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Corpus-based generation of fundamental frequency contours based on the
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A corpus-based method of generating fundamental frequency (Fy) contours from text was developed. Instead of
directly predicting Fy values, the method predicts command values of the F contour generation process model using
binary decision tree. Because of the model constraint, synthetic speech with certain quality is available even when
the prediction is done incorrectly. Also, it is easy to incorporate our knowledge on the F, contours in the method by
manually adjusting command values after the prediction. The method includes a scheme of extracting the model
commands from given F, contours, which makes it possible to prepare the training corpora automatically. F
contours of any speaking styles can be generated if the training corpora in such styles are available. As an example
of various styles, emotional speech (anger, joy, sadness) was selected as the research target as well as the calm speech.
Since accuracy in the extraction of the model command values is crucial for the method, a constraint is applied on the
position of phrase commands. Also, since performance of phrase command prediction dominates the overall
accuracy of generated Fy contours, the method was modified from its original version to predict phrase commands
first. The mismatches between the predicted and target contours for angry speech were similar to those for calm
speech. Synthesis of emotional speech was conducted with text inputs. The segmental features were handled by
the HMM-based speech synthesis method and the phoneme durations are predicted in a similar corpus-based method.
Perceptual experiment was conducted for the synthesized speech, and the result indicated that the anger could be well

conveyed by the developed method. The result came worse for joy and sadness.

Key Words: Fundamental frequency (F() contour, Generation process model, Corpus-based method, HMM-based speech

synthesis, Emotional speech
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Fig. 1. Automatic production of prosodic corpus.
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Table 1. Number of samples used for the experiment.

Type Category Number p
Sentence | Prosodic word
Training 333 2340
Im -
Ca Testing 50 338
Training 472 3247
Anger T ing 50 346
Jo Training 358 2391
Y Testing 50 271
Training 305 2185
Sadness 1 g 50 389
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Table 2. Input parameters for phrase command prediction.
The category numbers in the parentheses are those for the
directly preceding bunsetsu.

Input parameter Category
____________ Positoninsentence | 28
] Numberofmorae | 2122)
__ Accent type (location of accent nucleus) | 18(19)
e Numberofwords | 10(11)
______Partof-speech of the firstword | 14(15)
_____Conjugation form of the firstword | 1920)
o Part-of-speech of the lastword | 14(15)
_____Conjugation form of the last word | 16(17)
Boundary depth code (BDC) 20
__Phrase command for preceding bunsetsu_| 2.
Number of morae between the preceding
phrase command and the head of the 25
... Gurentbunsetsu |
Magnitude of the preceding phrase Confinuous
command

Bunsetsu ! arayuru 2 geNjitsuo 3 subete  * jibuNno * hooe © nejimagetanoda
e e

Distance 1 4 3 1 1
Boundary Depth Code ~ F 1 4 3 1 1

Fig. 2. Result of syntactic analysis by KNP and bunsetsu
boundary depth codes for the sentence "arayuru geNjitsuo
subete jibuNno hooe nejimagetanoda ([He] twisted all the
reality to his side.)." Code F denotes the prosodic word
locating at the sentence initial. The code takes the value 1
when the boundary between the current and preceding
bunsetsu's is left branching.

Table 3. Result of phrase command flag PF prediction.
(in %)

Closed Open

Calm 674 649
Anger 69.0 66.1
Joy 66.1 632
Sadness 74.5 74.8
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Table 4. Root mean square errors of phrase command
magnitude prediction.

Closed Open

Calm 0.229 0.228
Anger 0.162 0.192
Joy 0.168 0.155
Sadness 0.144 0.131
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Table 5. Input parameters for prosodic word boundary

prediction. The category numbers in the parentheses are
those for the directly preceding morpheme.

Input parameter Category
L Partofspeech | ] 15(16)
e Conjugationform | 24(25)
! Conjugationtype | 3536)
_____________ Numberofmorae | 9(0)
... Positioninsentence | 63

BDC of bunsetsu where the current
22
_____________ morphemebelongs | T
Bunsetsu boundary at the head of the 5
current morpheme
__________ PF forcurrent morpheme | 2
Number of morae between the preceding
phrase command and the head of the 31
_____________ curentmorpheme |
Magnitude of the preceding phrase Continuous
command




Table 6. Result of prosodic word boundary prediction.

(in %)

Closed Open
Calm 88.5 87.7
Anger 87.0 83.7
Joy 86.7 853
Sadness 85.3 85.0
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Table 7. Input parameters for accent command prediction.
The category numbers in the parentheses are those for the

directly preceding prosodic word.

Input parameter Category
____________ Positioninsentence | 27
] Numberofmorae | 17(18)
__ Accent type (location of accent nucleus) | lo(17)
e Numberofwords | 9(10)
] Part-of-speech of the firstword | 14(15)
_____Conjugation form of the firstword | 23(24)
o Part-of-speech of the lastword | 14(15)
_____Conjugation form of the last word | 2324

Boundary depth code 22

Table 8. Root mean square errors of accent command

amplitude prediction.

Closed Open

Calm 0.158 0.170

Anger 0.162 0.181

Joy 0.153 0.130

Sadness 0.112 0.127
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Figure 3. F, contours generated by the original method
(first panel) and the new method (second panel) for calm
speech "oyajiwa gaNkodakeredomo soNna ekohiikiwa senu
otokoda (Although my dad is a tough person, he never shows
such a prejudice to any person.).”" The third and the fourth
panes show the model commands extracted for the target Fq
contour and those predicted by the new method, respectively.
The thick and half tone contour in the first and the second
panel is the target F, contour.
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Table 9. Average FQMSE's of F, contours generated using
the predicted model parameters.

Closed Open

Calm 0.049 0.048
Anger 0.051 0.065
Joy 0.052 0.078
Sadness 0.035 0.043
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Table 10. Percentages showing how correctly the designated
emotion (anger, joy, sadness) in synthetic speech is perceived.
The italic numbers indicate the percentages when the
designated emotion is perceived correctly. "Ori." indicates
the results when the commands predicted by the original
method are used, while "New" indicates those predicted by
the new method are used.  The results are averaged over all
10 sentences and 9 speakers for each emotion.

Anger Joy Sadness
Ori. | New | Ori. | New | Ori. | New
Calm 100 | 7.8 | 300 | 233 | 322 | 267
Anger | 783 | 833 | 11.1 [ 100 | 11.7 | 10.0
Joy 6.1 | 56 | 567 | 578 | 11.7 | 78
Sadness | 56 | 33 | 22 | 89 | 444 | 556

Table 11. Scores for the realization of the designated
emotion and naturalness of prosody.

Anger Joy Sadness
Ori. | New | Ori. | New | Ori. | New
Degree | 401 | 421 | 326 | 336 | 3.07 | 3.12
Quality | 206 | 248 | 1.76 | 190 | 1.61 | 2.32
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