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Implementation of the Perception Process in Human-Vehicle
Interactive Models(HVIMs) Considering the Effects of
Auditory Peripheral Cues

Chongkwan Rah, Minyong Park

Department of Industrial Engineering, Hanyang University, Seoul, 133-791

ABSTRACT

HVIMs consists of simulated driver models implemented with series of mathematical functions and computerized vehicle
dynamic models. To effectively model the perception process, as a part of driver models, psychophysical nonlinearity
should be considered not only for the single-modal stimulus but for the stimulus of multiple modalities and interactions
among them. A series of human factors experiments were conducted using the primary sensory of visual and auditory
modalities to find out the effects of auditory cues in visual velocity estimation tasks. The variations of auditory cues were
found to enhance/reduce the perceived intensity of velocity as the level changed. These results indicate that the conventional
psychophysical power functions could not applied for the perception process of the HVIMs with multi-modal stimuli.
'Ruled surfaces' in a 3-D coordinate system(with the intensities of both kinds of stimuli and the ratio of enhancement,
respectively for each coordinate) were suggested to model the realistic perception process of multi-modal HVIMs.

Keyword: Human-Vehicle interactive models, Cross-modal enhancement effect, Perception process
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A2~H) (o], Electronic Stability Program: ESP &) 3} ©<%
2ke] Hokshs 98k A|AEl (o], Adaptive Cruise Control:
ACC 3)2& Wpo] & = glom, HAe Aalzo)x
LA A 2] H3lE Fo|ual = BA 0T Ha} 253}
9 ApgshEo] 7k Q= FAlolth (1479 oS, 2002
Labiale, 1997).
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SARTE olsfet Qi Al thd 4 g SAHoI 7o) YA 2T A 71H 2B A F AL
7N 442 Motk 97k A Gtk ol SR 9o AEAE AB g Agsht AA A A Fl
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g 7FsAe] Stk webA A WA olefd Alade] M o5 5 ol mAFlolok s Bo] @AA olel
A AL Aol Ak LA A5 g 54 o] ik,

& B0 AEFov A7 e B A
o] RI=A] AW A A|AH A|o] WFEA
(Middleton and Westwood, 2001).
A7F QR1E AR A Alo] MR k8l A F21 A
AE o] Elruwdg AZsl7] L5 YA A}}l&l 4 9)
1

to

re
=+
I
ome &

za:a A
o17+Z8k j?,_?_]—% A= Ad T A 2 EE §
a3 A el glow, T WAl Awe T sks

3 A S AT DA A2 A9 3
M4 A QEolAE vste] Mg £ B4 T
Aahs Y 24 ABACIEE ol g3k Wil k. v
Aorom, W AT opgel AE- A e A md
o] St ol Ak Ul AT b Alsdle] AL A 5
9e e e 9918 B3l FelHow T

HAsh= AFE 7)Nke] 2pgF H-938 2dl (vehicle dynamic
models; 2% MSC. Software AF2] ADAMS/Car®) 2}
9 10l vER ue o]
A4 9 Ans} g, v Ae g T A Y 9
) 3pgo] o2t RE ARA WS BEHew BoE
Qo] f=8hd =7 1Lask Ak SAA) Uﬁq AES
Tl B2 Aol Aok 271 T X S vEh=
ug] g7 AvE Lol AH4s] t)gste] nEAol . g
2l BLojildle] ksl 3% HEAE <Jvl gk (Prokop,
2000; Delorme and Song, 2001; Prokop, 2001).
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A Aol o]2& 7 A FrAE S AAEsted]
=HAoRE 7% 5 lE B0l vk o= 7 A i
S0 sk vl oo 3%, AT el ARE UER
E 7k Fof, B HA FE Y 55 T ks A
g 78 T Fdstn AAFeE FAE 9o TFA 0
2 ekt ¢Izkysl 29l (Park and Rah, 2005) el W&
Q7] 545 54 FRAT oA 8 d Al w4
23] Fusted gl WHoeE FHe ¢ Qltks & &
Aol HluR s o AIAgE] BA wigkel dish 1k
Aztrg 9 Rkg B FolE AwWshy] 1% g Adet
rdz fdy

2. A+ U

71&8] gste A 5o 2T Asste] 82
e 7P A7 XA B B3t e A A &
2 oA ME AgFHe] Ay AdIEE T 20s &
A R R &8ss A A 4 2d 22 4 4
2} 29 (longitudinal driver models) 7% A7 (Hoffmann

and Mortimer, 1996; Marsden, et al., 2001) &} x}4 H7
oy A =2 FI T2 A T Ao E drgstr] 9
3t A (Neusser, et al., 1993; 4494, &, 2002) & v+o]
= Stk 71E9 ol9 2 JH o nde FE A
FYsr mdE Y SYE s vkt Fe9 A= AF 54
= 3 =

AME 2N AR

i}

fom ot

A Aol Bgn TRH R fAkse A5 Ae]A wkg
AAARE 5& EFohz Alo] mellojgh= Aol o] 457
ol e] A} wlolr Q17ke] AEesty g 54
ojv o gk ikg Awd A3 e ddshrlel @At
s mElolet & = gluk 53], tpekdt gztes A=l =
Al QIREe] A g Tol A=

(Y 2).

2% 2 WA 7 e A Foisk nde] toke 17
248 e ofd] 7 W5E oisie] A Boie we
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wd E gk ovide
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Chorat 1n X2 1n
Zzie A X Xy Xon
e : : M
Xt Xm2 X
CHAlY #Ztes FHE a5 a4A1+E
alEaEH ulMyg £
#4r8 54 78 71 x|zt aky
x| ZF &
Az szl v, - v,]

J7 2. 4248 U X2 HE HEERZ S 78 21 of)

3. 47

T4 A LA B 4 A elA e A &3 Hd
o ok A Rel st 1Ak TRt E8- Ak gt
olal7} fAE oo st} 7|EA g ZAq 7]e] &g st
9F=% 7t =20 (Guerrier, et al., 1999), FAlo &7] 71
AHE H Ay Fo= WA= 22 AAE AES)
Al Aok =5t e Q12 g FARSE Z17ke- v]Eel] tist
o sEo] 24 F S &3l FEe B}
TR AR o wEt vhgsjjok sh= AR AL &
b o) o Ay 4 Qi) g dAdoRE &
7o o] B4 Bd&H oz Elglo] wAsh=

| 25
ZukA ¢l A8 (Strayer and Drews, 2004; Trick, et al.,
2004) B Age] zpolol &gt AHst Foxtd Huj e
A3 £4] (Underwood et al., 2002) 5 AHE o T3 F
el 593491 Ase2 A8 9] 27102 Agshs
Zo) sitt. a=ja AR FeRpo] T4 ARl Al
242 JNAE8] Wzt FHAeR FulEo] = A A
of Yehtes A4 A= T8t FAeAE 77 o
B 2R Adel| o3t T4 A= T EAlskE
FH 2= g3 7HAAl = Aotk (Driver and Spence,
1998).
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74 (ratio production; Stevens, 1974) =4
"}%:5}913}. dloly +3& v #lE-(2004) 9
TollA A-Eet AEEEHA] A& AAIRl MMES (Multiple
modality Magnitude Estimation scaling System) 7} A&

=

3.1.1 A& &Rt

2 o oX ko o
N
4]
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L 1o,

AYE 918 B L AHAAE B AYoR Buse
234 og 3441 olake] Auka] i thstely 18] Wt
a1tk A5l tial MMES AF& el tiet w&g 2]
Aleta

FARRE TS ofdhs ol AES Ba & A
A% FHE FAL BES 0 EH 4F Y
A ARE F aFo] WAk A gl A 2%
ZAIFHEE sto] AE 2]A @l o3 Ayu]a oJdks
3} skt

3.1.2 4y 34| H AIM
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N7} Ao 2 100X 140em AL 278 AolA 28
Tl wet v SE2 Im T olE 5
LA A& ARSIl eH, TAle —JZ} A ApFo g = Wi
A5E o H 99 o] AR FYF e

2 47 g2 702 AAEh oju] Bass2
type 3560 Sound GeneratorZE ©]g3alo] A5t & A3
T 288 AFE At 7 Ay 21 HE kg
X5 B TEZAIA ARSI H A= A A
Hol&= B&K type 2236 &S 4 7|E AFgslo] BA &

_O,L'
rlr
)
ol

Aok 17 AFE F8 AT gl Imfsec? Ime] AelE
I RO ol A A fen, Y N2 B
o 98 F7hAel eqel wet olel Wl Al Blel &
B £ 9H sl & AR A9 A 28 ) 5
o el 1§ AF B (FE BhE, 2000 T
ahglom, W &g S 40dBA olshz Z3H ek

3.1.3 &¢ A=

3 X3 within—subjects design®] #¢ Fglon E3w
T F4 A9 99| o) £%(1/4, 2/4, 3/4 m/sec) 9
S Aol wazkso] 97](1, 2, 3 sones) 7F AREE A
TE e AT WP SRR ke VI A
o] 9] o]F &£Xof figh Hl&& MMESE &3l ¢igsh
s AREEISITE 2 AFEe B4 4 6:-q Aol ok g5
B deRd ¢ oER 97kX] Z7ef sl 182 A
3 HES ¢ds] Ay s HHX] 0}7] %t counter-
balancing= A A3}t (Keppel and Wickens, 2004a).

3.14 4 At

AR Ay 24 Ao AAE 9] o) ol
= X 13 o] FFERE 1% FolA 7Y 2folE &
T Aoy T Ao 2 A MARE-g0] 77] Wl
w2 AF VEAEY A S5 Wk AEEA gk
2] & o8t 3524 (Bonferroni t—test) 23} ¢2
ol Hxo dist FIAS Al M9 S BT e IF
°% s F ASE & F AU e=0.05). =3 FAA
O 7 Fost FFEo R W Ago] gleo] YERGTHIH 3).

Source df F Pr> F
Velocity 2 97.62 <0.0001™
Loudness 2 0.01 0.9870
Velocity X Loudness 4 e <0.0001"
(= a=0.05, **: a=0.01 S 212+ F2]sh
3.1.5 oflH|&Y ZAujof| CHSt E2f
A% A3 b BEY B Ave 74 T 23]
oJal A WA S5 FPAT FAHOE fold £F
o7 Qg W=tk Aotk o] AE V&S vs 7

24 AZE URoR # AR Qo] nlFol
G g % b REol P, 42 G Aras
g M Aol BAH Foldl Afel vt A
A A Ao B «aw ol 2 33 A
T AR o] A2 5 gk W 9 A Ao
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A 33 AFOR Folzl A3 T AFom Folzl

A=l gk A5 gx] o] By a&4 0% o]Fojxrt
= Z1o]tH(Cross—modality congruity effect; Duncan et
al., 1997; Larsen, et al., 2003). 7] 574 <72 -5l
= T AT Aolst s Aol FAld Fold )
2 A7) vl T4 AT fAke Wk FAE B o
2 A=S o 2 AFoE QX A Attt
(cross—modality enhancement effect; Stein, et al., 1996;
Odgaard, et al., 2003). I8y & A2 ArE v

AF 77 M2 AZ OB A% 98-S & At 3,
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Source df F Pr>F

Velocity 4 744.37 <0.0001™
Loudness 4 3.40 0.0100"
Velocity X Loudness 16 7.91 <0.0001™

(x10=0.05, **: ¢=0.01 FFlA 27§23
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50
40

MMES value
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20

10

324 CkE 424 4% M55 IS TH 78

1/6(15%) 2/5(30%) 3/5(45%) 4/5(60%) 5/5(75%)

1 0.8366 1.0424 1.2235 1.1752 1.0039
2 0.7817 1.1378 1.2739 1.1450 1.0082
3 0.8523 1.2016 1.3412 1.1654 1.0709
4 0.9673 1.1224 1.3337 1.1331 1.0766
5 0.7545 1.1467 1.4325 1.2122 1.0769

(7t 48 &5 H3k(miser) &, ZF 32 2% = H3l(sones) & 1}
el 25 ko] Ak 71 Al g A=12] 27] vlES 9
u|gh

Approximated CME ratio
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AR B3l AolR A5 F QA 2709 o] olxE A4
o Qe Gl T $EY SRS A FF ARl BE
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