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SIP Phase Two / Automated Driving (Expansion of Systems and Services)
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Construction of driving database for visually impaired and normal persons,
clarification of accident factors specific to visually impaired persons

[>Research agenda of FY2020([1) in overview

1. Project overview

i. Construction of driving database for visually impaired and normal persons

Data acquisition using DS

ii. Clarification of accident factors specific to visually impaired persons

DETEEN B S i e——

Verification of accident reduction effect specific to people with visual impairment
for driving support system using DS

i. DS repair for presentation of driving support function specialized for visual field
disorder

DS repair

ii. Clarification of support conditions for obstacle recognition function and
avoidance function to avoid accidents as well as healthy people

Preliminary
Exam.

Reviewing the

scenario

Clarification of
support conditions

iii. Verification of accident reduction effect by using driving support system

Development of driving support design guidelines using automated driving
technology for visually impaired persons

i. Establishment of methodology to prove safety by using driving support system

Organize Methodolo,
H - of safetygy

requirement
items _ assurance

ii. Development of design guidelines utilizing automated driving technology

Verification
of accident
teduction
effect

| Design guidelines

FY2020



2. Progress list for each task

P X Task a.

Construction of driving database for visually impaired and normal persons, clarification of
accident factors specific to visually impaired persons

[Fin] Collection of DS data at medical institutions

[Fin] Re-analysis of DS data

[Fin] Clarification of accident factors specific to visually impaired persons

[Fin] Construction of driving database
» X Task b.
Verification of accident reduction effect specific to people with visual impairment for driving
support system using DS

[Fin] High precision DS scenario modification

[Fin] Visual behavior analysis using high-precision DS data

[Fin] Accident frequency analysis about visual impairment

[Fin] Accident analysis simulation that reflects visual behavior analysis

» X Task c.

Development of driving support design guidelines using automated driving technology for
visually impaired persons

[Fin] Driving outpatient

[0/g] Enlightenment for society

*Cooperation with other projects



3-1. Task a, Summary

>Clarification of accident factors specific to visually impaired persons

Visualized driving risk
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3-2. Task a, Subject data and background

>Schematic image of task a: Data collection environment and analysis
[Fin] At each medical institution, DS is performed for subjects with visual
impairment(320 cases). The collected driving data was analyzed.
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Result of data collection (Total)

Medical institute Total (RP)
Kobe Eye Center Hos 108(64)
Tohoku Unv 44(21)
Niigata Univ 113

Nishi-kasai Inoue clinic 55(1)




3-3. Task a, DS calibration accuracy verification

>We established a process to assure the accuracy of the eye tracking data
before conducting driving simulation tasks.

After completing calibration of the
eye tracker, the participate is asked
to look at each of the red points
again in order to obtain the data for

The experimenter checks the
results whether the data for
each red point are within the
tolerable circle.

If the results are acceptable,
the driving simulation tasks are
done.

accuracy check.

Due to the limitation of available time, it is possible
to do the driving simulation even if the accuracy is
not so high. Then we check the accuracy later in
order to clarify to what extent the obtained gaze
points are reliable.

In the right figure, each data point represents the grade of
the data for a participant. The data within the green
square is adequate enough to analyze the participants’
gaze behavior. The horizontal axis is the accuracy
confirmed before the driving simulation, and the vertical
axis is the amount of data obtained in the driving
simulation.
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3-4. Task a, Result

»Data analysys, previous research*(«) and collected data(")

e P X Analysis target(219)
M Niigata(53), Tohoku(48), Kobe(18), Nishi-kasai(29), Tajimi(71)
- G| PXERETHK
G Age, Sex, Field of viw(24-2), Insight, MD, DS data, Visual impairment

T)Central visual field defect is defined as having a sensitivity
of 10 or less, which is more than half of central field of view
(Section 33,34,43,44)

2)Risk assessment of central visual field defect
@Turn right on the oncoming vehicle (Scenes,7)
[ Calling attention to oncoming vehicles]

@Jumping out from the left and right (Scene4,13)
[ Calling attention to the left and right]

®lgnore signal(Sceneb,9)
[ Calling attention to signals]

*Research data was provided
by Dr. lwase at Tajimi iwase eye clinic

g HLRE R IE Z DAt
N=219 N=24 N=195
Scene01 28.3% 50.0% 25.6%
Scene02 62.1% 79.2% 60.0%
Scene03 30.1% 62.5% 26.2%
Scene04 13.2% 25.0% 11.8%
Scenel5 13.2% 20.8% 12.3%
Scene06 28.3% 33.3% 27.7%
Scene07 14.2% 45.8% 10.3%
Scene08 8.7% 12.5% 8.2%
Scene09 11.0% 20.8% 9.7%
Scenel0 8.7% 8.3% 8.7%
Scenel2 7.3% 8.3% 1.2%
Sceneld 5.5% 16.7% 4.1%
Scenelb 16.4% 16.7% 16.4%

Scene 4, From rigt

Scene 13, From left



4-1. Summary

>Task b, overview

>Verification of accident reduction effect specific to people with visual
impairment for driving support system using DS

€ Summary of previous results
& \Visual behavior analysis using high-precision DS data
@ Accident analysis simulation that reflects visual behavior analysis

Visual impairment

The JARI simulation has
already been completed(3)

|
I
| |
Reflects —
m  —
DS Gaze VISU6.1| behaw.or. analysis using Clarification of support
behavior high-precision DS data conditions and effectiveness

verification (virtual)



4-2. High-precision DS setup and optimization

>Modification of driving simulator
-We set up an eye-tracking system and created 5 driving scenarios.

-Data were collected from 15 drivers with visual field loss* and 10 drivers with normal

eyes.

Infrared lamp Infrared

Eye-tracking system

High-fidelity DS

>Preliminary simulation of the effect of driving assistance

-Automatic brake systems may reduce fatal accidents of drivers with visual field loss
to the level equal to or less than drivers with normal eyes.

[Number of accidents]

Driving at 30km/h Driving at 50km/h Driving at 30km/h
1000 1400 140
N \
20T 2T\
1000 \ 100 \
600 - 800 ~— 80 \\
400 - 600 - 60 AN
400 40 N
200 — L
200 20
0 0 0
None Normal- High- None Normal- High- None Normal- High-
spec spec spec spec spec spec

Automatic brake Automatic brake

Automatic brake

700
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300
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0

*Supported by Tajimi Iwase Eye Clinic

Example of scenario

[Number of fatal accidents]

Driving at 50km/h

Severe VFL

Normal eye

Moderate VFI:

N\

N—

R .

None Normal- High-
spec spec

Automatic brake



4-3. Result (Visual behavior analysis)

>Models of drivers’ behavior

- Head movement (stop-sign intersection: sine curve, the other: Cauchy distribution)

- Braking response time to alarm (log-normal distribution)

- Duration of fixation to pedestrians (normal distribution)

- Probability of missing signals (1.67 times by severe loss)

Horizontal angle (deg.)

N~/ A A VA VA

-60

NEVAVAVAVAVAY

-60

60
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N CAY AN B

0 5 10 15 20 25
60

NAWAWAWAWAWAW

0 5 10 15 20 25
Time (s)

Sine curve:f(t) = A sin ﬂ t
T

Normal eye: A= 37.63 Visual field loss: A= 39.13
_ 7T=4.22 - 7=14.06

Head movement at a stop-sign intersection

Data obtained with virtual reality using a
head-mounted display

Relative frequency (%)

18

12

Cauchy distribution: f(x) =

-90 -60 -30 0 30 60

Horizontal angle (deg)

r

1
T (x-x0)%+ r?

Normal eye: x; = 0.14 Visual field loss: x; = -0.04

y =1.97 y =1.99

Head movement at the other locations

90



4-4. Result (Simulation)

>Simulation to test the reduction of accidents

-We created a traffic environment including intersections with and without signals

-3 widths of visual field - - - normal eye: 140° , moderate loss: 40° , severe loss: 20°
-4 assistance systems - - - ( only alarm % [ normal-spec sensor (40° )
alarm and automatic brake high-spec sensor (140° )

-By combining the automatic brake and high-spec sensor, the accidents of drivers with visual
field loss were reduced to the level equal to or less than drivers with normal eye.

—Severe visual field loss
—Moderate visual field loss

[ Driving at 30km/h] [ Driving at 50km/h] —Normal eye

“ 7000 Normal-spec sensor High-spec sensor Normal-spec sensor High-spec sensor
=
L 6000 ~ N
S 5000 —— N\ . N\
o 4000 —— \ \ — \\
€ 2000 S~ S~ \\

\ B
Z 1000 A

0
None  Only  Alarm & None  Only  Alarm & None  Only  Alarm & None  Only  Alarm &
Alarm brake Alarm brake Alarm brake Alarm brake
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