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Abstract

A series of perceptual experiments using morphed emotional
speech sounds was conducted. A high-quality speech modifi-
cation procedure STRAIGHT [1] extended to enable auditory
morphing[2] was used for providing CD quality test stimuli.
The test results indicated that naturalness of morphed speech
samples were comparable to natural speech samples and resyn-
thesized samples without any modifications when interpolated.
It also indicated that the proposed morphing procedure enables
to provide stimulus continuum between different emotional ex-
pressions. Partial morphing tests were also conducted to evalu-
ate relative contributions and interdependence between spectral,
temporal and source parameters.

1. Introduction

An important issue in human computer interaction is versa-
tile and high-quality control of emotional aspects of synthetic
speech which needs effective understanding of physical corre-
lates of non-linguistic and paralinguistic information. There are
several review papers on emotional speech [3, 4]. However,
yet no effective and high-quality control method has been es-
tablished, partly due to methodological limitations as well as
motivations of research. The most substantial problem was the
possibility that perception of emotional aspects is fragile against
degradations due to speech manipulations. Recent introduction
of a very high quality auditory morphing method has changed
this situation [2]. This method enables an exemplar-based strat-
egy using ecologically valid (in other words naturally sounding)
stimuli, in addition to conventional research strategies (for ex-
ample, analytical and synthetic) for investigating this indicated
problem.

The morphing procedure is implemented using a high-
quality speech manipulation system STRAIGHT [1], that is
based on a FO adaptive and interference free time-frequency
representation. The time-frequency representation is basically a
smoothed version of the conventional sound spectrogram. it is
straightforward to understand and control the morphing proce-
dure taking advantage of the rich source of knowledge in speech
perception and production.

In this paper, effects of auditory morphing of emotional
speech are illustrated in terms of naturalness and trajectories in
a perceptual space. Test results for investigating physical cor-
relates of emotional attributes are also described using partially
fixed auditory morphing stimuli. These are the first attempts on
a research strategy called “systematic downgrading”, that was
proposed for investigating this difficult problem [2].
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Figure 1: Smooth time-frequency representations of a Japanese
word uttered by a male actor under neutral (upper) and an-
gry (lower) emotional conditions. Anchor points in the time-
frequency domain are plotted as open circles and temporal an-
chors are plotted as vertical dash-dot lines.

2. Morphing procedure

Morphing is a procedure to regenerate a signal from a represen-
tation on a trajectory between anchor points in an abstract pa-
rameter space. There are several technical issues on implement-
ing a morphing procedure. Specifically, the coordinate system
and the localized distance metric must reflect auditory percep-
tual characteristics, and the transformation must be as simple
as possible. In this article, the time-frequency plane is the co-
ordinate system. The transformation is represented as a simple
piecewise bilinear transformation, because, unlike image mor-
phing, the time-frequency coordinate is not isotropic. Practi-
cally, only up to 5 anchor points on a frequency axis at one tem-



poral location and up to 4 temporal anchor points for one CV
syllable are found to be sufficient. For fundamental frequency, it
is relevant to morph the parameter in the log-frequency domain,
because the FO dynamics is represented in terms of a linear dy-
namical equation in the log-frequency domain [5]. For spec-
tral density, morphing is computed using a dB representation,
because it is a relevant approximations of intensity perception.
The time-frequency periodicity index [6, 7] is also transformed
by the same mapping function as the time-frequency represen-
tation.

Figure 1 shows the time-frequency representations of a
Japanese word (/hai/ means “yes” in English) spoken by a pro-
fessional male actor under two different emotional conditions
(neutral and anger). It illustrates how anchor points are as-
signed. The morphed speech sound is generated using the mor-
phed time-frequency representation and morphed FO and source
information.

3. Perceptual evaluations

A series of experiments were conducted initially to verify natu-
ralness of morphed samples and secondly to investigate physical
correlates of transformations of perceived emotional states.

3.1. Stimulus preparation

Professional actors (one male and one female) were payed for
recording speech samples under seven different emotional ex-
pressions (neutral, anger, sadness, fear, happiness, surprize and
disguise). Speech samples consist of isolated words, words
with preceding contexts, words with following contexts and
words in surrounding contexts. The target words were /hai/,
/iie/ and /koNnitiwa/ (“yes”, “no” and “hello” in Japanese, re-
spectively). Declarative and interrogative speaking styles were
also recorded. Recording was done in a studio with assis-
tance of professional recording engineers. An omnidirectional
condenser microphone CU-41 (Sanken) was used and directly
recorded digitally using 48 kHz 16bit linear PCM format. Iso-
lated words spoken by a male actor were selected for morphing
experiment, based on a screening test to verify that the intended
emotional states are perceived correctly.

A preliminary test was conducted to determine the JND
(just noticeable difference) of the morphing rate. Based on this
test result, a morphing step size of 0.25 was employed in the
following experiments.

3.2. Naturalness

Ten subjects (6 male, 4 female) participated in the naturalness
evaluation test. Three test words (/hai/, /iie/ and /koNnitiwa/)
spoken under four emotional conditions (neutral, anger, happi-
ness, and sadness) were used. Morphing between four pairs of
emotional conditions (neutral and anger, neutral and sadness,
happiness and anger, sadness and happiness) were synthesized
using morphing rate ranging from —0.25 to 1.25 with a step
size of 0.25. The following additional stimuli were added to
prevent response bias. Additional stimuli; original speech sam-
ples, resynthesized samples with 2F0 and 0.6F0 as resynthesis
FOs, resynthesized samples with stretched (multiplied by 1.5)
and compressed (multiplied by 0.,7) frequency axis. The total
number of stimuli was 132 for each session.

Stimuli were randomized and each stimulus was presented
twice in a session. Subjects were asked to evaluate naturalness
of each stimulus in a 5 step rating (1: highly unnatural, 5: highly
natural). Inter stimulus interval was set to 3 seconds.
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4 4
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Figure 2: Naturalness evaluation. Vertical axis represents aver-
aged naturalness rating. Horizontal axis represents morphing
rate. Bars represent results for the original speech sample. Cir-
cles with connecting lines represent result for morphed speech
samples.

Figure 2 shows results for the Japanese word /hai/. The
vertical axis represents a simple numerical average of subjects’
ratings. It is interesting to observe that interpolated morph-
ing sounds are evaluated often more natural than the simple
resynthesized sounds. Test results for the other test words also
showed a similar pattern. Tukey’s HSD test on the naturalness
rating revealed that statistically significant difference in natural-
ness was only found between extrapolated speech samples and
others. This indicates that by using interpolated stimuli only,
ecological relevance is not violated.

3.3. Morphing trajectory

Ten subjects (6 male and 4 female) participated in an experi-
ment to perceptually evaluate the emotional attributes of mor-
phed speech samples. A Japanese word /hai/ spoken by a male
speaker was selected as the test word. Morphing stimuli were
prepared for six possible pairs between four emotional states
(neutral, anger, happiness and sadness). Test stimuli also con-
sisted of the twelve original speech samples (four emotional
states for all three test words). Subjects were asked to eval-
uate six emotional attributes (anger, happiness, sadness, fear,
surprize and disguise) in a 5 step rating procedure (0: No trace
of the attribute was perceived. 4: The attribute was perceived
very much.) for each stimulus. Inter stimulus interval was set
to 8 seconds.

Principal component analysis was applied to the subjects’
ratings. First two components covered 88.1% of the total varia-
tion. Figure 3 shows morphing trajectories in the plane spanned
by the first two principal components. The upper plot shows
morphing trajectories made from pairs of stereotypical emo-
tions. The lower plot shows morphing trajectories made from
pairs of neutral and stereotypical emotions. They illustrated that
morphing stimuli by interpolation provide monotonic trajecto-
ries between exemplar emotions. They also indicate that morph-
ing stimuli by extrapolation do not extrapolate on this principal
component plane.
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Figure 3: Morphing trajectories in a perceptual space. Filled
circles represent original emotional speech samples and the
other marks represent morphed speech samples. Text annota-
tions represent morphing rate. (m025 and p05 represent —0.25
and 0.5 respectively.)

3.4. Partial morphing: naturalness

Morphing one or two parameters while keeping other parame-
ters unchanged enables partial morphing. Ten subjects (6 male,
4 female) participated in this naturalness evaluation test. Mor-
phing and partial morphing stimuli were synthesized for three
pairs of emotional states; neutral and anger, neutral and hap-
piness, and, neutral and sadness for a word /hai/. Morphing
rates used were 0, 0.25 0.5 0.75 and 1. Only interpolating mor-
phing samples were tested based on the previous test results.
Four partial morphing conditions were tested; coordinate sys-
tem morphing, coordinate system and FO morphing, intensity
morphing (morphing intensity of the time-frequency representa-
tion), intensity and FO morphing. The test stimuli also consisted
of four original speech samples. The experimental procedures
were similar to the naturalness tests described in section 3.2.

Figure 4 shows the test results. Generally, naturalness of
the partial morphing stimuli were less natural than that of the
full morphing ones. However, partial morphing results with one
parameter are not always lesser in naturalness than ones with
two parameters.

3.5. Partial morphing: trajectory

Ten subjects (6 male, 4 female) participated in an experiment
to test perception of emotional attributes of partially morphed
speech samples. The same stimuli used in the naturalness test
were also used. Experimental procedures were similar to the
trajectory tests described in section 3.3. Principal component
analysis was also employed to represent results on the principal

neutral-anger

neutral-happiness

neutral-sadness

Figure 4: Naturalness of partial morphing. Bar represents nat-
ural speech. Circle represents morphing with all parameters.
Upright triangle represents coordinate system morphing. In-
verted triangle represents morphing with coordinate system and
FO. Diamond represents morphing with intensity. Square rep-
resents morphing with intensity and FO. Morphing continuum
was made between neutral speech and three emotional speech
samples (anger, happiness and sadness from top to bottom re-
spectively) .

component plane. Figure 5 shows the partial morphing trajec-
tories. Partial morphing trajectories with one parameter do not
reach the target emotional states, while partial morphing with
two parameters results in close trajectories with those of fully
morphed sounds.

4. Discussion

The morphing procedure used in this article is based on manual
assignments of anchor points in the time-frequency representa-
tion which resembles conventional sound spectrogram. It is a
contrasting difference from the other automatic auditory mor-
phing procedures [8, 9]. This seemingly low-tech feature of
the proposed procedure allows fine control of morphing charac-
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Figure 5: Morphing trajectories in a perceptual space for
partial morphing. Filled circles represent original emotional
speech samples and other marks represent partially morphed
speech samples. (Form top to bottom; coordinate, intensity and
FO, coordinate and FO, intensity were morphed.)

teristics and is highly desirable as a research tool.

The naturalness test results and the trajectories for partial
morphing seems to disagree. This is because better trajectories
by partial morphing with two parameters do not always provide
higher naturalness. This may suggest that there exists a strong
interrelation between FO, intensity and coordinate deformation.
This is an interesting research topic.

5. Conclusions

A series of experiments were conducted to evaluate naturalness
and perceived emotional state of morphed speech samples us-
ing a high-quality speech manipulation system STRAIGHT [1].
The test results indicated that naturalness of morphed speech
samples were comparable to natural speech samples and resyn-
thesized samples without any modifications when interpolated.
It also indicated that the proposed morphing procedure enables
stimulus continuum between different emotional expressions.
The test results for partial morphing indicated that spectral in-
tensity and FO trajectories have relatively higher contributions
on perceived emotional state than deformation in the time-
frequency coordinate system. It is also important to note that
partial morphing significantly degrades naturalness indicating
that there is a strong constraint between spectral, temporal and
source parameters.
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