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A study on MLP-based speaker canonicalization

Abstract: Accurate and efficient speaker canonicalization is proposed to improve the performance of speaker-
independent ASR systems. Vocal tract length normalization (VTLN) is often applied to speaker canonicaliza-
tion in ASR; however, it requires parallel decoding of speech when estimating the optimal warping parameter.
In addition, VTLN provides the same linear spectral transformation in an utterance, although optimal map-
ping functions differ among phonemes. In this study, we propose a novel speaker canonicalization using
multilayer perceptron (MLP) that is trained with a data set of vowels to map an input spectrum to the
output spectrum of a standard speaker or a canonical speaker. The proposed speaker canonicalization oper-
ates according to the integration of MLP-based mapping and identity mapping that depends on frequency
bands and achieves accurate recognition without any tuning of mapping function during run-time. Results
of experiments conducted with a continuous digit recognition task showed that the proposed method reduces
the intra-class variability in both of the vowel and consonant parts and outperforms VTLN.

Keywords: Speech recognition, Speaker canonicalization, Multilayer perceptron, Feature extraction
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O 1 Schematic diagram of proposed speaker canonicalization

system
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0 2 Architecture of three-layered MLP for spectral mapping.
In training, 24-dimensional logarithmic mel-filter bank
channel outputs concatenated with previous and subse-
quent frames’ outputs from arbitrary speakers and those
from canonical speaker are applied to input and out-
put layers. During run-time, 24-dimensional components
(y,) in middle of 72-dimensional outputs (y,) are chosen

as canonicalized filter bank outputs.
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0 3 Spectra with and without MLP-based spectral mapping.
Bold line represents spectrum from canonical speaker. (a)
and (c) show spectra of vowel /a/ and consonant /h/
without MLP-based mapping, respectively. (b) and (d)
show spectra of /a/ and /h/ with MLP-based mapping,

respectively.
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0 4 Frequency weighting functions for inputs and outputs of

MLP-based spectral mapping.
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0 5 Spectra with and without speaker canonicalizatoin ap-
plying frequency weighting and spectral integration to
MLP-based mapping. Bold line represents spectrum from
canonical speaker. (a) and (c) show spectra of vowel /a/
and consonant /h/ without spectral mapping, respectively.
(b) and (d) show spectra of /a/ and /h/ with spectral map-

ping, respectively.
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0 1 Conditions for speech analysis
sampling frequency | 16 kHz
frame length 30 ms
frame shift 10 ms
type of window Hanning window
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O 7 Digit error rate (%) as a function of «, which represent
weights for outputs from MLP-based mapping in low and

high frequency channels.
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