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Sensory Evaluation of Road Noise with Organic Reaction using Brain Waves
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ABSTRACT

A method for direct measurement of organic reactions
(brain waves) was used to evaluate interior road noise.
This was used in addition to the conventional, indirect
method of descriptive sensory evaluation. The results
showed that the annoyance factors in perception of
sample sounds that included road noise could be divided
into an active pleasant-unpleasant factor and a passive
comfort-discomfort factor. The use of brain wave
measurement for the passive comfort factor demonstrated
the possibility of obtaining objective descriptions that are
statistically significant.
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Fig. 1 Contribution of brain wave data for each
emotion factor
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Z1=C11Y1+C12Y2+ - - - -« + C1,135Y135+ D1
Z2=C21Y1+C22Y2+ - - - - - + C2,135Y135+ D2
Z3=C3,1Y1 +C32Y2+ - - - - - + C3,135Y135+ D3
Z4=C41Y1+C42Y2+ - - - - - + C4,135Y135+ D4
Z=CxY+D

Y1~Y135: cross-correlation coefficients
between potentials of two electrodes

Z1:anger Z2:sadness Z3:joy Za:relaxation
parameters indicating emotional levels (Z: emotion vector)

C1,1~C4,135: coefficients (C: emotion matrix)

D1 ~ D4: constants (D: constant matrix)

Fig. 2 Calculation method to derive emotion factors
from brain wave data
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Fig. 3 Variations of emotion spectra for continuing noises

Table 1 Average emotion spectra during one term for each subject

Color of number shows consistency of order between states of eyes opened or closed;

Agree perfectly, Agree partly, Disagree

Ranking of average emotion spectra Ranking of average emotion spectra

Sub.S1 Eyes opened Eyes closed Sub.S3 Eyes opened Eyes closed
a b c a b c a b c a b c
N1i/anger| 2 1 3 1 2 3 N1i/anger| 2 3 1 1 3 2
P1/joy 1 3 2 1 3 2 P1/joy 3 1 2 3 1 2
N2/sad 1 2 3 2 3 1 N2/sad 3 1 2 3 2 1
R/relax 3 2 1 2 1 3 R/relax 1 3 2 1 3 2

Sub.S52 Eyes opened Eyes closed Sub.S4 Eyes opened Eyes closed
a b c a b c a b c a b c
N1/anger 2 1 3 1 2 |N1/anger| 3 1 2 1 3 2
P1/joy 1 2 3 1 3 2 |Ptjjoy 2 1 3 2 1 3
N2/sad 1 3 3 1 2 N2/sad 2 3 1 2 3 1
R/relax 1 3 1 3 2 R/relax 1 2 3 3 1 2
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gboboooooobobobobobobooboooboo
gboobobooooogo

0 18301



Honda R&D

Technical Review Vol.14 No.2 (October 2002)

3.2.0000

gboboobobooooooooboooooooooon
gboboooooboobobobobooboboooboooo
0000000000000 Table20 00000 1500
gooooooobobooobooog sboooooooog
gboboooooboobobobobooboobooobooon
goooooobobooobsooooooboooooog

Table 3 Condition of sensory evaluation
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Fig. 6 Principal component score for each sample noise; horizontal: principal component 1,
vertical: principal component 2
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Fig. 7 Comparison between conventional results and results from brain wave measurement
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Fig. 8 Differences between active pleasant and passive comfort
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Table 5 Significant difference of emotion spectra
for sample noises sxexpresses 1%

reliable
Emotion spectrum Significant difference

N1 Anger -
P1 Joy *ok
N2 Sadness *x
R Relaxation *k
a band power percentile *k
PCA Awakening Fok
N1+P1 -
N2+R —
N1+N2 *k
P1+R *x
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Fig. 10 Emotion spectra of sample noises
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Fig. 11 Factor score of sample noises
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