A2 S4s H5HE M1Z (2013)
pp. 3~10

TA7les o8 AANFY=E FH A% g3 I+
A Validity Study on Measurement of Mental Fatigue Using Speech Technology
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ABSTRACT

This study proposes a method to measure mental fatigue using speech technology, which has not been used in previous

research and is easier than existing complex and difficult methods. It aims at establishing a relationship between the human

voice and mental fatigue based on experiments to measure the influence of mental fatigue on the human voice. Two

monotonous tasks of simple calculation such as finding the sum of three one digit numbers were used to measure the feeling

of monotony and two sets of subjective questionnaires were used to measure mental fatigue. While thirty subjects perform the

experiment, responses to the questionnaire and speech data were collected. Speech features related to speech source and the

vocal tract filter were extracted from the speech data. According to the results, speech parameters deeply related to mental
fatigue are a mean and standard deviation of fundamental frequency, jitter, and shimmer. This study shows that speech

technology is a useful method for measuring mental fatigue.
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Table 3. Speech source parameters
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Table 4. Vocal tract filter parameters
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Figure 1. A subjective questionnaire for Monotonous Task A
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Figure 2. A subjective questionnaire for Monotonous Task B
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Figure 3. A scene of Monotonous Task A
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Table 5. An experimental procedure
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Monotonous Task A
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Figure 5. A scene of Monotonous Task B
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Figure 7. A proposed subjective questionnaire
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Table 6. Mean values of speech parameters for the task A

&4 v2v g R ETE T A
o)z =245 78 1) 730) 923 BAlA 3 A3 A3 F9] FO mean, FO std,
=] . . 77} 0 ?_]
wo 7] AR e 29 Jitter, Shimmer HTak°] <& 7> K
FO mean (Hz) | @& 117) HL 142 145
o Bk A 138 141 F 7. G2AS] BollAe &4 etulE Hagt Wt
e 7 P 57 6.7 Table 7. Mean values of speech parameters for the task B
FO_std SE 117 He 21.1 222 B = AE A | AY %
3 = HSE5A4E 3
o 2 A 20.0 22.0 ol2 (13)) (73))
Jitter (%) 2E N H 0.37 0.29 2L 7 HHF 150 145
@ 1) B | 182 175 FO_mean (Hz) | 9% 1170 B4 | 150 144
25 7N HeE 2.77 1.88 5 2ok o7
Shimmer (%) = 3 B2 W 150 144
o= 10 " | 7.53 7.88 e 7/ HF 6.6 47
FO_std 92 110 BT 22.0 20.0
FO_mean®] % A% Al m)s) AY Fo BAgE] U ® 29 BE | 208 | 195
N G Zolsll 25 7N B 34 2
el Frbshe AEe Byt YA Zkshe e Jitter (%) — L s 0.3 0.28
2D BRRTE Go@ duEdI B 5 YA SRR | 1P | L7
o ol Al o A , B 7N Bt 1.93 1.57
FO mean®] o|F|Z K-S o] HFgto]l AF Zol vls) 49 Shimmer (%) = T
\__T"i’.— 7 j . B .
F7} aslol Aok Aol HATEE We AE S4o| A AR ™ |




alo
0x

=

1o

ors

ro

o=z

I

ol e B

0x

o7

FO_mean®] %73k WslE AW RA, AP e vz A3
o) Fotghol YABA At AE B 5 doh oAl
HFAZANA J27}F B o] S0 FFS vA dFo
PA5E FAo] Ago R Wslsia vty & 4 ok

25 FASGE Aol 7|EFskre] Wl o] HAst
B2 FO stde] HdgtEel ZAador itk Ad A3 Fo std
o AF & agho] A Aol w3 Zaste AL & F A

o,

™

Jitte®} Shimmer®] Z-9-oll= A% M3 Fo| FHgks vl
StlS ol 1 gkol Zadfof gtk Ad A Hfgho] 44
e AL B 5 o] 1 guE BekS W Jitter?t Shimmer
BE o3 gerEHE & grh

S22 BolA FO_mean, FO std, Jitter, Shimmer®] 3§+ 3%

WS AvE A3, Figho] dAsA W ik okde} |

o] oulol g Hgol Walske] ol AeHEEL S}
Bamzste] geaANA frold Weehn B we
A By B S4% vEse] JUBAE 39 F 5
Sl Aol B} olg e A7 Avke vz Bol
A S@A} Yol A 2] A ZE o] TALg)

2 AN mAEo]l YA FEo] v wid, 4

=
% A PAE0] w§ A2H APolgdrhs 203 YA 2

e Ho Foh

>
%)
u
K%Y
o
o

e
i
i
rlo
dlo
ox
N,
[N
o
o
i
i3
dlo
ox
o

Mo
X

r o
N
fljt
e
9
e
N,
do
ot
re
-
ju
N
)
2

)
ol
N
A
D)
e
X,
of
ol
FE
K
i)
X
(V%)
(=}
o,
o
-
oo 1:‘;1'
ox
2
I 2 2
o 0y
in'd

|
frtl
to o
2 o gu B o i

«
X
M
fru
i
M
N
oot
N1
K-
)
[r ozt
e

[o
S

4 2 op
o
ox
o odo o o
8 2 4 [
o_?‘:",
ok

oL U]O

o)

o
2
it
olN
ol
%
iy
Sl

0,
rir
N

sheje)

= ril ile 2 ox —l;r 2 3
e N s
o o
o o = ﬁ H
oo o 2 f
R TR R
C LB Eel
ol - {o
R R R
o g 1E X2 % Y
Lode T X0
< rlr
N -
3
tix @
e (g
NE™ R
) N 2
2 Rt e
> N 2
w oo a5}
2 Bop o ox B
| = m(l)n ofN

%0
rr
(i O.?‘_’,
I
o
u
N
=
lo
ot
I
L
o

2L AYAF T, gr] Y= F=
A& AAIsk] ARbstd=E], o] A
o Bk A g3 wHolE 3ol
T 7 Al dis) 23 AdE E45e] o dx
2}l 43 vzete] FaaA daiAM SH & + 3

oo Mo o X
2
o

rlr
2
g
N
9
pass
rr
N
e
<
T
32
=
a0
B
2
e
>
=2
X
rlr
=)
U
=)
An)

9
o] Bk Wshe A W] oo} 9hA] o+ W3}
& Hof, gx2A As AP APo] oiety dddEn &
244 BE 4 setrelEe] gk M I st W
o] ojme} g WEE Ko, 92} BE 5t $4% I
2oko] AJAAAE FHY vk Eoh Ay 7 24
g ES BT Azl A=ZE debue s Faluzet

|
25 Feo] . Y AR ]9l FO mean, FO std,

k1

ox

N

rin

eI

e

N

o

o

Ju

ot

N

»

jind

o

>
I

ol

N
o oyo

> K

- oo
¥ e X o

o ol S ) oo &

m

2 AP ol EAT olth, ¥ =RNE N2E =
ke el tid Aol AFH vk, BF AolN
9 Ut 92E dukshs mele) 3%k AW Aot

[1] Choi, E. S. and Song, M. S. (2003). Concept analysis :
Fatigue. Journal of Korean Academy of Women's Health
Nursing, Vol. 9, No. 1, 61-69.

(A<, 94 (2003). T2 N B4 AR5 83
A, 938 1%, 61-69.)

[2] Tylee, A. and Gandhi, P. (2005). The importance of somatic
symptoms in depression in primary care. Primary Care
Companion J. Clinic Psychiatry, Vol. 7, 167-176.

[3] Lee, M. S. and Joe, S. H. (2007). Biological aspects of fatigue.
Korean J. Psychosomatic Medicine, Vol. 15, No. 2, 65-72.
(o1&, 253 (2007). M 22| AEsha SH. HAlalA o,
158 2%, 65-72))

[4] Yun, Y. H, Ko, H. W., Kim, D. Y., Lee, C. M. (1999).
Assesment of mental fatigue during monotonous task. Proc.
Autumn Conf. The Korean Society For Emotion & Sensibility,
222-226.

(&89, a3, AeH, o1Fv] (1999). F=22el 2%
A2 Gyt - AYLlsE AR s FAT
o3 =&83, 222-226.)

[5] Kim, S. W., Park, S. J,, Lee, Y. S. (2003). Development of

evaluation method of driver’s fatigue by physiological signal.

iy o



10 YAiciet S0 HM5E Mi1s (2013)

Proc. Spring Conf. KASE, 1208-1212. » 537 (Song, Seungkyu)
(AAE, HAE, o1FA (2003). WEANEE o] 8 A ool BRgagetst
Tel: 04-280-2567 Fax: 042-280-2559
SWe7r Wl uk 9 =2l E] 2AE B = }
9 22F H7F i P eAbEAbEEE EAste T E = Email: sskelub@lycos.cokr
237, 1208-1212.) Bk E71E
[6] Ko, H. W., Yun, Y. H, Kim, D. Y., Lee, C. M. (2000). A it st A

Measurement and assessment of mental fatigue using biosignals « 2% (Kim, Jongyeol)
i=2re]

during monotonous task. Korean Journal of the Science of 3=3)-9) ﬂoq_—,'-% 3} ,] o7r|EATIE
Emotion & Sensibility, Vol. 3, No. 1, 1-6. NHFIA FET FEUE 1672

(1F9, 88F, 258, o] 2000 AYAZE AL Tel: 042-868-9489 Fax: 042-868-9480
Email: ssmed@kiom.re.kr

w2 2] A FAMREe] S Gt =g BABok A A o) 3
3, 398 13, 1-6) A F=reftATd AYATd
[7] Lal, S. K. and Craig, A. (2001). A critical review of the

1

« AF5 (Jang, Junsu)

psychophysiology of driver fatigue. Biological Psychology, Vol. S2etostd 1Y dholour|EATLIE
55, 173-194. g FAT FAU=E 1672
[8] Lin, C. T., Wu, R. C., Jung, T. P., Liang, S. F., Huang, T. Tel: 042-868-9320 Fax: 042-868-9430
o . Email: junsu.jang@kiom.re.kr
Y. (2005). Estimating driving performance based on EEG R A AR PN A i R B
spectrum analysis. EURASIP Journal on Applied Signal A skt 7Y AAdAF+A

Processing, Vol. 19, 3165-3174.

Ok Chulh BB
[9] Kim, S. W. and Park, S. J. (2002). An assessment method of ALE (Kwon, ong) A7}

diAddgtn B EAF8
fatigue in a long-term driving, Proc. Spring. Conf. Korean Tel: 04-280-2555 Fax: 042-280-2559
Management Science, 772-778. Email: chkwon@dju.ac.kr
(A%, qAIRL (2002). AAZE Fa o] T B2 se] Wby g:t]i%;;_; g;;j aﬂ]_ ;Pﬂ%’j—?
Hell B3 AT PR IANE At =ER,
772-778.)
[10] Jeong, O. R. (1994). Speech overall evaluation. Proc. 2
Conf. Korean Society of Spoken Language, 101-109.
(857 (1994). 53527} A28 4 dists) st
3 =&3, 101-109.)
[11] Han, S. M., Kim, S. B, Kim, J. Y., Kwon, C. H. (2011). A
preliminary study on correlation between voice characteristics
and speech features. The Phonetics and Speech Sciences, Vol.
3, No. 4, 8591.

(AT, 27, AT, 44T (011). & 5S4 T4
2 g7te} 578 BEAse| dudA TxAT. daEst 4

st 34 4%, 8591)
[12] Website, http://www.fon.hum.uva.nl/praat/. March 1, 2013.
[13] Website, http://www.kayelemetrics.com. March 1, 2013.
[14] Lee, C. M., Ko, H. W., Yun, Y. H. (2000). The study on
Korean-version-questionnaire  for measurement of mental
fatigue during monotonous task. Proc. Spring Conf. The
Korean Society for Emotion & Sensibility, 195-202.
(o1w], -, FEF (2000). GRAGYA ANARZE £
< A% =0l AEA O A3 AT I=0AA3E] EA
StEtls] =83, 195-202.)



