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Abstract

Perception of speaker identity is an important characteristic of
the human auditory system. This paper'describes a subjective
test for the investigation of the relevance of four acoustic
features in this process: vocal tract, pitch, duration, and
energy. PSOLA based methods provide the framework for the
transplantations of these acoustic features between two
speakers. The test database consists of different combinations
of transplantation outputs obtained from a database of 8
speakers. Subjective decisions on speaker similarity indicate
that the vocal tract is the most relevant feature for single
feature transplantations. Pitch and duration possess similar
significance whereas the energy is the least important acoustic
feature. Vocal tract + pitch + duration transplantation results
in the highest similarity to the target speaker. Vocal tract +
pitch, vocal tract + duration + energy and vocal tract +
duration transplantations also yield convincing results in
transformation of the perceived speaker identity.

1. Introduction

Perceiving the identity of people from their voices is an
important characteristic of the human auditory system. We are
able to recognize familiar voices by just listening to a few
words or even a few phonemes. Many researchers have
investigated the abilities and properties of the human auditory
system in perception of speaker identity. In [1], the authors
focus on objective measures and compare the performance of
several objective descriptors for perception of speaker
identity. They have shown that median pitch is correlated with
speaker dissimilarity for both male and female speakers. They
have also found correlations between vocal tract, glottal, and
prosodic features and speaker dissimilarities.

In speech coding and speech synthesis applications,
preserving speaker identity is an important performance
criterion. Subjective testing methods are widely used for the
evaluation of speaker recognizability in these systems. As an
example, a subjective testing procedure is designed to
evaluate the performance of a text-to-speech system in terms
of speaker recognizability in [2]. Subjective listening tests are
also used in the performance evaluation of voice conversion
systems in [3], [4], and [5].

In our previous work, we have investigated the relevance
of sub-band based spectral content for perception of speaker
identity and shown that 1.0-1.8 KHz range was the most
important frequency range [6]. In this study, we focus on four
acoustic features (vocal tract, pitch, duration, and energy) and
investigate the relevance of these features in the perception
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process. The acoustic features are transplanted between two
speakers using PSOLA based methods. The aim of these
transplantations is to replace one or more of the acoustic
features of a specific speaker with the acoustic features from
another speaker. The transplantation outputs are used in a
subjective test to determine their relative importance in
perception of speaker identity.

We start with a description of PSOLA based acoustic
feature transplantations in Section 2. Four types of single
feature transplantations (vocal tract, pitch, duration and
energy) and multi-feature transplantations are described in
sub-sections 2.1-2.5 respectively. In Section 3, we describe the
database and the procedure for the subjective listening test.
The test results are given in Section 4. In Section 5, we
conclude with a discussion on the results and future work.

2. Acoustic Feature Transplantations

In this section, we describe several PSOLA based methods for
inter-speaker transplantation of acoustic characteristics. For all
cases, we have two speakers — Speaker] and Speaker2. Four
different acoustic features are investigated in the
transplantations: vocal tract, pitch, duration, and energy. We
start with collecting the recordings of the same utterances
from the source and the target speakers. These utterances are
then phonetically labeled. Finally, the acoustical feature(s) of
Speaker] is (are) modified to match the acoustic feature(s) of
Speaker2 using the phonetic alignment information in a
PSOLA based framework.

As there are four acoustic features of concern, the number
of all possible combinations of transplantations between
Speakerl and Speaker2 is 16. Two of these combinations
correspond to original utterances which are denoted as “A”
and “a” in shorthand notation in Table 1. The remaining 14
combinations can be obtained by performing only the
following 7 transplantations in Table 1: “B”, “C”, “D”, “E”,
“F”, “G”, and “H”. We repeat these transplantations by
reversing the order of speakers to obtain the rest of the
combinations in Table 1: “b”, “c”, “d”, “e”, “f”, “g”, and “h”.
The corresponding time instant in the utterance of Speaker?2 is
determined by using the information from the labels and the
analysis time instant in Speaker]l employing Equation 1. Note
that, we assume a linear time-warping scheme within each
phoneme. In Equation 1, i is the index of the current label, t;'
is the time instant in Speakerl, t' is the corresponding time
instant in Speaker2, t;® is the start time of the i" label in
Speakerl, t,° is the ending time of the i™ label in Speakerl, t,°
is start time of the i™ label in Speaker2, and t,° is the ending
time of the i label in Speaker?2.
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