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(a) Synthesized with BL

t-test revealed a significant effect of the laughter structure
(t(58:4) = 2:14;p < :05 ). This result implies the possibil-
ity that the structure of laughter affected the naturalness.
However, there is also a possibility that the different speech
sounds that were connected to the synthesized laughter
affected the naturalness. In order to assess the structural
effect on the naturalness in more detail, it will be necessary
to carefully control the sentences to be connected.

An example of naturalness improvement is shown in
Fig. 12. The figure shows the waveform and spectrum of
an utterance with laughter. The gray part of the waveform
represents the speech sounds, and the black part represents
the laughter. Fig. 12 (a) is the synthesized laughter without
considering the context. Synthesized laughter is perceived
as very unnatural because all calls have the same acoustic
features. Fig. 12 (b) is synthesized laughter that consid-
ers the preceding and succeeding segments. The acoustic
feature of the first call is different from the others, and
the naturalness is somewhat improved. Fig. 12 (c) is the Times [s]
synthesized laughter that considers more global contextual (b) Synthesized with BL+A
factors. Different acoustic features are generated depending
on the call position and sound like human laughter. From
this, we determined that the call position contributes greatly
to improving the naturalness.

There were also a few utterances for which the natural-
ness was not improved, even by using the extended context.
These are utterances where the naturalness of the laughter
itself is low. An example of poorly synthesized laughter
is shown in Fig. 13. In this example, [hu] has the same
acoustic features that are repeatedly being synthesized. Such
monotonous repetition of the same sound causes the degra-
dation of naturalness, known as the “machine gun effect.”
A possible cause of such a phenomenon is the sparseness
of the training data. We observed that some nodes stopped
growing at an early stage of the decision tree-based context
clustering during the model construction. A potential solu-
tion is to add more fine-grained context that describes the
position of the calls or to increase the training data. 0 T . 1.755
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6 CONCLUSIONS

In this paper, conversational laughter, which typically ac-
companies speech sounds, was synthesized via a statisti-
cal model-based speech synthesis framework using spon-

Fig. 12. Example that the naturalness of entire speech was increased.

1949-3045 (c) 2018 IEEE. Personal use is permitted, but republication/redistribution requires IEEE permission. See http://www.ieee.org/publications_standards/publications/rights/index.html for more information.



This article has been accepted for publication in a future issue of this journal, but has not been fully edited. Content may change prior to final publication. Citation information: DOI 10.1109/TAFFC.2018.2813381, IEEE

Transactions on Affective Computing

IEEE TRANSACTIONS ON AFFECTIVE COMPUTING

hu hu hu hu hu

Frequency [Hz]

Fig. 13. Example of low naturalness.

taneous speech corpora. To prepare the training data,
the transcription of calls was annotated for laughter with
speech sounds in two spontaneous speech corpora: the UU
Database and OGVC. In terms of contextual factors, the
transcription of the preceding and succeeding segments,
the call position, the number of calls and the bout position
were defined. Laughter was synthesized using the defined
context and the framework of HMM-based speech synthe-
sis. The synthesized laughter exhibited acoustic features
resembling natural laughter.

To confirm the influence of the contextual factors on
naturalness, a subjective evaluation was performed. The
naturalness was evaluated for utterances that include both
speech sound and laughter. The naturalness of the entire
utterance was improved by using the defined contextual
factors in this study. From this, we concluded that it is neces-
sary to use the appropriate contextual factors to synthesize
natural conversational laughter.

This study was conducted as a first step in laughter
synthesis that considers the context of natural conversa-
tion. Its effectiveness was confirmed under very limited
conditions. As future tasks, it is necessary to consider the
gender difference of laughter, to improve the naturalness by
increasing the annotated training data, and to define further
contextual factors. Additionally, paralinguistic information
perceived from laughter was not evaluated in this study.
Because laughing is a medium of conveying the speaker’s
emotional and mental states, paralinguistic information per-
ceived from laughter may play an important role in commu-
nication. Therefore, future tasks should include examining
the influence of laughter on perceived paralinguistic infor-
mation and the context required to control paralinguistic
information.
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