I (14.4) Zero emission and accident zoning & / * NAVSC Bangkok £ I
Pattaya EEC Smart
I City RTP I

Remark:  ® main responsible institute
MHESIE: Ministry of Higher Education, Science, Research and Innovation NAIDC: National Automotive Industry Development Cormmittee

NETC: National Broadcasting and Telecommunication Commission OHEC: Office of the Higher Education Commission
RTP: Royal Thai Police TAI: Thailand Automotive Institute
TSRI: Thailand Science Research and Innovation NAVSC: National Autonomous Vehicles Sub-committee

10
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In addition to official plan, various activities related to autonomous vehicle are as
follows. On 25 January 2020, Thailand’s first industrial use case for remote-controlled forklift
via 5G was successfully demonstrated by SCG, AIS and PSU, as shown in Fig. 9[11, 12]. This

shows expansion of operational design domain of AV to industrial factory offering more
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efficiency and safety operation, where unmanned forklift at SCG plant in Saraburi was

controlled by the operator at SCG headquater in Bangsue, Bangkok.

SCG NEWS CHANNEL

U
Ul
eV
2
v

{t

oG AY
Remote
Driving Forklift

Fig. 9 Thailand’s first industrial use case for remote-controlled forklift via 5G

On 4 June 2020, Frost & Sullivan held autonomous vehicle webinar, as shown in Fig.
10, highlighting cross-cutting ecosystem among OEMSs, Tier 1/2 component suppliers,
mobility tech/infrastructure providers and shared mobility providers with new market for
autonomous last-mile deliveries of goods and people. Analysis was done on post-covid

market, where consolidation may take place to achieve economy of scale in this sector.

MOBILITY TECHNOLOGY ECOSYSTEM — GROWING PARTNERSHIPS BETWEEN THE VARIOUS CROSS INDUSTRY
PARTICIPANTS
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THE RISE IN SUPPLY CHAIN COMPLEXITY IS PAVING THE WAY FOR AUTONOMOUS LAST-MILE DELIVERY
SOLUTIONS TO MEET DYNAMIC CUSTOMER AND BUSINESS REQUIREMENTS

Autonomous Vans to localize Autonomous delivery mini vans, bots
goods to delivery hubs and drones to cover the last mile
| N
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Fig. 10 Frost & Sullivan held autonomous vehicle webinar

On 9 June 2020, there was an attempt on legal framework of autonomous vehicle at
senator level through Standing Sub-Committee on Information Technology, Communication,
Telecommunication meeting, as shown in Fig. 11, to consider government support for
autonomous vehicle, where ATRANS member, Assoc.PRof.Dr. Sorawit Narupiti, was called to

present. However, this matter was not pushed forward by this Sub-Committee.
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Fig. 11 Meeting agenda on Standing Sub-Committee on Information Technology,

Communication, Telecommunication meeting
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On 24 June 2020, Smart Road Asset and Data Services webinar was held by ITS
Thailand, ITS Isarel and MobileEye to highlight technology trend for autonomous vehicle, as
shown in Fig. 12, with many ATRANS members’ participation. As 1.25 million people die each
year from road accident (more than 2 deaths per minute), autonomous vehicle technology
could offer as a way to reduce this fatality through enhancement of human eye capability
during driving via various sensors. Mobileye has become a global leader in driver assistance
and autonomous vehicle technology with current strategy focusing on 3 pillars, namely
Advanced Driver-Assistance Systems (ADAS), Self-Driving System and Mobility-as-a-Service
(MaaS) and Data Services. Road experience management is also important when dealing with
high density map during harvesting, aggregating and localization. Mapping of Japanese
highway with 25,000km, 300K poles, 250K lane markings and 320K signs could only take

400MB map size. Mobileye has done road survey in Bangkok, as shown in Fig. 13.
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Session#1: Overview of the technology
and the data services. Q&A

Session#2: On-line live demo & case
studies. Q&A
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Fig. 12 Smart Road Asset and Data Services webinar was held by ITS Thailand, ITS Isarel
and Mobileye
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Fig. 13 Mobileye road survey in Thailand

On 25 June 2020, AV demonstration by Office of the National Broadcasting and
Telecommunications Commission (NBTC) and Huawei at Siriraj hospital for COVID-19 safety
handling of medical supplies, as shown in Fig. 14 [13, 14].

u1sov ;
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uns-nﬂtﬁ& n

Fig. 14 AV demonstration by NBTC and Huawei at Siriraj hospital

On 30 June 2020, 6" CAV Roundtable was organized online to discuss the following
issues, as shown in Fig. 15 and Fig. 16.
v' Updates on related CAV activities in Thailand
v' Follow-up on the meeting with Standing Sub-Committee on Information
Technology, Communication, Telecommunication on 9 June 2020
v/ Brainstorming on various aspects of CAV
o Purpose of CAV in Thailand
o Target of CAV in Thailand
o Policy & Roadmap of CAV in Thailand
o Law & Regulation of CAV in Thailand
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o Industry & Entrepreneur for CAV in the future in Thailand
o User acceptance of CAV in Thailand

o Technology readiness of CAV in Thailand

o Other concerns of CAV in Thailand
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Fig. 15 7'" CAV Roundtable held online
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Fig. 16 7'" CAV Roundtable held online

On 17 July 2020, New Suvarnabhumi Airport Terminal received Siemens’ First
Automated People Mover (APM), as shown in Fig. 17, where each APM has two carriages with
room for 210 passengers per trip or 6,000 per hour. The APM will run underground at speeds
up to 80 kph, covering the 1 kilometer distance between the two terminals in less than two
minutes. This shows expansion of operational design domain of AV to airport offering more

efficiency and safety operation.
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Fig. 17 First Automated People Mover (APM) in Suvarnabhumi airport

On 3 December 2020, NVIDIA signed a memorandum of understanding with a
consortium of 6 Thai universities, namely Chulalongkorn University, CMKL University, King
Mongkut's Institute of Technology Ladkrabang, Khon Kaen University, Mahidol University,
and Prince of Songkla University, to drive research and accelerate scientific breakthroughs
in Artificial Intelligence (Al) and High Performance Computing (HPC), including AV, as shown
in Fig. 18 [15].
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Fig. 18 MOU between NVIDIA and a consortium of 6 Thai universities on Al and HPC
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On 25 February 2021, IATSS held online symposium on “International perspective to
the new traffic system with autonomous vehicle: UK, Germany, France and Japan's
approaches to implementation of the autonomous driving techniques of Level 3, 4 and the
Dilemma situation,” as shown in Fig. 19. With over 100 participants online, this online
symposium was a success for sharing AV perspective from UK, Germany, France and Japan,
followed by discussion on way forward in driving international effort to promote and support
autonomous vehicle technology and regulation. Many helpful points and concerns were
collected for further consideration in Thailand.

IATSS 2005C Project
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Fig. 19 IATSS Symposium on AV

On 18 March 2021, Department of Philosophy, Chulalongkorn University and Karel
Capek Center for Values in Science and Technology, Czech Republic held online seminar on
“An Ethics of Autonomous Vehicles: A Bottom Up Approach”, as shown in Fig. 20 with
recorded presentation available at [16]. As vehicles become more autonomous, the task of
designing guiding-systems for morally-acceptable decision making is urgent. Sometimes,
one solution across various cultures may be acceptable but importance of inter-cultural
perspectives, in particular with possible insights derived from Buddhist philosophy, for

autonomous vehicles in supervised situations may affect different levels of decision-making
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ability for human experts within a given culture to deem satisfactory. Apart from problems of
ethical pluralism within a given culture, there are also problems with different moral
preferences across cultures. One way that the problem might be addressed is to introduce a
machine-learning training curriculum that would provide AVs a process comparable for a

novice human driver learning to drive and passing own driving license test.

AVs: Moral dilemmas
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Fig. 20 Online seminar on “An Ethics of Autonomous Vehicles: A Bottom Up Approach”

3.3 Bibliometric Analysis of CAV

In order to technically promote connected and autonomous vehicle in Thailand,
technically-competent personnel is crucial for linkage with technology abroad for local
condition. As shown in Fig. 21, a tool called “Bibliometric analysis” is employed to map active
researchers with existing collaborative network abroad to support both Local Capacity
Building Plan and Technology Localization Plan, as identified in Fig. 8(c) and Fig. 8(d),
respectively. Fig. 21 [17] shows schematic flow of Bibliometric analysis, which starts with
R&D database, such as Scopus, Web of Science and PubMed, where keywords are defined
for queries, before exporting to text mining software (such as Biblioshiny running on R
platform) for graphical interpretation to map out research collaboration based on 3 principles
as follows

v'Activity measurement by counting publications,

v Impact measurement by counting subsequent citations of a publication and
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v' Linkage measurement involving co-citations and keywords used from paper to

paper
Revise/Refine Queries

4 -
P

Text Mining R
R&D Software '
Database 5,

Research Collaboration =~ Technology Manager

biblioshiny: The shiny app for bibliometrix
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’))ibliometrix

Fig. 21 Bibliomatric analysis of CAV for Thai universities

Fig. 22 shows output from Bibliomatric analysis with keyword on “Next generation
automotive”, where popular sub-keywords are shown in Fig. 22(a) with size depending on the
frequency of keywords (the more frequent keyword, the bigger the size). Further text mining
analysis on the “Next generation automotive” query can categorize sub-keywords into 3
groups, namely Electric vehicle (EV), Batteries and Connected autonomous vehicle (CAV), as
shown in Fig. 22(b). Focusing on CAV, Fig. 22(c) and Fig. 22(d) show mapping of authors,
affiliations and research topics, which can help identify which researchers from which
research institutions are doing which research topics. Similar analysis can be performed on
all 3 research topics in Fig. 22(b) for linkage analysis with foreign research institution, as
shown in Fig. 22(e). All these output research landscape can be used to support both Local
Capacity Building Plan and Technology Localization Plan, as identified in Fig. 8(c) and Fig.
8(d), respectively.
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Fig. 22 Bibliomatric analysis output on “next generation automotive” keyword: (a) word
count with size depending on frequency, (b) sub-keyword classification, (c) researcher-
focused map with affiliation and topic, (d) affiliation-focused map with researcher and topic,

and (e) foreign institution mapping

3.4 Conclusion
From previously identified issues for AV in Thailand (Fig. 23) with stakeholder map

(Table 4) [18], recommendations for way forward are as follows.
v' Keep following autonomous vehicle movement in Thailand for both technical and
regulatory framework

o Automated driving technologies are evolving but Levl-5 AVs may not be
realistic by 2030 or later.

o ltisvery critical to set objectives for CAVs deployment first. Goals and KPIs
should be required in the viewpoints of those objectives, such as safety,
traffic efficiency, or environmental issues. Technologies of CAV are just
measures to achieve them.

o Social issue for public acceptance is important for initiation

v' Support both technical and regulatory updates to policy makers & public
o Sandbox with appropriate Operational Design Domain (ODD) &
autonomous level
v Expand “Next-Generation Automotive Promotion & Development Plan” and
recommendation from “National Electric Vehicle Policy Committee” to push
forward autonomous vehicle framework
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v Initiation, continuation and expansion of autonomous vehicle services should be

carefully planned

Driver/Passenger

= AV standard
& certification

* Seat orientation

» Safety

» Comfortable

Driving license
+ Membership (car pooling
+ Ownership

Provisions and Laws

about the responsible

person in case of
CAV accidents

/design/maintenance
« Intelligent Transport

System infrastructure

(Receiver/Transmitter

Infrastructure \JFrequency)

Fig. 23 List of issues for AV in Thailand from 3 aspects: driver/passenger, vehicle and

infrastructure

Table 4: AV stakeholder mapping for Thailand

Ministry of Transport | Ministry of Industry Ministry of Digital
Economy and

Society
Policy leader Office of Transport Office of Industrial Digital Economy
and Traffic Policy Economics (OIE) Promotion Agency
and Planning (OTP) (DEPA)
Regulated Department of Land Thai Industrial National
Organization Transport (DLT) Standards Institute Broadcasting and
(TISI) Telecommunication

Commission (NBTC)
Law enforcement The Royal Thai Police

Technical Research laboratory in University / National Technology Center (e.g.
supporter NECTEC)
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