o000 OO0ooooooo oooo
THE INSTITUTE OF ELECTRONICS, TECHNICAL REPORT OF IEICE.
INFORMATION AND COMMUNICATION ENGINEERS

Jodbouoooooboobououobooboood

oo oof 00 Of 00 of oo oof oOo oot

+100000000000000000 O277-088200000000 5-1-5
1TO0000000000000000O O 113-0033 00000000 7-3-1

E-mail: {dsk_saito,matsuura,asakawa,mine,hirose } @gavo.t.u-tokyo.ac.jp

ugbodb OoobOobooboooboobOobOobooooobOobOobobOOoOobOOobOOobOoboOoOooOobOOobOobn
gbobooboobOobobotbobo nobO0oO0OO0OO0OO0OO0OOODOOOOOODOODODOOOOOODOOOOOOnOO
0000o0o0U00o0O0ooO000o0oOo0oOOo0o0OOO0O0DoOoOoUoOOUD (VILN)OODOOUODOoOoOoooo
oooooOovVILNDOOOOODOOoOoooOoooooobooooooboooooooooooobooooooDo
00o0o0ddde=Ac0000000O0O0OCCOOOOOOOO0O0O0 AODOOOOOODODOODOOOCODOODOO
gboobooobooboooobobo nob0oOoOoO0obOO0ObOOO0OOODOO0ODbOOODOODOODbOOOOODODbOOOnOO
oboobooobooooooboboooboboooboboboobooboobDobob oo DoDbDOoboboooo
oboooboooboooobbo 1 8oem OO0 120em0b0ogoooobooobbOO0obDOOoDOoOoDOooDOon
gbooooooobooboobooobooboboooooooboobooboooobDoboboooooDobOobooo
oboooooobooooooDo

ooooobo boooooboobo,0b00o0ob0o,0bo0o000,0000,000

A study of geometric dependency of cepstrum on vocal tract length
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Abstract In this paper, we theoretically and experimentally prove that the direction of cepstrum vectors strongly
depends on vocal tract length and that this dependency is represented as rotation in the n dimensional cepstrum
space. In speech recognition studies, vocal tract length normalization (VTLN) techniques are widely used to cancel
age- and gender-differences. In VTLN, a frequency warping is often carried out and it can be implemented as
a linear transformation in a cepstrum space; ¢ = Ac. However, the geometric properties of this transformation
matrix A have not been well discussed. In this study, its properties are made clear using n dimensional geometry
and it is shown that the matrix rotates any cepstrum vector similarly and apparently. Experimental results using
resynthesized speech demonstrate that cepstrum vectors extracted from a speaker of 180 [cm] in height and those
from another speaker of 120 [cm] in height are reasonably orthogonal. This result clarifies one of the reasons why
children’s speech is very difficult for conventional speech recognizers to deal with adequately.
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Fig.1 Examples of frequency warping functions for different val-

ues of a.
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Fig.2 Effects of transformations of 7', R, and O for a = 0.2.
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Fig.3 Vector filed given by Equation (12) for oo = 0.2.
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Fig.4 Rotation of two cepstrum vectors and their A vector.
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Table 1 Acoustic conditions.
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Fig.5 Spectrogram of the original speech (left) and its warped

version (right).
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Fig.6 Relation between warping parameter and vocal tract

length ratio.
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Fig.7 Relation between the rotation angle and the estimated body height. (a) to (c) are

from a male speaker of 180 cm in height and (d) to (f) are from a female speaker

of 163 cm in height.

goboooooboooooooboooobooboooobo
goboooboooooobooooobooobooooobooo
O000o0Af0D00O0OO0OO0ODOoOoooooooooooooO
goboooobooobooobooooooobooooooboo
000000000000 0O0000 WB¥ooooooDoo

goboooooooooooooooooooboooooooo

goboodooboooobooooooooooboooooboa
goboooooooboooobobooooooobooooon

(1]
(2]

(4]

(5]

[6]

(7]

(8]

d g

M. Russel and S. D’Arcy: “Challenges for computer recog-
nition of children’s speech,” CD-ROM of SLaTE2007, 2007.
B. Atal: “Effectiveness of linear prediction characteristics
of the speech wave for automatic speaker identification and
verification,” J. Acoust.Soc. America, vol. 55, pp. 1304-1312,
1974.

E. Eide and H. Gish: “A parametric approach to vocal
tract length normalization,” ICASSP96, vol. 1, pp. 346—
348, 1996.

ooo,0000: ‘000000000000 UOoOOOOoO
000000y, 00000oooooO D-II, vol. J83-D-I1,
no. 11, pp.2108-2117, 2000.

T. Emori and K. Shinoda: “Rapid Vocal Tract Length
Normalization usgin Maximum Likelihood Estimation,” Fu-
rospeech2001, pp. 1649-1652, 2001.

M. Pitz and H. Ney: “Vocal tract normalization equals lin-
ear transformation in cepstral space,” IEEE Trans. Speech
and Audio Processing, vol. 13, pp. 930-944, 2005.

R.A. Horn and C.R. Johnson:
bridge University Press, 1985.

H. Kawahara et al.: “Restructuring speech representations

“Matrix Analysis,” Cam-

using a pitch-adaptive time-frequency smoothing and an
instantaneous-frequency-based FO extraction: Possible role
of a repetitive structure in sounds,” Speech Communica-

[9]

(10]

(11]

(12]

[13]

tion,, vol. 27, pp. 187-207, 1999.
gooo,000,0000: “000000D0O00ODOOODOO
Jo0dDdoDooooooooooy ooooooooooa
ooo0ooDoooOoooogn, pp. 143-150, 2004.

N. Minematsu: “Mathematical evidence of the acoustic uni-
versal structure in speech,” ICASSP2005, pp.889-892, 2005
S. Asakawa et al. : “Automatic Recognition of Con-
nected Vowels Only Using Speaker-invariant Representation
of Speech Dynamics,” INTERSPEECH2007, pp.890-893,
2007.

0od0: “000000000o00oooooDooOoooooon
000000000, 0000000000000, 3-Q-10,
2007.

oooood: “000000000000000,” Visual Com-
puting /00000000 CADODOOODOOO, 2007.



