SIFTSSR =2 X| pISSN 1738-0774

A139, A6z (2014»1 129) Copyright © 2014 KITS
pp.10~24 DOI http://dx.doi.org/10.12815/kits.2014.13.6.010

EWRA I A AIAEA 2R FPRE AL

Development of Comprehensive Evaluation Index for In-vehicle Waming Information Systems
based on Mixed-Weights

F o o* 2 @™ g4 ar
(Shinhye Joo) (Cheol Oh) (Sungmin Hong)
(Hanyang University) (Hanyang University) (Hokkaido University)

- Corresponding author : Cheol Oh(Hanyang University), E-mail cheolo@hanyang.ac.kr

2 o
SWYPe U A 4D JRATE AN BEALE A PhD, A4 AT AIAFE FEdHe] A
AN ATYAEE ZAND F Uk 2 PAAE ADPRE ATY S A4 FHAT DU 5
QU WAT ASAE 2 F otk TALE LaAE0] ANARE 44 EAH0R Wl 4 Sl%

A7 A g o

A=1
ABHRA B3} A 2N BEXUE 2HAT A AL A29E GATAN HHY Y B
2 b}
FALE AN, AAERA9E A A AaAA A 5o £

r_&
—LI
F“
_E
N
AN
fo
4
iin)
o o)
Wi
0
)
ofo
1o |
_& o
|:°f‘

(o B oxl ok
ofo o m fr £

B

& FAMALL 1Y 59
54 WSS FE50l A4 WSEY YIRS AYtgor, A ¢ WSEY WS HAHA of
9 A0 % FYY FILAAL BF 284 Gatel g taABIes Agstel FUAY W18 £99
F SR otk B AFNA ANT PUES BoFR F39 FAAIRATA LY SN 2R WS 2 E A
28 47 9 =g hE mEMAENR e EhHow A e Ao o

Aol A HAFEA2E, 7| 2dAEA R, ERVHEA, THEFPAEI OH, A TS5

ABSTRACT

In-vehicle warning information systems(IWIS) is an effective countermeasure for preventing traffic crashes. It provides drivers
with warnng messages about upcoming hazards to draw proper evasive maneuvering. This study developed a methodology for
evaluating the effectiveness of IWIS based on an integrated index to identify driver’s responsive behavior. The proposed index
consists of characteristics of longitudinal and lateral behavior of vehicle maneuverings. Also, a method to assign mixed-weights
in the context of multi-criteria decision making framework was adopted to develop the evaluation method. It is expected that the
outcome of this study is useful in designing more effective in-vehicle warning information systems.

Key words : In-vehicle Warning Imformation system, Multi-criteria Decision Making Method, Mixed-Weight, Driving
Simulator, Driver’s responsive behavior
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MOE Description
CVLP Coefficient of variation of lane position: Lane position represents the variation of lateral
' vehicle positions then the centerline. Hazardous situations result from greater CV.LP
Lateral CV Steering COCfﬁCleTlt of variation of steering: Frequent steering adjustments result in greater
CV,Steering.
CV Yaw Coefficient of variation of yaw angle: Yaw angle means z-axis angular velocity of
) vehicle. Zig-zag driving would result from greater CV.Yaw
Brake time is as the time duration that brake is applied from the point of warning
Brake time information to conflict point. The safe speed reduction would result from longer brake
time.
Longitudinal . . | Acceleration noise is defined as the standard deviation of acceleration. Frequent speed
Acceleration noise . . .
change result in greater acceleration noise.
Collision speed Collisi(?n speed is' defined as‘ t‘he instantaneous speed 'at the c?r?ﬂict point between
pedestrian and vehicle. Severe injury would result from higher collision speed.
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2. T-test

2 APNE SURMIEE B2/ A

= <3 2> AAFHT

AR Fe8e Aol Ao 5L
2 498 Aol7h 9k ¥4 % 99 95E J

& MOEE =237 9al oA Bd 6719 MOE
E TestE FA}AT T-testS 53| AL EAT position 574, Yaw angle velocity &A%, 5
HEY WE Aot BAHOE FouE WEE  BEE, ABARE 99F 2 F9Y 23404
TE3to] % MOEE XAt < gHste 3F MOEZ AAste tr|& 7[A g
BAAS, FESEE RE AU oA 414 $4¢ 22390 24 MOBS) AARAT A-F
B AFH-F9 AHo|7} BAHOE {3 Ho|7}t o] 7&FAFE <& 3> 7‘@ Al YA HE
Jde Ao =&2HUY. AYPL 1dAHE Yaw S 9J"|3}= Lane Position B E5AGE ZE AlUE
angle velocity® 57415, S E&E, Aol 9 20lM AR AFA FtEtE AR EEFHI
m gk 2ol 7h 1o, lUrE] 20| M= TESEL thool= AR AFoR <3 IuPFo A
SAA Aol7t froug Ao g YEiyTh T A 2 fAd. dExFo R A HES 9sie
Ug L 390X = %EQE, AFAZEe], AvEl L 4 Yaw angle velocity HEATE AU L 15 A9
o+ Lane position HEA S, FELEE, Al5AT st fAaste A2 yeigh Avde 18 A
of BAHOE T Aok Y OB EFH  IYL AFOE A AWPEFS Astel 2o A
At ol¢} Z& AFdE A el 4 BE A £ 2F¢ 3= Ao AdHYy. FELSEE AU
(X 2) T-test &z}
(Table 2) Result of T-test
Scenario MOE t-value p-value Acceptance
CV.LP -0.555 0.582 -
CV.Steering -0.992 0.331 -
Scenario 1 CV.Yaw -2.754 0.009 ACCEPT
Brake time -4.873 0.009 ACCEPT
Acceleration noise -1.130 0.269 -
Collision speed 9.527 0 ACCEPT
CV.LP -1.402 0.167 -
CV.Steering 0.170 0.865 -
Scenario 2 CV.Yaw 0.410 0.684 -
cenario Brake time 0.638 0.526 -
Acceleration noise -0.262 0.794 -
Collision speed -1.748 0.087 ACCEPT
CV.LP -0.706 0.484 -
CV.Steering -0.687 0.495 -
Scenario 3 CV.Yaw 0.587 0.561
Brake time -3.653 0.001 ACCEPT
Acceleration noise 1.096 0.283 -
Collision speed 3.954 0 ACCEPT
CV.LP -2.725 0.01 ACCEPT
CV.Steering -1.146 0.258 -
Scenario 4 CV.Yaw 1.643 0.107 -
cenario
Brake time 2117 0.039 ACCEPT
Acceleration noise -0.073 0.942
Collision speed 2.845 0.006 ACCEPT
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(Table 3) Descriptive statistics of MOE

Before After
i MOE
Scenario 0 AVG STD Min Max AVG STD Min Max
CV.LP 0.500 0.315 0.059 1.512 0.071 0.06 0.003 0.266
Scenario CV.Yaw 0.033 0.039 0.003 0.197 0.071 0.06 0.003 0.266
1 Brake time 3.435 6.925 0 259 12.35 6.25 0.2 252
Collision speed 65.942 20.377 14.261 100.963 24.533 8.718 6.547 52.569
CV.LP 0.642 0.231 0 1.185 0.727 0.205 0.388 1.304
Scenario CV.Yaw 0.19 0.106 0.085 0.599 0.181 0.058 0.048 0.269
2 Brake time 9.131 4981 33 29.1 8.404 2.987 19 155
Collision speed 11.916 5.352 3.222 28.603 14.729 6.221 6.353 29.47
CV.LP 0471 0.272 0.048 1.063 0.527 0.291 0.003 1.143
Scenario CV.Yaw 0.015 0.018 0 0.065 0.012 0.01 0 0.036
3 Brake time 0.873 1.283 0 37 2473 1.828 0 7.8
Collision speed 63.714 17.047 34.945 101.474 45.592 15.988 22.594 89.046
CV.LP 0.435 0.176 0.119 0.817 0.69 0.43 0.146 1.82
Scenario CV.Yaw 0.191 0.261 0.003 0.64 0.091 0.191 0.002 0.62
4 Brake time 3.885 6.34 0 21.7 7.716 6.108 0 20.2
Collision speed 52 26.191 13.254 91.212 33.033 22.29 10.741 107.02
gL 28 A9 BE AU oA Zaste AL ko] Y2 o] H3to] Pt} ki AHPE 4
EEHAT Ay e 28 wAzEgdoer Aw g JEZY BHS 53 74 =54 3 T3S
AR Qo B AR QA T G| gle ALE AE A T HAF SHARE EE3HH
dEth =3 A5AIS BE oA =
7}3}% AOE Yegon, o] AIARAFOE 4. EEIIEXE S8 2T VHKgr =&
A3 A&EE 9% g Y5 e Aoz &
geg M2 S QAZIAEEZ Hdlkste Ao A
Z 7HAE AR mE JhEXA Y AEo] P4
= 3 = 23 1=
3 JA[EE ME o B AFdME AErty ABEERAE 58 JHE
A& 4HEdte AHP 71W 3 EEI Y S 3
Zt FrIA R A3 ® Ao)lE FRS7] 95 B SAAHE AHES A
A7t AT EzAA 98 452 2AME H7HA R AHPEA S §l8to] 119 wF #oF A&7HE
9] & AT, E ol g3t TASIAT. 7+ Bt oA HEZAE AAI}AT. HAEZAE Lane
A E9 7FX 8= Kirkwood(1997)(14)ol A A A] & position 54, Yaw angle velocity W5 A5, 5
T & AMgslg e, A4 H 4712 MOE 5 A& A EEE, AFAITY 4714 Aunn A8 53
e SNEFE FSAHNA A AL & 94 HAEE ZARRL, 4 SEAY %%%’%/‘é
oujste wWFHHEHY 7HA7} SRR FTF AZE 317 %’H 10% m9ke] CR Ftol AH&H A
Fe o AF7HA ] A (1-a)E AR A T T3 w7t gAas Rgste TMEAE AEStan. &
Lane position &7, Yaw angle velocity ¥-& 7<%, A BT CRQO] 10% ©l3tZ =5 BE 3H
SEESEE A5 E AFNHHERY AT S 29l A2 E 7| EFH o2 Akt THEAIE A
SRR A%l Aea)E AHEENY. AE F Z3tH k. =3, A EHolH £4E B =E2H A
7+ AR JMAFFE St HIELE FHE S8 7R 7 &4 dig AsE gl JdE
7] 95t &Y JHXESFE B e g4 7hA 29 fd& 83ty 7EAE ZESITE 4>
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(Table 4) Estimation of weights by methods
Method CV.LP CV.Yaw Brake time Collision speed
AHP 0.132 0.095 0419 0.354
Entropy 0.044 0.045 0.048 0.055
Mixed-weight(AHP+Entropy) 0.119 0.086 0.404 0.392
#3). A 38 ADARAT A2 AE e 37ty

4>ol A A3k

>°ll *ﬂ*l‘é}‘}iﬁ}
AuE Lol M= 4 aL

IR

L oz ©&5

AR 2% A AFAD] 04U M ¥E dTh AL 29 A9 NS gl WEL &
2958 /e Ao® uehton, #B&5: 9 g Uehiy 1 Folsh ojulske FuA R
0.392, Lane Position W& A4+ 0.119, Yaw angle Fo] FAZAQ 9IS wFgn 6]]“‘6}7] Hoe=
velocity WEASE 00869 HEAE JMIE Ao ENAE s 2 AAd 2 g Relsie
ZHAT 7tEA AR Ao 2w ek o] AAsA gt 4 & ¢ Ut Al‘%ﬂli 29
MOEEE} U MOB/F /AR50 Aol 9% 84¢ EUBAC, YVRE, 254 502 o
< ol & ALE TEFHUT. 3 AAAH AA L AZWAol SFHEZ AHF
VA E AR A TSR E 2(12)3 2T B AFe] 37t o] §iA UdEhd 2o g dgE
oo ER, AARe FHE 5 ol rzed o o
1— (093(r—152) gz aPsjor & Aoz AT
V(ﬂc7yez,r):0~119( o . _
e AvEle 49 A%, Beguenz % 2 &
1— 27 07(y—0.64) -
Foos I B} teta sy asob g oz =
+0404(1 o) 90 me} 0§39 AngRATIA0 27
o lme dt. o & Sof FUIBRYA UF AAF
) 1— 0:02(r—107. B _ ~ g
+0-592( — 208 ) ,,,,,, Al(12) EE OE F3Y 34 = ANAFE AFo] 29
g AoE ddd
- = : Lane position HSH%F E;\ R rj . JRE.
= =2 o 3l o
- y : Yaw angle velocity BIEH % el e 134 of S8 Mg 43 =" ]
L HEAR trol Ad5E F7hgo] BasE Ao E2HY
- T ol Azte] Ag4E YA YEHol A
tE i, AAAR AF td IsE7F e
5. x| ZTEEHI A|AE T} a3zt vHg Ao g ddEn. webs woly §
A A AU tig &4 E aHE o &
T2 A5 A S 285t A By Q9log wudg
(% 5) A4z g7t
(Table 5) Result of computed values
Scenario Before information provision | After information provision Change(%)
Scenario 1 0.63 0.92 32
Scenario 2 0.88 0.86 2
Scenario 3 0.50 0.64 21
Scenario 4 0.68 0.82 17
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