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ABSTRACT
WaveNet vocoder has seen its great advantage over traditional vocoders in voice quality. However, it usually requires a relatively large amount of speech data to train a
speaker-dependent WaveNet vocoder. Therefore, it remains
a challenge to build a high-quality WaveNet vocoder for low
resource tasks, e.g. voice conversion, where speech samples
are limited in real applications. We propose to use singular
value decomposition (SVD) to reduce WaveNet parameters while maintaining its output voice quality. Specifically,
we apply SVD on dilated convolution layers, and impose
semi-orthogonal constraint to improve the performance. Experiments conducted on CMU-ARCTIC database show that
as compared with the original WaveNet vocoder, the proposed method maintains similar performance, in terms of
both quality and similarity, while using much less training
data.
Index Terms— Voice Conversion (VC), WaveNet, Singular Value Decomposition (SVD)
1. INTRODUCTION
Voice conversion (VC) is a technique that aims to modify a
speech signal of a source speaker to make it sound as if it
is uttered by a target speaker without changing the content
information. This technique has many applications, including
voice morphing, emotion conversion, speech enhancement,
movie dubbing as well as other entertainment applications.
One of the challenges is to generate high quality speech.
Various statistical approaches have been proposed, e.g. Gaussian mixture model (GMM) [1–3], frequency warping [4–7]
and exemplar based methods [8–10]. Recently, deep learning has become mainstream in this area, including deep
neural network (DNN) [11–13], long short-term memory
(LSTM) [14], variational auto-encoder(VAE) [15], and generative adversarial networks (GAN) [16–18].
Despite much progress, the quality of converted speech
can not match that of the source speech. One major reason is that traditional vocoders with simplified assumption
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are generally adopted for speech reconstruction. To address
this problem, several neural vocoders [19–22] are proposed
to generate time-domain signal directly. The effectiveness of
incorporating speaker dependent (SD) WaveNet [23, 24] into
VC task for waveform generation has been investigated. Recently, an SD WaveNet [25] is first adopted to replace the traditional vocoder for converted speech generation; while another attempt [26] uses the WaveNet to learn a mapping between phonetic posteriorgram (PPG) and waveform samples
to generate the speech for a specific target speaker. While SD
WaveNet in general generates high quality speech, it requires
a relatively large amount of data for training. According to a
recent study [27], an SD WaveNet needs to be trained with at
least 320 utterances, which is not always available in practice.
To reduce the data requirement from target speaker, a speaker
adapted WaveNet is proposed [28, 29], where a speaker independent WaveNet is first trained on a corpus consisting of
various speakers, and then adapted with a small amount of
target data.
In this paper, we propose to build an SD WaveNet with
limited data from target speaker, where singular value decomposition (SVD) [30] technique is employed to reduce the
number of WaveNet parameters. Specifically, SVD is applied
to the dilated convolution layers by inserting a 1 × 1 convolution layer, where the original weight matrix is factorized
into two small matrices. Inspired by [31], the semi-orthogonal
constraint is used during the decomposed weight matrix updating, which leads to a rapid convergence for network training.
The contributions of this paper include,
1) We employ SVD to WaveNet which significantly reduces the number of parameters;
2) We significantly reduce the amount of data required for
SD WaveNet training, while maintaining the quality of
generated speech;
The rest of this paper is organized as follows. Section 2
briefly describes the overview of WaveNet vocoder. The details of our proposed method are discussed in Section 3. In

