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Advanced method of prosody control in statistical-based speech synthesis using
generation process model of fundamental frequency contours
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Research works were conducted with the aim of realizing flexible control of
prosody and better speech quality in statistical-based speech synthesis by applying constraints of the
generation process model of fundamental frequency (FO) contours. Several methods were developed including
one to use FO contours approximated by the model for HMM training. In the method, hierarchical FO
contours based on the model were treated seﬁarately by the multi-stream scheme, Ieading to a better
prosody control keeping clear relations with linguistic information. Lexical emphasis was realized by
manipulating the model commands (prosody conversion). Better speaker conversions were realized in
multi-speaker case through matrix-variate Gaussian mixture model and deep neural network with
speaker-dependent sub-networks. Research works were conducted also for Chinese, with preliminary
experiments on speech translation.

GMM



HMM

STRAIGHT

FO

A

Global Variance

FO

HMM

GMM

FO

FO

FO

FO

MLLR

FO

HMM

GMM

Ap 4 TL—XiES G
Ts, _,| 7L—X
T Ton fl s

(1]

.

loge Fy

Aa 4 TUOEVMES Ga(t) EEAERME—>

T2 T2 14 Tog FHEY R

TuTu Ty T ¢ HERE | 2k rme
1.
HMM
[3]
HMM
HMM
HMM

/
HMM HMM

/ FO

HMM /

FO

HMM /



FO
FO FO
HMM
FO
HMM
FO
FO 3
HMM FO
[4]
HMM
HMM
FO
(3]

1.

FO

A. Kain and M. Macon, “Spectral voice
conversion for text-to-speech synthesis.” Proc.
IEEE ICASSP, Vol. 1, pp.285-288 (2002).

. H. Fujisaki and K. Hirose, "Analysis of voice

fundamental frequency contours for declarative
sentences of Japanese," J. Acoust. Soc. Japan
(E), Vol.5, No.4, pp.233-242 (1984-10).

. K. Ochi, K. Hirose, and N. Minematsu,

"Control of prosodic focus in corpus-based
generation of fundamental frequency contours
of Japanese based on the generation process
model," Proc. |IEEE International Conference
on Acoustics, Speech and Sgnal Processing,
Taipei, pp.4485-4488 (2009-4).

. T. Matsuda, K. Hirose and N. Minematsu,

"HMM-based synthesis of fundamental

frequency contours using the generation
process model," Journal of Sgnal Processing,
vol.14, no.4, pp.277-280 (2010-7).

. K. Hirose, K. Ochi, R. Mihara, H. Hashimoto,

D. Saito, and N. Minematsu, "Adaptation of
prosody in speech synthesis by changing
command values of the generation process

model of fundamental frequency," Proc.
INTERSPEECH,  Florence, pp.2793-2796
(2011-8).
M
HMM FO
FO
HMM HMM
HMM
FO
FO
FO
1 FO
HMM
3
FO
FO 3
HMM
HMM
FOHMM
FO
3 HMM
FO
FO
FO 75
3
FO 3
FO
FO



HMM 3

root node

FO

no @ yes
C_breath_group_length 1 L_breath_group_length 3
yes

1t
yes no,

no

y
L_breath_group_length 6
no, yes 1o
R_breath_group_length @ L _breath_group_length D
> es
no,*
¥

es

. yes no N no s yes no 7N, yes
N ¥ \ s \ P N

no
sub_accent _type_mora 2

no yes

sub_accent _type_mora 0
no yes

\yes
£

root node

FO

FO
FO

2 FO
FO

HMM FO

FO
FO
FO

HMM

FO

(3) FO
HMM
FO

FO

Q)
FO

FO

FO FO

(6))

Deep Neural Network



(6)

6

1. Ya Li, Jianhua Tao, Keikichi Hirose, Xiaoying
Xu, and Wei Lai, “Hierarchical stress modeling
and generation in mandarin for expressive
Text-to-Speech,” Speech =~ Communication,
Vol.72, pp.59-73 (2015-5).
DOI: 10.1016/j.specom.2015.05.003

2. , , , ,
“HMM

EE)

Vol.J98-D, No.3, pp.481-491(2015-3).
DOI: 10.14923/transin{j.2014PDP0030
3' b b b “

2

Vol.J98-D, No.3, pp.524-533

(2015-3).
DOI: 10.14923/transin{j.2014JDP7084

4. Oraphan Kirityakien, Keikichi Hirose, and
Nobuaki Minematsu, "Generation of
fundamental frequency contours for Thai
speech using the tone nucleus model," Journal
of Signal Processing, Research Institute of
Signal Processing, vol.16, no.4, pp.135-138
(2013-7).
DOI: 10.2299/jsp.17.135

5. Qinghua Sun, Keikichi Hirose, and Nobuaki
Minematsu, "A method for generation of
Mandarin FO contours based on tone nucleus
model and superpositional model," Speech
Communication, Vol.54, Issue 8, pp.932-945
(2012-10).
DOI: 10.1016/j.specom.2012.03.005

6. Tatsuya Matsuda, Keikichi Hirose, and
Nobuaki Minematsu, "Applying generation
process model constraint to fundamental
frequency contours generated by
hidden-Markov-model-based speech
synthesis," Acoustical Science and Technology,
Acoustical Society of Japan, Vol.33, No.4,
pp-221-228 (2012-7).
DOI: 10.1250/ast.33.221

34 18

11 2

2014-SLP-104(19)/
SP2014-117,

>

2014 12 1516 , pp.l-6.

. Keikichi Hirose, Hiroya Hashimoto, Kyota

Hyakutake, Daisuke Saito, and Nobuaki
Minematsu, "Use of fundamental frequencies
shaped by generation process model for
HMM-based speech synthesis," Proceedings
IEEE International Conference on Signal
Processing (ICSP’14), Hangzhou (China),
October 19-23, 2014, pp.555-560. (Invited to
Special Session)

. Daisuke Saito, H. Doi, Nobuaki Minematsu,

and Keikichi Hirose, "Voice conversion based
on matrix variate gaussian mixture model,"
Proceedings IEEE International Conference on
Signal Processing (ICSP’14), Hangzhou
(China), October 19-23, 2014, pp.567-576.
(Invited to Special Session)

Daisuke Saito, Hidenobu Doi, Nobuaki
Minematsu, and Keikichi Hirose, “Application
of matrix variate Gaussian mixture model to
statistical voice conversion,” Proceedings
INTERSPEECH,  Singapore (Singapore),
September 14-18, 2014, pp.2504-2508.

. Keikichi Hirose, "Use of generation process

model for controlling fundamental frequencies
in HMM-based speech synthesis," Proceedings
of Forum Acusticum, Krakow (Poland),
September 7-12, 6 pages in CD-ROM
proceedings (ISSN 2221-3767). (Invited to
Structured Session)

Daisuke Saito, Nobuaki Minematsu, and
Keikichi Hirose, "Tensor representation for
speaker characteristics in speech," Proceedings
of Forum Acusticum, Krakow (Poland),
September 7-12, 5 pages in CD-ROM
proceedings (ISSN 2221-3767). (Invited to
Structured Session)

. Ya Li, Jianhua Tao, Keikichi Hirose, Wei Lai,

Xiaoying Xu, "Hierarchical stress generation
with Fujisaki model in expressive speech
synthesis," Proceedings of International
Conference on Speech Prosody, Dublin
(Ireland), May 20-23, 2014, pp.1032-1036.

Tomoyuki Mizukami, Hiroya Hashimoto,
Keikichi Hirose, Daisuke Saito, and Nobuaki
Minematsu," Selection of training data for
HMM-based speech synthesis from prosodic




features - Use of generation process model of
fundamental frequency contours ="
Proceedings of International Conference on
Speech Prosody, Dublin (Ireland), May 20-23,
2014, pp.1042-1046 .

. Keikichi Hirose, "Control of fundamental
frequencies in HMM-based speech synthesis
using generation process model," Proceedings
of International Symposium on Frontiers of
Research on Speech and Music (FRSM-2014),
Mysore (India), March 13-14, 2014, pp.
96-100. (Invited Speech)

10. Hiroya Hashimoto, Keikichi Hirose and

Nobuaki Minematsu, “Context labels based on

"bunsetsu" for HMM-based speech synthesis

of Japanese,” Proceedings 8th ISCA Workshop

on Speech Synthesis (SSW-8), Barcelona

(Spain), August 31-September 3, 2013,

pp-35-39.
. Oraphan Kirityakien, Nobuaki Minematsu,
and Keikichi Hirose, "Generation of

fundamental frequency contours for Thai
speech synthesis using tone nucleus model,"
Proceedings INTERSPEECH, Lyon (France),
August 26-29, 2013, pp.1037-1041.

12. Oraphan Krityakien, Keikichi Hirose, and
Nobuaki Minematsu, “FO contour generation
of Thai speech using the tone nucleus model,”
Proceedings of RISP International Workshop
on Nonlinear Circuits, Communication and
Signal Processing (NCSP2013), Kona (U.S.A.),
March 5-7, 2013, pp.81-84. (Student Paper
Award)

13. Daisuke Saito, Nobuaki Minematsu, Keikichi

Hirose,  “Tensor-based  speaker  space
construction for arbitrary speaker conversion,”
Proceedings IEEE International Conference on
Signal Processing (ICSP’12), Beijing (China),
October 22-24, 2012, pp.595-598. (Invited to
Special Session)

14. Keikichi Hirose, Hiroya Hashimoto, Jun
Ikeshima, and Nobuaki Minematsu, "Use of
generation process model for synthesizing
fundamental frequency contours in
HMM-based speech synthesis," Proceedings
IEEE International Conference on Signal
Processing  (ICSP’12), Beijing (China),
October 22-24, 2012, pp.575-578. (Invited to
Special Session)

15. Hiroya Hashimoto, Keikichi Hirose, and
Nobuaki Minematsu, "Improved automatic
extraction of generation process model
commands and its use for generating
fundamental frequency contours for training
HMM-based speech synthesis," Proceedings
INTERSPEECH, Portland (US.A)),
September 9-13, 2012, 4 pages in CD-ROM
Proceedings.

16. Daisuke Saito, Nobuaki Minematsu, Keikichi

Hirose, “Effects of speaker adaptive training

on tensor-based arbitrary speaker conversion,"
Proceedings INTERSPEECH, Portland
(US.A.), September 9-13, 2012, 4 pages in
CD-ROM Proceedings.

17. Miaomiao Wang, Miaomiao Wen, Keikichi
Hirose, and Nobuaki Minematsu, "Emotional
voice conversion for mandarin using tone
nucleus model — small corpus and high
efficiency," Proceedings of International
Conference on Speech Prosody, Shanghai
(China), May 22-25, 2012, pp.163-166.
Student paper award (2nd prize)

18. Keikichi Hirose, Hiroya Hashimoto, Jun
Ikeshima, and Nobuaki Minematsu,
"Fundamental frequency contour reshaping in
HMM-based speech synthesis and realization
of prosodic focus using generation process
model,”  Proceedings of  International
Conference on Speech Prosody, Shanghai
(China), May 22-25, 2012, pp.171-174.

1

1. Keikichi Hirose & Jianhua Tao (eds.),
Springer-Verlag, Berlin, “Speech Prosody in
Speech Synthesis: Modeling and generation of
prosody for high quality and flexible speech
synthesis,” (2015-4). 221 pages (Chapter 10:
Use of generation process model for improved
control of fundamental frequency contours in
HMM-based speech synthesis, pp.145-160

)

(1)
HIROSE, Keikichi

(2)
MINEMATSU Nobuaki
SAITO Daisuke



