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ABSTRACT

Objective: The current study investigated a non-obtrusive measure for detecting physical fatigue based on the analysis of
formant frequencies of human voice. Background: Fatigue has been considered as a main cause in industrial and traffic
accidents. Therefore, it is critical to detect worker's fatigue for accident prevention. Method: After running exercises on a
treadmill, participants were instructed to read a sentence and their voices were recorded under four different physical fatigue
levels. Korean vowels of "o}", "o]" "Q" "9-" and "o]" from the voice recorded were then used to collect formant 1
frequencies. Results: Results of separate ANOVAs showed a significant main effect of physical fatigue on formant 1
frequency of "©}", "o]", and "©]". Furthermore, post-hoc comparisons revealed that formant 1 frequency of "} was most
sensitive to physical fatigue level employed in this experiment. Conclusion: Formant 1 frequencies of some vowels
significantly decrease as the physical fatigue level increases. Application: Potential application of this study includes the

development of a measure of physical fatigue state that is free from sensor attachment and requires little preparation.
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2. Method

2.1 Participants

d
Al 8 Ads) 224788 W) gk |
gro] Aol Felalgich, 3 BAH= Aol Hel
2 A9} wle e B, g, 194 ol v 41
[e)
=

ERom Ao o gt A FoE st
2.2 Apparatus
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2.3 Praat setup for formant analysis

B AT E SARA T2 g3 IHEES AlLgalo]
EIWE B85 stk weby AR 2ok Wkl 2
HE AAE Azor FE37] Al 3ld 548 73relA
Ak o] IHES F5310L 7 THES gA|of tjst 7]
Eaks Adshs ZHEBurg) & AHEICH A3 AR
H AAZES Figure 13 Z2tF(Boersma and Weenink,
2012; Yang, 2012).

Sound: To Formant (Burg method)

Time step [s]: ‘0.0 (= auto)

Ma. number of formants: ‘ 4

“window length [z): ‘ 0.025

|
|
aximurm formant (Hz): ‘4000 .0 |
|
|

Pre-emphasiz fram (Hz]: ‘ 50

Help | Standards |

sppy | [ oK

Cancel |

Figure 1. Parameter setup display for formant analysis
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Figure 1914 A1ZF2E1(Time step)< ¥HE 7S &
Mg AIZE Ao R V1R ARE o] &t Y=ol
25%8F ZEE stk Ao EHE 4 (Max. number of
formants) & £A8tAL sk EHE JTE AYsHs 2o
2 A4EHETAZ AT Hd EHUE (Maximum
formant) & EWE 7Fritt Hat 1,000HzE 71 C2 AL
3] witel Hol XUE $5 42 A3 A2 2get
=5 4,000(Hz) 2 A =3k Ax-9-do] (Window
length) v 248 34 77k AHYshs 302 7|Egto=
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(Pre—emphasis from)+ 1532 255 A4 3499 A
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2.4 Experimental design
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2.5 Experimental procedure

Agelol] Fost vt FAeEl 1AM

Table 1. Treadmill speed, inclination, and running time for

different fatigue levels

Treadmill speed | Running time Treadmill

. . Inclination

(m/min) (min) (%Grade)

1A _ _ _
FH5D)

2 100.0 10 3.0
3 1333 10 3.0
47 166.6 10 3.0

Table 2. Predicted oxygen uptake and energy expenditure for

different fatigue levels
Oxygen Total energy Energy
uptake expenditure | expenditure/min
(Vmin) (kcal) (min/kcal)
(;5:5@%) 0.245 1225 1.225
26| 1.134 56.70 5.670
3 1.430 71.50 7.150
4¢A| 1.726 86.30 8.630
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3. Results
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3.1 Formant 1 frequency analysis of ""O}"
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Figure 2. Mean formant 1 frequency of "©}" for each physical
fatigue level(Error bars indicate standard deviaton values)

Table 3. Tukey/Kramer's pairwise multiple comparisons for
"o}"(S indicates that means are significantly different)

Mean Diff. Crit. Diff.
1A 2 A 55.648 36.627 S
19A3EA 114.704 36.627 S
1HA4 A 167.671 36.627 S
28 A1/35HA 59.056 36.627 S
25HA| /45 A 112.024 36.627 S
3GAAEA| 52.967 36.627 S

AE FAu 2] he FaII} FoFE 5%
A0 2 YEPITH(Fy0= 26.74, p<.0001). Figure 3
A2 2 dAA e AIEHE Fup4 o] vl
St
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Figure 3. Mean formant 1 frequency of "]" for each physical
fatigue level(Error bars indicate standard deviaton values)

Table 4. Tukey/Kramer's pairwise multiple comparisons for
"o]"(S indicates that means are significantly different)

Mean Diff. Crit. Diff.
1ekAI 2% A 53.484 34.477
1A EA 75.981 34.477
1GA/4SA 110.026 34477
29 A3GA 22.497 34477
2G4 A 56.542 34.477 S
37 4SA 34.045 34477

3.3 Formant 1 frequency analysis of " 2" and "-$-"
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3.4 Formant 1 frequency analysis of "©]"

ro]" g/dell oisk A Ad, SA|T R st Fanrt
FGF 5%lM o3 Ao@ YRy = 4.837,
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A, 2GA/3EA, 29A/4RA, 3SA/4DA) oA = Fre
b 2pol 7 A E A ¢kSkth(Table 5 ).
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Figure 4. Mean formant 1 frequency of "©]" for each physical
fatigue level(Error bars indicate standard deviaton values

Table 5. Tukey/Kramer's pairwise multiple comparisons for
"o]"(S indicates that means are significantly different)

Mean Diff. Crit. Diff.
1<HAI25HA) 23.820 21.727 S
15HA/3 A 15.548 21.727
1A4EA 28.058 21.727 S
2 A BEHA| -8.272 21.727
2 A4S A| 4238 21.727
3CA| /4HA 12.510 21.727
4. Conclusion
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