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Exploring the Effects of Narrow and Tilting Vehicles on Driver’s

Sickness and Driving Performance

Student : JHAO-YIN Lin Advisor : Dr. Shang-Hwa Hsu

Department of Industrial Engineering and Management

National Chiao Tung University

Abstract

In the urbanized society, high population density causes traffic jammed. Besides,
huge energy resources demand and lack of new energy resources exploration cause
energy resources shortage. In order to solve these problems, the narrow and tilting
vehicle (NTV) is developed. The driving environment of NTV is different from other
cars. In order to explore the effect of different driving environment on drivers, the
research uses a narrow and tilting vehicle simulator to simulate driving tasks. The
results show that tilting auxiliary system affects drivers’ physiological uncomfort level.
Besides, drivers’ physiological uncomfort makes driving proformance poorer. When
tilt angle is small, the nausea scale scores correlates with total time of driving tasks.
When tilt angle is large, the nausea and oculomotor scale scores correlate with car

collision and deflection.

Keywords : Narrow Tilting Vehicle » Motion sickness * Driving performance
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BFEE TR BRAR FRPEN 2 XK A ATEABE - PG
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B A2 ek Tl A4 E T gwx @ (Mcintosh, 1998) 0 3F § A7 3 A B
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g EMER I SERISIECE fapk % S

B EREARSEFOH A gD+ FF o LA AR hipRl g st
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THARBBEEHEREFEOFE o R F FERHDOF I e
Ebenholtz, Cohen ¥ Linder (1994){ i3 B F R Z3p L F R F 7 o F]M
FIRERFEE LA FRARIE RAERIE T R Iod R g dp ML
Stoffregen et al. (1998) 3% 5 & & g 2 4R | c(Visual stimuli) 7 B > &4 24 &
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b Ay Eh A WRE RN ER DR LA 2 P o bl
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(1) # i B B (Subjective-relative) » & friz 2 4p M e Talde (f2E 6 e
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€ TP ZAR R T A A e B 0 A A A SRR o (2) 3RATRE B
(objective-relative) » d AR Bz ¥ e ol A N B P R S H (P 1R
Pofe £ IR b )0 @ 4§ HARITOE 2 4 R FERAR TR
FH e o B e th E d {228 frilde s 4 0 G4 ¢ Duncker (1929)% 35

PEEEFINERACH B PR AR RS AL o TR BT

AN

p
WERIR TR > ARAZIRI T ka PEBEREDEL o FF
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and Fumed (2002) 5d & el F IR A A EF B 7 s s
FREREARE c ARBREMTERAT > A@SPF AR 35 A
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WAF F P iRt & g R X F+ > Lawther & Griffin (1987) 3%
FEE REBHIUE HERL EERREFR > a0 PR R IRE
14 o Forstberg (1998, 2000):& 7 7 — 4 7| A S| & cnd B g7 7 > HiE7| 2
BB 9 B Rk (T AN AP AR R TR Db R B S 0 T

| & AL 32 % o Atsumi, Tokunaga, Kanamori, Sugawara, Yasuda,

N

g

b

B
4

and Inagakic (2002)4 % & e R FHE F H e R xR F R B e 2
e eAE R o
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L A s D o ) R P SR U R e é‘é'b‘_’:ffu? rE AR B

& Jg 97 i5(Stoffregen, Hettinger, Haas, Roe, and Smart, 2000) °

222} F ¥ M 2wt B B E TS 2B

s prw i wd BRAEY - BH AR DL L FF 8RR
g4 ig B en%g it (Lawther & Griffin,1987; Atsumi et al. 2002) » @ f#8 & %
¥ o fe- B gmApt o NP B R R A R D AR
TR EI(FREID e ESIRDE L LER)ERDI B PR &
Bk BT R R (AR AR R T M RS SRR ) T B R
SR b R RS §H 4 o 2 A JLRRITE R K ORI G
PPAR BRI kb o d§ AT ARG LRG> Ak RE D
8 T i1 80 J0 2 € #4858 g B f 423 (Lin etal., 2002) - .
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2238 & amTis 4

AR ¢ AR BT AR Y Y AR A
ERE M R -BREFIZERELUF L3 R ;f;“iﬁ" BTIERER
P (T10 ol B sk 0 S EARR] S p A EE R R R BLanT R o Kennedy,
Lane, Berhaum, and Lilienthal % 1993 & 1! et B# & Jg & ¥ (Simulation
Sickness Questionnaires, SSQ) & # * i Bd A £ B/ £ o gt ot
Kennedy and Lilienthal (1995) # Kennedy and Stanney (1996) # 3 # 3R » &
7R ER R RS E LTI EF #7735 Cobb and Nichols (1999)
R ERBTEDRPIEREBGRER S dRA ST R/ e 8
LGB RARH  Fla ERRALET ISR ES & podp ik R E S
Bop W %4 P 5L P 6 EG 4 R At il - Cobb ctal. (1999) 4% »
W EeEph £ 5 9B F %nE Rl1 £ Leeetal (1997)fr Mourant et al.
(2000)7 45 * W EH B RN L v 5 0B p 1 B R L

Tschermak (1931)# ) p 2V 38 é st iR § & d >0 & { Bl 1% (pattern)
“t ¥ 3% > Dichgans and Brandt (1978)d AL #7542 chlf- /1 i 4% € S5 d E qlch
LD K (4o B F TS pF > 248 ¢ w #7) o Dichgans and Brandt (1978)
dp iy < ARTF i@ b Aot E(FOV Display) 7 % 514245 /1 18 42(Vection) °
Hettinger and Riccio, Stoffregen and Smart (1998)F 7 # 3 » % Fi"ﬁﬁ Rl X
P I P € R D45/ 38 4% o Smart, Stoffregen, and Bardy(2002) | 2% & 4 /1 i
BAFRFATHETF] FHNERLALEFHE LT ifhﬁfi*w’» TSR
G BAE o FH A BART 1 ko TH B g hd iR

bR BEOEERER R o VA XA RE R TP ER - E
FEF A g5l ARA bk o F3F S FHE R R et Lo
7 ° Holmes and Griffin (2001)** #w 3% & (Heart rate)£? 2 gL =t &~ Heerigp B
P PR S F R B E AR 4 B S £ BEF A gt 2 Stout,
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Toscano and Cowings (1995)s%7 § % % - & ° Kim, Kim, Kim, Ko, and Kim
(2005)* 3D HRiF A AR > » FRCEF T F I LT 7 5 FH
deoo wEF R EE T 2 Rebop k£ 42K 5 B i (Crampton, 1955) >
Cowings, Naifeh and Toscano (1990) # Holmes and Griffin (2001) % 45 &1 > & 3
AR E o F 5 € W 44X § o Hu, Grant, Stern and Koch (1991)% Cobb, Nichols,
Ramsey and Wilson (1999) %= 3 » AL EEgl i S R U LR
%o Bpom oo 5T 0FLRIE R K ® ohdp ik o Kimetal. (2005)573D
BE B3 % o Bpom o % ¥ (Heart period)E ¥ # =% & 7z (Cybersickness) e
ARSI > BRI a7 F AP 2 o 2t ¢b > Kim et al. (2005)
% Huetal. (1991)8 % < & % & & (Heart rate variability) ¢ Sg gk chA 2 @
*# ¥4 o Mullen, Berger, Oman and Cohen (1998) 7] &.4p #1 %@ % A2 & 15 3
Proou SRR R R

AT B e R B S R aE R T o A2 R Flptit kG 3
P F A1 "e R BI(EEG) % ip| £ & & e $1 "6k <0 F(Chinn, 1950; Morale,
Chelen and Kabrisky, 1990; Wood, Stewart, Wood and Manno, 1990; Chelen,
Kabrisky and Rosers, 1993) - Chelen et al. (1993)%= 3 35 1 » % ;éiﬁ 10 4 5
Bto iR dpprg ARELEG « A g5y Fildpinaks
(Cobb et al., 1999; Kim et al., 2005; Min, Chung, Min and Sakamoto, 2004) - }*
*t > Cobbetal (1999)% Mt £ RF > EEHEF B PF > ok 5 € "% <> Minet
al. (2004):3D #4585 * Kim et al. (2005) % 58 8 9 2% % 19 5] 22 0 4p 2

R o o F 8 E N > Minetal. (2004)5E 7 F P E O L ES

IR
i
=kt
b
il
ﬁ-\i
5
|
3

WAL EERL

=1

R R

=

» Kennedy and Stanney(1996) #% 11 & 148 2 |27 0 *
e VR ER 0 B2 T R IR R EIRE AT ke AR R - Cobb
and Nichols(1998) &5 T fir+ ek Fd A x5 7 FAPM L A 2 B2
Hamilton, Kantor and Magee(1989) #= 3 % % &_1p ¢ <57> Thomas A. Stoffregen,

12



Lawrence J. Hettinger, Michael W. Haas, Merry M. Roe, L. James Smart (2000)
ARG R iR fod R pR L F MM TN T L RS T
niEsE R g dpthen T RR LM HER L AT R Y hi FLE 2
(Standing on One Leg) % # i §2 it 7 4 (Walking Toe to Heel) - Mourant and
Thattacheny (2000) T4 * H %r:t * (Standing on the Preferred Leg, SOPL) i
= ¥ & Jg ¢h % Bip ¥ - Duh, HBL, Parker, DE, and Furness, TA(2001)» 1 * ¥

ek RpE G end R BRI P 5 32 ¢ #7HR(Stance Break)

™

(7 & 4&) -~ 22 ¢ %72 4§ pF ¥ (Latency to Stance Break) (B & 10 ) 5 ) ~ %

FE LR (1~10 = R) -
221 BREERIESRY ZipHAY
STl % ® 3 FERAL
B EH B | Leeetal. (1997) WREERT G ONR | FH ARG EREY Rl ERY
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42 4 337 3§ 22K R rxengp LA 47
BF oAk R IEAL B R RS L = s 2 % Pearson 4p B T licd & 2

SR RE B E RS T M

R X T < HFé

" Pearson g B 5 ficd A 17 B AL B4R R 5 4 M A PHRT 5 3 i
RERBRG >upthf it A8 ErEe s REARE B BB 2 E=S
fos AR FE G AE L AM 0 Pearson 4p B A %] 5 0.5159 (p<0.05)

0.5955(p<0.05) » 0.5908 (p<0.05) o Pd* 7 if = A &2 fide =% e ~ A5 2 i = fic ~
S PER T E 4 R 0 4p B > Pearson 4P B Tk A W) 5 0.6261 (p<0.01) > 0.7295
(p<0.001) »0.5488 (p<0.05)° Fp* % B o o B 1L E P 3 if o & cH7 i 42 R A%
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242 X MEAPFEAI e RETRG #cdp #9 Pearson 48 M % #ic

collision average deflection average  total time average

5159 5955 .5908
Nausea p=.041* p=.015* p=.016*
.6261 7295 .5488
Oculomotor p=.009** p=.001%** p=.028*
1436 2603 1811
Disorientation p=.596 p=.330 p=.502

*p<.05, **p<.01, ***p<.001

FR R )

#* Pearson Ap R ificd A 47 A MAW R T L )M AEDFRT > 2w
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2 A3 MEAPEA e B E B cdp 9 Pearson 4p B i

collision average

deflection average

total time average

.3326
Nausea p=.291

.0474
Oculomotor 0=.884

.0733
Disorientation p=.821

.3068

p=.332

.0384

p=.906

.0327

p=.920

4965
p=.101

1423
p=.659

.2064
p=.520

*p<.05, **p<.01, ***p<.001

AL P & R PF

$ * Pearson 4p B 2 #c2 A 47 M AL R B4R 5

p’%i;bﬁiﬁ,i /;}_Fljfﬂm*prﬁgr,},)é\* é__%&é—:r 2 ,E; , )i

23 BF 49 M 12(0=0.05) -
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% 4.4 2 V7 g e R 8 B 4 iy 1R 0 Pearson 4p B % fic

collision average

deflection average

total time average

Nausea -1794
p=.506
-.1201
Oculomotor 0=.658
-.2010
Disorientation 0=.455

-.2085
p=.438

-.1222
p=.652

-.2419
p=.367

-.1466
p=.588

-.1039
p=.702

-.1852
p=.492

*p<.05, **p<.01, ***p<.001
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