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1 Introduction

This thesis proposes a multi-layered perceptual model, which attempts to
simulate human ability to perceive emotions from speech. Regarding emo-
tional speech, previous research mainly concerned the direct relationship
between emotions and acoustic features. However, they all overlooked one
important point. Human ability to percept emotions from speech was not
directly based on acoustic features. Differing from their approach, the pro-
posed perceptual model includes 3 layers, emotion layer, primitive feature
layer, and acoustic feature layer, where primitive feature is defined as an
adjective that is used to describe emotional speech. And 5 emotions of
Neutral, Joy, Cold Anger, Sadness and Hot Anger were investigated. To
accomplish the perceptual model, two approaches should be considered.
The top-down approach is adopted to construct a framework for the model,
and the bottom-up approach is adopted to verify the existing framework.
This thesis focuses on the top-down approach, mainly. The purpose of
this thesis is to construct the proposed multi-layered perceptual model by
the top-down approach. Two relationships, the emotion and the primitive
feature, the primitive feature and the acoustic feature, were investigated
sequentially.
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2 Relationship between the emotion and the primi-
tive feature

Three perceptual experiments were conducted and fuzzy logic was applying
to deal with the in order to build the relationship between the emotion and
the primitive feature.

2.1 Three experiments

The first experiment examined the utterances in terms of the emotions.
Subjects were asked to rate 171utterances in terms of the 5 emotions. The
rating results showed how the 171 utterances were related to the 5 emo-
tions. The second and third experiments, although with different purposes,
find suitable primitive features collectively. The second experiment was to
construct a psychological distance model for 15 utterances chosen according
to the results of the first experiment. The method of paired comparison was
implemented. The subjects were asked to rate each utterance pair accord-
ing to how similar they perceived the pair. By applying multidimensional
scaling techniques (MDS) to deal with the rating results, a reasonable psy-
chological distance model was constructed. Before performing the third
experiment, a pre-experiment was conducted and 34 adjectives were cho-
sen from 60 adjectives. Then, in the third experiment, the subjects were
asked to rate the 34 adjectives. According to the combination of the rating
results and how each of the 34 adjectives were related to a certain emotion,
depending on what direction an adjective was superimposed onto the psy-
chological distance model, 15 adjectives were selected to be the members
of the primitive features for the proposed perceptual model.

2.2 Building the relationship by Fuzzy logic

By applying fuzzy logic to deal with the results of the three experiments,
the relationship between the emotions and the primitive features was built.
For each emotion, a fuzzy inference system (FIS) was constructed by us-
ing MATLAB Fuzzy Logic Toolbox. The construction process could be
concluded in 3 main steps. First an initial model was constructed. Mem-
bership functions and rules of the initial model were selected. Second, the



initial model was trained by adaptive neuro-fuzzy technique. Third, the
membership functions were readjusted according to the checking errors and
the training errors. By plotting the output (i.e. emotion degree) against
input data (i.e. primitive features) and calculating the regression line to
fit the curve, the slope of the regression line indicated the relationship
between the emotions and primitive features.

3 Relationship between the primitive feature and the
acoustic feature

In order to find the relationship between the primitive feature and the
acoustic feature for the perceptual model, the acoustic features were ana-
lyzed in terms of the three attributes of sound, pitch, loudness and timbre.
Their correlated physical value FO, power, and power spectrum of utter-
ances were calculated by STRAIGHT.

Regarding FO and power, several acoustic features in terms of both the
accentual phrase and the overall utterance were measured. According to
the correlation coefficients between the measured acoustic features and
the primitive features, those acoustic features that were most related to
primitive features were selected. For FO, they were highest pitch (HP),
average pitch (AP), mean value of rising slope (RS), and rising slope of
the first accentual phrase (RSlst). For power, they were mean value of
power range in accentual phrase (PRAP), power range (PWR), rising slope
of the first accentual phrase (RSl1st), the ratio between the mean value
of power in high frequency, and the mean value of power through the
whole frequency domain (RHT). Regarding power spectrum, although the
analysis is not completely done yet since the time limit, part of the analytic
results provided very useful clues to find the acoustic features in terms of
timbre that affect the primitive features. Two values were measured from
power spectrum. They were average power spectrum and variance in vowel
power spectrum.

In this thesis, the relationships between the primitive features and the
acoustic features in terms of pitch and loudness have been constructed.
But, the relationship between the primitive feature and the acoustic feature
in terms of timbre is not completely constructed yet.
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4 Conclusion

For the perception of emotional speech, this thesis reports a three-layer
perceptual model. In order to construct the model builds, the relationship
between the emotion and the primitive feature was built by conducting 3
experiments and using fuzzy logic to deal with the experimental results.
As the results of each FIS showed, FIS well modeled the relationship.
Moreover, the relationship between the primitive feature and the acoustic
feature was built partially.



