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Speech	  Synthesis	  

•  Analogue	  for	  human	  reading	  
•  Input	  –	  text;	  output	  –	  speech	  waveform	  
•  Overview	  of	  a	  typical	  speech	  synthesis	  system:	  



Linguis,c	  Processing	  

•  Language	  specific	  
•  Ortographic	  text	  converted	  into	  pronuncia,on	  
text	  

•  Linguis,c	  context	  factors	  (phoneme,	  syllable,	  
word,	  phrase,	  stress,	  accent,	  length	  etc)	  

•  Vowel	  ‘e’	  in	  ‘mees’	  (‘man’	  in	  Estonian)	  
– preceding	  consonant	  ‘m’	  (formant	  trajectories)	  
– monosyllabic	  word	  (vowel	  dura,on	  and	  quan,ty)	  



Sta,s,cal	  Parametric	  
Speech	  Synthesis	  (1/2)	  

•  Based	  on	  hidden	  Markov	  models	  
•  Speech	  described	  using	  parameters,	  rather	  
than	  stored	  examples	  

•  Parameters	  described	  using	  sta,s,cs	  (e.g.,	  
means	  and	  variances	  of	  probability	  density	  
func,ons)	  



Sta,s,cal	  Parametric	  
Speech	  Synthesis	  (2/2)	  

•  HMM	  of	  a	  speech	  segment:	  



Overview	  of	  System	  HTS	  



Proper,es	  of	  Sta,s,cal	  Parametric	  
Speech	  Synthesis	  

•  Advantages	  
– flexible	  (voice	  characteris,cs,	  speaking	  styles,	  
emo,ons,	  speaker	  adap,on)	  

–  robust	  against	  sparse	  data	  
– small	  footprint,	  low	  computa,onal	  resource	  need	  

•  Drawbacks	  
–  low	  quality	  (vocoder,	  accuracy	  of	  acous,ng	  
modelling,	  over-‐smoo,ng)	  



Speech	  Corpus	  

•  Necessary	  for	  training	  speech	  model	  
•  Contextually	  labelled	  
•  Phone,cally	  rich	  and	  balanced	  
•  Transcribed	  automa,cally	  
•  Large	  amount	  of	  training	  data	  provides	  high-‐
quality	  synthesized	  speech	  

•  IEL’s	  Speech	  Corpus	  (ca	  17	  hours	  of	  speech	  
from	  5	  speakers)	  



Linguis,c	  Processing	  Unit	  
•  Linguis,c	  specifica,on	  of	  the	  speech	  model	  
must	  correspond	  to	  the	  capabili,es	  of	  text	  
analysis	  module.	  

•  Text	  analysis	  modules	  developed	  under	  
Fes,val	  

o d a v p r o 4 k s i v x r v i l i s e s t p u u

Time (s)
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Crea,on	  of	  Speech	  Model	  

•  Adap,ng	  HTS	  to	  Estonian	  
– phone,c	  and	  phonological	  context	  factors	  
(phoneme,	  syllable,	  word,	  phrase,	  stress,	  accent,	  
length	  etc)	  

•  Choosing	  training	  corpus	  
– amount	  of	  data	  
– phone,cally	  balanced	  

•  Test	  corpus	  
•  Compa,ble	  with	  text	  analysis	  module	  



Evalua,on	  of	  Speech	  Models	  

•  Listening	  to	  synthesized	  test	  sentences	  
•  Sentences	  of	  test	  corpus	  don’t	  contain	  in	  
training	  corpus	  

•  Different	  training	  corpora	  (from	  100	  to	  2000	  
sentences)	  

•  Different	  linguis,c	  specifica,ons	  (becer	  
results	  with	  smaller	  number	  of	  phonemes)	  



Quality	  of	  Synthesized	  Speech	  

•  Intelligibility	  
•  Pronuncia,on	  errors	  (mistakes	  by	  text	  analysis	  
unit)	  

•  Speech	  model	  quality	  is	  dependent	  on	  
– high	  quality	  training	  corpus	  
–  text	  analysis	  unit	  
– phone,c	  and	  phonological	  context	  factors	  



Examples	  

•  Training	  corpus	  of	  100	  sentences	  –	  barely	  
understandable	  

•  Training	  corpus	  of	  500	  sentences	  –	  
understandable	  

•  „Harjumaa	  kolmeteistkümnes	  tulemus	  
geograafias	  on	  kõva	  tase.“	  
– Liisi_lyh_250 	   	   	  –	  Liisi_2000	  
– Liisi_lyh_487 	   	   	  –	  Liisi_lyh_2000	  
– Liisi_500 	   	   	  –	  Tõnu	  



Conclusion	  

•  Sta,s,cal	  parametric	  speech	  synthesis	  is	  
effec,ve	  in	  synthesizing	  acceptable	  speech.	  

•  Rela,vely	  small	  corpus	  to	  train	  a	  model	  on	  
•  Speech	  models	  adaptable	  
•  Future	  prospects	  


