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Speech Analysis and Synthesis System Based on the Nonlinear Ener gy

Damping M odel

gooooboboogo bboogogo
H. OHMURALD O K. TANAKA

It is considered that the vocal folds vibration affects the vocal tract transfer
characteristics through nonlinear time-varying interaction between the glottis and vocal
tract. In this paper, we investigate this nonlinear effect on the experimental framework
of a speech analysis and synthesis system where smooth movement of vocal folds
vibration is assumed for computational feasibility of the modeling. We first analyze
the relationship between the glottal cross section and the energy damping patterns of
formants that appeared in individual component wave forms of formant and show its
nonlinearity. Based on these experimental results, we propose a speech synthesis
technique called Nonlinear Energy Damping(NED) wave function model in which
formant energy damping is given by atime window function. We confirm its
performance by a preference test on speech wave reconstruction. Evaluators listen two
kinds of reconstructed speech sentence samples: one is synthesized by the proposed
method and the other is by an ordinary LPC-based method. Results show that the

proposed method is clearly superior in its quality.
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Table1l Average fundamental frequency Fo and estimated
vocal tract filter length M for speech data of A-set
in the Continuous Speech Corpus for Reserch?.

M
min mostly max

Spk  F, c*

1 0.112 0.0039 17 17 18
2 0.116 0.0049 17 17 18
3 0.116 0.0048 17 17 17
4 0.121 0.0037 17 17 17
5 0.131 0.0071 16 17 17
6 0.132 0.0042 16 17 17
7 0.137 0.0042 16 17 17
8 0.144 0.0047 16 16 17
9 0.146 0.0039 16 16 17
10 0.163 0.0051 16 16 16
11 0.206 0.0052 14 15 15
12 0.213 0.0080 14 14 15
13 0.225 0.0070 13 14 15
14 0.233 0.0063 14 14 14
15 0.246 0.0103 13 14 14
16 0.255 0.0095 13 13 14
17 0.259 0.0069 13 13 14
18 0.268 0.0088 12 13 14
19 0309 0.0116 11 12 13
20 0.322 0.0109 11 11 12
* in kHz
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Fig.4 Examples of extracted formant contour for a speech sample, /ARAYURU GEN’JITSUO SUBETE JIBUN’'NO HO-E
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averaged fundamental frequency.
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Fig.6 Responses of the second order nonlinear system indicated
in Eq.(11). K isagiven time pattern for K(t). X is the
nonlinear response at F=700Hz and A is its envelope.
Envelope A’ is generated by the second order linear
system identified by LP analysis of X. The bottom shows
comparison of amplitude normalized responses: x for the
nonlinear system and X' for the linear system at F=200Hz.
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Fig.7 The fourth order nonlinear circuit model for the speech
synthesis simulating the vocal folds vibration effect.
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Fig.11 Original and synthesized wave forms, W, and Ws respectively, for 5 vowels uttered by a male and a female speakers. K; is

the logarithmic energy damping pattern of resonance F;.
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Table 2 Parameters of the analysis-synthesis experiments.
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Pitch fo fo
Intensity a; P
Spectrum F; o;
Energy Damping K;(t) -
Length ¢=0,1,..,.N =1,2,...,20
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Fig.14 An example of the stimulus sequences.
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Table 3 Preference scores for individual speakers.

MI M2 W1 W2
NED(%) 57 79 32 73
LPF(%) 43 21 68 27

Table 4 Preference scores for individual evaluators.

CD01 CD02 CD03 CD04 CDO5 CDO06 in all

NED(%) 58 7% 48 43 65 72 60
LPF(%) 42 25 52 57 35 28 40
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