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Autonomous Driving Functional Components

Perception Decision & Control Vehicle platform manipulation
(World coordinate space) (Vehicle coordinate space)

—Sensing Trajectory generation Platform stabilization
—Sensor fusion Energy management Passive safety

— Localization Diagnosis & fault management Trajectory execution
—Semantic Understanding Reactive control Propulsion
—World Model Vehicle platform abstraction Steering

Braking

[71314] A functional reference architecture for autonomous driving,

Sagar (2016)
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Average demands
Visual Auditory | Cognition Psychomotor

Task cluster

Smartphone
Computer
Read 0.87 0 0.68 0.42
Internet
Texting
Eat/drink
Makeup
Dress up 0.64 0 0.16 0.77
Cleaning
Backseat
Sleep
Nothing
Scenery
Music
Conversation 0.14 0.70 0.76 0.00

Movie 1.00 0.70 0.69 0.19
Game

0.11 0.05 0.11 0.04

[3£1] A study on the Correlation between subjective driver
readiness and NDRT type during automated driving, Kim

(2020)
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user user user

A

1 information-
| for-use

A . .
! information-
' for-use

\
controls

coupling

A . .
| information-
\ for-use

coupling

technology

technology

function function function

[Z195] Designing for rich interaction Integrating form, interaction

and function, Frens (2006)
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FEEDBACK

OF
ACTIONS

PERFORMANC

DECISION

OF FUTURE
STATUS

CX)MPRE}ENSOj PROJECTION

OF CURFRENT
SITUATION

INDIVIDUAL
(ABILITY,

PERCEPTON
OF ELEMENTS

INCURRENT
SITUATICN

ENVIRONMENT [

-

PRE- J
CONCEPTION

AND
OBJECTIVES

EXPERIENCE,
TRAINING)

[Z29H6] Aircrew &JAF 274 Ed Endsley (1988)
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Abstract

Study of UI design for stable
control switching according to
autonomous driving—non—
autonomous driving mode change
— Focusing on the driver's
perception switching
using image and text—based

take over request information—

Byun, Youngjun
Design Major, Department of Design
The Graduate School of Fine Arts

Seoul National University

Autonomous driving Level 3, as defined by the SAE (Society of
Automotive Engineers), is a self—driving vehicle driven by an
autonomous driving system within a specified section and non—
autonomous driving, in which the vehicle is controlled by the driver.
The control subject is dualized depending on the driving situation.
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During autonomous driving, judgment and control are entrusted to
the intelligent autonomous driving system, and accordingly, during
partial autonomous driving, the driver can perform non-—driving
related tasks such as resting and using a mobile phone. Depending
on the type of non—driving—related task, there is a difference in the
degree of dispersion of attention, and it affects when switching to a
driving task. Watching videos that use both the driver's visual and
auditory senses, and games have a high degree of distraction
compared to types such as rest.

Level 3 autonomous driving must take into account the scheduled
transition of control. During autonomous driving, when a section in
which the autonomous driving function cannot be utilized due to
changes in the driving environment in front occurs, the driver is
requested to switch the control right before arriving at the section
so that the driver controls the vehicle. At this time, stable control
transfer within a limited time is emerging as an important factor. In
particular, when performing a non—driving—related task such as
watching a video with a high degree of driver distraction, switching
to a stable driving task is important for safety.

Therefore, the purpose of this study is to implement the control
transfer stably by effectively recognizing the driving situation when
a request for control transfer occurs to a driver performing a non—
driving task by utilizing the autonomous driving function. To this
end, among Ul design elements requesting control transfer, control
take over information based on visual information using images and
texts 1s implemented according to the type, and the effect on the
driver in the control take over process is analyzed. Based o_gll thjs, it
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is to identify the factors that allow the driver to effectively
recognize the driving situation and execute the stable control take
over, and to propose their utilization.

This study utilized a simulator to implement an autonomous driving
situation. It consists of five types, such as expressway exit and
road merging sections, which are scheduled control transition
situations. A comparative experiment was conducted by selecting
video watching and resting that differ in the degree of distraction as
the driver's non—driving tasks during autonomous driving. Control
transfer request Ul design provided to the driver is composed of 5
types of visual information using video images, still images, and text
to convey driving situation awareness and detailed information for
executing control transfer. For 22 test subjects divided into semi—
autonomous driving users and non—users, at the time when the take
over request information can be delivered for about 5 seconds from
15 seconds to 10 seconds before the point where control transfer is
required, the subject receives control take over information and
drives the vehicle. A control experiment was conducted. We
analyzed the workload imposed on the driver and the effect on the
performance of control transfer according to the type of control
take over request Ul design, which is designed to utilize the driver's
driving situation recognition process and perception ability during
control transfer.

As a result of the experiment conducted based on the five types
of control take over request Ul design based on visual information,
there was a significant difference in task performance according to
mental load during the control transfer task of the driver.
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The still image was preferred by the largest number of subjects
because the driving situation was recognized quickly due to the
simplicity of information delivery. In addition, the subjects'
preference was high in a method similar to the existing real—time
route guidance method. The video image was identified as an
advantage in delivering detailed information, but a burden was
generated for the subjects not being able to control the vehicle
during the time they watched the control transfer information. Text
information can deliver specific situations, but the task of reading
and understanding sentences was the least preferred because they
acted as a psychological burden to the driver in the situation of
preparing for the transfer of control of the vehicle. The type of Ul
design composed of a combination of video image and text and still
image and text had a difference in cognitive load according to
driver's propensity, so there was a difference in preference
compared to single control right switching information. In addition,
when text information was provided simultaneously with video and
still images, most of the subjects refrained from writing two or
more tasks. The time required to transfer the control authority was
changed by the driver's propensity and past driving experience
rather than by the control authority transfer Ul design type, and
most drivers completed the task within the control authority
transfer time. The scheduled control transfer situation suggested
that a method of providing information that can respond stably is
more important than reducing the driver's control time.

As a result of this study, we analyze the main elements that make

up the Ul design based on visual information optimized for the

152 .__:I'xq _'q.;:-'_ '|-.|i -__..:ll.i
= |

11



transition of control right to the level 3 of autonomous driving, and

suggest future development directions.

Keywords: Autonomous Driving, Non Driving Related Task

Take Over Request, User Interface Design

Student Number : 2019-35758
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