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Investigation of Optimal Swivel Control on Curves considering Driver Attributes

Fe = A I
Masahiko MORISHITA Toru HAGIWARA

We investigated optimal swivel control on curves of winding roads as a function of driver’s age and gender. In a
field experiment using a test vehicle at the test track of the Denso Abashiri Test Center in Hokkaido, 36 subjects
were surveyed on their preference for the swivel control system under driving situation. In the experiment, we set
five swivel control systems varied from no swiveling system to predicting swivel system. The subjects rounded the
test truck under a swivel control system and assessed that system subjectively. We applied an ordered logit model
for estimating effect of driver’s attributes and visual functions on assessments of the five swivel control systems. It

was found that the swivel system to illuminate at three seconds ahead of the current position is selected as the best

preferred system.
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Table 1 Five swivel control systems using in this

experiment
AFS1 AFS-OFF: Conventional headlights
AFS2 AFS-ON: Swiveling headlights controlled by
the steering angles and the driving speed.
AFS3 Swiveling headlights at curves in terms of the
multiple-regression models by authors™
AFS4 Swiveling headlights to illuminate at one
second ahead of the current position.
AFS5 Swiveling headlights to illuminate at three
seconds ahead of the current position.
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Experimental vehicle (LS 430)

Fig.1 llluminating postions by the swivel system
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Table 2 Questionnaire entries

No. Title Question Strongly disagree«Fair—Strongly agree
Q1. | Overall evaluation | drove comfortable despite the dark condition. 1 2 @) @4 () 1) (@)
Q2. é\jrsviztance for driving on the right ;I'vagse'adlightS assisted driving on the right ) @ B @ 6 6) 7)
Q3. éjrsvi:tance for driving on the left ;I'Ss/;:adlights assisted driving on the left ) @ ©B @ 6 6) 7
Q4. | Discomfort by unevenly illuminance :ﬁt:ﬁg\ﬂgﬁ?ﬁiE::;Lehr;g flluminance due 1 2) 3) @) (B) B ((7)
Q5. | lluminated area ong [he diving. the headlights fluminated ) @ @ @ G 6 @)
Q6. | Safety | drove safety despite the dark condition. 1 2 @) @ () . (@)
N T oW oo
Q8. | Smooth driving on the right curve | drove smoothly on the right curves. 1 @2) (3) @) (5) ) ()
Q9. | Smooth driving on the left curve | drove smoothly on the left curves. 1 @2) 3) @) (5) ) (M)
Q10. | Visibility of the right curve It was easy to see the right curves. 1 (2 ) @) () 1) (™)
Q11.| Visibility of the left curve It was easy to see the left curves. 1 2) (3) @) (5) ) ()
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Table 3 Counting results.
(1) Q1. Overall evaluation (p = 0.075)

Evaluated| AFS1 | AFS2 | AFS3 | AFS4 | AFS5
value OFF ON | Model | 1 sec. | 3 sec.
Strongly disagree 1 0 1 0 0 0
2 0 2 0 3 0
3 5 5 3 2 3
Fair 4 14 3 10 12 4
5 4 1 6 5 10
6 6 6 9 9 8
Strongly agree 7 7 8 8 5 11
Number of data 36 36 36 36 36
Average 4.89 | 497 | 525 | 4.83 | 5.56

(2) The averaged scores of the five AFSs for eleven questions
AFS1 | AFS2 | AFS3 | AFS4 | AFS5
OFF ON | Model | 1 sec. | 3 sec.
Q1. [ Overall evaluation 489 | 497 | 525 | 4.83
Q2 Assistance for driving
" | on the right curve*2)
Q3 Assistance for driving
" | on the left curve
Q4 Discomfort by
" | unevenly illuminance

No. Title

_n | 5.08

522 | 4.44

o | 547

1 4.53

Q5. [ llluminated area*2) 4.61 4.81

Q6. | Safety*2) 4.81 5.03

Q7. |Fatigue 5.58 | 5.44 575 |16:000]

Q. |Smoothdrivingonthe | 5 g 528 | 5.42
right curve

Q9. Smooth driving on the 5.50 544 | 575
left curve
Visibility of the right

Q10. curve*2) 4.56 472 | 5.39
Visibility of the left

Q11. curve*2) 5.28 5.25 -

Note 1: We put this question off due to un-swiveling system.
Note 2: Singnificant level is 0.10.
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Table 4 Results of ordered logit models 0.5 T T T
Overall evaluation, Male ;
Swivel 0.4 | |

No. Title ;:;):tterzi > ol ‘_ ﬁigi //

Q1. | Overall evaluation E ’ — AFS3 P -

Q2. | Assistance for driving on the right S 0p24]{— — AFS4 w4 —— e

Q3. | Assistance for driving on the left . —— AFSS Y/ . —

Q4. | Discomfort by unevenly illuminance 0.1 __/" /o

Q5. | llluminated area = g

Q6. | Safety 0

Q7. | Fatigue Strongly disagree Fair Strongly agree

Q8. | Smooth driving on the right curve 05 : : :

Q9. | Smooth driving on the left curve Overall evaluation, Female

Q10. | Visibility of the right curve 04 } }
Q11. | Visibility of the leftcurve [ 013 [ o || -eeeeeee AFS1 \
% 0.3 +{—— AFS2 / \\
8 —— AFS3 VY -
Driving Contrast | Dynamic S 024]|— — AFS4 S =
No. Gender Age distance for oqtra_s visual e —— AFS5 | 4 / \k\
year sensitivirty acuity 0.1 § // Bl Ny
0.55 0.84 0.63 -
0.58 0.15 0.41 0 —%
0.24 0.72 0.55 Strongly disagree Fair Strongly agree
0.69 0.57
Fig. 2 Effect of gender and five AFSs on overall
evaluation.
0.5 T T T T T
Smooth driving on the left curve, AFS2, Male
0.4 | |
Note: Numerical values in this table mean p-value, * means that p-value || - Average
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ZOo0FMIEE (/A —7 A 5—2] (Fig. 3), [/ HEL ], curve.
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HiEE s RE%2L, AFS3 (E7 V) & AFS5 (38) #¢
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& L7z (Fig. 5). BHEDTA%, KR AT
Fig. 4 Effect of five AFSs on illuminated area.
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0.5 - -
Fatigue, AFS2, Male
0.4 | |
--------- Average Z
% 034 High contrast
8 Low contrast ”
go2

[

- [—
0 =
Quite feel Fair Not quite feel
0.5 - -
Fatigue, AFS2, Female
0.4 | |
--------- Average /
£03 Hi /
Z 031 igh contrast i
3 Llowcontrast || | | AT
202
o ~— T
0.1 M A —
0 e
Quite feel Fair Not quite feel

Fig. 5 Effect of gender and contrast sensitivity on fatigue.

Fi&E [ Rv] OMBUERSE ko7 Mitkebar
I T A MK RS DT 05 R A TR ] @
MBI TR e o7z,

() I¥ FTAMEEE - 24 TVHIEE [4H—TDREL ]

Fig. 6 1%, A4 7NVHlfIE IV FIAMEE (Bav bR
MEEE © 400, K3 ¥ NI AMEEE 1160) A5 H—T DN
LICH2 BB RLTWA,. I bIA NS DENE
fililx, FMEE L. MWRidEEE L7z, AFS3 (£F))
& AFS5 (38) ORFlifA [ 2985 ] L7 % M BlHER
WE L Trotz. Fiz, AV MTAMREDE WHERE D)5,
BWBERE LY [Z5 89 ] OWMBUERDFEL R -7,

(6) BhR#LT) - &[54 o]

Fig. 7.1&, HERB IO EARMT) (55:37 m/s, #%:23 m/s)
BTA D AT OIS 2 BB AER LTS, FHIHER
DAIMEIZIE, AL 7IVHI#HIE AFS2 (AFS-ON) - B -
AR - P AEEATIEEE - P a Y PR MEREE W
72, BUOFPLELYD, T4 LI HREIRLTIEHIE
I) OMBUERENIEF ISR o7z WitELd, BRI
PR HEERE D5, T4 M AT BRI BB T [ZH) Bbk
W] OB R o7z

4. ER
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0.5 T T T T T
Visibility of the right curve, High contrast sensitivity
0.4 i i
> || AFS1
= 0371 AFS2
e}
g —— AFS3 7o il
0 02| — — AFs4 7 o -
o AFS5 | j S
0.1 i .
0
Strongly disagree Fair Strongly agree
05 T T T T T
Visibility of the right curve, Low contrast sensitivity
04 } }
> || AFS1 ,
Z 031 AFS2 N
I g 7
027 = = ~ —
o — A / Y —_
0.1 = POt ..,/ ] -~
- = =
0
Strongly disagree Fair Strongly agree
Fig. 6 Effect of contrast sensitivity on visibility of the right
curve.
07 T T T T
0.6 Unevenly illuminance, AFS2, Female
> L e I [ --- Average
% 0.4 HighDVA [
TS S Z
ol = N—
0
Strongly disagree Fair Strongly agree
0.7 T T T T
0.6 Unevenly luminance, AFS2, Male
051 | | /
> || Average /
5 044 High DVA -
S 031 Low DVA
: /
0.2
ol === o
Strongly disagree Fair Strongly agree

Fig. 7 Effect of DVA and gender on subjective evaluation
for unevenly illuminance.
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AFS5 condition.
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