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Analysis of timbre changes caused by expressing fatigue speech
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Abstract To examine whether speech can be used as a biomarker for human fatigue, we recorded both usual
speech and speech by acting fatigue and analyzed them. Five men and women uttered five short sentences including
five Japanese vowels respectively. Recorded speech was analyzed by using acoustic features related to timbre (spec-
tral centroid, spectral tilt, aperiodicity at 3 kHz, the first and the second formant frequencies). We compared these
features in usual speech with that features in acted speech by calculating change ratio. As a result of comparison,
spectral centroid tends to decrease, and the aperiodicity tends to increase by acting fatigue.
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TR UG O 24T, MAEREEEL & (3], ART

SHEERET R & h 5 R BB TR A N L AREREL, D
HBIRHE E T —ADDH 5. P 2T EOBET, AV X
WANVAT TIZID A TWBFHEFMOEEIL, L TWa5.
HEFPMSEAETE BT 2 BWAL, MA, A VAZEU 55
BEOEES LR EBATVWE 1], ZOLSRH1S, BifE,
FEHPA RV ADT TIZHT B0 EE>TWD. BlE, H
BOA NV AR & ERNICEHMET 2 Hke LT, BRAEL
5RO &S HEMBADEENBITF SN DS 2. —7K, BRI
DEEIE, FEE~NORMZET 525, THHLREZICIZREES
WD ZENTRINDG. T I TAMETIE, JEHl, 2O
BN F AT RE R G FEE S8 5, ABOEIEICHET

3, B 5 R DREH T & BRI - L, ke
TR R AT S . RN IR & EAAREE L ol e
KRN L B 2 L SIS W TV 5 [4]. AR THNITE
e RS B AT R ETH B, N OBREPIEIC S
SHMEND B 2 L R IR, DI RE LT %
W RN AT S . RN S KRB BT % B
MR HEE L, SR ST B 7 b OB & C B ST
P D 5.

ARITIE, 52 I BV TARBIEOMES 1 % B & it
RT3 E T, ARTH o 7 BRI OISR,
IR e S BRI T B RO VTR 5.
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4 BT, @HES LRI EBE OB E 1T S FIRE T O
Remd. HoHETHmzEN5.

2. BEMREFFEDOMED F

WHEEEHAIIRZ T 2-00FEL LT, AMGHIIZ
o THRLNEEEEBEEZHWS FENZIFSNG., ERi%k
FlE LT, MEERIL, TOILFY—VREEZ#HREZ
ETREA NV AIHT B RIBOFHIVAEETH Y, B L
L ZUZDWTIE ANV R A A )V A O FEMAL R IS AN 55 12 R
TEHIEWRBEINTWS [5],[6]. —F, ThoDFEIXER
EIRIMUAEZTOLELND 720, FHDOBIZ AR O
ZHEL, MEXY bOEBHWRIEAIZ I A N9 5.

SEEDOFFIEHMOKBIZ LD, FREORKBNEUNDRE
WERBT DMAENLMESINTVS. #BLA, B, &Y
Lo T BRI 0 R D DR A 7], [8] Wb B A A, SHE
HE2A ML AR & S - MR EER DB OWT
OMETHITbNT WD, WA 5 I1E, 3FEHEHOXEDO KGRI L
T, WRERE D L IFER 2 S, TNTNOHKEIT-
7-. 7z, VDT (Visual Display Terminal) {E3£% 1T 5 Rif& D
HA % 3HEEOXFIZDOWTINGRL, &7 -572[9]. fEE,
TR LHEINZGEP, ARESAZBOBTHEIIDOVTI,
IR — Xk R, BRI S o AN T A —&
WET AP RBI NI, £72, Krajewski 51, &M
MEHR % & & W CHIE % Rz 0, IRRICEET 2 58 EE
DFRE, B L DRKAD 2 HHEFM % T o 72, F5R, K
A& RTHEE L HNR (Harmonics-to-noise ratio) & &4 5 D
OHFHRHREIIMOREREIZIRTEHVHEREASND 20D
FEERME 5 N7z [10].

FD—J, FEHOREUZE L THRE L 25637200, S
SiF, BIERMICHVWS /D, HARBIEEET 2 AR
AT S BE OGS T — A R—ADIEE T 72, F&
FEG AR L, FEEOREXET & HE T 5 FREHIER %
To7=MER, HEEFEEEH NS 2 RIEOMREMEIL 5% % F
[>Tz [11]. FEHEZ L > TAMDOEHEICEHAEL B L
WET e, HHWMEHHUZEHEE2RET S ETHETH
2IeNEZOND. IIT, SHEEEEEKREZEE LTHY
20 ThIE, FEINREN & BRORIEL U T DR % itk
CEAITERTNIER S0, JEIICEE L TR ERET fE
REBREBENED XIS BEDOPEHLPIZLTEL Z LI,
FIRDRE L UT DT %2 BN T 2B MR TH L LH
AobNb.

T I CTARMTIE, HAGES BEEZZNENEL 5 DOMBEX
%, EEOREE LY R L THRTE L 2B E TOSEKME
DA T o7z, BEEHBPARICEZ5HE L WD S TIEW
SR TVARVWENE V. KFTIZ & 5T, EHFIIHLT
AN LB BRI RE R NS A — R ZH ST B L 2H
MEg 5.
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PITHIZ & 5 H B ME~NDORELRNET 572012, BL

K1 HHEINEROBRET & NGk

Table 1 Recording condition and sentences used in the evaluation

FEahBRBE B 2
Bh L~ 18 dB (A-weighted SPL)
EG2-PCX2, M80
F2a= 1% (Glottal Enterprises, Inc.)
PR 44.1 kHz / 32 bit
ol TRl T5—A]
FEEE (Z—o&] IBs] OFf 5 HH
FEhH 20 fRETED BN 3 £

BEHDHKFEHEIZE D 5 HEOMHMX DKL, @HK
W HE UKD 2@ 0 IZDOWTENF NG, SN %
fiofe. KBTI, EHOIGNA LIERAE, WL ER
2O FERMEEZIIHT 2 HECOWTHHET 3.
3.1 HFETDXEE ZDOINGREMN
AR THWZEHRONERGM 2R 1 ITRT. B& 5 4
SR B RFE, REGEZFFEE & Uiz, FEEITH WX,
HAGE 5 52 NThED, HENIZRS KT SN LEX
SNBMHMEX 5 M TH 5. FKIFEHFEXEIZOWT, #@FED
RETOFEEZ 5 [, WIREZ L /IREBTOREE% 5 [,
G 10 MOFEEEIT D . FEEE I, B EHKET 2 BOKE
MZRRBUZ DV T ENETNGHHL, SHL 2R TF2EEL T
HiEETDHEDTRBLZ. —fle LT, “b—" &\ FKE
WIZHUTE, HEPEOS oI LIZEABEERT LRI Y M A—
Y a VTHG LD IER Uz, SR 72 & SO L FETRE A
SBWUNDOEETHS. £/, FKiFHKORNEHEEL TS Z
Ems, SRIZEDTM VMR =Y a iz oWT, FEEEHOE
NEEZDHDEENHITEELERIONE. £z, EXFIE5D
DR EE2ZFNEFNXTEIZED 20, FEYWHEIT & 2 5 8mHE
NOHEIIBI S, BEIIRT HRFEOS A WIS 5.
3.2 BERHEOHEFE
UGk P DT IFIRDFNETIT o 72, £9, kS hi 5 HE
MOFT%, GTERIBENEN, /a/, i/, /u/, [e/, [0/, &
RAEESITEFEMB L. L8R %E, SHESERY
AT WORLD [12] & ZEMTY 7 b Praat & FH\CHETL
2. BEFEBE2 16 kHz XX VSTV U rL, SFEES
D7 L =L T DARYZ MVEK, 3 kHz OJEBEERD 12
B BIEFAWIMEEE DAC13) i k> THET 5. JEAMMK
B, AOPTHEEERTNIA—XRTHD. 7z, AN
2 MVERKD 1 kHz 55 8 kHz £ CICR/N_REZHEHT 3
HTARY MVERIZEH Uz, AR MVIEERNE, FOM
ERINIA—ZTHB[14]. LT, ARZ MLEKD 0 Hz
75 8 kHz £ TOHEMZ, & (1) ZHWTARZ MLEDL[15]
ERHT 3.
_ Xio @kl Xn(wr)] W
P ico [ Xn(wr)]
ZIZT, CplE, TFDOnBHOKRM 7 L—LIZBIT5, AR
I MVELEFRT. NI, 8kHz #i8 LRdHEEANK 7 L —
LEFRT. | Xo ()| En BHOKMZ L —21280 5, K
w DT —=%RLTWD, 72, Praat ZFHWT, 1 740
< AR (F1) &5 2 740~ v AR (F2) 2 2hEh

Ch
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Fig.1 Procedure in calculating acoustic features
FHU7Z, 7A0wy ML, FEOBRIZE > TEE D AR

PLERg EOY—2TH B, Fl, F2 3ZNENHOME, &
DIRIZ L > TRELS LT D2HEIRBEINT WS [16].

B 112, 1 EOFEFITNT 2 SR EROME k2R, X
T, BHFHCEENL CHORE OB - B TI2 T V&S
T2, IRV UITINEKBEON, gD 50%0D KFEIZ L
T, MIROXFHMEE 7 L —28ICEEL, REAROEYE%Z
FHT 5. ZOMBIZ X 5T, 1 EORKFHITH LU CERERD
1292/ NE. FoNIAREEZFGFERE S FIZDNT
WIS B Z & T, EWDOFERE, TR U HFEORREEIT
DWTEREENEOND.

4. FRITRER - BE

AREETIE, il U7 S8R s ORI O HIE %2 SiE L
WHOFGRIC LT, EYERFEELRKHEOSERBEN N
LSBT D EBRAS, FLUT, HERILOELRERT

4.1 MENEROFEHER

TH D FGE LY B U KRR B B AR O ik
FEIZOWTHHET S, 7, %5&@&5 F1, F2, A~ hVE
L, ARZ MUVEROIEIZIE, X (2) ZfWVWk. 22T

Cr = E(Xact)/E(Xpiain), (2)
E(Xplain), E(Xact) 1%, BIR O TR O Nz, 72 HHEL
U 7= HEGG B OFRERORMEE2 TN TR L TWaS. £
LT, NETHS 3 kHz FOIEFAMMEREIZEL T, MoK
(3) &7z,

CT - E(Xact) - E(Xplain)7 (3)

X B)ICE->T, HBIZBWTEERE AKOEAREZFH T
5. ZOERNITE-T, BERFOHKIEIIHN LT, HEIT2#EET
5222k THUZEEREROZ{DEEEZHHT 2HN
ks, Rz, 740~y MEBKBIZEL TRFEERIZLSS
REDNFHET DD, ZRE RS Z L THROMIMIR T + )L
RV MNHEBOEERGETELEERZLOND.

4.2 MR

X 2,3, 412, SR %2757 5 DOREED > 5, F1, A
A7 MVEDL, 3 kHz OIHFFYMIBEOMMIERE RS, 75
T ORI, FUTIRERICBT S, I & 5 E
DFEEED & DEALRIZIT 2 EH L 2 D BREH X %2 RS
FEB TR -7z Fl, AR MVEMMIBE LTI, 1 THHh Wm
S, 1 XD RETNIREITEBEI Ko THEM, 1 X/
FUPEFERHIZCE > TE TR T2 2 WO HAEZRLTWS., 5

Change ratio of F1

0.5 1 1.5
/a/ (man) | - 10.96 (0.92,1)
/a/ (woman) | —— 10.99 (0.89,1.09)
/i/ (man) — 10.97 (0.85,1.09)
/il (woman) —— 10.96 (0.86,1.06)
/u/ (man) [ — 11.05 (0.96,1.14)
/u/ (woman) | —_—— 10.95 (0.75,1.15)
/e/ (man) | —— 11.02(0.89,1.15)
/e/ (woman) | —— 10.95 (0.86,1.04)
/o/(man) —— 11.01 (0.92,1.1)
/o/(woman) r —— 10.94 (0.84,1.04)
all ‘ | ] 0.96 (0.91,1.01)

2 B, MEOZEE. &0y MEFEEE Z D 95%E K H

E2RT. BRAMERIER S N7,
Fig.2 Change ratio of the F1 in each vowel and gender. Each plot

shows average and 95% confidence interval. We couldn’t

confirm significant tendency.

Change ratio of spectral centroid

0.5 1 1.5
/a/ (man) | — 10.75 (0.51,0.99)
/a/ (woman) | —— 10.87 (0.7,1.04)
/i/ (man) — 10.69 (0.48,0.9)
/i/ (woman) —— 10.63 (0.45,0.81)
/u/ (man) [ —— 10.78 (0.66,0.9)
/u/ (woman) —— 10.77 (0.62,0.92)
/e/ (man) [ _—— 10.86 (0.45,1.27)
/e/ (woman) | —e— 10.82 (0.72,0.92)
/o/(man) — 10.88 (0.62,1.14)
/o/(woman) [ —— 10.85 (0.71,0.99)
all ™ 10.77 (0.72,0.82)

X 3 #3F, WHEOART MVELOBLER, 2K U TARY dL
EMIRAMERNIZ H B L\ D BARER X Nz,

Fig.3 Change ratio of the spectral centroid corresponding to each
vowel and gender. We confirmed that the spectral centroid

tended to decrease by acting.
BoCHoo 7RISR L TiE, 0 THIIEZEA L, 0
KO REFNIPEFFEEIC I > THMT 22 WS HAERLT
W5, K7z, MRS EMEANZBIT S T NV ERL T
5. mFRIZH S all 1, M, BEZERLZNEERDOMER
TH5. LT, HEHIZZEARDOTIEE, T D 95%EM
XEOHFEZBHEE L TRLTWS
B2&b, F1 O mfuta,ﬁﬁﬁkﬁ#bb?QWK
LT1IUTFTHLIVARTRBVEIERSI N, £/, K3
X0, B e/, o/ IB B BMRTE, [ /a/ o BV B4l
%ﬁ%V% AR MOVEDMIEITEEIZ & o TR T 9 B[
REINFz. M4 RT I, FRMMEEC L 2SO
%ﬁi,%ﬁ%%i%’ LEFPRELROoNDEN, ke
U TR & 5 MR S 0z, AR Tl o#E L
BB U7, AT PIVERL, F2 1200 TR 12 & 5 44L
ROMBAEP KRS, BRGMEAL Ronkr o7
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Change ratio of aperiodicity (3k)
4 2 0 2 4 6

/a/ (man) [ 6.54 (-0.56,13.64)
/a/ (woman) [ 08— 10.07 (-3.18,3.32)
/i/ (man) 2.42 (-2.65,7.49)
—_—

/i/ (woman) | 10.55 (-2.51,3.61)

/u/ (man) —=—5.94 (-1.17,13.05)
/u/ (woman) ——— 12.77 (-0.82,6.36)

/e/ (man) [ 3.93 (-2.84,10.7)
/e/ (woman) ——— 12.03(-1.81,5.87)

/o/(man) [ 12.19 (-1.78,6.16)

/o/(woman) F————————1

1-1.2 (-5.86,3.46)
12.45 (1.32,3.58)

all b —

4 B, WEAEO 3 kHz 281 B IEAMEEEOZ R, I
MEREOZIXIES DEBRE WD, 2AROMEM & LTI hE

M 5 HDPHER I N7z,
Fig.4 Change ratio of the aperiodicity in 3 kHz corresponding
to each vowel and gender. The aperiodicity tends to in-
crease by calculating the whole result, while the individual

differences are large.
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SEMET L7z 5 DORBED S H, AT MVENE, FHO
B2 X IZHET 585 A =X TH B [15]. Lizhi> THFEHIL,
P E TR U BRSO B X IR R M TS T A2 HEAR
MBI Nz, £7z, FLIFEMEL LIEHEIZAHGLTWEH, |
DENZ D D HEPHENE NS, BITHERICBWT, EHDZE1L
B AL LT, RO FIZAE S FHEEE D BRI D2
{bDSEEDEEREE 2L S, T4V~ NEEBEET X
BEZENRBEINTNS[10]. DS B, F1IXFHOFIZH
HEBLEbNTWS, fo>T, FHORMEREDEIZD -7
hY, FOEEEDIRAEZ ¥ DML E T X B S EREE O BIED
sk tn o 2 ATREMEASE 2 S 5. FEEIIMERREICEI L T,
FEHEHEOWBIIDOWT, RORMNREI L5 hKF%2T 5
FEEDP R SN0, TOHENPREVWEZEZOND.
ANEE, R Lo THFEFOTMELEET DI LA WEETH
5. BHOHEE D o LBDOMEMDED S o, FED
W ERBEUAT2TIE, HAKL YO, BWEtzrad
ZERERMT BRI RBI N, SR, DRI
T EBEFHIERIC L D, ARSI NDHEIE & EHERONG
B A ET 21T .

5. 8 b Y IC
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UZzFdh a2 oMt U, 7B K2 S5 0ICBd 2 S8R EED
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Lo TITONZLDTHo72D02RETHENLETH 5.
E72, SN T 2 BE TR S AR E B L To
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TEHOGERMEELFEL, EHZN - DEZNCERTIIL
DHEE 72 5.
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