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ABSTRACT

This study aims to analyze the importance of key elements and clauses of the preliminary ethical
guideline for Automated Vehicles(AV) using the Analytic Hierarchy Process(AHP). Reflecting
previous researches on AV ethical guideline, we developed the questionnaire for the AHP survey.
According to the AHP results of key elements and detailed clauses, Protecting human dignity and
life are most important as a top priority in overall clauses. Also, clauses related to the user’s liability
are high priorities, but clauses related to the administrator’s liability are low priorities. These results
implied that the government should enact a law and draw up an ethical guideline in a neutral attitude
to respect the private areas and enjoy the public interests. In order to declare Korean ethical
guidelines and improve social acceptance, it is necessary to conduct a seminar and make an
educational program, also gather the opinions of citizens and experts.

Key words : Automated Vehicle(AV), Ethics Guideline, Analytic Hierarchy Process, Importance by
Clauses, Social Acceptance
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<Table 1> Literature Review on Automated Vehicle Ethics

Author Description

A Study on the Solutions of the Current Automobile Accident Liability and Liability Insurance Law

Lee and Hwang(2018) in the Accident of Automated Vehicles

Organizing Automated Vehicles accident patterns driver’s deliberate and false accident, mechanical defect

K Hong(201
won and Hong(2018) accident, software malfunction accident, and external hacking accident

Byun et al.(2018) * Propose draft ethical guideline in korea
Byun(2017) * A Study on the Ethical Theory of Automated Vehicles Before Making Ethical Guidelines
Lee(2016)

A Study on the Ethical Subjectivity Problems and Rights Subjectivity Problems of Automated Vehicles

Propose a mixed approach that is a fusion of bottom-up approaches such as machine learning and harm
minimization algorithms based on a top-down approach.

A Proposal for Development of Ethical Crash Algorithms for Automated Vehicles

Lee and Oh(2016)

Goodall(2014)
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<Table 2> Literature Review on a Survey of Automated Vehicle

Author Description
Im et al.(2019)

Analyzing of the Social Perception of Ethical Guideline for Automated Vehicles

A Study on the Perception of human Vehicle Drivers about the Cause of Traffic Accidents in

Yang et al.2019) Automated vehicles

A Study on the Recognition of Automated vehicles through Text Mining to Improve Social

Im et al (20175) Acceptability before Introducing them

Conducts interviews with users of Automated vehicles on the basis of their personal characteristics

Kann(2017) and technical factors

Kénig, M. et al.(2017)

A Study on the User’s Acceptability of Automated Vehicles

Conducting Experiments on Traffic Accidents of Automated Vehicles and Establishing Perceptions

Li et al.(2016) of Moral Norms and Responsibilities

Hohenberger et al.(2016)
Nordhoff et al.(2016)
Abraham et al.(2016) * A Study on the Preference of Driven Consumers for Automated vehicles

Investigate whether the idea of using Automated vehicles depends on gender and age

Survey on the acceptability of users for high levels of Automated vehicles
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1. Analytic Hierarchy Process
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1) Satty, T. L. (1980). The analytic hierarchy process.
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<Table 3> Phase 1 : Evaluation Clauses of 5 Key elements for Their Relative Importance

Key Element Representative Clause
Objective and Value AV should prioritize protecting human life in an unavoidable accident
Design Principle AVs must be designed preventing hazardous accident situation in advance
Supplier Duty AVs must be designed to be safe from external attacks
Regulator Requirement Data form the AVs requires approval for use either from the owner or driver
User Requirement The users must go through training sessions, and pass AV driver’s license test, etc

2) National Highway Traffic Safety Administration, Federal Automated Vehicles Policy: Accelerating the
Next Revolution in Roadway Safety, US Department of Transportation, 2016

3) National Highway Traffic Safety Administration, Automated Driving Systems : A Vision for Safety
2.0, US Department of Transportation, 2017

4) National Highway Traffic Safety Administration, Automated Vehicles Policy 3.0: Preparing for the
Future of Transportation, US Department of Transportation, 2018

5) Federal Ministry of Transport and Digital Infrastructure, Ethics Commission : Automated and
Connected driving, 2017
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<Table 4> Phase 2 : Evaluation Clauses of Detail Element

Key Element Code Detail Clause
A0L AV should prioritize protecting human life in an unavoidable accident
o A02-1 | AVs should help improve the opportunities and benefits of mobility users
Obji‘;zl\fe and A02-2 | AVs should be developed on the premise of human autonomy and accountability
A03 Avs should not discriminate a specific victim in an accident
A04 Despite some issues, AVs should be accommodated for a sharp accident reduction
BO1 AVs must be designed preventing hazardous accident situation in advance
BO2 AVs must be designed to store records of the driver information and accident in order to clarify
the responsibility of the cause
Design B03 Technologies that can reduce accident damage such as automatic crash prevention should be mandatory
Principle B04 AVs must be designed to return to a safe driving mode in an emergency situation
BO5 A machine learning technology for AV can be acceptable to improve safety
BO6 A cha.mge of control is necessary considering human interactive behavior in the event of an emergency
situation
Co1 AVs must be designed to be safe from external attacks
Supplier Duty C02 Manufacturers and operators should have an obligation to manage, optimize and improve AV systems
03 Manufacturers and operators should go through a public examination of new technology and inform
customers
DOl Data form the AVs requires approval for use either from the owner or driver
D02-1 | Public institutions are responsible for ensuring safety such as issuance of licenses
D02-2 | Public institutions should monitor operation to ensure safety
Reg}llat()f D03 An independent Public institutions should be in charge of analysing, managing each case for responding
Requirement to a dilemma
D04 Respons:ibilities of operation should be shared among individuals, manufacturers, operators, construction
companies, governments, etc
D05 With possible ethical problems, the central monitoring and operation of AVs should be restrained
User EO1 The users must go through training sessions, and pass AV driver’s license test, etc
Requirement E02 The driver must take responsibility for the freedom and safety of others
AHP HE BHE % sl BHOE 1089 0 H5B gsel U 4 Y= PASG 4 4
ERAE 2UlEE o8¢ BEE WufY HEOR AYIQT 2A AE F 120090]9) HEZAL
ek Al AFS <Table 5>9F 2tk

<Table 5> Survey summary

Classification

Description

Measure

1 : Equal, 3 : Weak, 5 : Strong, 7 : Very Strong, 9 : Absolute

The number of Questions

Phase 1: 5Q(Key element); Phase 2: 22Q(Detailed element)

Survey Period(Method)

2018.11.12. - 2018. 11. 13. (Mobile Survey)

Sample

1,200(CR<0.2, 227)

Sampling error

+ 2.83%(95% conf. interval)
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<Table 6> Basic Statistics summary

Classification Number of Respondent Percent(%)
Male 115 50.7
Sex
Female 112 49.3
20s 59 26.0
30s 47 20.7
Age
40s 66 29.1
50s 55 242
Seoul-Gyeonggi 119 523
GangWon 5 22
Area ChungCheong 31 13.7
GyeongSang 51 225
HoNam(Jeju) 21 9.3
Office/Manage/Specialize 104 45.7
Field/Sale 41 18.1
Job Student 36 10.6
Housemaker 24 15.9
Jobless&other 22 9.7
None 22 9.7
Always (7 times per week) 75 33.0
Drive Often (4~5 times per week) 23 10.1
Experience -
(License) Have Usually (2~3 times per week) 23 10.1
Sometimes (Under a time per week) 38 16.7
Nothing 46 20.3
V. £423%

A&FPAEA] WY aaFEe} 7H, ARl A, FFA o, wElA o7, o] &4k o) bl 7b
e T855 243 197 AHP 24 A3, 539 7HA 9] 8571 0308% 71 w3kor el s
& , o187 o, R ofF SO0 A B EEHT 19 #49 4
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<Table 7> Result of Phase 1(Evaluation Clauses of 5 Key element for their relative importance)

Classification Importance Rank Consistency Ratio
Objective and Value 0.308 1
Design Principle 0.217 2
Supplier Duty 0.177 3 (C:l; ;0’113
Regulator Requirement 0.132 5
User Requirement 0.167 4
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<Table 8> Result of Phase 2(Evaluation Clauses of Detail Element)
Key Element | Code Detail Clause Importance | Rank
A01 | AV should prioritize protecting human life in an unavoidable accident 0.103 1
A02-1 | AVs should help improve the opportunities and benefits of mobility users 0.043 11
a?lzjii;\i A02-2 | AVs should be developed on the premise of human autonomy and accountability 0.052
A03 | Avs should not discriminate a specific victim in an accident 0.065 4
A04 | Despite some issues, AVs should be accommodated for a sharp accident reduction 0.046 10
BOl | AVs must be designed preventing hazardous accident situation in advance 0.042 12
AVs must be designed to store records of the driver information and accident in order
B02 . o 0.028 15
to clarify the responsibility of the cause
Design BO3 l'fechnolzgws that can reduce accident damage such as automatic crash prevention should 0,047 9
Rl e mandatory
Principle
B04 | AVs must be designed to return to a safe driving mode in an emergency situation 0.037 13
BO5 | A machine learning technology for AV can be acceptable to improve safety 0.028 16
BO6 A change of contro.l 1s.necessary considering human interactive behavior in the event 0,034 14
of an emergency situation
C01 |AVs must be designed to be safe from external attacks 0.064 5
Supplier o Manufacturers and operators should have an obligation to manage, optimize and improve 0,059 6
AV systems
Duty
Manufacturers and operators should go through a public examination of new technology
Co3 . 0.054 7
and inform customers
DOl |Data form the AVs requires approval for use either from the owner or driver 0.022 18
DO02-1 | Public institutions are responsible for ensuring safety such as issuance of licenses 0.027 17
DO02-2 | Public institutions should monitor operation to ensure safety 0.022 19
Regulator | D03 An mdepenc.lent Pubhc.mstltutlons should be in charge of analysing, managing each case 0,021 20
Requi for responding to a dilemma
equirement
D04 Responsibilities of operation should be shared among individuals, manufacturers, operators, 0,020 21
construction companies, governments, etc ’
Wi . . . . v
DOS ith .p0551ble ethical problems, the central monitoring and operation of AVs should be 0,019 »
restrained
User EO01 | The users must go through training sessions, and pass AV driver’s license test, etc 0.079
Requirement | E02 | The driver must take responsibility for the freedom and safety of others 0.088
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