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화상 자동차 시뮬레이터에서 운전 중에 경적음 자극에 대한 
후각자극의 마스킹 효과 

* * * * * * * ** * *

*
**

In this study, the masking effect of olfactory stimulus on the awakening state due to sound stimuli while driving using Graphic 
Driving Simulator was observed through the response of autonomic nervous system. The test was conducted for 11 males in their 
twenties. The siren of ambulance car was presented to them as auditory stimulus for 30 secs while driving in a situation of high 
way in the condition of both peppermint and control, respectively, and LF/HF ratio of HRV (Heart Rate Variability), the activity 
index of sympathetic nerve, and GSR (Galvanic Skin Response) response were examined. The test was proceeded in the order 
of three stages, that is, sound stimuli (test 1), driving performance, and sound stimuli (test 2), and fragrance stimulus, driving 
performance, and sound stimuli (test 3), and the physiological signal of GSR, HRV was measured in the whole stages. As a result of 
test, comparing the results of before and after auditory stimulus test (1) (p < 0.01), test (2) (p < 0.05), and test (3) (p < 0.01), driving 
performance test (2) (p < 0.01), test (3) (p < 0.01), and olfactory stimulus test (3) (p < 0.05), respectively, GSR response increased, 
showing significant difference in all the tests. It indicates that when auditory stimulus was presented to the subjects, they were 
in the awakening state as sympathetic nervous system got activated. As a result of comparing auditory stimulus while driving 
before and after presenting olfactory stimulus, there was no significant difference in GSR response. The LF/HF ratio of HRV increased, 
showing a significant difference only in test (2) (p < 0.05), and in driving performance test (2) (p < 0.05) in auditory stimulus, 
however, it showed no significant difference in olfactory stimulus. As a result of comparing auditory stimulus while driving before 
and after presenting olfactory stimulus, there was a decrease, showing significant difference (p < 0.05) in LF/HF ratio of HRV. 
That is, it means that the activation of sympathetic nervous system decreased, and that parasympathetic nervous system got activated. 
From these results, it was observed that while driving, the awakening level due to auditory stimulus was settled with olfactory 
stimulus. In conclusion, it was drawn that while driving, olfactory stimulus could have the masking effect on auditory stimulus.
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2. 실험 방법

2.1 피험자

1 20 11
. 26.45±1.04 , 176.36 

±4.05cm, 72.72±1.04kg . 
, Simulator Sickness 

, 
. 24

, 
.

2.2 실험 환경 및 장비

(24±2.1 ), (25~45%)
. ( 70~75db, 30 )
(HP Workstation xw4400)  

, Gom player
. Biopac System Biopac 

MP100 Acqknowledge 
3.8.1 .  

2.3 운전 시뮬레이터

(GSD-300s Gridspace 
Co. Korea)

32 3
/ . 

H ‘ ’ ( , , 
, , , , 
, , , ) (

, , RPM , , , 
) . 

motor driven power steering(MDPS)
. , 

3 (<Figure 1> ).

2.4 청각 자극

 
Movie Maker 30

. (Os-11Onsoku Elec-
tric Inc) 70~75db

. 

2.5 후각 자극

Peppermint

5cm . 

.  

<Figure 1> Graphic Driving Simulator

2.6 데이터 측정

Biopac System MP100 Acqknowledge 
3.8.1 sampling rate 500Hz

. (ECG : electrocardiogram) 
+

, +/- 
CM5 (<Figure 2> ). 

(GSR)
.

<Figure 2> CM5 Inducing Method

2.7 실험 절차

(HRV) LF/HF (GSR)
.

. 

3
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. 

<Figure 3> . (1) 
30

. 10 (2) 3
5 30 . 

(3) 3 . 3
5

. 75~85km .

<Figure 3> Experimental Procedure

2.8 분석 방법

ECG 30 , , 
, Acqknowledge 3.8.1

. LF(0.04~0.15), HF(0.15~ 
0.4)

LF/HF Chart 5
. GSR 15 , , 

, 
 . , , 

.

(%) = - ×100

, , 
spss(ver 12.0) t-test 

.

3. 실험 결과

3.1 피부저항(GSR)

청각 자극

(1)

(0.0) (0.13±0.011) (p < 0.01)
, (2)

(0.00) (0.11± 0.17)
(p < 0.05). (3)

Peppermint
(0.00) (0.06±0.04)

(p < 0.01). (1)~ (3)
(1) (3)

(3)
(<Figure 4> ).

<Figure 4> Comparison of Pre and Post Sound Stimulus 

(GSR) (**p < 0.01, *p < 0.05)

운전 수행

(2) (0.00)
(0.39±0.23)

(p < 0.01). (3) Peppermint 
(0.00) (0.33±0.22)

(p < 0.01). (2), (3)

(<Figure 5> ).

<Figure 5> Comparison of Before and After Presenting 

Fragrance Stimulus while Driving(GSR) (**p<0.01)
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후각 자극 

(3) Peppermint (0.00) Pepper-
mint (0.11±0.13)

(p < 0.05)(<Figure 6> ).

<Figure 6> Comparison of Pre and Post Peppermint Fragrance 

Stimulus(GSR)(*p < 0.05)

3.2 심박 변화율(HRV)

청각 자극

(1)
(0.0) (4.35±6.97)

(p = 0.068) (2)
(0.00) (2.48±3.26)

(p < 0.05). (3)
Peppermint

(0.00) (0.02±0.95)
. (1)~ (3)

(1) (3)
(3)

(2) (3) (p < 0.05)
(3) (<Figure 7> ).

<Figure 7> Comparison of Pre and Post Sound Stimulus 

(LF/HF) (*p < 0.05)

운전 수행

(2) (0.00)
(11.78±17.75)

(p < 0.05). (3) Peppermint 
(0.00) (9.08±15.17)

(2), (3)
(<Figure 8> ).

<Figure 8> Comparison of Before and After Presenting

Fragrance Stimulus while Driving(LF/HF) (*p<0.05)

후각 자극

(3) Peppermint (0.00) Pepper-
mint (1.32±4.91)

(<Figure 9> ).

<Figure 9> Comparison of Pre and Post Peppermint Fragrance 

Stimulus (LF/HF)

4. 결론 및 토의
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