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Effect of Advanced Driver Assistance System on

Driver Behavior®

Akira Kurosaki

Abstract

In recent years, due to the development of technology for information commu-
nication, much progress has been made on Intelligent Transport Systems (ITS)
used in cars. Currently, most research is focused on technologies for advanced
safety vehicles (ASV), which automatically warn drivers for the purpose of solv-
ing problems such as traffic accidents, as well as advanced cruise-assist highway
systems (AHS), which include transportation infrastructure, in-vehicle sensors,
and other systems.

In this research, we investigated the effect of driver systems on driver behavior
by using a driving simulator, and quantitatively evaluated effects of using the
driver-assistance system on driver behavior while driving. First, we conducted
an experiment, using a driving simulator, to measure the driver’s degree of depen-
dence on a collision alarm system. Each subject had to pass through intersections
where some crossing cars might appear. The collision alarm system sounded an
alarm for a crossing car. We measured changes both in each driver’s dependence
on the system and his/her workload when the alarm system gave correct informa-
tion. We also measured the effects of the alarm system’s malfunctions on drivers’
brake operation.

What is need now is an experimental method for evaluating both the operability

and influence on safety of in-vehicle devices. Such devices include a center-cluster

*Doctoral Dissertation, Department of Information Systems, Graduate School of Information
Science, Nara Institute of Science and Technology, NAIST-IS-DD0361205, August 24, 2006.
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panel switch and a new human-machine interface (HMI) with a head-up display
(HUD) and steering wheel switch (SWS) that are easy to operate while driving.
We propose to measure the number of slips, operation time, glance time, and vari-
ations of steering angle and yaw angle as the objective test, as well as to employ
subjective evaluations by participants. In response to this need, we conducted
an experiment using a driving simulator to evaluate the new HMI with HUD
and SWS and the center-cluster panel switch while following a lead vehicle on a
highway. Results indicate that the experimental method is effective for compre-
hensively evaluating in-vehicle devices and for pointing out where improvements

are needed. We also discussed the merits of the new HMI.

Keywords:

Driver system, Dependence, Head-up display, Steering switch

v



0 O

1.

00

1.1 00000 o0 oo
1.2 00000000 .00 oo o
1.3 000000000 .00 e

gbboboooobbbooooboboooobood
21 000DO0OOO0O0OO0ODOOO .00 oo
22 0000 ..o e

223 DOOOOOODODOO ..o 000000,
224 D000 .. o000 o
23 O0O0DO0OOO0O0O0O0O o000
24 DODOOODOODOODOOODOO .00
241 00O0O0ODOODOODODOO © .00,
242 0000D0O0DOODO .00 0000000
243 0DOOOOOOODDOOOOO .00 ..
244 0D0OO0OO0O0O0OO0OODDOOOO .00,
285 I I I I 1
26 OODO .o

gbbobuoogoobbbuoooobbbuoooon

3.1 000000000000 © .00 000000000

3.2 0000000000 .00 oo o
321 0O00O0O0OOO0OO0OO0DODOO .« ..o oo
322 00000000 ... oo
323 0O000O00OO0ODOO ... oo o ..

co Ot = =

12
12
13
13
14
15
16
18
18
18
21
24
26
31
32



34 0O0O0OO0O0O o000
3.5 0ooo ..o
3.6 0OooOoO ...
3.61 OOOOO ...
3.62 0O0O0ODOOOOO
3.6.3 OO0OOOO0O0O ..

3.64 0O000O00OODO ..o 00000 ..

3.65 0O0OO ......
3.66 OOOO .....
3.6.7 HMIOOOOODO
3.7 00 oo

3.7.1 OUOobOOoooOOoooobooboog oo

3.8 gooo oo
3.81 0O0OOO .. ...
3.82 UO0OODOOOO

3.83 U0OODOOOOODODODOO ..o oo

3.9 Oooo ...
4. 00O
00
oooo
00
A.00D0pOD0O0OODOO~yODOO

B. 00000 (O030)
Bl ODOOOOO ......
B2 O0OOOO .......
B3 000000000000

(0 20)

vi

60

61

62

65

65



B.4 NASA-TLX

oooo

vil



O 0O d

© 0 I O Ot e W NN

N NN NN DN NN DN == = = e e e
O N O Tt B W NN RO O 00 N OOt W NNy - O

I 2
ITSOODOOO ..o e 3
ASV 4
AHSOOODODOODO ... 4
HONDAOODODOODOODODO ..o 13
I 14
OOOO 16
000000008 (Phase LIT) . . . oo oo 23
000000000000 v (PhaseLIT) . ... ... ....... 25
AWWLOOO (Phase LIT) . . . . ..o o000 26
000000008 (Phase II) . . . . oo oo 28
AWWLODOO (Phase ITI) . . . . .o 30
I 35
HUD . . . 36
I 37
0000000000 (Pushb) oo o 00000 oo 38
0000000000 (Push7) « o v vooe e 38
JOOOO .. 39
JOoooooooon ..o 44
I 45
I I L 45
I 0 46
JOOOOOOO .o 47
0000 .. 48
I 1 1 1 49
QOOOOO o 50
I 0 0 50
UOOOOOOO .o e o1



29
30
31
32

WWLODOO .o e 92
I I 95
gobobooogbobobooooboboooobo oo o6
WWLOOO .o 69

1X



O 0O d

© 00 N O Ot e W NN

e e e T e T e T e S S SRt
© 00 3 O Ut B W NN = O

00000000000 (BirsenO) . . ... o000 o000 6
UOOD0O0O oo 15
0000 (Phase I, II) . . . ... oo oo oL 17
0000 (Phase IIT) . . . .. ..o oo o 17
000000 (Phasel) . o o oo e e 19
000000 (Phase II) « o v vovooo oo e e 20
000000 (Phase II) .« o o oo oo oo e oo 27
OO0OD0O0 .. 29
D000 (HMIL) .« oo oo 40
D000 (HMI2, HMI3) . ..o oo 40
OO0 ..o 40
OO0OD0 ..o 42
I I P 43
UO0OD00O0O0 .0 s e 46
I e P o4
OO0 ..o o7
UO0OD00O0 .. 66
UOODO0O oo 67
I P 68



1. OO

1.1 OJO0Oooad

goodoooooooooooooodoonooooonoooooooood
0odoooobooooooooooooboooooooooog,onoof
00000000 1000 MooDOooo00o0O0000000000000000
doboooooboooooboooobooooooobooooooooooon
gooouoooooooobooonoooooooooonooooon
Jooooooooooooondoooooooooooonooooon
00000000000 ITS (Intelligent Transport Systems) 00000000
00000000000000000000000000000 »3gIrsooao
oodooboooooooobooood 2000000900000 0booon
gobuoooboboooobnouooobouoooboooooooood
DOoooo Mg

Ooodooodooobooooooooiecoonooodoooooogo
000001980019900000000ABS (Antilock Brake System) O O TCS
(Traction Control System) 0000000 OOOOOOOOOOOOOOOOO
000000000000000000000000 Po19000000000
O00000oOIrsgooooooooobooooooooooooobooon
0000000000000 000000000O00000ooO (Dooooog)
O VICS (Vehicle Information and Communication System) D000 00000
0000000000000 00000000 ETC (Electronic Toll Collection
System) 0000000000000 O0O0OOOODOOOOOOOODOOOO
goodoooboooooooooooobooooooooonoooogn
OO00D0000000000D00OO000000D ITSOO0OO0000O00ASvV
(Advanced Safety Vehicle) 0 AHS (Advanced Cruise-assist Highway Systems) O
000000000000 ITSOO0000oooOooooDoOoooooDooon
0000000000000 &7000000000 VICSOETCOOOOO0O
gobooouooooooooooooooooooo



140 14,000

- 12,000

- 10,000

2

I

&

Ha

L -

® 3o 48000 <X

N -

B g0 4 6,000

ﬁ R

# a0 | 1{ 4000

& —e— B

20 e RBER 4 2,000
——EK '

o

U1 00dboobobooggn

(1) ASV

ASV O 0 0O Advanced Safety Vehicle 0000000000000 ODOOO
Dooo0 Bp199100000000000000000000000000
O000000000D0D0000000000000000 (0 00000)0
000000000000000000000000000 (40)00000
0000000000000000D00000000000000000000
00000003000000000000000000000ASVOO0O000
00000000000002060 5000300000000 PMoooo [
000000000ASVOOO0O0000 30000

(2) AHS

AHS 0O O 0 Advanced Cruise-assist Highway Systems 00000000000
goooooooooooooo [11’12]DDDDDDDDDDDDAHSRA(AHS
— Research Association0 0 0 000000000000)0000000001IT
dobooooobooooobooooooobooooooooooooooon
OOAHSRAOOOO 400000000000D0O00DOOOOODOOODOO
0on



FEF—avDEEL

VICSEI[Z&DTEDEEILSE

BEHENRZIATL

HEFRD/ RN TIEE

REBHEOX R

AHSZEIZKZERESLS B EHEERSE

XBEEORE

ITSOHOBIRE ST

et

5

g, MR BREESHEF

EREBOEL

TEFBFORM, BHREMEESF

DNHZTBEDXIE

KHZBEOEITREDRYF

BEAEOEL

NEMGEEHBEXIEF

HITEFOXE

STEFICRE-BERERNORKF

REEMDETXIE

RRHER RRERORKRFES

O 2 ITSOO000O



SEZLEHE (ASV) DA A—D
VB8 | ey —omEs SEAE S ERN - 5L THEERISOEIET.
BrY— | ERECENKEORDIENET.

WE2HASVD
HEEES I:yEl—ibéwﬂﬂittulﬂﬂﬁ¢lﬁiﬁu.ébﬁFﬁlﬁ—miﬁimﬁtfq gzﬁu‘ feza
TR R e S 1k R

LATFL
Eh—TEAERREE
EWLATL
DI - AL EMEN
HRRETERETER
(RREREE])
Lol U E TS el N
EERERERER
AR LENENEESL
EWLATL
DT R RN
BEERTEUE I NN
ER AT L

FREDE—
L— bRk D LA F DHTENEERAT &

[0} BITERWIT 22

MEERE— S —aRE—h— DEEYERER

AEAVFLALE— ST
P A Lt

+E¥—23 >9x-i-.a.| AMEX— kAL RS
(@.@ e
WM Y — s e
(.33 | EXTEERT A0y FLNEE | DELEBMBEHER
)] (2.3.®) wﬂmsﬁmuu

gogbbobuoooobbbuoooobbbuoooobobogao

0 3 ASV

gogbbobuoooobbbuooobobbbuooobobogao

04 AHSODOOODOOOO



1.2 JO00OOoO0oOood

gbbogobogoduoobbooobboobbuoobobooobboob
gbogboboogbobbuoobobuoobbooobboouobbooon
gboboboooobbbouoooobobbuoooobobooooon

O0000000O0BirsenD M O000D0D00000000O000O0OODOO
Ob1200000000000D0000

1. 0000000000000 0000000O /JOoOoooo
gbobooobuooogbobobboooobobbbuoooobbbogo
gbobobobbbouoooobbbbouoooooobbobobbbougo
goooogooobooooboodad

2. 00000000C0O000000O0ODDOOCODO /JOoOOoooo
gboboobbbouooooobbbbbouooooobbobboago
goboboboboboooooobobbobbbuoooooobboobobboogo
Dbooboobooboobooboobon

3. Jooooooooooooooo /O /OO0
goboobbobooooooobbbbbooooooboboobbooao
gbobooogodaon

1030bogbboudabboobuogbbodobog 1obobbbooob
gbbooodgobboooobbobbbooobboboooon

(1) AHS
AHSOO0DOO000000000000000000000000000000
000000000000000000 (AHS)ODOOoOOoOoooooooooo
O0000000000000000 (AHS)0000000000ooooooo
00000 10000000000000000000 (1), (3),h)0oood
000000000AHSOOOOOOOOOO0OOOOO0OOO0O0oO0boOoaOan



01 00000000000 (BirsenO)

0oooo 0oooo
0000 |0000 0000|0000

0 (1) (2) (7) (8)

0ooooo | O (3) (4) (9) (10)
0 (5) (6) (11) (12)

0 AHS-i (information) 000 0000000000000 0O00O0OOOOO
gbobobobobobouoooobobbbbbuooooobbobbodgo
gboobbooobobbboooobboboooobobobuooon

0 AHS-c (control) 000000000 OOO0OOOOOODOOOOOOOO
gboooooobooboooooon

[0 AHS-a (automated cruise) 000 0000000000000 ODOOOO
goddddddddoodoououuoououoboobooobobbbbo
doddoooobobobbbboooooooououooon

AHSOOO 1000 (5)000000000o0ooooooooooooooo
000000000000 0oo0o0oooooooooOooo 3)oooooog
O00000000000000000000 10000 (1)H)OODODOOO AHS-a
Dbobooboobooboobobboboobod

(2) ASV

ASVOOOOOOOAHSOODDODODODOODO0O000000000000000
000000000000000000000000000000000000
0000000 ((1),(3),(5)00000000000000000000000
000000000000000000000000000000000000
000000000000000000000000000000000000
000000000000000000000000000000000000



0000000000000000000000000000 100 (2)000
0oo
00000000000000000000000000000000000
00000000000000000000000000 (HUD)OOOO00
000000000000000000000000000000000000
000000000000000000000000000000000000
00000000000000 100 (2),(4),(6)000000

(3) ETC

ETCo0o0b0ob0bo0b0obooo0ooobobooboboboboboo
0000000000000 00000DO00bOO0O00bODO0O0ODETCOO 100
(MOOODOO0OD0Birsen0OOO0OOOOO (7)0000 O7”Lockingd Interrupting”
OO0o00oooooETCO0000oooooooooooooooooooon
0O0DO0D00OD (7)00000)

(40000, VICS
000000000000000000000000000000000VICS
000000000000000000000000000000000000
0000000000000000000000000000 10 (8)0000
000000000000000000000000000000000000
0(11)00000000

(b)) 0000000000 0O0O0OO
gboboobobooobbuooobbuoobbooobbobboobboon
gbooboboodgbobuoobboboobobuoooboboboubobobon
goboggbbooobbooobooobbooobbbooobobboon
oooobo
gboboboodgbboobboobbuoooobbuooobbuobobboon
O000000000000Dooo0O (12)0Doo0o0o0od



() 000000000000 (HUD : Head-up display)

00000000000000000000000000000000000
000000000000000000000000000000000000
000000000000000000000000000000000000
000000000000000000000000000000000000
000000000000000000000000000000000000
000000000000000000000000000000000000
000000000000000000000000000000000000
0000000000 (5)000000000000000000000000
000000000000000000000000000000000 M0

gbobogoboodbbooboobboobboobobooobboon
gboobodgbbogobboobbooobbooobbooobbuooboon
gooboboobobobodbobooboboooboobobobon
gboooogaon

1.3 DOoggooon

00000000000000000000000000000000000
000000000000000000000 1000 (1),(3),(5)000000
000000000000000000000000000000000000
000000000000000000000000000000000000
000000000000000000000000000000000000
000000000000000000000000000000000000
000000000000000000000000000000000000
0000000000000000000000000000000000000
0000000000000000000000000000000

00000000000000000000000000000000000
000000000000000000000000000000000000



ACCODODDODDDDDODOODODD M¥OooooooooOdooooooooo
ODO0O000000O00DbOOoO0bD Accoooboooooobboooboooooog
0D000000000000000000000000000000 Mooo
OO0000O00O0bO0b0b0b0ob0obobobooo Accooboooooo
ooobobooboboboobooboboooboobobobobobobobob
gbooboodbbogbbuooobooobbuoobbuoobobooobboon
00000000000 Mooooooo0O0000000000000000
gboodbbuogobbooobboogbbuogbooobbuoobbooon
gbooboobobooodbbuogobboobboooboobuoobobooon
Dboboobooboobooboobo
gbobobbogobboobbodbooobboobbooobboob
gbobogbboodbbobboogbbuogoboobbuoobbooob
gbobogbobobogbbooobbuooobbooobboobbooon
gbobodgbuogobogbbuogobbooobooobbuogooboooon
goobobobobooboboboobobobobooboboobobon
ODoOooooviIcsoooooooooboobooooobobooooooobooo
gbobogboboodgboboobbuogbooobbooboboobbooob
gbooboogboboogbbooobbbooobboobooobbooon
gogbodbogbbobodbuogbboobuoobooboobuooboonon
goobooooobobboooooon
oo0o00oO0oOD0O0O0O0O000OOOO0OO0O0O0U0O0OO0 1000 (12)000
gbodbbuogobbooobbooobbuoobooobboobooob
gbooobbuogobbooobboogbbuogbooobbuoobobooon
0000000000000 D0 ¥Ooo000000000o0o0o0oononooon
00000000000000000000 MWOoooo0o0o0o0o0o0o0000
000000000000 00000(0000O)0Dobo00Do0oooOOooooDOoO
gbbogboboodgbbooobbuooobbuoobboobooobobon
gbobogbboodbooobbooobbuoooboobbuooboboboon
0000000000000 000000000000000000000 2o



00000000000000000000000000000000000
000000000000

000000000000000000000000000000000000
000000000000000000000000000000000000
000000000000000000000000000000000000
00000000000000000000000000000 10 (5000
0000000000000020000AHSO00000100000000
000000000000000000000000000000000000
000000000000000000000000000000000000
000000000000000000000000000000000000
000000000000000000000000000000000000
000000000000000000000000000000000000
0000000000000000000000000000000000000
000000000000000000000000000000000000
000000000000000000000000000000000000
000000000000000000000000000000000000
Dooooo

00000000000000000000000000000000000
000000000 (010 (8),(10)0000000000000000000
0 (010 (7),(9),(11)0000000000000000000000000
0000000000000000000 10(12)0000000000000
000000000000000000000000000000000000
00000000000000000000000000000000000 30
00000000000000000000000000000000 Head-up
Display 00 000 000000000000000000000000000
0000000 HMIO P'000000000000000000000000
000000000000000000000000000000000000
000000000000000000HMIOODOOO0O0000000000
000000000000000000000000000000

10



g4b00000b000b00o0bo0obooboobonn

11



2. Jgoobooouoboobobuouoobobogo
HEN

21 Jogoooooooooon

000000000000000000000000000000 (AHSRA)
000000000000000000000000000000000000
000000000000000000000000000000000000
0000000000000 000000000000 B¥oooooooooon
000000000000000002100200000 1000120000000
000000000000000000o0o0n ¥onoooooo0o0o0ooooon
0000000000000000000000000-0000000000
0000000000000000 Poooooo0o00o0o0oooooooono
000000000000000000000000000000000000
Dooooooooo g

00000000000000000000000000000000000
000000000000000000000000000000000000
000000000000000000000000000000000000
000000000000000000000000000000000000
000000000000000000000000000000000000
000000000000000000000000000000000000
000000000000000000000000000000000000
000000000000000000000000000000000000
000000000000000000000000000000000000
000000000000000000000000000000

12



2.2 JO0O0O
221 J00OOOOoOoOoOoobooon

goouobbbobbooooouoobobbbooooooooboobn
gbogbooboboboobobobuooboboboboboobobon
gboooboboobbooobbooobboooboooboboobboonbb
OO00oOo00DOoO00DO00bDOo00obbO00obDbOOo0obDOOUnDHONDA
0000000000000000DSO0000O POoDpsSoooon 500
OO0 DbSOb00o0ooobooboobooboboobobooooboobobooo
OO00OO0b0o0obO0obO0ooOOobooo bSODObOOobOoooOooOooboDOoDbOobO
gbooboobgboobobooboboobobobobobobobobon
obooobooobooboboboboboobobbooboobOo 1msbO0
gbooogog

05 HONDAODODODOODOODODOOO

13



222 0J000O00O0O0OOO

gbobogoboodbboobbobbuoobbuoobobooobboon
gboboobooobuogobboobbooobboooboobboogn
gbobogobobodgobooobbooobbooobbuooboboboon
OoOoooDo

gbobooobugobboobbuoooobbuooobbuooobboon
gbobogbbogobbuoobbuooboboobboobbooobboon
OOobo0obooboobooboobobobooboooobobooboooo bsSoboO
goobooooon

gbgobgobobobobboboobooboeb0obO0o0DbOD

D 20km/h

REEF L

27. 5m

TI—LEEMS

B= D % 30kn/h

U6 boggoobogg

gobogobbogobbooobbuooobbobbooboooboon
goobodboboooboboobboooboboobboobbooobboon
O00030km/h0000000000000O0OO0O0OO2r5mO0000000O0O0
gbobuoobgbuobougboboougboboboobobogboobon
O0000000000000020km/h0000000O0COCOCOOOOOO0O

14



gooboboobobobooooboboobbooboboobobon
Dbhoboobooboobuooboobo

223 000OOOOOOOOO

goggobobbobobbbtbodoooooobiwbbobboodooooon
Ooobobi1o0booobooooboobooobooobooooborPiDpPoOn
gobooobbodoobo 2000bbo0oboboooboooo 1bbboon
gbobobouo-bboduoobobbboodgbobbboooobbobod

02 00000
R i B DL
P1 23 34E105 H -
P2 24 658 26
P3 23 3114 A -
P4 25 45545 R 100
P5 23 44535 B -
P6 24 14E64 B 30
P7 24 445345 R 90
P8 24 1484 A 120
P9 25 54F 60

gbooboob 7obbo0obbooboobb 2000 16e00bO00D0DO
gbobod4omuidn 2000000000 b0glgooboono3suoooon
gbobogobbodgobboobbboobobooobuoobobbooon
gboobobgooboobooobobobobooboboobobbobon
goo

15



—

s | T O L[ #res
%%IUU_IJ[HHHH T U

1 2 3 4 5

[
~
©
©
=
o
=
=
P
N
P
w
N
IS
P
ol
=
o
-
~

18 19 20

D~0 : XBEFHIRETIXER
1~20 : RERES
D REERMOETAHR

1 N |
0 100m 200m

o7 o000ooo

224 0000

(H)ooooooooooooo

gbbouogoboodbboobbuoobbooobboobbabboob
00000000000 00000000040 (R1I-R4) 0000000000
O00O00oooo70(R-RIHOOCOO 110000000000 300000
OoOo0oOoboooboo0bOoRI-RAOO0OOO IORS-RIIOODOOO IIOO
0000000000 100000000000000 1000000 (e)00
0000000000000 00000000000000 1I00o0o000 (o)
gbobogboboodgbbooobbuooobobooobboobbooon
gbooobodgg

(2)00000000000OOOO

gboboodgboogbboobbooobboobboobuooobboob
gbobodgbboodbbuobobboobboooboobuoobbooob
gboboodgbboobbooobooobbuoobbuooobooobboan
gbobogbboodboobboogbbuogobooobbooobbon
gbobogobobodgobboodbuoooboobuooobobooboboboon
gbooboobbodbbugbobboobboobbooobboobbooon
gbooooogon

gbooo L noooobooobbooobbbooobbooobboo

16



0 3 0000 (Phase I, IT)

. = REABES
7= | AT 3 5 8 | 10 ] 12 ] 14 ] 16 | 17 | 18 | 20
R ®
R2 ®
R3
R4
R5 ©)
R6 ©) ©)
R7 0O
i RS [®)

RO 0O
RI10 O @)
R11 (@) O

@ BEHVATLBL(TS—LGL, REE@EHY)
O BAIVATLHY (F5—LHY, XREEEHY)

Oole

O|o

Oo0Oo0 IIdRrRI2-R16e000000000ORI20O 12000000000000
Oooboboboboooboobuobo0oRrR40 R OO0O0ODOODOODOO
O040000R160 120000000000000000O000O0O00O0DO0O0OO 4
OoboooIimnmogboobobobobb 40000000000000000 a0
godbooobbobobbobbbbb.e oo oooooooooag
gbbobooooobbboooobboboooob

0 4 0000 (Phase III)

. = RERES
Jx—X | AT 3 5 8 | 10 12 ] 14 16 ] 17 ] 18 | 20
R12 ) A O
R13 O [®)
m R4 n
R15 n n (]
R16 A O

O BHIVATLHY (T53—LHY XREEWEHY)
A BRAVATLRE (T5—LBL, XREE@EHY)
B BNV ATLRER (75—LHY, XEEWMEL)

17



23 Uooooooooao

0000000000000 00D000000000 (2,»)00000 [km/h]O
0000000000000 0000000 (% 0000000000000
000000000000000000000000000002000000
NASA-TLXOODODOOO AWWL Pl0000000o0o0oo0oooooon
0000000000000000000DSO000000000000000g
000000000000000000000000000000400000
0000000030000000000000000000000000
000000000000000000000000000000000000

. Jgooobobobobbdgoooobboobboooooooobooboobo
gooooogooobod

2.000000000obobobobbodoooobbobbbodooooon
gooboboooobboooon

24 J0000ObLO0oO0ooooobbood
241 J00O00O0Oooooooobon

gobooIloogooobo ngooboobooboboobooboooobooogon
gboogdb 500 ebbboobuoobboodbbuoobbuooobon
gboboobuoooobbooogn

goboboodoboooobbooboboobobboogbbuooobboon
gooooobobbobibooooooobbbbiboooooooboboobobn
gboobooooboboobobboobobuooboboobobbobon
gbuoggbbuoodbbuooobboodbboooudbtdogbtuogogn
gbobodgbboodgbbuodgbooobbubbooobbuoobobooob
gbobogobbuoogbbuoobobboobbooobbooobooon
U0 aAdU000dnbooon sbbebudbbogdbooobbuogoboogn

18



05 000000 (Phasel)

= REAES
BERE T 1J2]3lals]e] 78l ofro]i]12]T13]14]i5]16]17]18]19] 20
R1 O A (ERDT-HFE)
P3 R2 ol0 Ol0]lO0flO|lO]lO0[O|1O0IO|O]O[O]O]10O
R3 @) @] O[O]O (o}l ko] K©) @) @] @]
R4 @) @] @) @] @) O[O0|O0[O]|O
R1 OlO0|O]O|lO|lO|lO]lO|O|lO|OCJO]O]O]JO|lOJO|O]l0O]|O
P6 R2 O[O0|O|O0|O|OIO|O|O0|O|OC|O[O]| A [EEOINTD)
R3 OlO0|O]O|lO|]OfJO]l]O]|lO]lO|lOCJO]lO]O]JO|lOJO[O]l0O]|O
R4 O[O0|O|O0|O|O0[O]O|O|O|OC[O|O|O]JO|OCIO[O]10O|O
R1 OlO0|O]O|lO]|lOflO|lO|O|lO|lOCJO]lO|lO]JO|lOJO[O]l0O]|O
Pyk R2 OlO0|O]O0O|O|O[O|]O|O|JO|OC[O]O|O|JO|OCJO[O]0O]|O
R3 OlO0|O]O|lO|lO|lO]lO]|lO|lO|lOCJO]lO]O]JO|lOJO[O]l0O]|O
R4 OJ|O0|]O]O0|lO|O|JO]lO|O|O|OCJO]O]O]JO|OC]O|O]10O]|O
Pxx : P3EP6LLST DHHERE
O: JL—x178% A EH D BHIVARTLIEL (F5—LGEL, REE@EHY)

oo ebboodbbubboubboogbboobbuoooboboon
gboobooogoobobooan

(1)000o0Ioooo

0 5000P300000000000000000000000000RLO
00080000000000000000PFOO0DNDN000000O0O0000
000000D000R20000 400000000000000000000
00020 (P30 P6)00000D0O0ODSO00O0ONONDNODONOOONONDDO
0000000000P30P6O007000000000000000000
0000000000000 7000000000000000000000
000000000000000000000000000000000000
000000000000000000000000000000

(2)000010000
000010000000002000000000000000000000
0I0000000000000000000000000000000000
0000000000000000

0 600000000P2 P6, PRONONONONOOOOOOO00O0O0OOOO

19



RERES

06 000000 (PhaseII)

191 20

©)

18

17

16

(©)

15

(©)

14

13

12

11

10

(©)

O|O[O0|0|0O[O]O0]O0JO|O|O|0]O

OlO|O0|O0JO[O]|O|O0]O|O|O0]|O0|O[O[O]|O0]|O[O]|O|O
O|O|O0|OC]O[O]O|O|O|O|O]|O|O[O]|O)O|O[O]O]O
OlO]|O0|0O]O[O]O|O0|O|O|O0]O0|O[O[O]|O0]0O[O]O]O
Ol|O|O0|0JO[O]|O|O0|O|O|O]|O|O[O|O|IO|O[O]O]O
OlO0]|O0|OJO[O]|O0|O0]O|O|O]|OC|O[O[O)JO|O[O]O]O
O|O|O|O]O[O]|O|IO|O|O|O|OC|O[OIO|0}IO[O]O]O
O|O0]|O0]|O0]O[O]O0|0|O|O|O]|OC|O[O]O|0|0O[O|O]O

Ol|O|O|OC]O[O]|O|O0|O|O|O]|O|O[OfIO|O0]O[O]O]O
OlO]|O0|0JO[O]|O|0]O|O|O0]|O0|O[O[O}O|O[O]O]O
O|O|O|OJO[O|O|O|O|O|O]|O|O[OIO]IO|O[O|O]O
O|O0]|O0|O0]O[O]O0)JO]O|O]|O|O|O[O]O|0}JO[O]O]O
O[O|O|O]O[O|O|O|O|O|O|O|O[O[O|0|0O[O|O]|O

OlO]|O0|0JO[O]|O|O0]O|O|O0]|O0|O[O[O|0]0O[O]O|O
OlO|O|OC|O[O|O|IO|O|O|O]|O|O[O|O|O|O[O|O]O
OlO]|O0|0]O[O]O|O0|O|O|O0]|O0|O[OfIO|0]0O[O]O]O
O[O|O|OC|JO[O]|O|O|O|O|O]|O|O[O[O|O|O[O[O]O

O|O0|O0|0JO[O]O0]0]0O|0O|O]O

ol0]0]0O

O[O |O0|0CJO[O]|O]|O0]O|O|O]|O|O[O[O]|0]|O[O]|O|O

O|O0]|O0|O0JO[O]O0|O0]O|O|O0]|OC|O[O]O)JO|O[O]O]O

RS
R6

R7
R8

R10

R9
R11

RS

R6

R7

R8

R9

R10
Ri1

R5
R6

R7
R8

R9
R10
Ri1

R5

R6

R7

R8

R9

R10
Ri1

R5
R6

R7
R8

R10

R9
Ri1

RS

R6

R7

R8

R9

R10
Ri1

RS

R6
R7

R8

R9

R10
R11

P1

P2, P6, P8

P3

P4

P5

P7

P9

P ERCRTLER (Fo5—LbY, REEEHY)

A =i

O : IL—F{T8

20



gboobboboobgoboboobobooboboboooobobon
oboboobooboboboboobuoobobopp400ReO80O0ODOO
obooobooobobooobobooboop7obboobbOoobbOoOon
gboboodgbbogobobogbbuooobooobboooboboobban
OOoobO0obOoboboooboobobobuoboooboobobooogry, 3, Ps,
poOobo0ooOO0bOOoOOobOOOobOobOOobOoOOobObOOobOobDOoboOobobooD
obOoobooboobog psbboobooboobooboobbon
gooo
gbobogoboogbogobbooobboobbuoobobooobboon
gbobooboggbbooogbbuogdgbugobboobbooooobooon
gooboooobbbooooboboboooobobobooon

242 0J00OO0OOOOOOOO

gobogoboodbboobobuoooboobooobooobboon
Dbobooboobooboobobbobooboobd

b0l obooboobobbobbobooboobod
gbo20000000000b0b00000b0bboooobobobog
gboo3ggobbbuooobobooooobobouoonoobobog
gbb40 000OOOO0OO0ODODOOOOO0ODLOOOOObObbOOO00n

gblbuogobbodobobboobbuooobbuooobbuoobboob
gbobogboboodbbooobbooobobooobo20000bboogn
gbobogobbogdgbboodgbbooobooogbb3gubbooan
gboboggboogobbooobbogb4b00obobuooobboon
oboobooobodobo 140000000000 b0o0bo0obobobon
gbobuoooobbbuoooobbboooon

() 0000oo0ooooooo0oOoooooooon

21



gboboooooobobooboboboobobooobuobbobo
gbbbooodlbobouooob 1bbbog200000000 nmg, no O
O000000D0000D000000 m+n 00000000000 «0O (2.1)
gboooboodgg

no

(2.1)

n1+n2

oboboobobooboboobooboboobobobobtbedbOO
gbobudbobodbobobouboboobobbobuoobobooon
O0000On,=0000000000000000 a=0%0000000000
gboobooooon

(2)00000000000DOOOO
oo oooobobobobobobbboboooogg
goobobboooogoboblioooogobbo sbbobbbouo4boooon
On3,n, 000000000 ODOOOOODODOOn3s+n,0000000O 0O
(22) 0000000
3

8= (2.2)

n3 + 1y

0000000000000 000D0D0O0O0ODOOO 80DOODODO I(R1-R4)
0000000 IRS-RIN)ODODODOO0O0OOOOOODODODOOODOOOOO GO
gooooao

oo oo phbdbobboboobuobobobooboobo
O000p0000%00000000P10OP3O0ODOO0O%000000000
PL,P3, P5UODO0O0OOOOOOODO0OOOODOODOOOOOODOPIO RS, RI
OO0 p0000000P2,P6, PRO 30000000000 0O0O0O0OOODOODO
O000000000000000000000B000 100%00000P40
R6OOO0O8ODDO A0 100% 00000OPTO RBROODDOOCDOOOODOODODO

22



FbE

BLE

J:HPES

b

AibE

100%
80%
60%
40%
20%

0%

100%
80%
60%
40%
20%

0%

100%
80%
60%
40%
20%

0%

100%
80%
60%
40%
20%

0%

100%

R5 R6 R7 R8 R9
ET

R10 R11

RS R6 R7 R8 R9
ET

R10 Ri1

Rl R2 R3 R4 R5 R6 R7 R8 R9 RIO RII
EAT
P7
;
[ [l
H
H
H H
:
H
L :
H
:
:
I i
L
[ 7—X1} 7z—X1
H . .
Rl Rz R3I R4 R5 R6 R7 R8 R9 RIO RII
EAT
[o—o0—o o
[ J—X1
.
Rl Rz R3 R4 R5 R6 R7I R8 R9 RIO RII

FibE

AbE

FADE

A

100%
80%
60%
40%
20%

0%

100%
80%
60%
40%
20%

0%

100%
80%
60%
40%
20%

0%

100%
80%
60%
40%
20%

0%

Iz—X1 | 7—X1
. . .
R1 R2 R3 R4 R5 R6 R7 R8 R9 R10 RI11
ET

R1

R2

R6
ET

R7

R8

R9

R10 R11

I—X1 | 2=—X1
. . .
R1 R2 R3 R4 R5 R6 R7 R8 R9 RI10 Ri1
EIT
P8

I—X1
.

I—X 1

R1

R2

R3

R4

RS

08 00000000 3 (Phase LII)

23

R6
ET

R7

R8

R9

R10 R11




OOo0o0ob0oobobobobooobobooboobobooRrIDObooboOoO
gbbogobboboobbuoobbuooobbdabbooobbooan
gboogbuoodgbbdugobboobbooobbuooobobobbooon
gbobodgbbogoggbbuooobboobobooobbuoonobooon
gboobodgbboooboboobbuooobboooboobbuoooboboon
Dbobooboobooboobooboobo2s50b000000

(3)0J000ooooooooogoo
gbobogbobogobooobboooboboobboobbuoobboon
gobobbobbbobouooooooobbbobbb2ob0ddoooooon
gooboobbobooooooooobobbbbooooooobobobbboooooa
0000000OmOn, 000000000000 (23)0000000000

n1+n3
=

_ (2.3)
ny +ng +n3+ ny

09000000000000000000000000000000000 8
O0000000000000000~0A4000000ADCOODOO 90
00000000100 P30P6O00 700000 y=100%00000000
I00000~00033%000000000 (P1,P3,P5)000000 (P2,
P4, P6, P7, P8, PO)0 000000000 O0P2, P6, P8O v=100% 000 O
O0000P4, P7,PO0000O000OO0OOCOO0OOOOOOOOOOOOOO
00000000000 0000000000000000000

243 J000OOOO0O0OOODOOO

gbobuogoboodbboobbuoobbooobboobbuoobbob
ODO00OOO0O00O0OoOoooooopooo200CcboOoAWWLOOOOODODOO
OOo0oboooboooboooboooooooooob0 woboobooo AWWLO
gooboogod

24



P2
J—X 1

100% |
80%
60%
40%
20%

FHEF—1C

L
=
1=}
=3

FHEFX—1C

100%
80%

R10 Ri11
R10 Ri11

R9
R9

R3 R4 R5 R6 R7 RS
R3 R4 R5 R6 R7 RS

R2
R2

R1
R1

0%
100% |
20%

0%

R10 R11
R10 R11

R9
R9

R3 R4 R5 R6 R7 RS
R3 R4 R5 R6 R7 RS

R2
R2

R1
R1

40%
20%
0%
100%
20%
0%

© ~
a I
H
"
.ﬁ_A‘
H
_.J\
£ 5885 85 8
E2 B8R
s

= = = = = =
8 8 8 8 88 °
FHEFX—1C

R2 R3 R4 R5 R6 R7 R8 RO RIO Rl
P8

R1

b
N
B
.W_A‘
H
7\
£ £ £ £ £ =
gEe2e&kR?
EHE—1C

R2 R3 R4 RS R6 R7 R8 R9 RI0 RI1
P7

R1

FHEFX—1C

R2 R3 R4 R5 R6 R7 R8 R9 RIO RI1l

R1

R2 R3 R4 R5 R6 R7 R8 R9 RI0 RIl

R1

= B =2 = B B

o o o o o o

£E88¢% %
FYFE—1C

1)

Phase I

(

R9 R10 Ri1
25

R2 R3 R4 R5 R6 R7 RS
N I I I I I 0

R1



80

721—X 1 72X 1

60 -

AWWL 237
=y
S

20

R2 R4 R6 R8 R10

0 10 AWWLOOO (Phase LIT)

o000 I1gooooo lnNooooo0AWWLOOOOooOoooooooo
Oo0O000400000R40000RIOOOOO0 AWWLOOOODOODOOO
o000 600 AWWLODOUOOOOOOODOOOODOODODODODODOODOODO
gbobobooooobbobbouoooobbobboog b 10bbuoaon
OO0bO0o0o0oOonNooog sh0b0oob0oboobobob0ooc AWWLOODOO
Oooooboboob prO0bbOO0ObbOO 8UbDbOUOODODOO 10000
gboboodbbuooobbodabbuooboboobboobbuooobooob
gbooboodgbbuooobboobbuoobobooobbuoobobbooooab
gbobogbbooodbbuobbooboobbooobbuoobobooon
O00000000C0000D000 AWWLOOODODOOOO P2, PROOOOO
fO0000D0TNIOD0O0O0 100%000000000000000000000O0O
goobobooboboboooobobooobooboboobobon
gbbbuoooobbbduooobbbdooobobbobouoobobbodao

244 000DOOOOODDODOOO

()Oo0OO0O00o0o0D0ooooOoOoO0O00o0UoOoooooooooOoO

26



goooHnmooooobogoboooooobooooooboo rTooooon

07 000000 (Phase III)

P RERE
BERE T t]J2]3lals]e]7l8lofto]t1]12]13]14]15]16]17]18]19] 20
R12 @) [EXNELTD)
R13 @] (0] K] 0]0]0O]|0O O|0|]O]0O
P1 R14
RI15 0O
R16 O o) Kol Ke)
R12 O]l]O0]JO0|O0|lO|O|JOf0O]0O]lO]O0O O[O0]O0|O]O]O
= e R13 Ol|O0|O0]lO0lO|O]O]0O|0]l0O]0O O[O0]|0|O]O]|O
%Pé R14 O0]l]0|10]l0|lO|O|JOfJ0O]0O]lO]O O[O0]l]O[O]O]O
' Ri5 |O[O|O|O[O|O[OIMM oo 0 ol ol ol ol ol
R16 O]l]0|10]l]O0|lO|O|OfO]0O]lO]O Oo[lO0]O|JO]O]O
R12 (e [EE I D)
R13 @) e}
P3 R14 @] @]
R15
R16 [EE VT D)
R12 @) (BBRDT=HPH)
R13 O @) e}
P5 R14 O|0]OC]10O0]10O0]0O
Ris_|o|o|olololololiMololo olololol ol
R16 O]l]O0|1O0]0O|lO|O|Of0O]0O]l0O]0O O[O0]|0|O]|O]|O
R12 (@) O|0]|O0CJIO]|1O]O
R13 @] O]lO0|0]O]0O O[O0]|0|O]O]O
P7 R14 O o]0 ] 0l10]10 O[O]O[O]O]O
R15 olololol _IMmololo ol ol ol ol ol
R16 el HelNelNel e O|0]0O]0O]0O O[O0]O0|O]O]O
R12 e [EEIEETD)
R13 ) 0|0 O
P9 R14 0]0]10]0O
RI15 mm @) olo (KA
R16 @) ofofo [EX VT D)

O:JL—*78 A : ¥

[ : @ RTLER (F5—LbHY, XEEMHHY)
B 54 RTLRE(FI—LHL, XEEFEHY)
[ : smens 27 L5048 (F5—LbY, TEEFLHL)

gboboogbbdabbuoobobboobboobboobbuoobboon
gbobbooodgbbobuoggbbobuoooobboooobbbooodb ad o
%0000

O 11oooobommooboooooooo0ooboobo pOoobOoOnPs,
pPrO00 RI200 000000000000 OOOOODOODODOODODO
Doobooobobobgooopt R1I200 ODODODOOO0DOOOOLDOO 30
%00000000P1O000RI30 00061 %00000000R14000

27



ODoOO00oooOo0ooooooooooop3oobooooomIoboboon O
oboobooboboooboobooboboobobodgPrL, P3P0 300
gbobogbbooodbbooobbuoobuoogbbuoobboobboon
Ooobooobooblnooboooonoooboobobonn P2, P4, P6, PO
4000000000000000000 gOo0000 100%00000P200
OOobOoO0ooDbDRI20000000000000000000000O000DO
gbobobbuoggbooobboobbbodobbooobbobbooob
OOoboooIlInoooogo nmooobooooobooboboooogoooDb po
gboboboog3gbbouoonooobod

OO0 DOo0obOobobOobboobbooboooboobooobgery, P3, Po0O

00 000000000000000000000000000000000
0 P5, P70

00 000000000000000000000000000000000P?2,
P4, P6, P8O

[ 2=—Xn " 72z—X1
100% |

y
3
4

P2 P4 P6 P8

B il & 4

R11 R12 R13 R14 R15 R16

011 00000000 8 (Phase III)

goooimooobobebobooboobsubuoobobos3ugobobo
gbobogbobboodgbuooobbuoooboobbuooobbuoobooon
gbooboooobobooooboodao

28



(2)0000000
000000000000 1I00000NI00000000000 8000
000000000000000000000000003000000000
0ooooo0o0od

08 000obon

e Phase | | Phasell | Phase I

P1 0 0 1
P3

P9
P5
P7

P2
P4
P6

b =l (=1 = [=1 =] L
o|o|o|o|o|o|o
o|o|o|o|=|ININ

0 0 0
@ Phase Il THYRTLIZEE--FF
@ Phase lll MO REFEIZFESHLED
@ BIZV AT LIZEESIELY

-,

oo nobobobobonboPL, P3P POOOOODOOOOODODOODOO
OO0000RI200000000000000000O0PhaselIIDOO0OOO0O
Oo0odb P30 POO RI2OD00000000D0O0O00ODOO0OOOO0ODOOOO
Oo00o0odRrRie0O0O00O 12000000000000000D00O0O00ODO00OO0OO
oboobuooboobooobbooboboobooboobo pPibbODDOO
OORBOODOO0OO0OOODODOOODORI6OOOD 1200000000000
obooobbooobboobbooobbooobboobboobbooon
p500ORI2O000000000000DO0000DOO0O0O0DOOO0OOOOODD
OoobdRrRie0boooobOobooboobobuoboobooobonD 1Igo
000 100% 00000000000000000000 P2, P4, P6, PROOO
Ooobooooboboboobobg prOob0RI2D 12000000000
goooboooobobooooboon

29



gboboobooobobobooboboboboboboobobobo
gbobogbboobuodgbuoobbogboobbbooboobboooann
gbogbobobobobboboobooboobuoobuoobagbooboon
gboobboooobbobouoooobbodao

(3)000000000

01200000 00 AWWLOOOOOOOOO0000000 AWWLOO
0000000 N0ORIOO00000000000000000000000P,
P3,P90000RI2OD0000000OOOOOOOOOODD000000
000000000000000

80
Jr—X 1 1 Jz—X Il
>ie

60

AWWL X7
S
S

20

R10 R12 R14 R16
ET

0 12 AWWLO OO (Phase III)

AWWLOOOOOOOODOeOODOUODOOOODOOODOOODOODOOD
ooooboboobobouoooobobooooboobobooborPLO
O00000D0O0O00000O00000 RI200 AWWLODOOOODOOOO
gbbogooggbboobboobboboogbboobboobbooon
Ooo0oobooooboboobop20boboboobobooboooonbon R12
OO0 AWWLOOOOOooDooooooooooooboooobooooooo

30



P6, Pr,POOOOOOOAWWLOOOOODOOOOOODOOOOOOODOO
gbboodgbodbbugobboobbboobboodoboobbooan
gbobobuoooobbbuoooobbbuoooobbbuooobobbogo

25 Jdooboboooooobbuood

gobogobbogobobooobbuooobboobobooobboon
obooooboobon

gbooooodo o

1. 000 a=0%000000000000000000
2. 000p00%00000000000000000DO00OO0DOOOOO
3. 0000 0% 0000000000000000D0DO0OODOO

4. 000 O 100%00000000000000000000O000O0O
gbooo

gboboggboodugobboobudgbbiuud bbb boon
0000000 00000000000000000D0DODOOO00DOO0OO0
gbbodgbboodbooboboobboobbooobbuoobbooab
OoOO00DOoOO00OOoO00DOoOooDoo0o0oDbo0ooDooo AWWLODOOOO
0000000000000 000ooooooo0oooooDoO (DO0Od go
O00)000AWWLOOOOOOOOOoooooooooooooooooo
O0000000000000000 O 100% 0000000000000 0O0O
gbbodobbobobboobboodobbuoooboobbuoobboboon
O00000000000O0Phase IIDOO0O g0 0% 00000000000
gbobooobbuooobboobbobbooobboobbuoooboboon
gboogbodgbuogbuodgboggouogbooboobooboobbonon
gbooboooobbboooobbboooooboboooobboboooon

gbooboooon o

31



1.000p0 0% 000000000000000O0O0DODODODODODOO
gboobobooboon

2. 000p0 100%0000000000000000O0ODODODOOOO
gboboboooobbobuoooobo

O00000000O0Phase [I0DO0O0O 00 O0000000O0O0O0OOO
gbobogbboogdbbuogboboobbobobooobbuoobobooon
gbobooboogobbooobboboboboobbooobbooboboboon
gbogboboodgbbboodobbuoobbuoodgbboobboobboob
gbooboodgbbugobboobbuoobboogbboobboooboon
gbobogbobobodobooobooobbooobbuooboboooobbooon
gbobodgbbooboobbugobbooobbooobbuoobbooon
gbooboooobbboooboboboogoboobobooon

2.6 OO

gboboggbbogbboouooobooobboobbooobboon
gbooobobodgbbuogobboobbooobboobbuoooboboon
goobobooobgooboboboobobobooboboobobob
gbbogbboodbbuoodbuoobuooobbuoooboobbooan
gbobooboodgbbboobboodbobboobboooobbooon
gboogooodboogobooogbbuoogbbooobobogobbooon
OOob0o0ooOoboooboobopobUoOo3sgooboboooOobboOooDOobDO
gboobobgobobooboboobobobooboboooobobon
gbobbooodgbobboooobbobodan

googgooobbbbobobobbbbbobotbodggoooooooooon
gboboobbuogobbooobbooobbuoooboobbuoobobooon
gbobogboboogdbbuogobboobbooobbobbooobboon
googbooboobooobooboobbobbobboobobobooboon

32



gbobbooooobbobboooooobobbooooobbbboooon
oogd

33



3. Uogobogobotoobooobooobobouon

3.1 Uugoooobgood

0000000000000000000000000000000000
0000000((M)000000000000000000 30 P9gooon
0000000000000 80000000O00OSAE J2364 1000000
000 15,00000000000000000000000000000000
000004000000000000000 1401500000000000
OB o0o0o000HEMIOODODOODOOOOOOOOOONOONONONOOOOQ
ISO/TC22/SC13/WGS O MM 0000000000000 00DO0O0DOoOOo
000000000000000000000000000000000000
000000000000000000000000000000000000
000000000001000000000000000000000000
00000o0o0ooOoooo
00000000000000000000000 Head-up Displayd 0 O
HUDOOOOOOOOOOO0OO0ODOOO00000000000000000000
000000000000000BMIODOOOOOO0 HMIOOOOOOOOO
OHMIOOOODODOOOO0OODOODOO0O0O00000000000000000000
00000000 HMIODODOOOOO0O0O0OO0HMIOOOOOO0O0O0O00000
000000000000000000  HMIOOOOO HMIOOOOOOOO
00000000000000000 Ploooooao
0000000000000000 HMIODOOOOOOO0O0D00O00000
000000000000000000000000000000000000
00000000000000000000 HMIOOOOO0O

34



3.2 JOogouooooon
3.2.1 JOodboouooooboon

0000 HondaDODODOOOOOOODD PYODOODS)00OOOOO DS
O00ImsODOO0O00O0O0O0O0OO0O0O0OO0O0O0OOOO0bO00o00b0000
ooboboooobbooobboobbbooobbooobbooobbooob
OO0O000O0O00DO0O00DOO00D0OO NACO EMR-SBOOOOOOOOO
DoOoboooboooboooon

3.22 00000000

(1) HMI1

AMII00000 130000HMII000Hnda 0000000000000
000000000000000000000000000000000000
000000000000000000000000000000000000
00000000000000000

013 ooboooobon

35



3.23 OD000OO0OO0O0OOO

HuDOOooOOoobOobobooooobuooobobobboooobooboboo
00000000 Panasonicd TR-M7OWS3O OO OODODOODOOOOODOO
gbodbobgoboobobuoobobuooobuoobooboobobobon
ooobobobooooboboobooboobobooboobobobon
gbbbouoogobbbooobbboooob

JIN
RATFTVIGT RAYF

0 14 HUD

U oMIOOoOooOooobooobooobobooboboobooobooobooo
gbodboboobobobbodgoobobobooooboboobobob
gboboooboobobobooobuobooboboboobobobon
gboobggbugobobobuooobobooboobooboboobobon
gbooo 150000

O000000000000000 (a)0D0OHUDODOODOODOOOOODOOOO
OooooboboHauUDO0ObOO0OOOobOoooboobobooboboobooon
OooboooobooboobooooboobobooobOoduDbbbD 1000
ooobobooboobooboboboboooboboboboobobon
oboboobooboboobuooboboobooboobboborMDb OO
000000000000 0000000 [Audio]00000AudioO0OOOO

36



015 0000b000ob0n

0000000000 [Radio)]DOOOO0ODOOOO [FM|]OODOODOODOOO
0000000000000 0O00000oOO(GUoOoOoOoooooooooo
00000000000 (c)0000DOD0O0O0O00OO0OOOO

(2) HMI2

HMI2O0OO 1600000 5000000000000000000000
000000000 HUDOOOOOOOOO00000000000 2.0em 00
OOHUDOOOOOOO0O000 16000000100000000 50000
000000 1604000000000000000 [TOP]00000O0O0O0
0000000000000000000000000000000000C

(3) HMI3

HMI30O0O 17000 7000000000000000000000HUD
0000000100000000000014em0000000000000
000000000000000000000000000060000000
000000300000000000000000000000030000
000000000000000000000000HUDOO0OO0OOO0000
0 170000001000000007000000000

37



016 0000000000 (Pushb)

017 0000000000 (Push7)

38



3.3 0O

O0O0o0o0o0OooooooobooboDDoD 1s000oo0oogOn 180 START
O000000000008km/h0O0O0O0ODOO0DO0ODO0ODOOODOOODOOOOO
OoOodooENDOOOOOODOODODIODO6kmUOODOO0O 1800 P1
OpsOdb00oobooobooboobonn

Star

U 18 ggooo

0000000000000000000000000Mo0/0000oo
gboogoboogbobooobbogbbooobbuooobbooboooon
O00O0O0O BeepUOOOOOoOooooboobboobobOooboobobOoO
OOoobobooooEMIIOHEMBO0O0O0O0ODO0O0O00DO0OO0O0bO0OD0O00
b oud 1obbogbbugdobbuodbbuoobboodb 110040
ODOHEMIIOO0O0O0O0O0O 10200000000008MI2000 HMISOO 2
geboogooon

3.4 0O0OO

googsitoose0edboo2000 2000000000000
gogobbobbouoooobobobobbuooobbbb ®8ooooooooo
sudugbbobuoooobbi1boooon

39



09 0000 (HMIL)

EFlERiR | SFETIAE B
P1 FM/AMZHRL TLFZELY 1
P2 BErbiFodzan 1
P3 AR -RKEZUYEZ, BRELXTTIFTZSL 2
P4 AR -AK[ETYEZ TSN 1
P5 AExTFIFTLEEN 1
P6 TAPEZHLT, B2 TIFT S0 2
P7 FM/AMZRL T, 1Z#|L TS 2
P8 AR[-NKEUYEZ, BEE EFTLZSN 2
| Avg. 1.5
0 10 0000 (HMI12, HMI3)
EFRETHR | EFBETIHRE il
HMI2 HMI3
P1 BEF EIFT<ZEN 4 2
P2 NEBRICLTIEZSN 3 3
P3 FMIZEJYEZ TS 4 4
P4 JOVRERYEONIZLT, Y7T/EYZONIZL T &L 6 5
P5 HDDIZYIYE AT, BEZ FIFTESL 5 5
P6 AMD Tty b1 ZBIRL TS 6 5
P7 SIR[ERICL, REZ E(FTZSN 5 5
P8 AEZTFIFTESN 4 4
Avg. 4.6 4.1
011 OoOooo
PL |P2 |P3 |P4 |P5 |P6 |P7 |P8 |Avg.
HMI1 1 1.5
HMI2 4 3 6 5 6 5 4.6
HMI3 5 5 5 5 41

40




OTi0D 0ooOoooboobooobobboboobooboo
OT20 00000000000 OOn

O T3(HMIN)O OOOOO0O HMIIOOO

0 T4(HMI2)0 000000 HMI2000

O T5(HMI3) D 000000 HMI3O OO

HMIOOOOO0OO0DOO0o0ooo0oooobo0o HeMIIOEMIB000CO000O0
OUOHMIOHMISOOODOOOoO0oOoooooo  eMIODOoooDoobooooo
OO00000000O0000000D00T2000000000 NASA-TLXOO
gbobogbobooodboooboboobbogbbooobbooboboon
goooo

3.5 oo

U 120000000000000 HMIOOODOO0OOODOODOO0O0OODO
gbobodgbuogobbooobugobooobbooobbuoobobooon
000000000 Do00OO0DODOOOO0OD

gooouobbbbbbibodooooobbbbdoooooouoobobn
HMIODOOOODOOoDOOobooboooooooobobooboobooooooo
gbobogbbooobboobuooobooobbooobbuoobbooon
gbobogobogbboooboobbooobboobbooobbooon
gboogobboooobboobbooobboobobobbooobbooon
gbbogobbodgbboobbooobbuoodgbboobbooobban
DboobooboboobuooboboobuooboboobobbOobD Yaw
gbobogobbooodboogbbubboobbooobbuoobbooon
gbobogobogbboobbogbobboobbooobbooobban
gbooboooobbboooboboboogobobobooon

41



012 ggod

N SH
CRIRL ZeM | BFLOTS
TR O
RS2 Tatraam o
{2 Ve RS O
BIEESRT [11RMEH =Y DIBRIERRS O
BUDREET 5 TORRM O
i O
RS [11REH-YOBEEER o)
AR E Y O
BELETEEDYawANDE @)
Ay FRAEEs LB R O o
RFTYL T RREADE
- NASA-TLX O @)
F & P TE o o

42




3.6 UOO4d

3.6.1 UOodon
goooobooo2000bo0bobooobooboboboobobo BI0bDOO

OERIODOOOOOOOODOOODOOODOO

OER20 0000000002000

U B3oooboobdoboboouooopMniooboobobobobooooog
gboodobobogobboooboobobboobbooobboooboon
OOooOoboboooogMIR2000000000

U 13 0b0booggboodgo

HMI
HMI1 (T3) | HMI2 (T4) | HMI3 (T5)

Error type

ER1 1 4 3
ER2 1 0 5
Total 2 4 8
Error ratio 2.8% 1.8% 4.0%

3.6.2 JUUOOOOOO

0000000000000 0000000000000000000000
0 190000000000000 k0000000000000 4, —t.,00
ooO0O00t,—-t,000000
020080000000000000000000000000000OOO
00000 HMIOOOOOO HMI2, HMI3O OO0 00000 OHMILO HMI2,
HMI30O00OO00O0O000000000000000000000 2100000

43



4

to gt it L it it

A

t, 000000
t,, 0000000000000 BeepOODOD
t, 00000000O0O0O0O0000

t, 0000000000

tos (n—1)000000000

t, 0000000000

U 19 ggboboboogdgn

100000000000000 HMIIOHMI20HMI3O OO OO 1.83s, 1.20s,
1.31s0000HMII 0000000000000

000000000000000000000000004 —t,000000
D00000 2000000000000HMI1I0 HMI2, HMI3OO 2000
000000000000000000000000000000000000
O00000000000200000 10000000000t —t,1, 10 kO
D0000000000000HMIIO000 1.29, 1.16s, 1.30s0 0 00 0 HMI
O000000000000000000000 HMIODO 200000000
0000000000000 0OO0Ooooooon

0000000000000000000000000HMI1 000 HMI2O
HMI3O0OOOO0OO00O0O000000000000000000000000
HMIOOOOOOOODOOOOOODOOOD00000000000000000
O00000000000000 140000000000000000000
DD00000000 1300000SAEJ2364 0000 (150)00000000
Dooooooo Pg

44



Operation time [s]

N W b a o o ©

Operation time for one switch push [s]

HMI1(T3)

Z

Uz

HMI2(T4) HMI3(T5)

020 0d0oboobooogon

O St
OS2
Oos3
D s4
S5
B S6
O Avg.

HMI1(T3)

0 21

HMI2(T4) HMI3(T5)

gobboboogobobbodo

45

O St
mS2
OS3
mS4
N S5
[ S6
O Avg.




t1-t0 [s]

HMI1(T3)

HMI2(T4)

HMI3(T5)

022 0000000b000b0oo0ooboon

014 00bgogoog

O St
S2
OsS3
Y
S5
HS6
O Avg.

HMI
HMIL [s] HMI2 [s] HMI3 [s]
With miss 6.19 10.71 9.25
Without miss 11.35 10.71 12.38

46




3.6.3 D0O0ODOODO

(1)00000000

0000000000000081,84,80300000000000000
000000000000000000000000000000000000
000000000000000000000000000000000000
000000000

gbooboooooboboooobboboooon

HMnogoogooobooobooobod

HMI2, HMBOOOOODOO0OO00OO00OO00 HubO00ogn

oooooo (t.,)00bo0oo (t,) 00000000000 oooooo
gooo

gboboobbo:t,00¢, 0000000000000 0O0O000ODO0O 230
obobobodobomO HEMIODOODOODOOOODOOOOOODOOOm—=-10000

Eye movement

Front

Direction
of glance

]

Time

:t—l ;tll:t12 it13 it14 :.tZl Etml:th itmi%tm4 :tn

[P »
Il »

U233 0dbooobooogn

47



(2)00000

HMIOOOOO t,000 23000000000000000000000
HUDOOOOOOO (4;)00000000000000000 (t,) 0000
000 2400 HMIOOOOOOO0O0O0000000000000000 2400
0000000000000 HMIIO0O000000000000O0HMIIO0
0000000000000000000000000

M | — 0o St
; O S4
[ S6

O Avg.

Total glance time [s]
N
|
|
1

HMI1(T3) HMI2(T4) HMI3(T5)

02 00000

0200000000000 0DO00000000DbO0oO0oDDbDD 2500 91,54
OO0 EMIIODO0boOoooooooooobogMIIoooooooonon
OooooooooooooooooooooooboobosMI2Z0 00 HMIS
obobboboboobooboogubbogbooobooboobooobon
gbbobuoooobbboooobbboooobbbooon

(3)000000
0260 HMIODO 80 000000000000 1000000000000
0000000000000000000000S1, $60 HMI2, HMI3, HMIL O

48



O St
O S4
[ S6
O Avg.

Glance time for one switch push [s]
N
|

HMI1(T3) HMI2(T4) HMI3(T5)

U 25 0bbobooggboobooooboo

OoOO000OOo0oOoooOHEHMIIOO HMIOOOODO 3000000D0OO0OS:, S6
Oo0o0bOOo0DHEMI20HEMBB OO0 HUDOODOOODOOOooOooooooooo
gbobobuoooobbbuoobobbooooboboboooobboboooon

3.64 JUU0ODOOOOO

o0o0OooOOoDbOoDbSOObOOobOO0bOoOooOooOOobOobooboooOooboOoD
ODooboooprPr-PSOOOCOOODOOO KOS O0OO200000000000
gbbuogdboogbobbuoobuooobbooobbboobbboon
ooboboboboboboooooobobobg 2rooboboboon
ooooobo M ODOobDobooooooooooboobobogMIDonDon
gboobogooooboobod

3.6.5 UUU

oooboooboobsooobooboooooooobbooooooooooooo
gbobobboggbbuooobbuoobbooobbooobbuabboon

49



Number of looking ahead times

Squared error sum of steering angle [deg*deg]

0.6

0.4

0.2

O Si
O S4
H S6
O Avg.

120,000

100,000

80,000

60,000

40,000

20,000

HMI1(T3) HMI2(T4) HMI3(T5)

U2 0000Oog

HMI1(T3) HMI2(T4) HMI3(T5)

o 27

gobobuogggoooboogo

50

OSi1
mS2
os3
oS4
S5
O S6
0 Avg.




O0000000000PI-P6O0O0O0OOOOOO (k)0 500002000000

obobooboobose4dnoob HMIDODDOODOOODOODOO
goooo

1.0
'E 0 st
2 S2
[]
2 r O ss3
o S8
ua:% 05 | N m sS4
5 o S5
) @ s6
= N N
® N\ N\ O Avg.
2 N\ N\
© NN NN
> N\ N\
N N
0.0 I NN itk ] NN il
HMI1(T3) HMI2(T4) HMI3(T5)
028 oO0oooood
3.6.6 OO0

HMIIOHMBOODODOOOOOODODODOOOODOODOODOOODOO NASA-
TLXO WWLOOOOOOODOoooooooooowwLoboooooo B4
DboobbobooboobobooboobooaMIDbODODOODOOD
oooboooob aMIOODOoODOoOobOobOoOoo gMIoboooooon
gbooogao

HMI1 O

00 0000000000 (S1, S6)

00 00000000000000000000000000000000
ODOoO0oooooO (S1,S2, 83, S4, S5, S6)

51



HMI2 [0

00 0000000000 0o0ooo (S1, S6)
00 000000000000 HUDOODOOO (S2)

HMI3 O

00 (HMI2000)0000000000 (8000000000000
Doooooo (S1)

OO0 000000DOoOooooooooo (s2,83)
goboowwLoooooooooD 29000060 b sb000o0obDOO

oodboboooboboboboooboboboboobobobobuoHaMI
gboobboooobbbooooobboao

100
[]
80 | 0o St
|
|
| mS2
0 | | 0 s3
b | |
5 60 g \ _ oS4
o | N\ i N\ =
a | N \ -
i § | § N S5
| \ N\
S 40 \ \ O S6
= N N\ N\
N | \ \ OA
N N \ VE.
N \
N N\ \
20
N N\ \
N N\ \
N N\ \
N N\ \
N N\ \
N N\ \
0 N N N S 1 1|

Car follow  HMI1(T3) HMI2(T4) HMI3(T5)

029 WWLOODO

3.6.7 HMIOOOODOO

U HMIOOdoooOobobOOooooobooooooobboooooobbobogoo
goouoobbbiooouobuogoouooooobbbooooaooon

52



0 15(a)00000000000000 15(h) 0000000000000 00
0000000000000000000000000 15(c)0000nooog
0000000000000000 10%000000

00000000000 000ooooooOg 10% (poo0)oo0ooOoO
oobooboobooboooobooboogMnIoo sgMIO D OO o ob oHMIZ
OHMIBO0O0O000000O00000O00O000b0oooo0oboboooDooDn
oboobobooboobboobbooboooboo eMIDOObDODOn
gboobooogobood

3.7 OO
3.71 DO00OO0OOO0OOO0ODOO0ODOd

gobbooobobooodgsbboobbooobuoobboobboboon
gboobog ogoobbbooooooobboesbbobbbuoooon
oboboobooboobooboobon

g3s1gpogogbobobbbobobobooboboboboooobo
00 (3.6400)000000000000C0O00O03000000000 HMI
Oobo0d3b0obobg8uboooobooboobonobooooboboaMI2D
HMI3O EMII 000000000 O00booboooooooboooboon
OO0 HMNDOODODODOOOOOOoooooobbobooooobobbHeaMIRZO
HMBOOOOoDoooboooooooboHaMInoooooooboboooboobo
0000000000000 ®oooHiD00000000O00NONOOOn
OO0 HMIODOOD HMIOOOOOOO0oOO0bOOooooboboobonbooon
gbobodgbboogdbbugoboodobuogobooobboobboon
obooobooboobooapMnoobgooboobuo 12000b00b000
Oooooboooobooboboobobobobooboobooobo EeMIOD OO
gbobbooobboodbbooobboobboobbuooobbooon
gbooboooogbooboooobbooogn

33



015 00boobooboprO

(a) BT —4

(1) (2) (3)
HMI 1 - HMI 2 2.0843E-06| 4.4085E-09]| 2.3311E-08
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(a) HMI1
BEEETRhE [ IS8R | RS
P3 ER1 RETHL BFEEFTITS (S1)
ER2 [AEZTIF512EHL (S1)
(b) HMI
BEERhE [ TS5—185 | B
P2 ER1 NEfEERTHE BEFERT 5(S6)
P7 ER1 A/CTIE%<, AudioZ 89 (S5)
ER1 BETIEEL BRE-FERSEHI(S1)
ER1 RE%EIFADTIHAL, FIF5(S5)
(c) HMI3
BEEETRhE | IS8R | RS
P1 ER2 TOPEE D Vol A TlE#AK . Audic D Vol AZHRF(S3)
ER2 TOPHEE M Vol A TlE#AK, Audic D Vol A% T (S5)
P3 ER1 A/CTIFA<, AudioZ$83(S4)
P5 ER1 A/CTIEAK ., AudioZ 184 (S1)
ER2 TOPEEICTEEZ TIT. HODL-ZIZEZEETIT3
ER2 HDDZ I RIICEEZ T (. HDDIRL-RIZEBFEZ T
ER2 HDDZ I ATIZE E% FIF. HDDIL-RIZEZEE T
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(a) HMI
2 ST
BE RAFH S1 S2 S3 sS4 S5 S6
P1 1 214 1.25 2.86 1.95 2.39 1.49
P2 1 1.86 1.31 1.23 1.66 2.06 1.89
P3 2 11.35 2.80 3.55 3.84 451 2.19
P4 1 1.34 2.22 1.66 2.29 2.55 1.46
P5 1 1.04 3.40 6.19 2.31 3.73 1.51
P6 2 4.04 3.57 3.10 414 4.89 3.63
P7 2 2.94 3.94 5.75 4.00 4.86 3.18
P8 2 1.48 4.15 4.30 2.58 452 2.26
Avg. 212 2.83 3.58 2.85 3.69 2.20
SD 1.05 1.14 1.77 0.99 1.18 0.81
Max 4.04 415 6.19 414 4.89 3.63
(b) HMI2
o IR ERE
I o
A& RAEH S1 S2 S3 S4 S5 S6
P1 4 3.94 5.49 6.47 5.58 5.85 4.59
P2 3 3.91 2.76 4.43 2.87 3.07 5.55
P3 4 411 4.75 3.94 2.80 3.99 3.82
P4 6 4.90 7.55 5.45 4.72 10.71 7.67
P5 5 5.99 6.12 5.93 4.25 6.47 6.54
P6 6 5.73 5.81 4.30 4.29 7.17 6.29
P7 5 9.47 7.65 6.43 5.49 8.36 7.26
P8 4 454 4.03 2.78 3.05 5.22 3.41
Avg. 4.73 5.52 4.97 413 6.07 5.65
SD 0.79 1.56 1.23 1.05 2.30 1.58
Max 5.99 7.65 6.47 5.58 10.71 7.67
(c) HMI3
o B ErRE
1]
RE RAFH S1 S2 S3 sS4 S5 S6
P1 2 242 2.74 3.08 1.73 3.09 2.58
P2 3 2.71 3.47 2.65 4.21 4.41 4.08
P3 4 4.31 5.12 3.43 7.09 417 4.16
P4 5 447 8.82 5.31 6.93 7.28 5.28
P5 5 7.26 12.38 11.38 7.21 5.37 8.13
P6 5 4.23 7.06 4.20 5.30 4.31 5.21
P7 5 7.59 6.10 8.36 9.25 7.35 6.97
P8 4 5.79 4.35 3.46 426 4,09 496
Avg. 4.50 5.38 457 5.56 4.94 475
SD 1.64 1.96 1.88 2.28 1.13 1.25
Max 7.59 8.82 8.36 9.25 7.28 6.97
[ ##sr

X FHE BERE RXEL BEIRERVTEHLE
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(a) HMI
= 1R EE it BN
BE RAEH S1 S4 S6 St S4 S6
P1 1 2.32 1.38 1.22 0 0 0
P2 1 1.82 1.80 0.88 0 0 0
P3 2 9.68 2.88 1.72 5 0 0
P4 1 1.78 1.68 0.85 0 0 0
P5 1 1.08 1.28 0.72 0 0 0
P6 2 4.08 3.08 2.12 1 1 0
P7 2 2.75 2.68 2.88 1 1 1
P8 2 1.68 2.12 1.18 0 0 0
Avg. 2.22 2.11 1.45 0.29 0.25 0.13
SD 0.97 0.69 0.75 0.49 0.46 0.35
Max 4.08 3.08 2.88 1 1 1
. (b) HMI2
= 1R R A A fER[E]
BE RAFH S1 S4 S6 S1 S4 S6
P1 4 4.25 5.28 415 2 0 3
P2 3 3.62 2.55 5.88 3 0 3
P3 4 472 3.52 4.85 3 1 3
P4 6 4.38 5.82 5.25 2 0 3
P5 5 5.22 3.65 472 3 2 4
P6 6 6.35 3.88 5.32 2 0 6
P7 5 8.62 4.58 475 3 0 3
P8 4 478 2.88 2.95 0 0 1
Avg. 4.76 4.02 457 2.14 0.38 3.29
SD 0.86 1.13 0.81 1.07 0.74 1.50
Max 6.35 5.82 5.32 3 2 6
(c) HMI3
= el B3 fE salel 3R
al RAEH S1 S4 S6 S1 S4 S6
P1 2 2.32 1.82 1.52 1 0 1
P2 3 3.58 2.98 3.08 2 0 2
P3 4 4.82 7.82 2.92 3 1 2
P4 5 3.15 4.58 3.32 1 1 2
P5 5 6.55 6.38 6.08 4 3 3
P6 5 4.28 4.18 3.82 2 0 2
P7 5 6.48 7.85 6.25 2 1 0
P8 4 6.28 3.52 4.85 1 0 1
Avg. 4.42 447 3.68 1.71 0.71 1.43
SD 1.56 2.06 1.51 0.76 1.11 0.79
Max 6.48 7.85 6.25 3 3 2
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