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Syllable Segmentation of Farsi Continuous Speech Using Wavelet
Coefficients Thresholding and Fuzzy Smoothing of Energy Contour
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Syllable, as a sub-word unit, nowadays plays an active role in the field of speech processing and recognition
research according to its robust relation to human speech production and cognition. Automatic syllable
boundaries detection is an important step forward in the areas of speech prosody, natural speech synthesis
and speech recognition. In this paper, a novel method in automatic syllabification of Farsi continuous speech
based on acoustic structure is proposed. Our previous studies, showed the proficiency of energy contour
fuzzy smoothing method, compared with other prominent works in this area. This paper suggests that the
conventional methodology-used in speech enhancement based on wavelet coefficient thresholding would
improve syllable segmentation by decreasing insertion error. This process declines the energy in high energy
consonants which are responsible for extra peaks in short term energy contour. Experimental results showed
that utilizing proposed method along with fuzzy smoothing would diminish insertion error about 8% with no
reasonable effect on other efficiency criteria. More than 94% of syllables are automatically segmented using
presented technique with less than 50ms error.

Index Terms: Syllable segmentation, wavelet transform, wavelet coefficient thresholding, vowel, consonant,
fuzzy filter, short term energy.
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Fig. (3): Db20 wavelet: (a) Daubechies wavelet and (b) scale function
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Fig. (9): Detected boundaries using FS and WF method
Table (1): A comparison of different techniques for syllable segmentation
SaS ol ahais jo alie slahg, o) dawolie (V) Jyo
syllables with less than 50ms Max error relative to syllable Duration . .
r error % . Insertion% | Deletion%
duration% error%
method
MA method 86.3 33 10.2 9.3 7.5
AT method 88.7 33 9.8 7.6 6.4
GD method 74.5 84 16.6 9.8 6.5
FS method 93.8 27 8.6 14.2 34
WF method 94.7 24 9.0 6.1 34
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1. Voice command

2. Automatic Speech Recognition System
3. Segmented

4. Acoustic level
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6. Language level

7. Co-articulation

8. Frame based
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9. Strict

10. Semi vowel

11. Accent

12. Rhythm

13. Tone

14. Dialect

15. Consonant

16. Short Term Energy Function
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17. Group delay 33. Daubechies

18. Wavelet transform 34. Scaling function

19. Continuous 35. Wavelet tree level

20. Teager 36. Heuristic Stein unbiased risk
21. Pre-emphasize 37. Soft thresholding

22. Short bursts 38. Hard thresholding

23. Normalize 39. Reconstruction

24. Thresholding 40. Smoother

25. Adaptive threshold 41. FarsDat

26. Smoothing 42. Moving Average

27. Local minima 43. Adaptive Threshold

28. Maxima 44. Group Delay

29. Pitch frequency 45. Fuzzy Smoothing

30. Quasi periodic 46. Wavelet based Fuzzy smoothing

31. Wavelet coefficient thresholding
32. Decomposition
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