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Changing Lanes with Conditional Driving Automation:
The Case of Overtaking Slower Traffic on Highways

LR L TH LT TE R NEA E77 Z 837 Rk W
Husam MUSLIM Genya ABE Nobuyuki UCHIDA Chokiu EUNG Makoto ITOH
Abstract

This study investigates the impact of different designs of Automated Driving Systems (ADSs) on driver
behavior, trust, and acceptance when approaching a traffic jam in conditionally automated vehicles. A
driving simulation experiment was conducted to compare four ADS designs. While ADS-1 (baseline) can
only decelerate to continue automated driving behind the traffic jam, ADS-2 can also guide the driver to
avoid slow traffic. ADS-3 can overtake the traffic jam automatically if the driver approves the maneuver
by pushing a “decision button”. In contrast, ADS-4 can autonomously overtake the traffic jam without
driver approval unless the driver aborts the maneuver by pushing a “decision button” within 6 seconds. In
all designs, driver takeover of the vehicle was optional. Results indicate that drivers preferred ADS-1 and
ADS-2 more than ADS-3 and ADS-4 because they did not have to make a critical lane-change decision.
However, the drivers trusted and accepted ADS-3 more than ADS-4, because they were able to confirm
safety on the adjacent lane before letting ADS-3 proceed with the overtaking maneuver. These observations
indicate that automated driving systems can be more accepted by the user when designed following the

concept of human-centered automation.

KEYWORDS: Cooperative human-machine interface, levels of automation, human-centered design, trust

1. Introduction

Automated driving has been primarily introduced for reasons of safety and also for driver workload reduction,
congestion relief, and power consumption %2, For example, these systems relieve a driver from tedious control tasks
by employing lane-keeping assistance and adaptive cruise control to regulate lateral and longitudinal vehicle motions
35 | In addition, these contribute to road safety by employing active safety systems such as autonomous emergency
braking and steering systems to prevent drivers from colliding with vehicles, pedestrians, and other obstacles &© .

Although Automated Driving Systems (ADSs) have the potential to advance vehicle mobility and save lives, they
still have limitations and imperfections and may fail when they are most needed %. On the one hand, inappropriate
human trust in these systems can affect drivers’ behavior toward the system, affecting their capability to detect
inadequate system performances '%. On the other hand, the excessive use of ADS may yield unintended negative
consequences, such as skills and morale degradation and loss of situation awareness %, It may also cause
automation-induced complacency when human operators become overly satisfied with their capabilities and thereby
create preventable hazards . In addition, drivers assisted by an ADS are more likely to be engaged in non-driving

* 202347H27H % H
*1 —RSHETEN ARSI HEAIEST  BEGEITHIZER 1 (T5)
Japan Automobile Research Institute Autonomous Driving Research Division Dr.Eng
*2 PR F
University of Tsukuba
*3 FUERYE EH (T
University of Tsukuba Dr.Eng
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related activities, which would impair their capability to respond to critical situations ). Furthermore, drivers are
likely to become overly dependent on ADSs, which may not continuously function as intended .

The introduction of partial driving automation systems in certain commercial vehicles enables drivers to
occasionally experience hands- and feet-free automated driving in limited operational design domains such as
highways 7). However, the drivers must monitor the traffic environment and supervise the system status '®). One
challenge is the maintenance of drivers’ engagement and vigilance, both of which can be performed effectively only
when an adequate level of driver workload exists * 1% 29, Another challenge is to train the driver to supervise the
system because the supervision of automated vehicles is a more demanding task as it requires a higher level of human
skills when compared to that of manual driving 229,

However, conditional driving automation systems that can control a vehicle for an extended time without driver
engagement and intervention require less supervision than partial driving systems 2. Therefore, drivers of
conditional driving automation may be out of the control and monitoring loop. As a result, it is more difficult to gain
control over the vehicle when required than it is with partial driving automation 2. For example, while a driver is
reading a book or using a smartphone, the system may encounter a situation that it is not designed to manage. Hence,
it would request the driver to resume manual control within a short time (e.g., within 10 s) 2. In critical situations, a
major challenge is to appropriately transform the driver from an out-of-the-loop state to an in-the-loop state to resume
driving their vehicle safely 2.

To address the abovementioned challenges, we propose a cooperative human-machine interface (HMI) design to
support drivers’ decision-making and control for the safe and practical use of partial and conditional driving
automation. Cooperative HMI can enable humans to share decision-making and action implementations via
automation to simultaneously achieve a function or task 2. The sharing of decision-making and control between the
user and the system may improve the human’s comprehension of the automated process and thereby facilitate them
in developing an appropriate level of trust toward the system. Following the concepts of human-centered systems
design 2", we designed an HMI, in which the human can be more involved in automated processes to improve the
driver’s attention and comprehension of the traffic situation and to reduce the requirement for control transition
during non-critical automated driving conditions. Specifically, we focused on partial and conditional driving
automation, in which the interaction between the driver and system is a primary concern, and the driver must be able
to regain full or partial control of the vehicle when necessary or when requested by the system.

A human-centered system may support human perception and decision-making but may not implement an
automatic action without human directives. According to the ten levels of automation (LOA) proposed by % | a
human-center system design can be implemented under LOA-6 or less, as shown in Fig. 1. In this study, we combined
the concept of human-center automation and LOA to design a cooperative HMI for partial and automated driving
systems. We proposed an ADS that issues a request to engage (RTE) in response to non-critical changes in the driving
environment. The proposed RTE may suggest an appropriate action to be carried out by the driver (LOA-4), execute
that suggestion if the driver approves (LOA-5), or allow the driver a restricted time to veto before automatic execution
(LOA-6). It differs from a request to intervene (RTI), which is typically issued during hazardous conditions, such as
the attainment of an operational or functional limitation by the system or imminent collision situations > . An RTE
does not necessarily imply that the human driver must resume manual control. It is a communication between the
system and the driver to maintain an appropriate level of driver engagement and responsibility by monitoring the
driving environment and approving or disapproving the system’s decisions. For example, on the one hand, the safety
of the driver and other road users can be higher when an ADS detects and performs tactical tasks (e.g., lane changing
and passing) under human directives compared to when the maneuver is performed by the system without human
monitoring. On the other hand, driver resumption of vehicle control can also be improved when the system guides
the driver toward a safer next course of action. These can address issues related to human disengagement, overreliance,
and out-of-the-loop performance associated with the use of partial and conditional ADSs.

— 5 —
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Human perceptual cycle lower Levels of Automation (LOA)

1. The computer offers no assistance, human must do it all.
Perception }v

/23, The computer offers a complete set of action alternatives, or

|
‘ narrows the selection down to a few, or

e

suggests one alternative

‘ Situation recognition

executes that suggestion if the human approves, or

Decision making allows the human a restricted time to veto before automatic execution, or

Action implementation

I

executes automatically, then necessarily informs humans, or

informs the human after execution only if asked, or

crcmED

informs the human after execution only if the computer decides to
10. The computer decides everything, acts autonomously, ignoring the human,

higher Levels of Automation (LOA)

Fig. 1 Human perceptual cycle and levels of automation. LOA-6 represents the borderline between human-center
system design in which the human has the final authority over the system and automation-center system design
in which the automation has the final authority over the system.

The proposed designs of conditional driving automation with cooperative HMI were examined using a driving
simulator experiment in which the drivers were exposed to smooth and congested traffic during automated driving
on a two-lane highway. Four designs were compared. When the ADS detects traffic congestion on its main lane while
the adjacent lane is available: ADS-1 continues automated driving behind the traffic jam without providing an RTE;
ADS-2 issues an RTE to encourage the driver to resume manual control and overtake the congestion; ADS-3 issues
an RTE to request the driver's permission to overtake the congestion automatically; ADS-4 issues and RTE to
overtake the congestion automatically unless the driver disapproves it within a restricted time. The hypothesis is that
driver engagement and attention depend on the extent to which the driver is required to interact with the system
during automated driving. Furthermore, it is hypothesized that drivers’ acceptance of an H may decrease when they
are required to be more involved in the automated process. It is likely that an increase in driver involvement in the
automated process may enhance driver comprehension and driving performance while reducing the driver’s
acceptance of and trust in the system. The study outcomes can provide a basis for accelerating the implementation of
automated driving in the real world.
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2. Method

2.1 Participants and Apparatus

This study conducted a driving simulation experiment with forty human participants (20 males and 20 females)
aged between 22 and 69 years old. This experiment was designed and conducted according to the Code of Ethics and
Conduct published by the Japanese Psychological Association (https://psych.or.jp/) and under the approval of the
Ethical Committee of the Faculty of Engineering, Information, and Systems of the University of Tsukuba, Japan.

The experiment was carried out on a motion-based driving simulator, as shown in Fig. 2. The simulator comprised
a cockpit with an adjustable driver chair, a steering wheel, brake and gas pedals, and an automatic transmission
system. The driver’s front field-of-view was projected onto a 120° curved screen (85 x 30 in). Two small screens (5
x 4 in each) were provided to display the side fields-of-view, and a central screen (5 x 2.3 in) was provided to display
the rear field-of-view. The simulator was connected to an external computer, in which the experimental scenarios
and ADS were designed. The drivers can activate and deactivate the system by shifting the gear stick between D for
manual driving and D3 for automated driving modes (see D/D3 ADS activation in Fig. 2). The automated driving
mode can also be deactivated by the direct intervention of drivers using the steering wheel or gas/brake pedals.

Left-hand Rearview Right-hand Decision D/D3 ADS
mirror mirror ADS status mirror button  activation

AV main Passing
lane

The top-left picture illustrates the driver’s scene (side and rearview mirrors, HMI display, and driver monitoring).
The top right picture depicts the simulator's interior components (steering wheel, automatic transmission, and
dashboard).

The bottom left picture visualizes the main driving lane of the automated vehicle (AV) and the passing lane. The
bottom middle picture represents the driving simulator cockpit.

The bottom right picture shows the participant sitting hands- and feet-free inside the cockpit during automated
driving.

2.2 Experimental Scenarios

The training and testing experimental scenarios were implemented on a straight two-lane highway with a light and
smooth traffic in the passing lane. Only daylight, a dry road, and clear weather conditions were simulated. Each
testing scenario was divided into four sequential scenes, as illustrated in Fig. 3. In Scene-1 (~1 min), the participants
were required to start driving the vehicle manually and attain the speed limit of 60 km/h. Scene-2 (~5 min) began
when the participants activated the ADS and practiced conditional automated driving at a speed of 60 km/h with a
smooth traffic flow on both lanes. During Scene-3 (~3 min), the vehicle approached slow traffic (20 km/h) while
under automated driving such that the system decelerated the vehicle to synchronize with the congested traffic speed.
However, the right-hand lane was available with cars passing at 60 km/h and 10 s time headway between them. In

R 7 R
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this part of the driving course, the drivers could freely decide to keep or change lanes manually or automatically
based on their perception of the situation and ADS design and capabilities. Finally, in Scene-4 (~1 min), the

participants were asked to resume control and stop the vehicle.

Start End
®imin ™77 T S in smooth trafic flow 5 min raffic jam; drivers decidéio” " € 7T 7™
keep or change lanes 1 mm
v v
[-}“‘ ““““““““““““““““““ (0 ==F [.] [-l [.;" -»20 km'h
mp------ »60 kuvh e
Scene-1: Scene-2: 60 km/h; ADS: on i Scene-3: 60-20 kim'h; ADS: on Scene-4:
0-60 kmm/h Driver/ADS: keep/change lane 60-0 knvh
ADS: off ADS: off
Legend: (m® Automated vehicle (wm Leading vehicle (w®» Adjacent vehicle

Fig. 3 Test scenario. Scene-1: driver must drive the vehicle manually and attain 60 km/h speed. Scene-2: driver
switches to automated driving mode. Scene-3: ADS decreases vehicle speed from 60 to 20 km/h in response to
slow traffic ahead (traffic congestion on the AV's main lane), whereas traffic flows smoothly on the adjacent lane.
Based on the ADS design and capabilities, the drivers can decide whether to resume manual control and
change/keep lanes or let the system decide the next course of the vehicle (keep or change lanes). Scene-4:

drivers have to resume manual control and stop the vehicle.
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2.3 HMI Design

For the purpose of this experiment and based on the experimental scenarios, four main system states were used, as
shown in Table 1. While HMI-1 was displayed when the automated driving mode was deactivated and the driver
managed the entire driving task manually, HMI-2 was displayed when the automated driving mode was activated
and the system performed the entire driving task during smooth traffic conditions. However, HMI-3 was displayed
when the automated driving mode was turned on during traffic congestion to draw the driver's attention toward
changes in the surrounding traffic. HMI-4 represents the RTE issued by the system to the driver during abnormal but
non-critical traffic conditions (e.g., traffic congestion) while the automated driving mode was turned on in the
presence of a better driving course. An LCD screen (7 x 4 in) installed in the dashboard to the left of the driver was
used as a visual HMI to display the system status. An acoustic alert accompanied the variations in visual HMI
messages to inform the drivers regarding the changes in the HMI and system states.

Table 1 HMI display of automated driving system states.

HMI ADS status Driving tasks Display
1 Deactivated Driver performs entire driving
o n\
-
Auto Pilot Off

2 Activated at a ADS performs the entire driving

speed range 40-60  task automatically. 60

km/h Km/h

=)

Auto Pilot On

3 Activated during ADS performs the entire driving
the traffic jam task, including speed 1&ﬁﬁ
o 20
(<20 km/h) synchronization with congested ﬁ Km/h
traffic.
Auto Pilot On
4 Activated with ADS requests driver’s
==
driver’s engagement to avoid traffic 7][] A E oA
20
engagement congestion. However, driver’s a Km/h
required intervention is optional.
Auto Pilot On
J— 9 —
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2.4 ADS Design

The proposed ADS is a low-speed automated lane-keeping assistance system (i.e., a highway traffic jam pilot) that
masters lateral and longitudinal vehicle motions for an extended period without driver intervention 17303 Based
on LOAs and the concept of human-center systems design, four algorithms are proposed herein to manage Scene-3.
These algorithms involve a method to inform the driver regarding traffic congestion and necessary lane-change
maneuvers, as detailed in Table 2. Although all the systems are equivalent to conditional driving automation systems,
these differ in terms of the capability to detect and perform lane-change maneuvers, as follows:

Table 2. Algorithm of ADS and driver behaviors during Scene-3.

ADS  Level of automation ADS Algorithm

1 LOA-3 if slower traffic is detected:
synchronize speed, and display HMI-3
if the driver resumes manual control:
deactivate the ADS, and display HMI-1
else if the driver does not respond:
maintain the speed according to traffic congestion, and continue automated driving

2 LOA-4 if slower traffic is detected:

synchronize speed, and display HMI-3 for 4 s

if the driver resumes manual control within 4 s:
deactivate the ADS, and display HMI-1

else if the driver does not respond:
display HMI-4 (RTE) for 6 s
if the driver resumes manual control within 6 s:

deactivate the ADS, and display HMI-1

else if the driver does not respond within 6 s:

maintain the speed according to traffic congestion, continue automated driving, and display HMI-3

3 LOA-5 if slower traffic is detected:
synchronize speed, and display HMI-3 for 4 s
if the driver resumes manual control within 4 s:
deactivate the ADS and display HMI-1
else if the driver does not respond within 4 s:
display HMI-4 (RTE) for 6 s
if the driver presses the “approve” button within 6 s:
change lanes automatically, accelerate, and display HMI-2
else if the driver resumes manual control within 6 s:
deactivate the ADS, and display HMI-1
else if the driver does not respond within 6 s:

maintain the speed according to traffic congestion, continue automated driving, and display HMI-3

4 LOA-6 if slower traffic is detected:
synchronize speed, and display HMI-3 for 4 s
if the driver resumes manual control within 4 s:
deactivate the ADS, and display HMI-1
else if the driver does not respond within 4 s:
display HMI-4 (RTE) for 6 s
if the driver presses the “disapprove” button within 6 s:
maintain the speed according to traffic congestion, continue automated driving, and display HMI-3
else if the driver resumes manual control within 6 s:
deactivate the ADS, and display HMI-1
else if the driver does not respond within 6 s:
change lanes automatically, accelerate, and display HMI-2

1) ADS-1: The RTE is implemented under LOA-3, in which the automation supports human perception and
situation recognition. The capability of ADS-1 in overtaking traffic congestion is limited. Therefore, the system
continues automated driving at a slow speed on the same lane. The system displays HMI-3 to attract the driver’s
attention toward the traffic congestion. Based on their observation and perception of the situation, the drivers must

JARI Research Journal (2024.02)



decide whether to override the system and change lanes manually to circumvent the traffic congestion or continue
with automated driving on the slower lane.

2) ADS-2: The RTE is implemented under LOA-4, in which the automation supports human decision-making.
First, ADS-2 informs the driver regarding the situation (i.e., HMI-3). Subsequently, the system issues an RTE (HMI-
4) that is designed under LOA-4, in which the automation recommends an alternative to support human decision-
making. The RTE advises the driver to resume control and manually shift toward a faster lane. The drivers can
disregard the RTE or resume manual driving to bypass the traffic congestion. If the driver disregards the RTE for
more than 6 s, the system status is returned to HMI-3, and automated driving is continued on the slow lane.

3) ADS-3: The RTE is implemented under LOA-5, in which the automation supports human decision-making and
action under the human directive. After informing the driver regarding the traffic congestion (HMI-3), ADS-3 issues
an RTE (HMI-4) that is designed under LOA-5, in which the automation recommends an alternative option and
executes it when the driver approves it. The RTE recommends a lane-change maneuver to circumvent congested
traffic and requests the driver’s permission to perform the task automatically. If the driver approves the automatic
lane-change maneuver by pushing the decision button shown in Fig. 2, the system automatically bypasses the traffic
congestion and continues automated driving on the faster lane. If the driver disregards the RTE for more than 6 s, the
system status is returned to HMI-3, and automated driving is continued on the slow lane.

4) ADS-4: The RTE is implemented under LOA-6, in which the automation gives the human a limited time to
react or object before executing necessary actions automatically. When ADS-4 detects traffic congestion, the system
issues HMI-3 to inform the driver regarding the congested traffic. It then issues an RTE (HMI-4) that is designed
under LOA-6, in which automation provides the human a limited time to disapprove the automatic actions. The RTE
informs the driver that an automatic lane-change maneuver would begin in 6 s. If the driver pushes the decision button
(approve/disapprove button in Fig. 2), the system status is returned to HMI-3, and automated driving is continued on
the slower lane. Otherwise, the system automatically bypasses the traffic congestion and continues automated driving
on the faster lane.

2.5 Tasks and Procedure

First, all the participants were briefed regarding the purpose of the study, experiment design, and ethical rights.
Upon obtaining their consent for participation in the experiment, the participants were instructed to complete a short
demographic survey. The critical instructions were to maintain safe driving performance and pay attention to the
HMI display. Each participant was explained in detail using PowerPoint slides regarding the operation of the driving
system. Then, they performed two familiarization and training drives (5 min each): 1) manual drive and 2) automated
drive under light and smooth traffic conditions.

The testing phase comprised four drives (9—10 min each). In each test drive, the participant was presented with
one of the four ADS designs such that each design was tested once during the testing phase. The participants were
explained about the operation of each system design before they started driving with the system. The sequence in
which the ADS designs were experienced was counterbalanced among the participants using the Latin-square method.
The participants were allowed a short break (10 min) between test drives, including the brief for the subsequent trial.
Finally, they completed post-experiment questionnaires regarding their trust, understanding, acceptance, and
controllability with regard to each ADS design. For each participant, the entire experiment was completed within two
hours in one day. The entire experiment was completed in two weeks period.

2.6 Experimental Design and Data Analysis
This experiment followed a within-subject design such that each driver was presented with the four ADS designs
as an independent variable. For all analyses, the statistical significance was set to « =0.05 and was determined by
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applying the Chi-square test, repeated measures univariate analyses of variance (ANOVA), post-hoc, and t-test using
IBM SPSS Statistics. Sphericity violations, normality, and homogeneity of all dependent variables were checked to
ensure the applicability of the selected test *?. All dependent variables were extracted from scene-3, as illustrated in
Fig. 4.

To understand how drivers reacted and used the different ADS designs, we provided descriptive statistics of driver
reactions (e.g., resumed manual control, responded to the RTE, pushed the decision button, and lane-keep or change)
under each system. Further, we used the time headway (TH) between the subject and adjacent vehicles as a safety
indicator to assess the possibility of drivers' involvement in dangerous lane-change maneuvers. TH was calculated as
the difference between the time (in seconds) when the front of the subject vehicle arrives at a point on the highway
and the time the front of the adjacent vehicle arrives at the same point, as indicated in Fig. 4.

Steering wheel and pedal indicators were used to determine the lane change response time and maximum steering
wheel angle as dependent variables to evaluate the lateral and longitudinal driving behaviors during the automated
and manual driving modes. The lane-change response time was calculated as the time in which the HMI status
changed from HMI-2 to HMI-3. That is, it is the time between the instant when the slow traffic ahead is detected and
the instant when the vehicle starts steering away toward the adjacent lane, as shown in Fig. 4. It was measured to
evaluate the driver’s perception of the situation with or without an RTE (i.e., HMI-4) and to assess the effect of
cooperative ADS design on driving behavior and preference during optional lane-change situations. The maximum
steering wheel angle was determined as the maximum steering wheel input by the driver or the system during lane-
changing maneuvers between the point where the vehicle steers away to circumvent traffic congestion and the point
where the vehicle is driving forward in the passing lane, as shown in Fig. 4. The aim was to compare the vehicle
lateral control performance between the case wherein the driver resumed manual driving and changed lanes and that
wherein the ADS changed lanes autonomously.

For all the systems, the drivers’ engagement was measured based on their attention and response to the HMI and
surrounding traffic changes 13) and the manner in which the control was transferred from the system to the driver.
The driver off-road glance was determined to evaluate the drivers’ attention and engagement level as well as RTE
effectiveness. The significant effect of ADS design was investigated using one-way repeated measures, and the results
were further compared between systems using Tukey's HSD. The acceleration pedal and throttle control percentages
were evaluated and compared using the t-test to investigate the longitudinal driving behavior and energy-saving
efficiency.

HMI change Steer away Traffic Congestion (20 km/h)

Time Lane-change Maximum
headway response time Steering Angle

Legend: Automated vehicle (mn Leading vehicle (m®» Adjacent vehicle (2®

Fig. 4 Scene-3: the driver had to decide the next driving course based on each system design. Dependent variables
were used to express time intervals for which the time headway, lane-change response time, and maximum
steering angle.
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3. Results

3. 1 Driver Reaction, Lane-change Safety, and System Usage

Table 3 presents descriptive statistics of driver reaction to changes in traffic conditions and HMI during automated
driving and the mean and standard deviation of the total system activation time for each ADS design. Although ADS-
1 did not request driver intervention when approaching traffic jam, 36 participants (90%) decided to take over the
vehicle control, and four participants (10%) did not perform any action and let the system drives their vehicle slowly
behind the traffic jam. Out of the 36 participants who resumed manual driving, 34 participants changed lanes to
bypass the traffic jam, while two participants continued slow driving in the same lane. In ADS-2, 37 participants
responded to the system's recommendation to take over the control and change lanes, while only three participants
did not perform any action. For ADS-3 driving condition, 36 participants (90%) pushed the decision button to let the
system changes lanes and bypasses traffic jam automatically. However, two participants decided to take over the
vehicle and change lanes manually, and two participants did not respond to the system request and continued the
slow automated driving. For ADS-4 driving condition, 15 participants (37.5%) pushed the decision button to
disapprove the automatic lane change by the system.

In contrast, 25 participants (62.5%) did not push the button and let the system proceed with the lane change to
bypass the traffic jam. Under this condition, of the 15 participants who disapproved the automatic lane change, three
participants decided to continue with the slow automated driving behind the traffic jam, and 12 participants overtook
the vehicle control right after pushing the button. Out of those 12 participants, nine drivers changed lanes
automatically, and three drivers continued manual driving behind the traffic jam.

When the automatic lane change is not available, a Chi-square comparison of the number of manual lane changes
between ADS-1 and ADS-2 conditions indicates no significant effect of using the RTE under the ADS-2 condition
(x* (1) = 10.1, p = 0.61). However, when the automatic lane change is available, a comparison of the numbers of
manual and automatic lane changes under ADS-3 (3% (1) = 41.1, p < 0.001) and ADS-4 (%2 (1) = 29.4, p < 0.01)
conditions highlights the effectiveness of using RTE. While all 34 participants who resumed the manual control and
changed lanes under ADS-1 pushed the decision button to request the automatic lane change under ADS-2, only 25
of them let ADS-4 to perform the automatic lane change. It is noteworthy that the participants who did not push the
decision button under ADS-4 have pushed the decision button under ADS-3, allowing both systems to proceed with
the automatic lane change. It is also interesting to know that the six lane-keep cases under ADS-1 and ADS-4 were
committed by the same participants, while the three and two lane-keep cases under ADS-2 and ADS-3, respectively,
were committed by different participants.

Table 3 Comparisons of how drivers responded to HMI and traffic changes, the accumulative time of automated
driving, and the percentage of ADS usage.

Driver reaction in scene-3 Time headway (s)  Automated driving time (s)
resume  Push Lane change (N) Lane ADS
ADS
manual  decision keep M SD M SD usage
Manual Automatic

driving  button
1 36/40 NA 34/40 NA 6/40 1.12 0.56 308.21 38.15 77%
2 37/40 NA 37/40 NA 3/40 0.83 0.80 278.12 20.74 67.5%
3 2/40 36/40 2/40 36/40 2/40 0.47 0.63 380.60 3591 91%
4 12/40 15/40 9/40 25/40 6/40 0.55 0.39 353.90 37.89 81.5%

N: number; M: mean; SD: standard deviation

The lane-change maneuver safety was assessed using the time headway (TH) indicator, as shown in Table 3.
Although the largest TH mean value was under ADS-1 condition (1.12 s), which is consistent with what was found
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in previous studies %, it is significantly shorter than the recommended 3 s TH value *. The TH values under other
conditions were lower than 1 s, which can be critical and may result in a lane-change crash or near-crash given the
variability in driver alertness, skills, and capabilities. However, there was no crash recorded in this experiment.

To compare the system usage among the ADS types, the automated driving time was calculated as the cumulative
time of ADS operation, during which the system completely controlled the vehicle, as presented in Table 3. A one-
way repeated measures ANOVA revealed a significant effect of the ADS type on the automated driving time (F(3,
156) = 72.83, p < 0.01). These results provide preliminary information on the implications of system and HMI designs
for the manner in which end users would use the system. Post-hoc tests with Tukey’s HSD indicated significant
differences in automated driving time between systems (p < 0.001). The highest mean level was recorded under ADS-
3 (M = 380.60), wherein the system performed lane change maneuvers under human approval. The smallest mean
level was recorded for ADS-2 (M = 278.12).

The ADS usage was calculated as the mean percentage of the automated driving time periods and the frequency
of using the system functionalities. In general, a significant difference is observed between the various system settings.
This difference indicates the effect of using RTE and the extent to which the driver is engaged in decision-making
and action implementation during automated driving. Although the use of RTE increased the system usage compared
with ADS-1, the different ADS capabilities resulted in more differences among ADS-2, ADS-3, and ADS-4.
Furthermore, although both ADS-3 and ADS-4 can perform automatic lane change maneuvers, the difference in HMI
design strategies between the two systems affected the drivers’ response to the RTE. Therefore, it can be concluded
that even for systems with similar capabilities (e.g., ADS-3 and ADS-4), the manner in which a human manages
different system settings based on the information conveyed to them can vary. This, in turn, can cause differences in
automation usage and efficacy.

3.2 Lane-change Response Time and

Fig. 5 compares the lane-change response time between the four system designs. One-way repeated measures
ANOVA revealed the significant effect of the ADS type on the response time (F(3, 128) = 11.35, p < 0.001). Multiple
comparisons using Tukey’s HSD indicated that the lane-change response time under ADS-1 and ADS-4 was
significantly longer than that under ADS-2 and ADS-3 (p < 0.001). Although there was no significant difference
between ADS-1 and ADS-4, the results of standard deviation highlight the wide variations among the drivers in terms
of perception of lane-change situations under ADS-1 (SD = 8.362) compared with the system’s perception of the
same situations under ADS-4 (SD = 1.170). The results showed that the drivers responded more actively and promptly
under ADS-2 and ADS-3 compared with ADS-1. Given that the response times of ADS-2 and ADS-3 were
comparable and differed from that of ADS-4, the RTE methods of ADS-2 and ADS-3 reduced the response time
more compared with that of ADS-4.
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Fig. 5 Lane change response time to avoid traffic disturbance during Scene-3. The mean and standard deviation
(error bar) were calculated from data of 132 lane-change maneuvers (there are 34 and 37 manual lane changes
for ADS-1 and ADS-2, respectively; and 36 and 25 automatic lane changes for ADS-3 and ADS-4, respectively).

3.3 Maximum Steering Wheel Angle

Fig. 6 compares the mean and standard deviation of the maximum steering wheel angle among the four ADS
designs. A one-way repeated measures ANOVA revealed significant effects of the ADS design (F(3, 128) =9.73, p
< 0.01). The largest and smallest mean level of steering-wheel angle were recorded under ADS-1 (M = 0.562) and
ADS-3 (M = 0.393), respectively. Multiple comparisons with Tukey’s HSD indicated that the maximum steering
angles under ADS-1 and ADS-2 were significantly larger than those under ADS-3 and ADS-4 (p < 0.01). However,
there were no significant differences between ADS-1 and ADS-2 (p = 0.977) and between ADS-3 and ADS-4 (p =
0.890). Although these results highlight the differences between manual lane-change maneuvers (i.e., ADS-1 and
ADS-2) and automatic lane-change maneuvers (i.e., ADS-3 and ADS-4), the steering behavior was relatively smooth
and stable under all driving conditions. A reason for this was that the situations encountered by the drivers were not
critical, and they could decide and act without haste. Another reason was that the drivers were not compelled to
resume manual control.
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Fig. 6 Maximum steering angle during lane-change maneuvers with each ADS design.

3.4 Off-road Glance

The driver’s face behavior was recorded using a video camera and processed using eye-tracking software to extract
the driver’s eye movement. The off-road glance was calculated as the proportion of time spent by the driver gazing
away from the roadway in front as well as the side and rearview mirrors during the automated driving mode. Off-
road glances exceeding 3 s were considered accumulatively during each drive * %), The objective was to assess the
driver’s attention to the road and surrounding traffic during the automated driving mode.
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Fig. 7 presents the percentage of off-road glances for each ADS design. According to a one-way repeated measures
ANOVA, the system design was observed to have a significant effect on the drivers’ attention and glancing behavior
(F (3, 156) = 55.25, p < 0.001). Multiple comparisons with Tukey’s HSD revealed significant differences between
systems (p < 0.001), except between ADS-3 and ADS-4. The off-road glance under ADS-2 was significantly larger
than those under ADS-3 and ADS-4, although the RTE was available in the three systems. These differences can be
attributed to the HMI designs and system capabilities in performing lane-change maneuvers, which also affected the
driver reaction and the total time of automated driving, as presented in Table 3. Such explanation may also be
supported by the comparable off-road glance results under ADS-3 and ADS-4, both of which can perform lane-
change maneuvers automatically. Meanwhile, the significant difference in off-road glance values between ADS-1
and AD-2 indicates that the use of RTE is effective in improving the driver’s attention.
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Fig. 7 Proportion of drivers’ off-road glances for each ADS design during the entire drive. Error bars denote
standard deviations.

Further analysis of drivers’ eye-glance locations revealed that all of the participants who initiated manual lane
changes checked the right mirror for at least 2 s before steering toward the adjacent lane. However, 11 participants
pressed the decision button without checking the mirror under ADS-3, and six participants failed to check their right
mirror prior to initiating automatic lane change by ADS-4. These results suggest that, although the drivers' off-road
glances were decreased during ADS-3 and ADS-4, some drivers failed to scan the adjacent lane prior to changing
lanes by the system. More specifically, some drivers were focusing on the front window and not on the adjacent lane
when the system initiated the lane-change maneuver.

3.5 Energy Consumption

The acceleration pedal position was determined as the percentage of the maximum acceleration pedal input by the
driver while resuming manual control after the vehicle speed was reduced to 20 km/h during Scene-3. It was
compared with the throttle control percentage value, which was calculated as the percentage of the maximum
acceleration input by the system to overtake the traffic jam during Scene-3 automatically. The acceleration pedal
position and throttle control percentage represent the energy consumption by the human driver and ADS, respectively,
when they attempted to circumvent the congestion and recover the vehicle’s initial speed (from 20 to 60 km/h). One
objective was to compare the manual and automated longitudinal vehicle motion control when traffic disturbances
were encountered. Another objective was to compare manual and automated driving in terms of energy consumption
and thereby assess the potential environmental impact of introducing automated driving technology.
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Fig. 8 shows a comparison of the cumulative percentage of energy consumption between manual and automated
driving. A total of 89 manual lane-change maneuvers were compared with 61 automatic lane-change maneuvers. A
dependent samples t-test indicated that the acceleration pedal position was significantly larger than the throttle control
percentage (t = 7.91, df = 148, p < 0.001). Automated driving resulted in better energy consumption compared with
manual driving for an identical task under similar circumstances. These results indicate that the extension of ADS
capabilities would not only increase system usage but also conserve energy.

100

Energy Consumption %

APP TCP

Fig. 8 Comparison of energy consumption between manual lane-change maneuvers (N = 89) and automated lane-
change maneuvers (N = 61) for all the systems. Error bars denote standard deviations. APP: Acceleration Pedal
Position as pressed by the driver during manual control. TCP: Throttle Control Percentage as controlled by the
system during the automated driving mode.

3.6 Subjective Assessment

The subjective driving experiences of the participants under each ADS design were accumulated and analyzed, as
shown in Fig. 9. The drivers were asked to answer five questions regarding their perceptions of understanding, trust,
acceptance, controllability, and attention to a 10 cm line by assigning a score between 0 (not at all) and 10 (absolutely).
After completing all driving trials and before administrating the questionnaires, we have provided a comprehensive
explanation of the four systems to remind the participants one more time about the characteristics of each system.
According to two-way repeated-measures ANOVA, the ADS design affected the drivers’ responses to all the
questions except for that on drivers’ attention (understanding: F(3, 159) = 2.74, p < 0.05; trust: F(3, 159) = 6.18, p <
0.01; acceptance: F(3, 159) = 5.22, p < 0.01; controllability: F(3, 159) = 2.69, p < 0.05; attention: F(3, 159) = 0.11,
p = 0.95). In general, drivers preferred ADS-1 over other systems. However, ADS-2 presented patterns similar to
those of ADS-1, whereas ADS-4 received the lowest ratings. The results of conducting multiple comparisons with
Tukey’s HSD between systems are as follows:

1) Understanding (To what extent do you think you could understand the system?): The comparisons did not reveal
significant differences between systems. However, the participants could understand ADS-1 and ADS-2 slightly
more easily than ADS-3 and ADS-4.

2) Trust (To what extent do you think the system is trustworthy?): The comparisons revealed significant differences
between ADS-1 and ADS-4 (p < 0.05) and between ADS-2 and ADS-4 (p < 0.01). Although the participants’ rating
of all the systems exceeded the mid-value of the scale, ADS-4 was rated lower than the other systems. When the
participants were questioned about the reason, they reported that it was difficult to trust a system that provided a very
short time period (i.e., 6 s) to decide whether they should cancel its action in the presence of other vehicles passing
at a higher speed in the adjacent lane.
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3) Acceptance (To what extent do you think you prefer to use the system in the real world?): The drivers rated
ADS-1 and ADS-2 significantly higher than ADS-3 and ADS-4 (p < 0.05). Meanwhile, no significant differences
were observed between ADS-1 and ADS-2 and between ADS-3 and ADS-4.

4) Controllability (To what extent do you think you were in control of the vehicle during system activation?):
Although the analysis did not reveal a significant difference in drivers’ ratings among the four ADS designs, the
drivers rated ADS-4 lower than the other systems, which were rated almost equally.

5) Attention (To what extent do you think you can focus on traffic during a lane change?): The drivers’ rating of
their attention to the roadway and surrounding traffic during the operation of the ADS did not differ among the four
systems. In general, the participants perceived that they could focus on the roadway adequately during automated
driving. However, the off-road glance results presented in Fig. 7 reveal a different outcome, indicating that the drivers
were not completely aware of their behavior during automated driving. This observation affects the implementation
demands of ADSs, which still require partial or complete attention of the driver on the road to ensure safety. For
example, drivers may rely excessively on partial driving automation systems and engage in non-driving related tasks,
which would result in higher trust in the system. In contrast, they may unnecessarily interrupt the operation of
conditional or high driving automation systems, thereby affecting system usage and causing system disuse 7).
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Fig. 9 Subjective assessment of each ADS corresponding to five post-driving-experiment questions. Error bars denote
standard deviations.

4. Discussions

ADSs are designed to safely control motor vehicles for an extended period without human monitoring and
intervention. However, the capabilities of these systems in managing various traffic conditions are still limited, which
necessitates occasional human monitoring and intervention to achieve adequate system performances. This study set
out to design human-centered HMI to support drivers’ attention to the road and comprehension of the automated
process to reduce the requirement for human intervention during conditional automated driving. The human-centered
HMI strategies were proposed to maintain sufficient driver engagement during automated driving for a better driver—
ADS interaction without affecting system effectiveness and acceptance. Herein, humans can share certain decisions
and control with ADSs to regulate the vehicle without requiring control transition. A driving simulation experiment
investigated the impact of the proposed cooperative HMIs on drivers’ interaction with ADSs.

The study observations indicated that sharing decision-making and control between human drivers and ADS
resulted in significant improvements in driver engagement and attention to the surrounding traffic during automated
driving. Although the drivers preferred the baseline system (ADS-1), the objective assessment showed that the best
vehicle lateral control and driver reaction time results were achieved with ADS-3. In this system, the RTE (HMI-4)
provided better system capabilities for performing tactical tasks under the human directive. The results of lane-change
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response time under ADS-2 (wherein the RTE supported only driver’s decision-making) were comparable to that
under ADS-3 and better than those under ADS-1 and ADS-4. However, drivers’ off-road glances indicated that the
drivers were more attentive under ADS-3 and ADS-4 than under ADS-1 and ADS-2. These observations highlighted
the importance of informing drivers regarding traffic disturbances and the method to address such situations.

Another important observation was that the best level of driver engagement, longest automated driving time, and
least control transition was achieved under ADS-3, indicating the effectiveness of using the RTE. The results of
system usage supported this, wherein the percentage of ADS-3 usage was higher than those for the other systems.
These observations revealed the effects of the HMI strategy and control algorithm (see Table 2) on the drivers'
behavior toward the system. For example, ADS-3 and ADS-4 were similar in their capability to perform automatic
lane-change maneuvers but different in terms of the control algorithm. This similarity and difference resulted in
significant statistical differences between the two systems in terms of control input and system usage (see Table 3).

One unanticipated finding was that the time headway between the subject vehicle and vehicles in the passing lane
was critical under the ADS-3 and ADS-4 conditions. The time headway under the ADS-2 condition was less critical
compared to ADS-3 and ADS-4 but lower than the recommended value (i.e., 3 s). Although the time to change lanes
was the largest under the ADS-1 condition, the drivers maintained safer time headway during the lateral maneuver.
In real-world driving, critical time headway can significantly affect the behavior of other road users, resulting in
incidents 8. These experimental findings suggest that human-centered system designs, while they can improve the
interaction between the driver and ADS, can also reduce safety and introduce discomfort to other users who will
interact with ADS.

The results of manual and automated driving performance of lane-change tasks show that the ADS performed
better than the human driver. However, the results of the steering wheel behavior were not significantly different
between ADS-1 and ADS-2 and between ADS-3 and ADS-4. These results are attributed to two factors. One factor
is that the traffic congestion scenario is not a time- or safety-critical condition. The second factor is related to the
road geometry, i.e., all the scenarios were evaluated on straight road sections with curvatures less than 0.0002 1/m to
reduce the number of variables that are likely to affect vehicle behavior and control.

It is noteworthy that the energy consumption during automatic overtaking was more stable and significantly less
than that during manual overtaking under similar traffic conditions. Although preliminary, these results indicate that
automated driving may reduce energy consumption, benefit the environment and human health, and contribute toward
addressing particular challenges in achieving carbon-neutral goals. Such results can also be used to highlight the
effect of ADSs on reducing non-exhaust emissions released from the engine and tire frictions during the vehicle
acceleration, deceleration, and steering maneuvers 39,

Subjectively, the overall evaluation showed that the drivers’ ratings of all the systems were above-average for all
the questions. The results indicated that the drivers understood, preferred, and trusted ADS-1 and ADS-2 (both of
which were incapable of automatic lane changing) more than ADS-3 and ADS-4. However, the driver’s evaluation
of ASD-3 was marginally higher than that of ADS-4 for all the questions. In this regard, the drivers reported that the
control algorithm of ADS-3 was more reasonable and convenient to understand compared with that of ADS-4. With
ADS-3, the drivers could perceive the traffic situation and select the most appropriate time to push the button to start
the automatic lane-change maneuver. In contrast, with ADS-4, the drivers had a limited time (6 s) to perceive the
traffic situation and decide whether to allow the system to proceed with lane changing. This indication was supported
by the drivers’ response to the controllability question, wherein the drivers rated ADS-1, ADS-2, and ADS-3
relatively closely and marginally higher than ADS-4. From the human-centered designs perspective, these results
were not very encouraging. For example, the main goal of proposing ADS-3 was to enhance the driver's
understanding of the automated process. However, drivers' comprehension of the baseline, in which the system
provided less communication with the driver, was better than other conditions.
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Although the observations of the current study were obtained under non-time-critical or complex traffic conditions,
these may be effective for safety-critical and take-over situations during automated driving. The sharing of decision-
making and control between human drivers and systems during non-critical automated driving can improve the time
required to take over and the smoothness of control transition, both of which are essential for safe control transition
during critical situations. Furthermore, it should be noted that all scenarios were implemented during the daylight
under clear weather and good roadway conditions with light traffic in the passing lane. These factors can significantly
affect driver response and appreciation of the ADS design. More specifically, drivers' interaction with and acceptance
of ADS-3 and ADS-4 can be improved if they were tested in bad weather and road conditions. Therefore, this
combination of findings has important implications for developing cooperative HMIs for automated vehicles, but
there are still many unanswered questions about the effectiveness of these HMIs under different driving conditions.
Additional experimental, observational, and field studies considering various environmental and traffic conditions
will be needed to develop a robust model of driver interaction with cooperative systems.

The differences between ADS designs and drivers’ preferences can be influenced by certain limitations of the
current study. One limitation is related to the experimental design; wherein each participant encountered four system
settings intensively in a day. Although the sequence in which the system settings were experienced was
counterbalanced using the Latin-square method, learning effects can influence the driver behavior during the
subsequent drives. Although drivers’ behavioral adaptation to the RTE messages and different system settings was
rapid for all the participants, the inclusion of drivers with prior experience in automated driving, as indicated in the
demographic survey, may limit the comparability between systems. Another limitation is related to the time of test
scenarios and situation criticality. Although four subjects had fallen asleep during the automated driving time, which
affected their perception and reaction time during traffic disturbance, an extension of the time of automated driving
may result in more unusual driving behaviors. Furthermore, the introduction of drivers to certain critical situations,
such as extreme weather conditions, which have been excluded in this study, may broaden our understanding of the
effectiveness of using the RTE in real-world driving.

5. Conclusions

This study used the levels of automation compatible with the concept of human-centered systems design to propose
four HMI designs for conditionally automated vehicles during lane change situations. Results of this driving
simulation experiment indicate that the support to drivers’ decision-making and control significantly reduced the
perception-response time to variations in the system status and traffic disturbance. This, in turn, resulted in significant
improvements in the driver’s performance of the subsequent action under cooperative systems compared with the
baseline condition (ADS-1). The results of lateral and longitudinal control indicated that the best driving performance
was achieved by ADS-3, with no significant differences were observed with ADS-4 because the automatic lane
changing feature was also available. However, it was identified that the ADS with higher levels of automation (ADS-
3 and ADS-4) while maintaining drivers in the monitoring loop, increased the usage of the system, and reduced the
requirement for control transition, can affect the overall safety and result in a dangerous condition for other road
users. These findings are consistent with a part of the first hypothesis, indicating that cooperative HMIs can improve
driver interaction with the system, but violate the part stating that using RTE can result in safety benefits for other
road users who will interact with automated vehicles.

The subjective evaluation revealed that the drivers preferred and trusted less intrusive systems (ADS-1 and ADS-
2) over higher-capability systems (ADS-3 and ADS-4) that required more driver engagement during automated
driving. Although it was expected that the increase in driver involvement in automated driving could enhance drivers'
understanding of the system, the results indicated that drivers’ understanding of ADS-3 and AD-4 decreased
compared to ADS-1 and ADS-2 in which the drivers were involved in the automated driving into a lesser extent.
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These findings are also not fully consistent with the second hypothesis of this study, indicating that increasing driver's
engagement in automated driving while reducing the driver’s acceptance of and trust in the system, can also improve
driver's comprehension of the system. Therefore, efforts must be continued to balance system capabilities and user
preference while focusing on the potential implications on user behavior and acceptance.

The outcomes of this study contribute to the rapidly expanding field of automobile automation by providing a
deeper insight into the significant role of cooperative HMI in improving driver—automated vehicle interaction and as
a potentially reasonable approach for introducing safe automated driving. However, it is difficult to predict the
manner in which drivers would adapt to ADSs with different capabilities in terms of long-term use. In particular, it
is unclear how drivers’ understanding of the automated process and attention to surrounding traffic variations during
hands-, feet-, and eyes-free automated driving can be maintained effectively while they engage in non-driving-related
tasks. Cooperative HMIs that enable drivers to be more involved in the automated process may improve drivers’
capabilities during abrupt or unpredictable control transitions or when the system cannot manage the situation
encountered. Hence, this is a critical area necessitating further investigations.
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Development of a vehicle position measurement method
that can be used to evaluate the safety of automated vehicles
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Subijective Acceptability of Canceling a Driver Steering Intervention
during Emergency Manoeuvre in Level 3 Automated Vehicles

Ell HYEn A TFE? e BIW
Azusa KURIYAMA Ryohei HOMMA Kenji KODAKA

Abstract

The regulation on Automated Lane Keeping Systems (UN R157) requires that in case of an event in
which the vehicle is at imminent collision risk, the system is to perform an Emergency Manoeuvre (EM)
for the purpose of avoiding or mitigating a collision. In this study, a DS (Driving Simulator) experiment
was conducted to investigate the subjective evaluation when the override by the driver's steering during
EM braking control was cancelled. Forty-two people participated in the experiment. Experimental
conditions were with and without adjacent vehicles when EM was activated. Regarding the degree of
satisfaction with the system, including the cancellation of override, under the condition “with” an adjacent
vehicle, 4 out of 8 (50.0%) responded from "slightly satisfied" to "satisfied", and under the condition
“without” an adjacent vehicle, 7 out of 10 people (70.0%) responded from “dissatisfied” to “very
dissatisfied”. Various opinions were obtained on the suppression of driver intervention, and these are

presented below.

KEY WORDS: H#EhiElx, BRAELGEEEE (EM), #IEMAIS, &M, S8R
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Virtual Test Platform Utilizing a Multi-agent Traffic Simulation to Develop a Sophisticated
Automated Driving System
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Abstract

This paper presents an effective testing methodology aimed at enhancing the development of a more
advanced Automated Driving System (ADS). This is achieved through the generation of both intricate and
challenging scenarios using a virtual test platform. Given the challenges associated with identifying and
accumulating these scenarios via field operational tests, the a virtual test platform is expected to be a
valuable approach for enhancing the performance of ADS. However, thea virtual test platform must provide
appropriate scenarios in accordance with the current performance capabilities of the respective ADS. To
address this, the current research has realized a virtual test platform by integrating a multi-agent traffic
simulation with ADS. This integration incorporates functionalities that enable ADS to effectively navigate
complex and perplexing scenario. The results of this study reveal that these functionalities not only facilitate
the extraction of rare scenarios but also to reinforce significant diversification required to develop
sophisticated ADS.
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Emotional Changes Effect on Take-Over Performance
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Abstract

A driver's emotional state is an important factor of safe driving. Many studies have been carried out to
understand the relationship between human driving performance and emotional state. Meanwhile, Level 3
automated driving systems have only recently become practical. While safety is expected to improve year
by year, the system suddenly requesting that the driver takes-over can be dangerous. Moreover, emotional
states can affect the take-over situation. In this study, we introduce a study to investigate take-over

performance according to the human emotional state.
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Fig. 5 Emotional status inducing results by PCA
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Fig. 10 Take-over behaviors related to an event at the front-side and rear-side
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Effects of the system behavior of automated driving on driver trust in automated driving systems
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1ISO 26262 ERIAET 0 WG EE

—/INT—kL— BT IS0 26262 fFRIAEREEZEAZRBEICOLNT—
Activities of the ISO 26262 Joint Research Engine WG Activities

—ISO 26262 standard interpretation and practical issues in the powertrain area—

falH FR™
Kazuyoshi FUKUDA

H B m) T B RE 2 2B 1SO 26262 % OEM, ¥ 77 A Y &4 OIFENZEH 3 2 BEOFRE~D
KIS E G L, ORI A A - DIk RIE = U WG IEEh 2 S0 L7-. AR Tk 2011 4
FE~2022 4EFE DIEBYEFUC DOV, XU — hL—2 3 AF AR HEV ¥ AT A% #3d ECU ©
R SNDEE Y AT D EREHNAT > T BUSIRIRIZOW TN T 5.

KEY WORDS: HfEZ 4, BETHIE, AV AT L, TA T LESRE, LEER, 7+—NV LTk

1. &5

A WG [ZENOHME A — (LI OEM L5ed) S A—A (UBEY 774 L5d) THEkIh
5. RKWG IFZ— 7= ¥ A S AT B & EMIZ OEM & 377 A ¥ O BFAEIIC DWW T, FEEM R
E~OXRNIG Zifnm L, BASHREIR A 50, @25 572012, e 22K (FSR : Functional Safety
Requirement) , #7442k (TSR : Technical Safety Requirement) & H D E %z J7, 7 A ML, BL UM
VAT LS DORRFRIZE D SRR AT O FHIC oW THRFT 2D TE 7.

2. TENEHOEN

i L 2 S A7 & (ADAS : Advanced Driver Assistance Systems) <°, H@hi#Efizs 27 A (ADS :
Automated Driving Systems) DB e, ML, Sk ET BEES/E - (LI, EE L32d)
VAT BZEBWT IS0 26262 DIGENRIG LD T A 7 LEFR BIFIR T AT LA OMEECKTRIRZ &
BTDHLE) X, BRETROEE, LZEMMEICBT 2 HBMINCISERREE R 5720, "U— kL
— VAT A, HEV VAT NEEED ECU TR SN DEE T AT L& FHNTHUS IR 2 32 L 7-.

AFTIE, NRKROEE T —F7 7 F vkt Lo REME0ER (R hINABRT —X T 7 F v 25
BlE Ll ZaefEoms) 1, 74—V ML IR (—DOXIBEEOEE SN 7 +—/V NOFET
THE LI-FEREZ 192587 (1SO 26262-1:2018 L VW 5IH) ) 72 AT A~DOFREL 223 2 fifH
BIO THHT D AT DIBTHTA T LERDEL ] 2ERICEROMELRNT5.

21 [EDEE7—FTIVFvICHELEREHEBOER

T, ADAS R° HEV ¥ A7 ADOFRICHE 1-Hli# > 2 7 AR KEBEMH L L TV, ST AT A
DNEHEE L THERR SN ABEA T AT AN L TWA, AT AT AT, BHEECUKNEIML, #HICk
JOEFHIERERE (V7 by =T (SW) /—Ro =T (HW) ) MEKLTW5. BifE, B# EE 7 —
XTI F v, FIL, movy, T—F, AT TV TR OB THEREEZ TR T DI R A A A
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5, FEROEETIOMNIZONT, FHIZITCIC T4 =TI T A RAZT 1 T L.
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TERDEELHY, B b I NVAZRET 2558121E, S CORRBLL biZ, BEEEROA &% 7
7 vay, fifEREY, LVRESEBETLOIVLENRNLS Z ERFHEE LTRET N,

L A7 LEiR (HEV) G/W

Lz AD/ADA

BRK{&T Sz

STR#EET AD/ADAS
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o BDY

> bZLa=yt

Bl v bSLT7—FTIOFvD—Hl

22 T7F+—I LIS UVRBUVRTLANDEELZEICEAT S8R
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D 2 DWW TP 2 el BUSRIR & Fhi L 7-.

Bl 2 DATTNATA XL AT LOFEFZHNTHRF LIEHER, TRIUERY AT LAO5E, PIHIX
B 2T A THETZBME L, ASILD 241592 (A7 LIZASILD 250 k5, DFE) . 1SO 26262-
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i NIRRT H S FHNIHEMORIE L S ERIET A DO TR, EBEXHEHRETL2HOTH 0.
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Review of the International Standardization for the Safety Assurance of Automated Driving Systems
— Proposal of Japanese Experts in for [SO34502 —

ALY
Hiroki NAKAMURA

Abstract

EE WP29 12 X5 &, [ A EhER A E TR I B W CAEMIC TR S D B IR ATREZ2 A
BHREEEECSERNI ) NEEEEE RS, Zo8E A BIR(LT 5725 1S0 34502 T
U A EAS W RO E EFR L TV D, £ 2 TR TIEISO 34502 OREE A iR L,
FZFO R L THABBHE LESB L USAKURA 70 V=7 b BIRE SN FIELERN
T5. £, BET 5 EEMEELOEBM & LT ISO/TC22/SC33/WGY DI BN 2 #5795,

KEY WORDS: HEhiEls, 22, EES =gy

1. FC&HIC

B BER & D VO TR SR ENIE, O HNBORIN O & W o TmEER R RICE EE LT, AR
b - i bR OB TR, ANTARRXKR, SHIKEh—Rr=a— I L~OHER: &, (2
AR D8 & LTI ST s D, K[E SAE (Society of Automotive Engineers) 12 & 2 &I
5 &, HERHEME L ULT 5 B CER SN D, EER A B LV 1~2 AR SRR, R E E b L ~r
S LEZBEENHERE DML T D, EIRE, b LIZABNEIRY AT A ST 5720121, e
MR SNALAMAETZ LTWD Z ERHRE 250, iR L HBEEOREE LR 5 L1 2
& 3 DT, BEREEOFTIEN RTANRNNL VAT JMIBITTHRICKERERNS D, EinIET
X RTANCERBTER S 5720, W8 L 9O 25 COREMEELZ KT A NBH) Z L 2RO TEE L
T, HIESHRIC L - T BT 2L 22 EICFHME CE 5. L, BENEIE CII A7 AP EHET
OO, NERTANRBXLL TW T X TOGHEZ Y AT AR T 20BN NH L. TRhbbHE
BL O 25 H A BENICIHMET 20 ERS D720, e TEZO LD EHT-ICHSLT 5 2 Lk
oD, R L, e EEETHBRICE > ORI &, 1008 km UL EORBRRLELWHIRELH D I,
FLOHEREBIND ZEICZO L) il Ae FMiT 5 2 L ITBIEN TR V.

ZHUCK LT, HENERENEE L 2 25 m A RRNICE L DL FIEE LT, v F IV AR—RT T a—
FEMEHIND L OPREIN TN D, ZOFEE, ERIGHAISNZT —%, EMFM#EL LIk ->TH
FER S EE L ) DRI ARANCEIEL, TV ADY X ELTEEDDTFELET. BT
LU CHIERLS B ED S Z ENHIfF T 57120, KETY T IAR—AT o —F D%
MR BT AN ED LN TN D.
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ZOEI RS, BENERROZ MG ) U A 2L 95 HABY T ISO/TC22/SC33/WGY (H &)
HE—INEAFITA, Vy—varyiR—3xr b, EBiEHE LY AT AOT A N/ HENEIRY AT
LDOT A KT U ) A 2018 FEITFRSL S, v U A IS < AR Tk O F B ERE L G E o 7.
F—= Z L 1T I1SO 34501~34505 £ THHRE S NZ2Y, ZOHTISO 34502 [% T U A _— 2DV
MOV AZE L DD L2 BME L, 2022410 AICHE LARITEINZ Y. Z 0 1SO 34502 13 H A
U —&—Lipo CEBEAELNED S, BAHBBETES (JAMA) BLXOSAKURA 7y =7 |9
DEEDZSEHIN TN D.

Z 2T, ARETIL IS0 34502 Dl 2 £ & o, [FIIFEHEIZI 1T 5 JAMA B X T'SAKURA 712y = 7 D
R (LLTF, BARSE) T2 B2+ 5. £z, BT 2 ISO/TC22/SC33/WGY DIEEINE & & Dt
PIZOWTHN T 5.

2.1SO 345028 S UBARDEMRMNRET HFEOME
2.1 1SO 34502 &

ISO 34502 TEF SN H LMD 7 v —% Fig. 1 ITRT. ZO7 o — XL o%x 4 & 722 5
FZAMECL, ZOFTEDOE I RTFIH (Kbok7Tm v 7)) 2B BT TR T R ATEEN b5 IE
AREAR SR A K Z RN &) LW ) [EE WP29 DED D44 I QLB TX 200 & Rd
OO HOT, AAREBREEZIIERE SN,

Input Preparation Identification of Scenario-based Output
critical scenarios  testing & evaluation
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0DD
Safety test Specification of.the
L7 relevant scenario
. objectives  — 1
Regulations, 42 space
ethics rules ) I 4.3 Derivation of
T concrete test
Annex A . d
Physics principles Derivation of critical scenarios and test
1S0 21448 scenario-based | ™| scenarios based on scenario allocation
approach risk factors +6
3
Annex B 4.4 Test tion
Expert Traffic related T est executio
knowledge critical scenarios Derivation of test 4.7
Annex C scenarios based on T
Perception related covering the N Safety evaluation
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Annex D Vehicle 4.5
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Fig. 1 Safety assurance flow defined by ISO 345024 and corresponding Japanese experts’ proposal (in red)
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ZO7r—"TiE, FLHIZ, ODD CEfTEGEHEE) , Ml - MmEHAI, 1SO 21448 (SOTIF : EM L7
BERE D) , HEMFEFE, RBRHA 77 v b7+ —24, T U A BN, AT AR SRR & A
LEHENFESND (Input) . RIS, LEMEFANRERO B E S5 (Preparation) . @ HAYIZHE
VY, MRS RELZEMFHMI ORISR LR bHENERIND. TORBANTY A VHEICESTZ VT 4
JINNIR T F DT A— 2220 (logical scenarios) 73EFE 415 (Identification of critical scenarios) . &
5T, WG 7R 8T A — & 22D B4R 7a5BR o U 4 (concrete scenarios) 723EE7E X4, R A
L, ZEMFHIZITY, HREDNER TE CWDH 1 EFHEid 5 (scenario based testing and evaluation) .
#iz, VTV AR—RUAOZLERGET 1t X &G THERSEROREMERIEEZITV, THICHE
LM% (Output) .

Fo, PR LEREO 7 0y ZIZTARPRET 2TV AOERFIETH Y, WELIK TRk
5.

2.2 JAMAB X USAKURAZT O Y rARET DT IUTDEERS .

JAMA HEERRIES AD ZEMERHME ORI, HEREIROZ2MEORGEAR « FHl RIS T 5%
NFTI0T 4 AELOET L —LT—7 ZREGEICERL NS . 207 L—25T—27 T, Fig. 2
(R &) ICERRNC S S 2Ry T ) ADOEREZRE L TV 5. BRI 5384 GEk) -
HIWT « BaE (HIAE) O Z A 712k L CENEIVMSE LTz U A4 GERESNELY TV 4, ZZ@shELy U 4,
HEAEL TV A) ZERXL, TNOOMAE DRI > THENHEIEFENE R T 5 U 4 2RI
HET2ZENAHREE 2 5.
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Fig. 2 Scenario structure defined by the JAMA Automated Driving Safety Evaluation Framework Ver. 3.0 )
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Fig. 3 Functional scenario catalogue on highways defined by the JAMA framework 7
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Introduction of the “Safety Design and Evaluation Guidebook”
for social implementation of level Level 4 automated driving mobile services

T EE g B2 BN B
Toshihiro HIRAOKA Shinji AKATSU Hiroshi TANIGAWA

Abstract

The Safety Design and Evaluation Guidebook systematically summarizes a series of implementation
items, implementation methods, essential points, and implementation examples to create designs for
ensuring the safety required for automated driving mobile services reliably and efficiently. The Guidebook
aims to be used as a "reference and guide" for automated driving service providers and automated driving
vehicle developers with limited knowledge and experience in safety design. This manuscript introduces an

overview of the first edition of the Guidebook, the table of contents, and a part of Chapters 1, 3, 4, and 5.

KEY WORDS: Guidebook, Safety design, Automated driving, Functional safety, SOTIF
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STC $#4(3) : £ 2@ ADAS 74 / 7 = 7EERE
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Tamotsu NAKATANI

Abstract

WET A M Z— (STC) TiX ADAS CEEEEE RS A7 L) BRIt =— A D@ E Y &
ZUF, 2015 AR5 2 M ARBRIE 2 ik, 2018 FFITHMEES & 2fE, 2022 FFICIXENFIO ADAS &
B a ik Lz, HoE T ADAS BBREMARHNZ DOV THETNSMERT & i LIk &K > T&
72. ADAS HERIFSEIZ 532 BAF AT O BULA &R 5 72912 2022 4 7 HIZ5 & fex, 2023
F11 HICE 20 ADAS 77 /) 7 =7 HBME L2, I OWTHET 5.

KEY WORDS: 7 A h2—2Z, ADAS, ¥/ 77 v b7 4—2A
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—AZEHE LTS, K 1IRT X 2o <IFICid B EEIEIL A Qtown) D, SEICIIMET 2 &
v H— (STC) d 5. STC ORiFITEH [BAHEOT A ha—A ] THY, DXL LIEE~BIR L 72
BRIC TET X M & —] &t L 2005 40 b 2 Bigh LT\ 5. STC CIEERERIZEIC X D2 FIHIC
Mz TRIFEESCRE e CH2 2RHNARETH D, £/, STC AIHFEHE L THETARLLA N T U ESE
LTIk, 2016 FF261% 24 K[ - 365 H - FIHA FIREZR A & L7,
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7eo e REBRFI MO 2 i CTh D, BEMBIZHIGT 72012 STC Tl ZivE TR ELR & BHFHEZR L
TEXENEFEA 7 IRBHTHIGLENRLS o TETEY . SBOEFA > 7 FHROZDIZ 2024
IR - HEROBFT 21T TETH H.
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