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ABSTRACT

As a sales volume of autonomous vehicle continually grows up, regulations on this new technology are being
introduced around the world. For example, safety standards for the Level 3 automated driving system was
promulgated in December 2019 by the Ministry of Land, Infrastructure and Transport of Korean government.
In order to promote the development of autonomous vehicle technology and ensure its safety simultaneously,
the regulations on the automated driving systems should be phased in to keep pace with technology progress
and market expansion. However, according to SAE J3016, which is well known to classify the level of the
autonomous vehicle technologies, the description for classification is rather abstract. Therefore it is necessary
to describe the automated driving system in more detail in terms of the ‘Level.” In this study, the functions and
characteristics of automated driving system are carefully classified at each level based on the commentary
in the Informal Working Group (IWG) of the UN WP29. In particular, regarding the Level 4, technical issues
are characterized with respect to vehicle tasks, driver tasks, system performance and regulations. The
important features of the autonomous vehicles to meet Level 4 are explored on the viewpoints of driver
replacement, emergency response and connected driving performance.
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T A 252188 7F 73016 Baxol A A g g

YA ~H 7|l ER7ES 23 7H 7 Alo] T
g T3 RYHY 8, 5453824 (Dynamic
Driving Task, DDT) 3F30l| A ¢33t *]5 (fallback),
ODD9] ¥9] o]t} Table 12 J3016 KLl A olw
g 2d o HE 7)E 24 GAE A 2o A
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(Advanced Driver Assistance System, ADAS)S 2zt
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o] o] &¥ ), tha AT f%—% A A|2E R 7]

e g

Table 1 Levels of driving automation provided by SAE Report J3016

Execution of steering & | Monitoring of driving Fallback performance System capability
Level Name . . . . .. ..
acceleration/deceleration environment of dynamic driving task (driving modes)
0 No . Human driver Human driver Human driver N/A
Automation
Driver . . . .
1 . Human driver & system Human driver Human driver Some driving modes
Assistance
2 Partial System Human driver Human driver Some driving modes
Automation 8
itional . ..
3 gﬁ?ﬁiﬁ?sn System System Human driver Some driving modes
4 High System System System Some driving modes
Automation v Y &
5 Full System System System All driving modes
. N
Automation Y Y v
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Table 2 Timeline of self—driving cars in mass production

Manufacturer YVear Manufacturer
(Technology) (Technology)
BMW
2021 (Personal CoPilot)
Mercedes
2020 (Drive Pilot) 5
@
Nissan Skyline "
(ProPilot 2.0) 2019
Audi A8
2018 (Al Traffic Jam Pilot)
BMW 5 Series
(Driving Assistant
= Plus)
3 Volvo XC60 2017
vo | (Pilot Assist II)
Cadillac CT6
(Super Cruise)
Mercedes E—Class
(Distronic Plus) 2016
Tesla Model S
(Autopilot) 2014
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Table 3 Difference of vehicle tasks between Level 3 and Level 4%

Level 3

Level 4

Execute longitudinal( accelerating/braking) and lateral (steering) portions of the DDT when activated.

1 | Shall monitor the driving environment for operational
decisions when activated.

Shall monitor the driving environment for any decisions
happening in the ODD including emergency vehicles.

Permit activation only under conditions for which it was designed. System deactivated immediately at the request

2 | of the driver. However the system may momentarily delay deactivation when immediate human takeover could

compromise safety.

System automatically deactivated only after requesting
the driver to take—over with a sufficient lead time;
may—under certain, limited circumstances—transition

3 | (at least initiate) to MRC if the human driver does not
take over. It would be beneficial if the vehicle displays
used for the secondary activities were also used to
improve the human takeover process.

Shall deactivate automatically if design/boundary conditions
are no longer met and must be able to transfer the
vehicle to a MRC. May also ask for a transition demand
before deactivating.

Driver availability recognition shall be used to ensure the
driver is in the position to take over when requested
by the system. Potential technical solutions range from

Driver availability recognition shall be used to ensure
the driver is in the position to take over when requested
by transition demand. This can however be lighter

detecting the driver's manual operations to monitoring solutions than for level 3 because the system is able
cameras to detect the driver's head position and eyelid to transfer the vehicle to a MRC in the ODD.
movement.

5 Emergency braking measures must be accomplished by the system and not expected from the driver (due to

secondary activities).

= Eolth, A0 33 BAsH £ A2 g
(Driver availability recognition) & =<
IAAGANA A 4 AEF YA
AE Azgxdos dol Hseng o
A Al 84 A SEe oA oe

o},

3

3.1.2. 329l Fd(Driver Tasks)

A 33 G 49 AEF AT} A] L2
EAS Table 49 4] 3T g 39 AL
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%

Table 4 Difference of driver tasks between Level 3 and Level 4

£ 74l
3 Ag
Aol A% a9 g
SQAAGAANN T F83 AANHE 4
T

2 7153

Level 3

Level 4

1 | Determine when activation or deactivation of the automated driving system is appropriate.

Does not need to execute the longitudinal, lateral driving
2 | tasks and monitoring of the environment for operational
decisions in the ODD.

Does not need to execute the longitudinal, lateral driving
tasks and monitoring of the environment in the ODD.

Shall remain sufficiently vigilant as to acknowledge the
transition demand and, acknowledge vehicle warnings,
mechanical failure or emergency vehicles (increase lead
time compared to level 2).

May be asked to take over upon request within lead
time. However the system does not require the driver
to provide fallback performance under the ODD.

May turn his attention away from the complete dynamic
driving task in the ODD but can only perform secondary
4 | activities with appropriate reaction times. It would be
beneficial if the vehicle displays were used for the
secondary activities.

May perform a wide variety of secondary activities in
the ODD.
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Table 5 Difference of consideration of vehicle regulation between Level 3 and Level 4%

Level 3

Level 4

Consider which regulatory provision for longitudinal
(accelerating, braking) and lateral control (steering)
1 | are necessary including the monitoring of the driving
environment.

Consider which regulatory provision for longitudinal
(accelerating, braking) and lateral control (steering)
are necessary including the monitoring of the driving
environment for any decisions happening in the use
case (for example Emergency vehicles).

Consider regulatory provision to ensure the system:

1) Permits activation only under conditions for which it was designed, and

to take over when requested by the system.

2 ii) Deactivates immediately upon request by the driver. However the system may momentarily delay deactivation
when immediate driver takeover could compromise safety.
Consider regulatory provision to ensure the system Consider regulatory provision to ensure the system
automatically deactivates only after requesting the driver automatically transfer the vehicle to a minimal risk
to take—over with a sufficient lead time; including — condition preferably outside of an active lane of traffic
3 under certain, limited circumstances — transition (at if design/boundary conditions are no longer met.
least initiate) to minimal risk condition if the driver
does not take over. It would be beneficial if the vehicle
displays used for the secondary activities were also
used to improve the human takeover process.
Consider regulatory provision for driver availability Consider regulatory provision for driver availability
4 recognition is used to ensure the driver is in the position recognition is used to ensure the driver is in the position

to take over when requested by the system transition
demand at the end of the ODD.

5 | Consider regulatory provision for emergency braking measures by the system.
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Table 6 Characteristic functions of Level 4 automated driving system

Characteristic functions

Driver

replacement | Safe shuttle function in the ODD

* Ability to perceive patterned visual and sound signals
 Ability to understand dynamic intentions of road participants

* Development of multiple MRC transfer methods to cope with various emergency situations

Emergency | ¢ Ability to respond to accidents caused during automated driving

response * Emergency call function in the condition that the driver does not respond for a certain period of

time after moving to MRC
* Readiness for data transfer using V2X(vehicle—to—vehicle or vehicle—to—infra) communication, and

Conge.cted its cyber security

driving * Connected driving capability in emergency situations with limited lanes
performance |, Harmonization on the road with cars driven by humans
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