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Recent technological advances made a vehicle more intelligent to increase safety and
comfort. An intelligent vehicle provides drivers with safety warning information through audible
sounds, visual displays, and tactile devices. However, elderly drivers have been known to
decrease the physical and cognitive abilities such as muscular strength, hearing, eyesight, short
term memory, and spatial perception. Therefore, possible age-related deficits should be
considered to design an effective warning system.

This paper aims to evaluate the impact of advancing age on response performance on
audible safety warnings which are widely used for alerting driving hazards. In order to understand
the effect of age-related hearing loss and movement slowing, three sound characteristics
(frequency, intensity, and period) and three age groups (younger, middle, and older) are
considered. Data was drawn from 38 drivers who drove a simulated rural road in a driving
simulator. Experimental results show that age influences driver's response performance. In
conclusion, the appropriate range of a warning sound is suggested.

Key Words: Intelligent Vehicle(X| & XIS X}, Advanced Driver Assistance System (ADAS), Older Driver( 13 27X X}),
Safety Warning(?H® 4 15), Response Characteristics(2t2 S4), Hearing(2 &)
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Fig. 2 Structure of advanced driver assistance system

Fig. 1 Pure tone audiogram result of age groups



Table 1. Experiment participants organization

Table 2. Experiment independent variable matrix
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Fig. 3 The DGIST driving simulator

Number Age Driving record Independent variable
20’s 12 25.0(1.86) 4.83(1.64) 0.5kHz, 0.75kHz, 1kHz, 1.5kHz, 2kHz,
] Frequency
40’s 11 44.3(2.41) 17.9(5.80) 3kHz, 4kHz
60’s 15 63.9(2.87) 28.3(6.77) Period 200ms, 300ms, 400ms, 500ms, 1,000ms
Total 38 Decibel 75dB, 85dB
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Fig. 5 Accelerator pedal response time result for varying
frequency with age groups

3.1 7t&% ldlaf

2
o
Fig. 5 + =9 FI 540

5 she] A7
Azt 7?@ Hg g SA4S veEdia ol
o 2”el A, AR AR = 3kHz oA WEE A
ol 74w S AT glon, ARd
SdAke] W A2 2F 100ms W] 9] X}O]E =
= @Rletlvh. g A= 3kHz Y] Faka
of talA] Wk A7kl b wE AL oju]EhH,
Tk dlo M= wlastke] 3kHz W] 7
SdgE ToAAM wEla] uke A|7Fo] A

=] o

oz wE oz wuHch Fe A A(Fig.

)= 3kHz o A3E ¥3 o} ‘X]“ ARk, A
.

200ms(Z] & 1.5kHz: 150ms, T 4kHz:
HkS AJZbo]l o 40 tf A A9} H]ﬁﬁ}@l 9}
100ms(H 4~ 1kHz: 79ms, ] 4kHz: 126ms)d = W+
S Alzbo]l =& el

Fig. 6 & A9 +7 of w2 Al
Aze] 7h& Hd ws 5A4S JERa gl
ol A, 20 the} 40 tf = AAE 1,000ms oA 7F
w2 Wk AIZFS 7RA|H, 400ms oA 71

S AZHE 7HAE s Wi, a1
A= 20 9} 40 Hie} FAREE @S HolA]

N i

L

EX
il

[ex
'|-’_A_4

14
off Ly, of
T
D (O T e R VG

Mo &~

stof 20 o FdAkel wlaste] °F 200ms (
300ms: 167ms, ] 500ms: 200ms)™ = WHg A
o om, 40 tf x¥2kek HlaLske] °F 100ms (3

800

b

1\

—=20's
—A—40's

700**?5/‘\‘\'
| k///‘\‘\.
500 -/'\_\.

200ms 400ms 500ms 1000ms

Response time(ms)

Period(ms)

Fig. 6 Accelerator pedal response time result for varying period
with age groups



2~ 200ms: 78ms, ] 500ms: 106ms)A = HE-S- A

ol =5g Flagith

Fig. 7& Za&e] A7) 54 date] A=A
&2t 7} A whg S4S e v
aelM, BE AR A 2717 Sobetd
kg Amtﬂ WA= A #aglth. 538, 40
o HA7E A7]e] Wstel diste] kg AREe]
Apol7t oA ow F AL Elsgin =3, F
steh F=719F fAbebA nEdAE AEe] #
gz Qs 20 of Ak HlaLste]  of

180ms(F 2~ 75dB: 173ms, ol 85dB: 182ms)* =
HEE AlZbo]l o 40 U Ao} wluLske] of
100ms(Z 2> 75dB: 77ms, Z ] 85dB: 103ms)d &= W
& AlFto]l =& gelasith

7bE Al whE Aae AR EFEQR, 1690)=
371.774, P=0.00), TI5(F(6, 1690)=8.321, P=0.00),
F71(F4, 1690)=4.353, P=0.02)¢} = 7|(F(1, 1690)=
25.520, P=0.00)0l thalo] EAHow folg xo]
5 HSTh

T

32 M3 HE EE 54
Fig 8 = 74

Ho

[

_|>i

o r

2

ofit K
dlo
o,
N
j]:L
A
A
o,

ot
e
Mo
rN
NI
o
|
N
j|:_l,
D
Lo
E
Lo
=2

Nofoo @ &l 0 o TR
( b= of ool *
SRl

A

(2L 1g T
Ir

> N o &2

S W e

o

©

2

o

sl

-

N
to E
o =
=

o
ui

t
g
=2

o

4o

2
_>'~i_‘

Ir

>,
i—";
22
o
Ao

Response time(ms)
g

500 - —_— .

75dB 85dB
Decibel(dB)

Fig. 7 Accelerator pedal response time result for varying decibel
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