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Voice tells your body information

NisiMURA RyuicHi*?) IriNo Tosuio!:®

Abstract: When we hear a voice, we will see the person’s body type somehow. In this article, we propose
a method for estimating relative vocal tract length using only vowels. The proposed method consists of pro-
cedures to alleviate spectral deforming effects caused by other factors than the vocal tract length. They are
selection of spectral region for calculating spectral distance, removal of global spectral shape, and smoothing
of excessive details of spectrum. Parameter tuning of the proposed method was conducted by using a speech
database with relevant physical data which consists of Japanese five vowels spoken by 284 male, female and
adolescent talkers ranging from 6 to 56 years old. This simple vowel-based method found to provide better
estimates than our previously proposed method. The proposed method also provides estimates of talkers’
height and weight only from vowels using the relevant physical data stored in the database.

Keywords: VTLN, Voice, vowels, spetral distance

KAwAHARA HiDEKIHD

1. LI

REFEOEG, HEOMA RREICBIT 2 AMICk 2
ORI L, HEEAEZRRS A7 %2 KEC ER
% (1], [2]. MEPEREEOPHEDL WHERE TOEHN
Sazr—2arTlX FNSOWERHRT S E LB,
B2 IC 72 25EE OG A IREICHEIE T 5 2 & 23068 &
%%, ZOE) B AMOBIZ XA T LIEROMAEE L

b AmRILIR A

Wakayama Uniersity, Wakayama 640-8510, Japan
) $130043Qcenter.wakayama-u.ac.jp
b)  nisimura@sys.wakayama-u.ac.jp
) irino@sys.wakayama-u.ac.jp
4 kawahara@sys.wakayama-u.ac.jp

(© 2013 Information Processing Society of Japan

T, FY, WMIERRICK T2 EZFET 2 EHROMIR &~F
HEDTHEAT (3], [4] 2T 5 2 EHKSE. Zok)ic
IR EPikiz i L TR 2 Z L3 TE 5720, ftt
KRAD &I IEDPEPRE C R 28546 TH, VR
BPRES BB ZNZTODTER LIRS B2 TH))
Z, ALHDELTHIRTLIENTELLEZLDTD
5. E5IT, RHDFEEDF D NHE DML 2 # IS HE /)
ZEFLZENTE S, HADKRMGEEEIC X ) INLHS S
N7 HEH O EBROFTFIC Xdu, 5 H DB E i 2
CRFT, ANHNERADOFEE OE IR 2 5 5 AT
DHEGZTE T I TS I EIRINTWS 5], 6], 20
T EE, REEEENOBIGEHICEEFN TV SRS DA



BB SARERS
IPSJ SIG Technical Report

ZT#H2D ELTWBE I EZMRRT 3,

INSOHMRICESE, 22 TRAREDAZ VR
WFEER O EEZRET 2. RET 2 LTI, FHiEk
LEoHEEICHG B 27 P L E LT, FESITL 200
INAKAEL 720 AR 7 PV (TANDEM-STRAIGHT
X B A7 bLadg (7], [8]) #HWTWwS, 9 LTK
DONTEGE o EHIT LD AT P LR KT BB,
REHETIR, FERMUANOERIC X 2 A7 b ILOE
ZBET 27200 3EHOMEEZHVS, 251X, (1)
AT N OVERBERHN 2 1T 95 BB OZER, (2) A<*7
F VO RBINTEIR DAL, (3) AR7 bV DS DT
DFWLTH D, s DN EMAA DY, IFAVER
JEicH 7 5 HARGERRE D7 — 8 RX— 2 [9] % v CAUEE <
TRAY TS B LTk, FOERHEE OEHERE D
0.9% &L 7% 5 Z LRI NT, HOlBERPRL 2 7-OI10H
P9 2 2 L3 TE RV, BEE TV [10] Z Hv 7
oW 1] # K& LM 2 EETH %,

2. HARER

FOERIESGIE, BEEHEWSS AT L EITACH
WHENTWS, UL, A7 PUBIRIE, FERZTT
7% <, AZEPIEEIC X 2 FEEDOMIRZEL [12], FLREIC
£ 2% [13], AHHEFEIZIC X 2\0HW 5 glottal formant
ISk 2 =27 pEMEILX B ORI X 2 I 2 25 5
B XOEMEAIEORIIC X 2 & TDO AR P RO
21t [14], [15], EIERTOEED 3 XouBIRIC L 2% 8D
BHE—F [16] DX ) bR EI N LT 5.
DInf o [11) T, FBEar R & B EMET A >
2 F X =774 NF N7 (ACGCFB) IcEI R E T
L [10] ZHlAGDE S 2 EICKD, IS DIFEERNOY
HrwpgE L, SEtomeFERILIEESEITES 2L
2L 7Tz,

LoL, ZOHETIRMEBNRLE &3R5 5EH5HO
H o OIS 2175 HE23H D, FIFHTE 2 RELLH
BRIz LwHEEH -7, 22T, REEDAZHW
22 ETIOMIBERENET 2 L L bic, TEEE T &R
M7=V 28I ARy bLVERBUCE S A, B
BRI Z ¢, 2 ofho FER HEE I B 2 1%
PR WRICHER T 5 2 & T, 5 CEE R fEEE %
BEsZ ez,

2.1 BFBEHAEESTT—IN—X
ZZTHGBET =y R—21213, BEHEESS2ET 6~
56 1% E TORM, Lt TFELOFHEBNFESI N TS,
BARIIZIE, 6~56 K TOBRMFEE 186 £ L, 6 ~47 %
ECTORMREE 199 4 TH 5. HROINEGRITIZIIERE S
—Favavivi¥eA a7t (DPA-4061) S5
T3, TELRTHARLRKEDOERE T 272012, TH

(© 2013 Information Processing Society of Japan

Vol.2013-MUS-99 No.47
2013/5/12

I X FA) L) F 2 ) 7UHDIAFNTHSHIN
ZHHE TiE "oy Tay Ty TiE) YIS TS n
TWw3, ZOT—FX—ZhD 284 4 (W 146 44, &Ik
138 %) 1213, HAELT TR, BEREHR (FE L(hHE)
DI TR S N TV 5,

3. BEZAVWEERILHEEE

TITIE, BETFHEICOVTHNIT S, ZoRETFEIR
RELFIT3IDOFME (FETV 7L — DR, AX
7 8 VDRGSR AL, AR bV HHEE O FEEER D
BAME) IC X DB ST B, TRRICEHIZ N T 2.

3.1 BETY7L—bDERK

£9, BTV 7L — b 2RI 27DV LE L
REXEZ, GAonlEgmaR»6@ERNT 2, 29 L
TERINEXBND 7 L — LI, SHRZICEE L &
WARY VR Psg(w,t) 4%, 287 —=AX7 bV P(w,t)
DORANTRENS FO CGEARFPEE) BERARIC X1 sk
doN5,

&mm):ﬁaﬁmMMowhﬂﬁ7 (1)
hw) { 1—|21, (Jw| <wo) ’ @)
0, (lw| > wo)

I Tuwy = 2mfo FERMBAETH S, T =AY
PV EGHE T 2 72 ORI, f 4 ORI % 4
T 20IctoREICRESINS. L BEHOEEORRE
T 7L =1 GF) BERE OB — AT b v
LR (W) DAL LTERS NS, JITHRT kL, 364
ERL, BWFveV =1{/a/, i/, Ju/, Je/, [o/} &, B
DO (HHR) 2 E£T.

o _ { L79) (), () oy L0 (0,

LV, M @) )
Lw) = % 3 1010gyq (Ps(w, 1(n) (4)

CIZTCTF BBEDHEE EREDRFICHIGTE 7L —L4D
EBHEERT., BB#F) BEAF OEELL, t(n) 37
L—An DFEIZET,

3.2 ARY MILOFBEEFEIL

PREERI RSN D, FOERIEICE T 2 AR AT T
N DR PR T 2 - D DB E T 72, KA A
A7 PVBROFHL L, R 2RO Th %,
KIFW 7 GBI, FBfmERED 27 b
DRBEENBEENICIEIXaTH 2 &) HEIC
EowTws, REWNEFBREZSELINILART L



BB SARERS
IPSJ SIG Technical Report

PUMW) IET Y 7L — b OMREETH S A< b L
PR () = 10T @/10) s, ATk 5B,

p@k%wx/wwzmﬂAMA

P(v,k) _ —ww

E (w) W 9 (5)
/ we(A\)PYR (W — N)dA

T we(w) BKRBNEARZ FAVBRERD 270D
PR LEIBCTH 5. BIRDERBOIRTS % 2wy = 4r fw
&, 74N>y BB R L D b 2~4 5, Bl
TEDFIEITE WTE, i kBIB L L T raised cosine B4
(1 + cos(mrw/ww)) ZHWVTW 3,

RO CAIRIE, BT k4 BRI L D473
BROGELARY PVIBROLR L, 7 4= PICH
BT 3 —7 DHWIERIBOENIC X 2ELPBRT 2L %
HoTws, EsbEInzA~2 v PPP (W) i, KR
IR Z LD B\ a7z 2227 B oL POR (w) b3S 3,

ww
ﬂMM@/ wea (N)dA
PP (W) = — e ., (6)
L/ wa(A) PR (w0 — X)dA
—ow

I Twn(w) AT FLVORG LM Z D FRS 720
DO LBI%TH 5. PR i 2 BB DIETH %
Quyn = 4nfy &, WHEHD 7 + V2 bR O B R E
WKRET 5. HEEOEEICE WTIE, Fil{bBi%e L ¢
raised cosine BI%L (1 + cos(rw/wy)) ZHWTW3, i
5D PR O EEBDIEI 2 £ T /87 X ¥ (wy and
wy) 1, FEREZEET 2 DICH LN AT ML
PHEEOMHICE 2 5.2 5.

3.3 ANRY MNILEEEtDR/IME
REOMIIZ, T 7L — DAY VR
FA 2 B 03I T h 5. HEEE T, hROJ
PECRHIR 2 TS S, e ISR & AR R B
WIIPER SN 5, 20 S OPERR S N G TIX, R
R FVBPIROZICHN T 2 FEREOHE L D b 2 Dist
DHERI X 2HEDHPRECIDTH 5.

d(k,n;a) = ( L Z Z ‘L%’k)(uhn)*

#(V)#(B) veV wn€B
2) 2 ’ (7)

ccT L%“@pqm%wﬁﬁ@w»,

1
L(U’k) — E L(U’k)
N #(B) N (wm) )

wm€EB

L™ (awm) = LYY + LG

ZZTB= {wL,.,.,wm,...,wH} X, wyp = 27TfL »5
wg = 27 frr DN B0 el b RATRR I LB & 7z
BB O EE 2R, BIEDFETIE, 78— 7

(© 2013 Information Processing Society of Japan

Vol.2013-MUS-99 No.47
2013/5/12

12 24 ARCE T 22 AT w3, RDARY bV
dopin (ks ag.,) & FERMOHEEM ry, = /1, (I & 1,
3k BHOFEE L n BHOFBEOMBEETH 2) 13, KR
WRTIRMEIck ko sn s,

diin(k,n; ag,n) = argmind(k,n; a) | (8)
I THRMEZAT ) 7 DICBES NS 8T A Y ag 13, F
B O MiEEE 2 R IR O i R E R o il
WGBS 2720, AT FVICH D CHEERERY vy
13, ren =1/ap, £ LTRO NS, FHEEREAMN BT
DEFRHWE fr & fr 1E, AR LBEE DR & Mtk
2, REEOBEIELLZ 53729 TH D,

4. HEICRKETD/INTATDRE

RETFHITIE, 4D0D8F A—% fw, fn, fr, fa DPEE
NTn3, FERIOKERZINSG DT X FITRET 2
7o, HEYLMEICRET 2 0ENH 5, FEROEOfEE
M5 e (EBENITIE) AR TH 5720, T I T,
MESATIC X D RO IHEEMEA S Z EITLD, Tho
DERICHET ZRIAIZFET L L. UTD
FIEZ FHWTARY M LIZEDOTHEE I N FER L E
MAETHI LIk, HNWFERED FIHTE2b0L
L CIdRE D) EREISRD 5D, hE, ZOELMEZ
7@l CNETOHE 1] BV THRTW
bDEFELTH 5,

4.1 FERIHLSOHENNEEROMEE

WNEEMT 5 2 L CHBERKDEEIX, B2
COZEERFAT S E, HNWARFEEREZ, DT O —
RIEBRDEP S KD B Z EWTES,

FOEREZ RBEL 2 b 022 TR bDE, X7
Fvr &%, F=FR=RZPEFHEIN TV EEFEEDFE
Ex (B2 11Ck 2 X H12) IERAUL L REZs L 7
bR D%, RZFMVIETE, ZDEIHIC
ERT DL, WNICRTERTIIH 252 LickD,
rERADLIICETNMLTEIENTES, hE, &
% 1 & T 3 IERLEMEE, H oREITELTnish
T3,

r=Hl+n, 9)
ZIT, nZEIREGEEAERT, R ML, I BXY, #ik
751 H 13, BARMICIZXNIckhEEI NS,
r = [log(r12),log (r1,3),-..,log (1% ),
. log(ryn_1), 0" (10)
= [log (ly),log (I2) .. .,log (In)]" (11)



BB SARERS
IPSJ SIG Technical Report

1 (m=k)
{H}ppn = -1 (n=0p) (12)
0 (m#K)nAD
p & kiE {r},=log(rypy) KX%5,
Hlg = [1.1,...,1], (EBULSAS), (13)

CITNIEHEEDHEERL, {H}pn E HDOmiTndl
DEFELRT., £, H|,y & H ORFITEERT. /D
FITRMF T 205, MR FOERE OB OEDEUE [, A3k
b5,

= (H'H)'H'R (14)
I, = exp ({i}k> , (15)

::T{@km&7bwi®kﬁﬁwﬁi%ﬁﬁ.

4.2 AR NVICED K HEDOTHERE

M 2R & 1), & 1, OEOEDERUEE FVT, HoD
BHOMEDERUME 7y, = I /I, ZEET 2. ZOELMEE Z
R P ED K FEREILOHEEME D 2D 3 FEE % =
BRIEOBEERASICE DIERMLZ D E LT, A2k
WA HES  HEE DA 22 S n(fu, v, fr, fu) % 5E
#7535,

n(fw, fn, fr, fu) =
Do D Irkn(fws fno oo fu) = Frp (Fws s fro fr)|?

keSpe(S—{kh

S>> )flc,p(mevafL»fH)_rA(fW»fN7fL7fH)2

keSpe(S—{k})
*(fw, fn, fL, fu) =

1
NN — 1) ’ b b 17
NN =1) %peg—:{k}fk’p(fw I fueJi) 4o

(16)

ZCTRADRPTIDEHEICT I D3, AT P ILITHS K
HEEME vy, &, PR X DR D ZHEENE 7, 23, VERBICHY
BEHZ L7 X 9OBBTHL I LERTRDIL, Zh
50T XY D (fw, v, fr, fa) ZRAFCHR L2, 8
5 SEEEHERTRTOEAETHD, S—{k} 3Lk HFHD
MEEROERFOESTH S,

4.3 ANRYI MVICEDCHETEEDHE

AT P IATHED CHEETD AR FVEREED IR/
DFEZ . Matlab D IR i # L% fminsearch 2 &
EFN T 5 simplex ¥ [17] Z Hl v, #I1EEMAEZ 1073 &
LCHEELL BET—FX—2Az2 A Piabicli,
fw = 2000 Hz, fy = 600 Hz, f;, = 400 Hz, fg = 3500 Hz
ELZEERTRDROIERIBF N, DT X5 D
AEbEE AV L EOREIEFHIE n DfElx, 0.12 T
Hote, T, ZOLEDARY MLVIZHD FERELLD
BEHESR 1T, 0.0088 TH o7z, T OFEEREIL, FHfilc H
W BRI Z 505, DARNICERE L 7 )51k [11] oD

(© 2013 Information Processing Society of Japan

Vol.2013-MUS-99 No.47
2013/5/12

boundary:400 3500 normalize:2000 600 scatter plot seed:5

-
(2]

estimated VTL ratio
o a4 a4 a4 a4
© 4 LN o w W
T - > : ; T

o
©
.

o
3
;

0.8 1 1.2 1.4 1.6
reference VTL ratio

1 Scatter plot of the regression-based VTL ratio (horizontal
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B 3 Relation between speakers’ age and their height (top plot)
and relation between speakers’ age and their weight (bot-
tom plot).(from [18])
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4 Relation between speakers’ age and their estimated rel-
ative vocal tract lengths (top plot) and relation between
speakers’ age and their average fundamental frequencies
(bottom plot).(from [18])

# 1 Summary of linear regression analysis for hight.(from [18])
height (cm)

VTL intercept std. error
male  178.905 -34.646 7.614
female  208.78 -48.64 8.949

& 2 Summary of linear regression analysis for weight.

(from [18])
weight (kg)
VTL intercept std. error
male  146.653  -106.837 9.292
female 178.16 -125.80 7.773
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5 Relation between the estimated relative vocal tract length
and the speakers’ height (top plot) and relation between
the estimated relative vocal tract length and the speak-
ers’ weight (bottom plot). Lines in the plots represent the

linear regression results.(from [18])
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