





Very small footprint synthesizer morioka;04]

- Acoustic model size < 100KBytes
- Tree size
- Order of mel-cepstral analysis
- Variance flooring scale
- 0.1 x Real Time on a old desktop PC

Samples File size”
Before shrinking ) ) 950 KB
After shrinking ) ) 100 KB

* In single precision floating point






Summary (second half)

Recent advances in HMM-based speech synthesis
- Related topics

- Unit selection synthesis & hybrid

- Flexibility to control voice characteristics
- Recent advances

- Vocoding

- Acoustic modeling

- Over-smoothing compensation

- Applications



Further information

HTS website: http://hts.sp.nitech.ac.jp/

- hts-users mailing list
- Over 500 posts per year
- All posts are archived & searchable
- Bug reports, Q&A, announce

- Download page

- Patches/fixes after official releases
- Publication page

- List of important papers

- Tutorial slides
- Demo page

- List of demonstrations



Acknowledgments / Special thanks!!

K. Tokuda; Overall concept & design

H. Zen; Throwing away all old codes of HTS & rewriting them as HTS ver. 1.0--2.1. Former maintainer of HTS
K. Oura; Implementation of hts_engine API. Current maintainer of HTS

J. Yamagishi; Testing out various adaptation algorithms. Implementation of CSMAPLR adaptation

T. Yoshimura; Development of the first version of HTS

M. Tamura; Implementation of various speaker adaptation algorithms for HMM-based speech synthesis
S. Sako; Applying HMM-based speech synthesis to audio-visual synthesis

N. Miyazaki; Implementation of the first version of MSD-HMM trainer

T. Yamada; Testing out various HMM training algorithms for HMM-based speech synthesis

T. Masuko; Discussions in detail & implementing speech parameter generation algorithm

K. Koishida; Discussions in detail & implementing speech coder based on mel-generalized cepstral analysis
Y. Nankaku; Discussions & supervising students working on HMM-based speech synthesis

T. Kobayashi; Discussions & supervising students working on HMM-based speech synthesis

T. Kitamura; Discussions & supervising students on HMM-based speech synthesis

S. Imai; Supervising students working on HMM-based speech synthesis

A. W. Black; Discussions about all aspects of speech synthesis, helping to use Festival

T. Toda; Discussions & implementation of speech parameter generation algorithm considering GV

Y.-J. Wu; Discussions & implementation of minimum generation error training

T. Nose; Implementing multiple-regression based voice characteristics control techniques

M. Tachibana; Testing out various speaking style modification techniques

S. J. Young, P. C. Woodland, M. J. F. Gales, G. Evermann, & other HTK developers; Development of HTK
& others,...



References (1)

Sagisaka;'92 - "ATR nu-TALK speech synthesis system," ICSLP, '92.

Black;'96 - "Automatically clustering similar units...," Eurospeech, '97.

Beutnagel;'99 - "The AT&T Next-Gen TTS system," Joint ASA, EAA, & DAEA meeting, '99.
Yoshimura;'99 - "Simultaneous modeling of spectrum ...," Eurospeech, '99.

Itakura;'70 - "A statistical method for estimation of speech spectral density...," Trans. IEICE, J53-A, '70.
Imai;'88 - "Unbiased estimator of log spectrum and its application to speech signal...," EURASIP, '88.
Kobayashi;'84 - "Spectral analysis using generalized cepstrum," IEEE Trans. ASSP, 32, '84.
Tokuda;'94 - "Mel-generalized cepstral analysis -- A unified approach to speech spectral...," ICSLP, '94.
Imai;'83 - "Cepstral analysis synthesis on the mel frequency scale," ICASSP, '83.

Fukada;'92 - "An adaptive algorithm for mel-cepstral analysis of speech," ICASSP, '92.

Itakura;'75 - "Line spectrum representation of linear predictive coefficients of speech...," J. ASA (57), '75.
Tokuda;'02 - "Multi-space probability distribution HMM," IEICE Trans. E85-D(3), '02.

Odell;'95 - "The use of context in large vocaburary...," PhD thesis, University of Cambridge, '95.
Shinoda;'00 - "MDL-based context-dependent subword modeling...," Journal of ASJ(E) 21(2), '00.
Yoshimura;'98 - "Duration modeling for HMM-based speech synthesis," ICSLP, '98.

Tokuda;'00 - "Speech parameter generation algorithms for HMM-based speech synthesis," ICASSP, '00.
Kobayashi;'85 - "Mel generalized-log spectrum approximation...," IEICE Trans. J68-A (6), '85.

Hunt;'96 - "Unit selection in a concatenative speech synthesis system using...," ICASSP, '96.
Donovan;'95 - "Improvements in an HMM-based speech synthesiser," Eurospeech, '95.

Kawai;'04 - "XIMERA: Anew TTS from ATR based on corpus-based technologies," ISCA SSW5, '04.
Hirai;'04 - "Using 5 ms segments in concatenative speech synthesis," Proc. ISCA SSW5, '04.



References (2)

Rouibia;'05 - "Unit selection for speech synthesis based on a new acoustic target cost," Interspeech, '05.
Huang;'96 - "Whistler: A trainable text-to-speech system," ICSLP, '96.

Mizutani;'02 - "Concatenative speech synthesis based on HMM," ASJ autumn meeting, '02.

Ling;'07 - "The USTC and iFlytek speech synthesis systems...," Blizzard Challenge workshop, 07.
Ling;'08 - "Minimum unit selection error training for HMM-based unit selection...," ICASSP, 08.
Plumpe;'98 - "HMM-based smoothing for concatenative speech synthesis," ICSLP, '98.

Wouters;'00 - "Unit fusion for concatenative speech synthesis," ICSLP, '00.

Okubo;'06 - "Hybrid voice conversion of unit selection and generation...," IEICE Trans. E89-D(11), '06.
Aylett;'08 - "Combining statistical parametric speech synthesis and unit selection..." LangTech, '08.
Pollet;'08 - "Synthesis by generation and concatenation of multiform segments," Interspeech, '08.
Yamagishi;'06 - "Average-voice-based speech synthesis," PhD thesis, Tokyo Inst. of Tech., '06.
Yoshimura;'97 - "Speaker interpolation in HMM-based speech synthesis system," Eurospeech, '97.
Tachibana;'05 - "Speech synthesis with various emotional expressions...," IEICE Trans. E88-D(11), '05.
Kuhn;'00 - "Rapid speaker adaptation in eigenvoice space," IEEE Trans. SAP 8(6), '00.

Shichiri;'02 - "Eigenvoices for HMM-based speech synthesis," ICSLP, '02.

Fujinaga;'01 - "Multiple-regression hidden Markov model," ICASSP, '01.

Nose;'07 - "A style control technique for HMM-based expressive speech...," IEICE Trans. E90-D(9), '07.
Yoshimura;'01 - "Mixed excitation for HMM-based speech synthesis," Eurospeech, '01.

Kawahara;'97 - "Restructuring speech representations using a ...", Speech Communication, 27(3), '97.
Zen;'07 - "Details of the Nitech HMM-based speech synthesis system...", IEICE Trans. E90-D(1), '07.
Abdl-Hamid;'06 - "Improving Arabic HMM-based speech synthesis quality,”" Interspeech, '06.



References (3)

Hemptinne;'06 - "Integration of the harmonic plus noise model into the...," Master thesis, IDIAP, '06.
Banos;'08 - "Flexible harmonic/stochastic modeling...," V. Jornadas en Tecnologias del Habla, '08.
Cabral;'07 - "Towards an improved modeling of the glottal source in...," ISCA SSWG6, '07.

Maia;'07 - "An excitation model for HMM-based speech synthesis based on ...," ISCA SSW6, '07.
Ratio;'08 - "HMM-based Finnish text-to-speech system utilizing glottal inverse filtering," Interspeech, '08.
Drugman;'09 - "Using a pitch-synchronous residual codebook for hybrid HMM/frame...", ICASSP, '09.
Dines;'01 - "Trainable speech synthesis with trendedn hidden Markov models," ICASSP, '01.

Sun;'09 - "Polynomial segment model based statistical parametric speech synthesis...," ICASSP, '09.
Bulyko;'02 - "Robust splicing costs and efficient search with BMM models for...," ICASSP, '02.
Shannon;'09 - "Autoregressive HMMSs for speech synthesis," Interspeech, '09.

Zen;'06 - "Reformulating the HMM as a trajectory model...", Computer Speech & Language, 21(1), '06.
Wu;'06 - "Minimum generation error training for HMM-based speech synthesis," ICASSP, '06.
Hashimoto;'09 - "A Bayesian approach to HMM-based speech synthesis," ICASSP, '09.

Wu;'08 - "Minimum generation error training with log spectral distortion for...," Interspeech, '08.
Toda;'08 - "Statistical approach to vocal tract transfer function estimation based on...," ICASSP, '08.
Oura;'08 - "Simultaneous acoustic, prosodic, and phrasing model training for TTS...," ISCSLP, '08.
Ferguson;'80 - "Variable duration models...," Symposium on the application of HMM to text speech, '80.
Levinson;'86 - "Continuously variable duration hidden...," Computer Speech & Language, 1(1), '86.
Beal;'03 - "Variational algorithms for approximate Bayesian inference," PhD thesis, Univ. of London, '03.
Masuko;'03 - "A study on conditional parameter generation from HMM...," Autumn meeging of ASJ, '03.
Yu;'07 - "A novel HMM-based TTS system using both continuous HMMs and discrete...," ICASSP, '07.



References (4)

Qian;'08 - "Generating natural FO trajectory with additive trees," Interspeech, '08.

Latorre;'08 - "Multilevel parametric-base FO model for speech synthesis," Interspeech, '08.

Tiomkin;'08 - "Statistical text-to-speech synthesis with improved dynamics," Interspeech, '08.

Toda;'07 - "A speech parameter generation algorithm considering global...," IEICE Trans. E90-D(5), '07.
Wu;'08 - "Minimum generation error criterion considering global/local variance...," ICASSP, '08.
Toda;'09 - "Trajectory training considering global variance for HMM-based speech...," ICASSP, '09.
Saino;'06 - "An HMM-based singing voice synthesis system," Interspeech, '06.

Tsuzuki;'04 - "Constructing emotional speech synthesizers with limited speech...," Interspeech, '04.
Sako;'00 - "HMM-based text-to-audio-visual speech synthesis," ICSLP, '00.

Tamura;'98 - "Text-to-audio-visual speech synthesis based on parameter generation...," ICASSP, '98.
Haoka;'02 - "HMM-based synthesis of hand-gesture animation," IEICE Commun. syst.,102(517), '02.
Niwase;'05 - "Human walking motion synthesis with desired pace and...," IEICE Trans. E88-D(11), '05.
Hofer;'07 - "Speech driven head motion synthesis based on a trajectory model," SIGGRAPH, '07.
Ma;'07 - "A MSD-HMM approach to pen trajectory modeling for online handwriting...," ICDAR, '07.
Morioka;'04 - "Miniaturization of HMM-based speech synthesis," Autumn meeting of ASJ, '04.

Kim;'06 - "HMM-Based Korean speech synthesis system for...," IEEE Trans. Comsum. Elec., 52(4), '06.
Klatt;'82 - "The Klatt-Talk text-to-speech system," ICASSP, '82.





