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Abstract In this paper, we argue the way of modelling speech signals using improved three-way restricted Boltz-
mann machine (3WRBM) where acoustic features, latent phonological features, and speaker-identity features are
considered. The 3SWRBM is an energy-based probabilistic model that includes three kinds of potentials: unary po-
tentials of each variable, pairwise potentials of every two variables, and three-way potentials of the three variables.
In our approach, we design the three-way potentials properly in the speaker-adaptive training (SAT) manner. The
optimized model captures the relationships between the variables, enables to compute conditional probabilities of
each variables, and is appliable to many tasks in speech signal processing. For example, estimating speaker-identity
features given acoustic features is used for speaker recognition. Another example is estimating acoustic features
from the phonological features that are estimated given source speaker’s acoustic features and the desired speaker-i-
dentity features; that is voice conversion. In our experiments, we evaluate the effectiveness of the speech modelling
through a voice conversion task and a speaker recognition task.
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Fig.1 Graphical representation of the proposed model.
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Fig.2 3-step sampling used in the training.
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Table 1 Speaker recognition accuracy of each method.

Method | GMM  GMM(UBM) Our Our(h known)

Acc.[%] | 85.9 83.2 78.1 90.6
#* 2 SVM IC X 25H&AMICE T 2 FEE D&,
Table 2 Speaker recogniton accuracies using various features in
SVM.
Features | v (mcep) h s
# dims. 32 20 8
Acc.|%)] 82.0 42.2 78.7

BiEE T — 4% X—2Z (ASJ-JIPDEC) o6 v 4 Ak
AL 44 (R=8) 28, 40 RFADTOERT—F %¥H
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(UBM; universal background model) L TE &, ZD%i5E
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Table 3 Speaker recognition accuracy of each method.

Method GMM | ARBM SATBM 3WRBM Our
Non-parallel? No Yes Yes Yes Yes
MIDR|[dB] 4.06 2.11 2.66 -0.147  3.35

v & sEIEKT S E, s TIERILED 32 206 8 ~NHITH I 1172
WHBbH ST v i VRERB RN, £ h o kD
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10v2
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