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Evaluation of Haptic Seat for Vehicle Navigation System
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ABSTRACT

This study has confirmed that subjective positive and negative aspects a driver feels by applying haptic seat on a vehicle

to substantiate vehicle navigation system. Our experiment with total twenty subjects provides that the reaction time (RT) is

superior in haptic interface than visual or auditory interface but subjective satisfaction, which subjects feel, and workload is

less low in a simulator environment. Although, the difference of individuals and unfamiliarity is relatively high inasmuch as
the experiment of absolutely new technology, but overall satisfaction of haptic seat is high. The result of study provides
some consideration and direction to need in implementation of a haptic seat and it also confirms their possibility
meaningfully. We expect the interaction between a driver and a vehicle and safety improvement potentially through applied

haptic seat on actual vehicles.

Keywords: Haptic, Haptic seat, Vehicle navigation system, Evaluation

3 TR 2] 714 WL In—Vehicle Information
System(IVIS) 7} AEJHQIUE 7|59 gz olojxx
ARfe} A 2IZEE] Ao Abg-o]
th SARE RS 9 A7 S
& T Aol FFEo] ARE o
9 AsEE Ay LArdE
5& 7FAaL Wk (Tijerina, et al.,, 2000; van Er
Veen, 2004). o]¢ll R3] g QE|H|o] A= AlA ofe
AE E&ete] AR om BE ARE FAlC dEd

q
s
o

ols
e

for o
: H

lo 2 N N
of

4o g
N
lo

=L ok
2 2L 1> 30 o

f
o
N
g o flo
oft M

&

oF
)
ol
-
2

R H{r Ho

va

k=)
=]

I
4

&

Uth= AR oz Q3| AlZb 27 QIE|Flo] A9 ity B
eo] g r A 11 FeAol FUEIL AT WAV ik
A1 = FMH(Robles—De—La—Torre, 2008).

5] zl& (vibrotactile) & ©o]§-gt #E <lEHo|Ae A
7] (electrotactile) 52| Walo] ua) ALgA7} ek EA AL
28 4= Q= AHo] 3ltk(Alahakone and Senanayake,
2009). ¢urz oz 2F g AEHAol A= o] e 2
T EE 58 wlgste] JRE At oly st WigS
ZFo] sl PR sto] Wedt ARE Al
SHARE 2129 A S5 o] &ste] HEF ARE AT
93k A|EE50] o] $kth(Tan, Gray, Young and Traylor,
2003). Azt wolollA= oldst xE YR TdE AR

R

FAAA: 2|87
:),(__

A 129749 A2A] AT AR 26235 AAUStT 417—a, A3k 010—-9028—-1960, E—mail: yongguji@yonsei.ac.kr



626 Wonsuk Chang - Seok Hwan Kim - Jong Kweon Pyun - Yong Gu Ji JESK

g Y QAEFAo|AE Foto] AEAF vlv| Aol AlARE
A Qst7] §8t A+7F gokebAl JaE k. Van Erp
(2001D) &= A7+ AE Ay} vjuste] 849 3 %
AF3kE Eol7] Aste] H3A, ¢34, AH 52 vHA
ol ATE Azt vlA) 1) AEE T o= g_ﬁ
X}Oﬂﬂl A A, AlZE AR =S 3

L9} e ARskE FRlsglvh T3 va
= »}wohﬂ FakE = 2 AdEl FeEs 2olF] Hwt
B o8 AFat vnjAlol A Aol AlZF HhA
9] zlg WAle mE= X“il-‘% shol WhEAIZHS =2 Ay
e e S R R I a
gjr,]_ ;\(_ H)—}JJ,]_ leEIJ,]_ /\] 7+e. & 3tks) H]—)\]g] Zéi 7](1\:1—%
24537 Sl
A R *Ur"l iﬂ LERTE

3N E]
H

{0

J

=
s
(i
kﬂ

i

e
i
o
1
1o,
i
O
iz
lo
B
m
2,
2
X,

A
-z
=)
o
B
ofrt
~
[
i)
s %
1o
o
_E‘
=
Jm' b
Ja)

o W= el e

£ =
e

ofrt
1o,

el WA AL A :n]—c SR
urk 2 4 glom oz 1a elow Ayaks

S $eI 8342 98 199§
V) 1A A ol

R Z]—7} 7= AR

o[o
r (¢
é

o oZ rl O ook P o orlr N O
o)
gﬂ
-
30 °>

Adel= F 209 AP (A 99, @A} 11%) 7}
FA71skeiet. 438t vol= 22~58 (MD = 37.8, SD =
12.3) MIGltt. Eat SFAE 65.4Kg, B3t 2% 167.3cm
ojgtt. BT WSS aXsta glor B 4 A
2 oF gdolglom thekst A el FAFst 3USlTh

ARE f8 AAeE fAksE Efkeld AlEEolE
(medium—fidelity driving simulator) 7} AF&-Egich A&
glolEell= HAR 185 AEE asta kA Alzte zls
EEE Atk Al ES] A Ef(seat pan), %] (back
support), A|E#MS] BAE| (bolster) F-io] XF TEHE
ARSI I3 12 2 AFeA AR XE EEZE A

(Seat Pan)

33 1. AEo| =S N5 2E{Q| QIX[Q} N4, WE
AEHelE e e PC st=dlolE Fall 60Hz =T
3 HlE, 1024 X768 FPFEE AAE AT AlEHC o=
2200 ANSI 9 x4 Zgo| 7lss ZZAE (VPL-
CX21, SONY, Japan) & H4lelAl o]g-3to] xp=ke] 374 1)
Ut ol HAke] A 1me] Al ofelE Sl
UeRFES AAtE gl sk AlE ol AdelA] Al
= 42EE skl xF AFAE AR Hiel] A& 90
T ARE ZEE e 488 dAgsnh ehel A
B 2E A7l 1Ak fAelA 70dBE ZEE 23

= .

22 A

19

27

Age] 59 ‘?i—’F_ AE FREF, F3)H, 34, &
T AsH g Al H , ’\]Z}, SO R 4x3 I
2 W AT ’\]ﬂﬁr g ASE A LREAQ AEAt
ya]Ajo] A A]AElo] A /\P%ﬁ}h AT 5 oz ARsIITh
#e 2% F A3 A1%= van Erp and van Veen(2001)
94 AFelx] ARRERY WEe] Fesh sUsA AEMN]

A9 HF FECAFE < A9 HF FE7HA] LA E
%D}. 7y 42 120ms* 510mse| 8-S Tl Fo] ¥
AEGlom g Atele] 7hA glo] AE QL 3 H 7} 93]
A AFE A EHY] EAEA 158ms?] AFS 46ms 3F
Aoz F W £8a tA 206ms HE Fo] F ¥ &gl
HHo] AT E o] &3}t (Sayer, Sayer and Devonshire,
2005). {5 Agto]] that Al = StoloA Sayer, Sayer
and Devonshire (2005) 7} &Xcel] 1’4]6} e ARE-3sE
s FHE olgste] 726ms WES 78mse] 1HAE 7L
T gEe ASE ARSIt BE ASES 3, 35



Vol. 29, No. 4. 2010.8.31

Evaluation of Haptic Seat for Vehicle Navigation System 627

A, 93A, £ A3 UelA ZH AzF £4, el E=
A A BAS Sol A 3 3RS RIS
(24 2).

= 3

e
am

T 47 Azel ds) A

olg], Beol=, = WA

Pol'
> mm
Y
>
g
rlo
>
fabo}
o ©
o
£L
£

o
da

_?L

i)
%
L

>,

FO

=

T

C)O

:
r>~ -ll'ﬂ"

5 F R
4 & A% A e 1%6}91@

Aol M dddAES A H43 W, oAl
EH?‘SHH ks % o S A = K

09:
Y
o
&
z
i)
XN oo
—
O
tJ
g,
i
2
N
N
oy
S
ol
ok
;O
[
td
rir
i)
of
o2y i
L o

2 ¢
)
1o

>
P01

rr

feics
1o
i
2
L
)
=
=
i
i)
X
il
rlo
re
2

i
N

A B 4 s s

Age] 245 98 e 4 AR (repeated
measures analysis of ANOVA)S ARESIATE AA| w9
S A7 SA oA 3.6%(HE: 5.42%, ]% 2.92%, &A:
HH-&-3}¢]

/‘\_]

o5

O

o> [
014[;
12 foi

oA A 9] =t Wk »4;—50 7H4 5‘% R
Fob 2ls wale] tisk o]9l ANOVA 44
o] Fa(F(3,111) = 31.89, p<.001) 9 2%
FIHF(2,74) = 193.73, p<.001) 7} ol&o] LR ABP l

ﬁ OW 1'01‘ F{E EI

AN S oy 1

T ETF7e AT WAl xjole] A zee gl A o7 e
Ut} RE Py 5 o= 79 39 gt} Azle &

AE mash] seted disEE T A5S AT
L ki '%5]7%_

2,500

Oom
00 =12
0x JY Jm

’gZ,OOO—
o o 1

oo
3 1,500

1,000

S 2ol tigk o] ANOVARA] A
A WMEo] Hn 2 ou|o] Q1A sk Ao 3
Ao = 5.67, p<.01), '9u|9] Q1] Hr
*—|‘(F(2 38) = 8.58, p<.001), A& %—E
(F(3,57) =2.97, p<.05), 35 0|4 Hwol s

HAH(F(2,38) = 6.41, p<. 01) 2] Fa77} ek od
Holeh Hrol nE A5zEe $o5kx] ekolr)

1

XN

&
o (‘>’ N 1o foi

A #AQdFet A F AR a7 AR FH 5o LH%H
S W) FaH(F(2,38) = 5.15, p <.0D7F QAL



628 Wonsuk Chang - Seok Hwan Kim - Jong Kweon Pyun - Yong Gu Ji JESK

A o AwL AIAA et AR NS AR AR 0 b ok 4] HE diiAlelAd Y] w2 RaEER Qs 94
aael B AEAES FoskA ddth Als Ao = Fak ddo] vmAloldS H4A HE 5 e ol
wA o= dAR 'Y Buh 'S4 9 (A7) 9 upebs Sh5o] Bold SHelA 2 Aol AREE Al
v]e] Qo] st Q1A HLrrb whEr ko] golgh A AE o] vMAlelde] ASE TR ARSI o
Aoz thdaisich As Ao FaA ZQdFetelM = | ol e Aol uls AP elA Ay o <55kl
gro] | Zpa 2 Bk AR @97 o dAlEtia o Tk ou] 1Ae] U HEo] Aur gRld uieh ol
AR D AlEEOlE A Az 2l5e] Ag- st A5 E e
7] UJHOH AA F3 Aol iz F2E 22 i
B 1. A3 90| ME |93t MEo| B A1 HI ol A E= AT R} wolEo] 7|7 48tk 34 AlE
(<, >& |Relgt Zik(p = .05)) o] ALE x}%& A3 9} H)S=h ﬂﬁoﬂf\i 227k AT
e Bt G %A 7] Wil A 8 @704 W] dulAleld 7)7]¢1A
ik 5.56(0.16) WS 2elel 8 E77) S Ades el
BEERE A1zt 5.83(0.15) gt e B3 A)Zhg) 24 /‘\li,q Bz 93 g2
T 8 6.16(1.31) a7l olal) M sAe] FHH Bok A7} weAIzE A
At | WA < B el s EEECh AT FRE A9)pe 27
e 5.44(1.65) N FARAEE AZfoIt 24 WA} ulwste] g v
A oln] o14] A7 5.85(1.41) o] thell FAlH oz AAF o7 T RS w7)x] sk
Rk = &4 6.23(1.30) on BuE YL cdnct vl P 53] ¥A
A% | ¥E < A7 < 84 PAEO] Az 54 AFs) o] Y AEE HFEH
g 5.59(1.49) 1A ato] Alaglo] duste]s gRel tia] HlstA o]
g gopy L 6.09(1.30) & 3 Y Al gl IJ_J%HH AT Tl wE
4 6.30(1.31) zko) 7k EhA] gttt = 3 AdelA AR BE Als
Az | g < A7 <A T AR A @A o g wolEo)7] o] Ajetes q1esto]
e 2.04(1.24) HARRIE 2™ Ho(2005) A Aifelx % ARt 23
ERURS X7+ Az 1.79(1.17) 2o 7 wolzol7] 1% Y AT AX 9 Fos Il
Aawer | a7 AR 1 gy 1.59(1.16) ek webd AR PE AES ©]&5 At WinlA
x| qEY > AL > o4 o] i AlAELE FAFhE FAAA Y Mg ois 8
w5 TR A9 sl g4 A8 s Aol
€t

A% Tl disiA A9 s Ans A A3 F T Ae 2 AR A fa e e kA
WA el FA ZAQRete] Be Aol dis Favt & ATV SEiA Al 1Y A ES E3 AbsAt vl
= frelstA tth(p = .05) v Alo] A AAE ] tieliA] dAF =7l S AR 59
I AR SHe B FRlEith dukx o s Aj®
& 71l gk A wE QI Aol AW 3
4. 248 A HE B A=l sl 73 & 54 ol4ke] wEsh: AnE Ho
FA7] el e AES A e gk FwEE Tk
de FAE 5 QS Aol AlEHely ol g
HESAIRE A2 715 A7 AR 3E o] Aol JAE A At fAkeHES AlAbE gnl el A

Az SR e ks =

AHE Zhe A0 R YT Aol ALg-
(e.g., Tan, Gray, Young and Traylor, 2003; Van Erp, A 3w
2004). SHAIRE =34 9l 3 AQRSte] A= g AE 19

A AP FohE melth IARA) 2l el TS AT A Qo) ek BF A ] A
o AASEE PG < Az < SAolgon, K] &F g8 BY AES ol gl B Qoo tfEiE F71H
AEE 9 > A% > S FAGAR AAE BeAe  APe A9 AZelr FIHew A5 AEANAY
BE < A7 < Sl ole Aol R M ol A ) JEAE A YL sldhaet.



Vol. 29, No. 4. 2010.8.31

Evaluation of Haptic Seat for Vehicle Navigation System 629

b

I
Ao
rgk

Alahakone, A. U. and Senanayake, S. M. N. A., Vibrotactile Feedback
Systems: Current Trends in Rehabilitation, Sports and Information
Display, In Proceedings of the 2009 IEEE/ASME International
Conference on Advanced Intelligent Mechatronics, (pp.1148-1153),
2009.

Hart, S. and Staveland, L., Development of NASA-TLX (Task Load
Index): Results of empirical and theoretical research. Human mental
workload, 1, 139-18, 1998.

Ho, C., Tan, H. Z. & Spence, C., Using spatial vibrotactile cues to direct
visual attention in driving scenes, Transportation Research Part F' 8,
397-412,2005.

Lewis, J. R, IBM Computer Usability Satisfaction Questionnaires:
Psychometric Evaluation and Instructions for Use. International
Journal of Human-Computer Interaction, 7(1), 57-78, 1995.

Robles-De-La-Torre, G., Principles of haptic perception in virtual
environments. In M. Grunwald (Ed.), Human haptic perception:
Basics and applications (pp.363-379). Basel, Switzerland: Birkhduser
Verlag, 2008.

Sayer, T. B., Sayer, J. R. and Devonshire, J. M. H., Assessment of a Driver
Interface for Lateral Drift and Curve Speed Warning Systems: Mixed
Results for Auditory and Haptic Warnings, In Proceedings of Driving
Assessment, (pp.218-224), 2005.

Tan, H. Z., Gray, R., Young, J. J. and Traylor, R., A haptic display for
attentional and directional cueing. Haptocs-e, 3(1), 1-20, 2003.
Tijerina, L., Johnston, S., Parmer, E., Winterbottom, M. D. and Goodman,
M. Driver distraction with wireless telecommunications and route
guidance systems (NHTSA Pub. No. DOT HS 809-069). Washington,
DC: U.S. Department of Transportation. 2000. Retrieved on 10
October, 2007, from http://www-nrd.nhtsa.dot. gov/pdfinrd-13/

DDRGS _f{inal0700_1.pdf.

Van Erp, J. B. F. and Van Veen, H. A. H. C., Vibro-tactile information

presentation in automobiles, In Proceedings of Eurohaptics, (pp.99

-104), Birmingham. UK. 2001.

Van Erp, J. B. F. and van Veen, H. A. H. C., Vibrotactile in-vehicle
navigation system. Transportation Research Part F: Traffic Psychology
and Behaviour, 7, 247-256, 2004.

VSPNIEAY] |

] 4 T yongguji@yonsei.ac.kr
Perdue University Dept. of Industrial Engineering *FA}
d A AT ARAYFE 2

ek HCl

A 9 A changwonsuk@yonsei.ac kr
AL A RALT A} S

& A et ATt Ay
Aok HCI

-

iy

7] A & henges@hyundai.com
A ATt Ay

q A DS AEA A
ZdHE-of: HCI

P

rJ

[a:3

% A pyun6556@hyundai.com

Az 7| AT A}

d A FoiAE A A EA R A"

ok HCI

= & A 4 < (Date Received) : 20101 06 04
= i 4 4 Y (Date Revised) :20101d 07€ 12¢
=T AIAS Y (Date Accepted) : 201013 07€ 14



