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This research project proposed a framework for multiple—layered rear—end collision risk
management under natural driving contexts. Concretely speaking, the following four
categories of methods and techniques were developed: (1) real-time detection of driver
distraction and mitigation of the distraction by supplying aroma, (2) software tools for
analyses of rear—end collision risks, (3) attention arousing and/or warning for
preventing rear—end collision, and (4) automatic brake logic.

AR ERA
(BHHAL = 1)
[ERES TN MEESET & &t
2009 4 10, 900, 000 3, 270, 000 14, 170, 000
2010 4 11, 600, 000 3, 480, 000 15, 080, 000
2011 47 13, 100, 000 3, 930, 000 17, 030, 000
&t 35, 600, 000 10, 680, 000 46, 280, 000

WFFE 8 - GRS AT DR BT

B OFL - ME : fh - AV AT ARE ARV AT ATH BBV AT A

FU— N QBT - WEEEAEY AT L B B =S ) S s AP H T
— A

1. BFFEBRAA S PO 5 DI=DIC, K1D 350 (ERpREEE LT
OBEfEBRE, EEfaBRE LS, DRPIRIRIC X

B2y ELAZ R 22 (A) 18201031 (BFZeftZ:#
L) DOREZ = CARMZERE I Thh
2. BRIV R <3P A N EFEBITEST
H0I2iE, HipREE LT AT L KT
A NNDOLIPIRREZEIZE D U A7 T AW
MNLTIEe L, HAEEAZFFSORTHD LW
I EEEBBIIAND ZENVLETHD. +

%Y A7 H) IZHSIBREY AT ORATIEE
MTFEOHEL, D) A7 LT-2EH
RRBEOMSINIREE 7eo7-. ok, ZZT
WIHZEH L L, VAN ER LWL
INZERD, URAIMWER L EXICTEMICT
DL YUIZRT, BAERE T & ZITA
Mo ESEx e XE2RETD L%



BERT2L0THD.

LBHAR R
LoWRz

TaAFS
et ./
g éﬁiﬂ* 1-

e
F1ATTrY

§T‘fﬁ.5§
F14THIN

1 AWFTEDE LR

2. WEOHEM
AWFIERREIL, R T A 30 BARZEERIR I
@*T®E%UX7@§F%7*)X/F
EEBLITHT20IZ, LLTO 4 212507 THFE
%ﬁé:&%ﬁ%k#é.#&b%,ﬂﬂﬁ
WRERMT 4 A N T 27 v ay (Eiz~DiE
BEIKT) M FEOME L, FViEnIcEk>
SF 4 AT 7 a SAREEROBS, (2)
ﬁﬁjxy k%@n:ué:‘ﬂ@nzlz'fﬂﬁ Eg—g—é\‘/*‘
VIR w7 ADOREEE, (3) R &R DR A
ENLTZ) ATE ﬂ%¥/7@ﬂﬂf%@
BRI, (DEHRLOPERESEZXTHEH T L
—FuTy 7O, Thod.

3. WHEDIiE

ARBFGEIE, 6. \RIHRFERR 2 K L,
X 2 (2R & D IChisE e L7z, BARRYZ
HiEERERIE, T4, WFERER] & HT
e

[ umen g 173 B, i | ‘Jﬂﬁﬁﬁ?ﬁﬂ)ﬁi;{ |s:|j|::/ 5 b hminﬁl

BRRESET 2 E?J;lﬂ FIil ?EEM ezl FEM EalEe Eg@g; L=
[=R2b e T =25 3 113 HEPeniE UR SRR | | OV SHEE

i 5T LT
miﬁﬁt o : "; \ TR A
1= 5 =

BFaES LiiEREU RS
vaVEEEEOR | | o —
= BT T
BRURDEE || e 9
DBROFBC | | ez
GEERE

URIEMEREGEL
D =t

| BALTEER RIS T ARG AR L BB R BT 7 5t L b

2 WA

. BFFERR R
4.1 MR ERFMT 0 A T 7 > a VB
FEOEEL, FVRRIESIST AT
7 v a UEREEA OB

R Z A SO ENE, B A T B A A
52 LIk o TEMHICEHIITE, T4 A b
T varERHTHEOICHE R EESY
BAHZLNTED, KELNCEBITS RIA4 A
OEREDONEEZFHIL, TONRTOEES
Ty hnb—L LTHET S HiEE2HEER

L7z, FIAE L7V 2 —% ETOHME
EBROMER, A2 VU —7a— RO EAMN
BOLNRNE D7 TODNRFEIZDDHY Z A
TLEY] TAANT I arNEI>TW
LA ,ﬁ%&xﬁ@& TR (2L A
AT BRITIGEIRE LT, Zoffp
Fmt%#%kfé@m#%é:&ﬁ%%
hrz.

TAANT T aillE, AVENT—T
2— ROWERELZH6THDOLHDH. AL HF
N — 7 a— ROERIE, kK Z B 4 2@
THI LI TR T 2 ENTED D
LAY, RS (A) 18201031 DK ERIZ L » T
Dino TV, B lz ERET 5
PENTRIBESN TV, LnL, EBREiy
WLz A, T—ER+DICERBINDL
S, EAEIISNT LLMLETRWI &K
kol

£, AUENT—r a— RV OINTE
B OWT, SRSy Y6TE (NIRS) 2 WV CEE
WAEIT (X 3), ZEOPERF I I > THE
HER ST 2 T o=, oAy Ial
— X HWTZEBRIZ8 4D KT A "ML
7o, ZOFEBRTIE, BIEER T AT AHFH
TEXHGELTERVEELETD, RIAN
DOITEBIOFENZ B L TV 5. EBROKE R,
ATSEEE A MR IC B W C, Elk~T /o
> (oxy-Hb) DOWIEDRKRMEN, L@ A
7 L (WithoutFCWS) Seff & T, #Z#
AT LA (WithFCWS) iz CHEEH
WCHEBIIERLS 2D Z EMER sz (M4).

[X| 3 NIRS DOEFIER

x 103 %

2 30 ——— *p< 0.05
§ [ [
s 25
E 20
2 15
Q
T 1.0
< 05
e
o 0
With FCWS Without FCWS
4 ETEEIELSMARERIZ 1T 5 Oxy-Hb D%
SEOEKREIZK T DER L AT L OFhE

BERITENCX T2 F oA NOEBKRTO
—OTE, REBEOKTRSD. REEE DK



TLEBAI, Foaiad+s2tickoT
HEDENPHEINDZ N TE
DT, RIA LTI alb—FEHNT-kH
AFEBREIToTZ. 22T, BT AEFE I
a—ERXTHY, WBEORFEIZESNT,
BEAS HIERIT IR KHEL ~L 4, BEHIAEER] 15
7, HHARIRREM A 300 B L7-. K512,
ZOEBROE®Y VT v T ERT. XERL,
BEVTHLI (256 5 B 71 K IR, BT
B CRTT D E AR B RO 3 &M E
e 5 EBR AT o - AE R, BEUT HL W A
THETORN, FEVIRTNHDGHICHE
KB Wy hol- (K6). £/=, FY
HAA N FEARIRIC S 72 DT R 2 EEMIC
AT 5 T2 O OB T L DOAELE L fifiT &
1Tolz. MEINTZETNVIZ, RIAELT
VIial—¥EBROBREHEALZEZA,
£1DOXOIZ, FVRRIC L - CTHEHS A
FPRE L END Z EREnT-.

Reaction time to
the visual stimulus
= |

;Iﬁl LED

N,
:( D] Alarm

eater[ ]
il

M5 Y AG IR

Alpha-pinene
(200¢cc)

3.0}
O O 63%ile
o @ Average
A 25}F
o & g
=273
S38 20f 95%ile
202 |
o0l
=S £ 15F
c
59% o o 75%ile
VS o [} [ ] ]
Ego 10f ®
F c c© i
e | 25%ile
05 |
5%ile
0

Non-driving Voice  Voice
support guidance guidance
+Aroma

6 BETH KD < E TORFH

F 1 CEEEAER

Probability

Non—driving support 134X 10
system

Voice guidance 1.40x10™

Voice guidance and 0.36% 10"
aroma

4.2 BEY 27 L FOBEMOEMICEET S Y
— LRy 7 A DRESE
Tax DBEY) A 7IREZROVELS Z LD

T LMY — VBB LT, BUIE, ABO
Wz L TWHEZATHY, HEHNZET T
SRS, VTV A MTBWTARZITY Z
Lizd 5.

ZOY— )V EFIH LRI & X 7SR
4. r—Z 11%, BiE 20m/s, HLRHEIHE (THW) 3
B CBREFOHBEICBWT, FATHN 3 n/s?
THWEH ARG L, 3 BDRBRICHENRRUTLL 3
m/s? CROHZ BAA L, EEZ RS 58545 T
BB Tr—A21%, r—A 1 LRIETH BN,
B 1B BIAE Y, £ 1 D IC F E
WO & PG 2 SN R D, IBEOY AT %,
RP=1/THW+4/TTC (/=72 L, TTC |X{EZELMmIE
M) TiMET 254, 7—A 1 (ERIFH
NEW) BEXV Y, r—x2 (HEREFREN
BN BAEDOHR, M70XH TR KDBERE
DIVATNEL RDEERHD. ZOZ ki,
HE AL & AP0 TIT R 2RI AR+
BTHHIEHERLTWS. ERETTH,
L EREHEECHHET ST U FITBWNT
X, B BB, B CINICEEE R
ZBMAT AU, SeATH LR ORGEEIZ L -
TBZEAHGNDLZLIXTES (L 2IE, &
MIREMAS 1722 DX, JeATH DN BOE 2 Bigh L
T D 1 BLNICHENEEEZTHE I WV).
LavL, B7 TEREHIIREN TS XS,
HERME Y & CRURZ M T 256 %
Bz E, HEEAEKRE Lo TNDHR,
RARKDBEY 27 3m0iEaLH 5. KED
100 car-study 7¢ EFEHIFIZEIT HiBZEFK
OFFITIL, IO B 23 LB K & 72
EER > TWATr—ANEL AbND I &
BHHILTUVD R, 7 DIRATHI RIS 5
Loz, EfizbiFTBWi=ELTYH, =D
INTF 4 ARNT T Va8l ko TR
BD XD RGEITIE, »A->TGBZEY 2
DEE DL,

1TTC(1/5)
= o
o o o

-
T

05

0 0.5 1 15 2 25 3
1/THW (1/s)

7 822U A7 OfEMTE

kB, FoA4verr7vIab—2%FAL
TEBROMER, 74 ORIGFIL, B¢
RED THW & @ WIEDFERENRO 6 TH N 5.
ZOMBEERET D E, TRIBETIT
ITENZCEEZBEGT 2V Flcsn
T, MGEE A2 L BEICANTZIBZEY 27 D



TE b3 T BE
HT LTl A,
F7o, EREBTEIT —XICkDd L, T
—XBAMR DO Z A 2 TN, FATEOEE N
W 30km/h LA_E72 50F RP<=2 TIThL D03,
HEE 30km/h AT DOUFAIZIL, RPY2 L7258
BANEEIFETHZEEZHALNC L. 20
Tl BZEY R OFEICIE, RVEREEK
THEERSOZLEZEWRTEIHLOTHS.

THhHrZLDRBLEAKGLN

4.3 R EBERORMEEZ AN LY AV FR
N vy 7 ORISR OB

(1) ey U R 7 GRS FIEOBHFE
BEOY AT PREELRNE T DD
(2, RS IZ B W TGEED Y A Y
EURRMICERIE R T EE2EZXD. 20
%D,ﬂcﬁfm,Uxﬁ@%%@%méﬁ
RTHED G, EEEREEDOTZOIZEDRRED
ﬁﬁ&ﬁﬁﬁ%?%éb’ﬁmbfﬁrﬁ
DILENERITHDLEEZOND., £ T,
JATH L A HOMXHERE T LN HEN
% fif 22 [B] 8 B 3 BF ( Deceleration for
Collision Avoidance: DCA) ZF|FH94%. DCA
21X, SEATHE O R 2 E L7256 OEE
#J DCA(PDCA) &, BLEEZIONIEEE DS HERF S 41
52 L ENE LTeSA OBEER DCA (0DCA)
DZONHY H25. K8 (b) DL ST, PDCA
& 0DCA D EEMTAL L, = OHFNMEEFHL
THEREIT ST, 7z L (w/o), TTC ~—
A DIEHRIET (X 8 (), DCA ~_— A DI H$E
RO 3O LIZEZ A, DCA WD &
EROBENHREIIEL 2D, RIA4DT
L —XBHIBEF O TTC b A EIZEVME L 72578
E (¥ 9), DCAIZ X ARG HEE R DH R
PERTER STz, £z, DCA ODREFR%Z,
FTA MY a AT HIELEELE
(4 10).

PDCA bar FDCA frame
avellowsbar stretches between =¥ellow frame tumns on
B.0rfs ] = POCA = 0 [rnjs | when POCA = 40 [rmis ]

Blmis] — &[m/s] 0 [s]

4[mfs] 4[mfz] 4[5] |
Miarning nrarming W arning
threshold threshald threshold
0fm/z] 12[s]
0[mjs] —s

ODCA bar TTC ba
ODCA bar ange bar stratches
sfted bar stretches between t nwgh ta aumd lh II izion. be(ween 12[5] = TTC = 0[s]
El[rmjs ] = ODCA = 0 [mfs ] nght h!;e Dvnalg ﬂ“'ﬁ‘*

(b} DCA-FOCWS
in the present study

(c) TTC-FOCWS
in the present study

B R

{a) DCAFOCWS
in the previous study

X8 822V 27 OHE Ry

*:p<.05 80 *:p<.05
S6T * — * E3
) & L2,60 |
= o
o
g o
5 @
32 £ 20
E &
0 0.0
w/o TTC DCA w/o TTC DCA

X 9 FESEIREERGE R D2 A

10 74 bEYa »r~DlEHHB

(2) EXPEEY Y R 7 FBA R
BEIAITORZI AL FOEDITIE, &
BN BEEL T 2 RIS TR i E 2 s = &
ﬂt%ﬁ%A#%é.tkiﬁ,ﬂlhbiﬁ
2, AEORMBENLLL->oHY, Wik
ITENBIE 2 72 < S5 alREER BV
BRENDHDL. ZOXHRGEIL, RDOE
m%&ﬂL,F?4ﬂmﬁm%%tﬁé &
DEMTHDLEEZOND. 2T, X120
X O REEREEREIR TR TS EOREE
WFEd 5 EBRAIT o712, ZOFEE, M 13 1R
THEY, FEEEEERNSR RIS Z LK
ST, HEFEEZES TA2HAZHD Z &N
R En=. Zhix, EiPicT o A NT
varEbLEL LBV T XA ELToT
HDEMNMTE ST, R L CHBINLHS
ThhH. T, U TFET YT, EERE
MIREINDEZ LITL - T, SefTHEEN FEES
W Z 72 HAETYH, BV ToORGEERE
L/ﬂm:é MR ST,

lead car
velocity:19.4 m/s

velocity:

19.4m/s  followingcar

Y
velocity: 25.0m/s

X 11 JEEMGE 234 2RI DB



D, RITEDREIZEE !

JARIEHR

X 12 FEEYEE RO 5]

With additional task

Frequency (%)

Without additional task

.

0%
0.51.52.53.5455.56.57.5 0.51.52.53.54.55.56.57.5
Without arousing attention With arousing attention
THW while car-following (s)

X 13 {EEmait |z X 2 R~ s

5 05 CR;SkO,
2=1/THW+4/TTC lljc.;
£ 04 "Siop
[} .
S 03 . High
£ ooy o ~
3 0.2 * .
o ® S e o3 s L Loy
c £ 0.1 Yy K '.
2
g 0.0
~
< § 0.5
S E 04 R
O 2 03
': RS ° . ~ o ®
: % 0.2 oo 0 d ° o
5 °* 0% .o weoy ©
o 0.1 Xy ° L .
<
] e o
£ o0
00 02 04 06 08 1.000 0.2 04 06 0.8 1.0
0.1 03 0.5 0.7 0.9 0.1 03 05 0.7 09

Without arousing attention With arousing attention
1/THW when braking

X 14 {EEMAEIZ X 2 S THIRHE ~ O %L
1TEN~DZhH

4.4 B\ L O AESTEA-AE T L —F
oYy 7 OB
INFETOREIZE ST, Kd B c EWWHER
EEHWDE, RIALARXOTL—FX A I
ThEEILKHHTEDZ N o2 & n
5, Kd B clZES<HB 7 L—Fn vy %
BELZ., FIA BTV ab—2E2H0
THRIAEEREIToT-2 24, RIAL DT L
—F XA I T LD HOR0EN (A ¢0=1)
AAI VT OHBT L—0NFIHTE 55
L, BRET O THV 13/ & < 72 BB AN A,
LENTEbL OO, FATHEEFD KT A4 N
DT L—x0, HEIZ L—XORWHE LIk

NRTRWEMTITOND Z L 2R L (X
15).

A 0=1 No System
Condition
X 15 HAET L—FIC X DHE

PLEIZREFE SN D e, ERNSMCK
XREBEEZTWS, 22 21E, Zhbo
BENRD B, ASV (e EEhE) 7
nyx/ hOEFEEE LT, FEERLONCFIH
W21 LV BINT5HZ Ll o7z. ASV
WCBWTHEIBMICRE 2T 52 81280, bf
TOREEZEORK & L CHEUNI M I
BHEICED TN, £z, BENSDILFE
M ORWE DR B HRW TS,

5. Frpdgdkam L5
(WFFEEAE . WFIEoHE M ORI 7E8 12
E 7Y

GEEsmC) (B 451F)

L OOR—#, MEY, s, PR,
FRIEMZ, NIRS % U 7= B B) BLE LR o
Mt REFTHH GRS AT DR D R
T A NOBHBROFHE), b a—~v
A VBT = — R CEE, Vol. 14, No.
2, 2012 ($5HiTiE). AP

2. CHEEEE, BRIFHEST, FRIEEGZ, iBZ2IR1EE
T L =X TRT HITEVELR, FHHE B
B2 4, Vol. 47, No. 11, pp.
512-519, 2011, #FHA.

3. EMGE, mHEALK, 2L R G
X 2220 27 OFHMm, FHll B B
S SCEE, Vol. 47, No. 11, pp. 534-540
(2011.11) | EHIA.

4.  Yoshiki Nii, K. Suzuki, K. Yamada:
Effectiveness of Supplying Aroma to
Drivers for Preventive Safety Based on
a Probabilistic Model, Proceedings of
FAST-ZERO® 11, TS2-8-3-3,2011., &t
.

5. IR, (PEEER, (LASEEL, JBZER IR
DIODEEMIE L ZDE, Bt a—~
YA BT = — R GE, Vol. 13,
No. 3, pp. 79-88 (2011) . Z&Fif.

6. Wada, T., Doi, S., Tsuru, N., Isaji,
K., and Kaneko, H., Characterization

of Expert Drivers’ Last—Second
Braking and Its Application to A
Collision Avoidance System, IEEE




Transactions on Intelligent
Transportation Systems, Vol. 11, No.
2, pp.413-422, 2010 . HIH

7. S. Kitajima, Y. Marumo, T. Hiraoka, M.

Itoh, Comparison  of

Evaluation
Indices concerning Estimation of
Driver’ s Risk Perception—Risk
perception of rear end collision to a
preceding vehicle-, Review of
Automotive Engineering, Vol. 30, No.

20, pp. 191-198, 2009, ZiF:A.

(FaFER) (Gh46 1F)

1. G.  Abe, M Itoh, T. Yamamura,
Influences of arousing driver
attention on car—following behaviour
and the risk of rear—end collisions
Human Factors Ergonomics Society
Europe Chapter Annual Meeting, Poster
Presentation (19-21 October 2011, Leeds,
United Kingdom)

2. T. Hiraoka, S. Takada, H. Kawakami,
Forward obstacles collision warning

system based on deceleration for
collision avoidance, SICE Annual
Conference 2011, 2011.9.14, BFEH K
5 GRS HTE X)

(B4 GE2 1)

1. Genya Abe, Makoto Itoh, Tomohiro
Yamamura: “Different Alarm Timings for
a Forward Collision Warning System and
Their Influence on Braking Behaviour
and Drivers’ Trust in the System”, in
D. de Waard, J. Godthelp, F. L. Kooi,
and K. A. Brookhuis (eds.), Human
Factors, Security, and Safety, pp.
1-12, Shaker Publishing, 2009.

(& D]
FAFFRAT
Dk, ERESIRE BT A NOLek

BFgess, 201044 A 30 B

I
pi3

FHHPEIR, SRR, &HHEa, LHEE—,
H ABE 7= 2808 - Wi A3 @ik
WP ARESE (2011.3.11)

DR, 2010 47 FHI E Bh il E <2 27w S

B (KHE) % (2010.8)

3. T. Wada, S. Hiraoka, S.Doi, Best Paper
Award, Second International
Conference on Intelligent Robotics
and Applications (2009. 12)

4. Tsutsumi, S., Wada, T., Doi, S.

Finalist for Best Paper Award, The

First International Symposium on

N

Future Active Safety Technology
toward zero—traffic—accident

(FAST-zero’ 11) (2011.9.9)

HrRL
1. BARFER 2010 45 11 A 23 AEAF] (K
B, U ERR)

TR —F

1. SR, ®3maRh 7 < 20094 11 A
148 ()

2. FBIREAEEICB T BEFEREA (2010 4
EXD)

NN
http://www. risk. tsukuba. ac. jp/ itoh
/human—assist. html

6. WFZEARAE

(D) AT e FeE

i 3% (ITOH MAKOTO)

FIE KT « VAT DERFR - UEHP?
g8 %5 00282343

(2) B 9e oy s
MK ¥ (TSUNASHIMA HITOSHI)
HAKE: « EpE T 500 - #if%
9eE %5« 30287594
84K HEd (SUZUKI KEISUKE)
FIRE « TR - B
&% 5« 80373067
ZEs JE4h (ABE GENYA)
H AR B B MR 28T - ZamF9eEs - 58
a5 30426259
SR e (HIRAOKA TOSHIHIRO)
TSR « KFBEls #r ookt - B
W E 5 30311749
FoE  FEJK (WADA TAKAHIRO)
FIRE « TR« W%
o E %5 30322564

(3) I

ferE  f2 (INAGAKI TOSHIYUKI)
RS « AT DERFR - Hdw
Mo E B 60134219

A% B (MARUMO YOSHITAKA)
HARKS: « EPE T8 - WEHGR
ffFge 8 %5 : 00409088

(4) WHget
WAy 5L (HEE A BhE)



