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Correlation between Physical Fatigue and Speech Signals
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ABSTRACT

This paper deals with the correlation between physical fatigue and speech signals. A treadmill task to increase fatigue and

a set of subjective questionnaire for rating tiredness were designed. The results from the questionnaire and the collected

bio-signals showed that the designed task imposes physical fatigue. The t-test for two-related-samples between the speech

signals and fatigue showed that the parameters statistically significant to fatigue are fundamental frequency, first and second

formant frequencies, long term average spectral slope, smoothed pitch perturbation quotient, relative average perturbation,

pitch perturbation quotient, cepstral peak prominence, and harmonics to noise ratio. According to the experimental results, it

is shown that mouth is opened small and voice is changed to be breathy as the physical fatigue accumulates.
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Figure 1. A scene for imposing physical fatigue
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Table 1. Levels for imposing physical fatigue

£5 (HE/D) AZE (B)
1 24 100.0 10
2 &A 116.7 10
3 @A 133.3 10
4 A 150.0 10
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Figure 2. A subjective questionnaire for evaluating
physical fatigue
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Table 2. An experimental procedure for measuring
physical fatigue
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Table 3. Results of subjective questionnaire responses
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Figure 3. A graph of subjective questionnaire responses
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Table 4. Results of paired samples t-test of bio-signals

pair 1 pair 2
2 A Hloly WA PR(1) SKT(1)
84.53 31.01
5 ¥ PR(5) SKT(5)
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9 e 130.80 33.99
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tlole Bz 2ol
PR(5) SKT(5)
Aele] # -46.27 2.98
A 17.56 333
BT FF24 321 061
215 ElEly -52.82 422
T A5 3971 174
eEE (¥5) 0.000 0.000
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Table 5. Results of paired samples t-test for vowel 'a’

pair 3 pair 4 pair 5
2] 2 dlolH FO(1) F1(1) F2(1)
Bt 121.79 615.55 1092.82
2ty & HolH FO(5) F1(5) F2(5)
Bt 127.97 583.82 1043.05
tlole H+gk FO(1) - F1(1) - F2(1) -
2}o) FO(5) F1(5) F2(5)
ztole] Hit -6.17 31.73 49.77
wZAA 12.20 63.92 82.33
Eiﬂ-&o
e o“]_ 2.27 13.63 17.55
dL ]’
A a3t -10.82 3.39 1327
T | A% -1.53 60.07 86.28
FEE (¥ 0.011 0.030 0.010
pair 6 pair 7 pair 8
2ty A dol® | LATS(1) HI-H2(1) sPPQ(1)
e -18.31 3.08 0.65
2] & flolg | LTAS() HI1-H2(5) sPPQ(5)
B -19.29 3.92 0.79
<4 dlolH LTAS(1) - | HI-H2(1) - | sPPQ(1) -
Bk zkol LTAS(5) HI-H2(5) sPPQ(5)
pol o] Ht 0.98 -0.85 -0.15
EEAA 228 1.72 0.36
H1+o
Bx0 0.42 0.37 0.07
A s 0.11 -1.61 -0.28
T | A 1.84 -0.08 -0.01
TgE (4% 0.029 0.031 0.037
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Table 6. Results of paired samples t-test for a short sentence

pair 9 pair 10 pair 11

2k # dolE FO(1) CPP(1) HNRO5(1)
H 120.69 28.04 39.61

219} = o FO(5) CPP(5) HNRO5(5)
Bt 126.72 21.71 2343

tlol8 B+ gk FO(1) - CPP(1) - | HNRO5(1)-

2}o] FO(5) CPP(5) HNRO5(5)
atol o] P+t -6.03 6.33 16.18
EFHxat 7.37 2.82 7.73
Hoo|wmFEL At 1.37 0.60 1.65
A Eisis -8.84 5.07 12.76
T3 | AR -3.23 7.58 19.61
& (¥ 0.000 0.000 0.000




pair 12 pair 13 pair 14
2k A ®lel® | HNRIS(1) | HNR25(1) | HNR35(1)
B 37.99 44.13 41.81
2} & wlo]E] | HNRI5(5) | HNR25(5) | HNR35(5)
B+t 32.89 37.09 37.75
tlolE] gk | HNRI5(1)- | HNR25(1)- | HNR35(1)-
Zo] HNRI5(5) | HNR25(5) | HNR35(5)
ztol o] W4t 5.10 7.04 5.06
EEAA 597 6.01 5.62
HHoEF=o At 1.27 1.28 1.20
e 33k 245 438 2.57
T3 | A 7.75 9.71 7.55
FogE (45 0.001 0.000 0.000

729 =4 dHolH HexE 44 A3
Table 7. Results of paired samples t-test for a paragraph

pair 15 pair 16 pair 17
2k # "oy FO(1) RAP(1) PPQ(1)
t 122.72 1.05 1.35
2y & HolH FO(5) RAP(S) PPQ(5)
it 127.55 1.22 1.54
tlolE] E+gk FO(1) - RAP(1) - PPQ(1) -
Aol FO(5) RAP(5) PPQ(5)
B -4.83 0.17 -0.19
E&AA 7.61 0.38 0.44
HHEEo At 1.41 0.07 0.08
A1) sk 172 -0.31 -0.36
TR | AR -1.93 -0.02 -0.03
FAEE (¥ 0.002 0.025 0.025
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