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Abstract: This paper explores the modeling of prosody parameters for improving naturalness of
Tamil speech synthesis, by studying recorded utterances of speech with and without explicit
emotions. To begin with, we look at interrogative and exclamatory Tamil sentences. Prosody
parameters namely, pitch contour, energy and duration of each word in the sentences were
observed, analyzed and generalized from the un‐intonated and intonated, interrogative and
exclamatory human speech. Differences in energy level were also analyzed between the two
sets of utterances in three different frequency bands. Pitch is by modified in the LP residual
domain using DCT. Energy is modified by multiplying the signal by the hypothesized factor and
duration is modified as per the duration model by duplicating or removing integer number of
pitch periods as necessary. The model was implemented on speech synthesized from
Thirukkural TTS, developed by MILE LAB, and the results were found to be satisfactory.
Keywords: TTS, interrogative, exclamatory, pitch, energy, durations, LP, DCT, pitch
synchronous, pitch modification, pitch contour, Gaussian modeling.
Introduction
It is known that a listener gets fatigued by listening to synthesized speech for a length of time
[2]. This is fundamentally because text to speech conversion systems use normative speech
from a native speaker to obtain their basic units for concatenation. Thus, it lacks variations in
pitch, duration and energy level, which together are known as prosody [2, 3, and 4]. Further, a
human being, even when she/he repeats the same sentence twice, the utterances are not
identical, and there are always minute variations in stress levels and local amplitudes and
duration. This lack of natural variations in speech attributes makes synthesized speech
monotonous [3].
This triggers the need for modeling prosody in synthesized speech. Modeling prosody in
languages like French, Spanish and English has a wide research literature. Modeling prosody in
Indian languages like Tamil is not a trodden path. Here, interrogative and exclamatory
intonations are considered. Prosody parameters are generalized for each of the above and
appropriately modeled and implemented to speech synthesized by Thirukkural TTS, developed
by MILE LAB.

Modeling interrogative intonation
Pitch contour: Figure 1 shows sample utterances of an interrogative sentence, both with and
without intonation along with their pitch contours. It is noticed that the pitch contours of
specific interrogation loaded words form a curve, with a rise and fall of pitch relative to the
basal value. The mean ratio of maximum to basal pitch is 1.4. The question indicative word may
fall in any position of the sentence: starting, somewhere in the middle or last. When the
interrogative word (IW) is in the start or middle, it forms the rising part of the curve and the
next word forms the falling part. Whereas, if the IW is the last word of the sentence, then it
forms the falling part and the previous word forms the rising part of the curve. There are also
interrogative sentences in Tamil, which do not have a specific IW; rather they end with the long
vowel /aa/. In this case, the pitch significantly rises during the /aa/ sound.

Figure 1: Un‐intonated and intonated interrogative speech and their respective pitch contours.

Energy: The energy and duration of the intonated interrogative utterance are higher by an
average of 17.5% and 19.7%, respectively, than those of the un‐intonated one.
Duration: The durations of the words that fall within the rise and fall region of the pitch
contour also follow a distinct pattern. On the average, the duration of the first word in the
region is 31.5% less than the un‐intonated word, whereas that of the second word is 32% more.

Pitch modification is carried out pitch synchronously by interpolation of LPC residues of each
pitch period in the DCT domain. Energy modification is accomplished by multiplying the signal
by the hypothesized factor. Durational is modified by duplicating or removing integral number
of periods. Tables 1 and 2 compare the mean opinion scores of five natives on un‐intonated
human speech and TTS speech, respectively before and after the prosodic modifications.

Figure 2: Block diagram implemented for pitch modification as per hypothesis.
Table 1: Comparison of MOS (on a scale of 5) of un‐intonated human speech after modification.
Type of speech

MOS

Sentence recorded without intonation

2

Un‐intonated recording modified by our algorithm

3.8

Sentence recorded from a human with intonation

5

Table 2: Comparison of MOS of TTS speech after prosody modification.
Type of speech

MOS

TTS output

1

TTS output modified by new algorithm

2.8

Sentence recorded with intonation

5

Contour Analysis: It is noticed that noise in the modified speech is due to the random pitch
contour present in the TTS speech. To nullify this effect, pitch contour of the TTS speech is
analyzed and if the contour by itself satisfies the hypothesized values within an error of ± 5%,
then the TTS is not processed at all; else, the TTS speech is processed as discussed.
Table 3: Comparison of MOS of TTS speeches as per contour analysis
Type of speech

MOS

TTS output

1

TTS output modified by our new algorithm

3.5

Sentence uttered with intonation

5

Energy Distributions: The fractions of energy in the bands, 0‐500 Hz (low frequency band), 500‐
2000 Hz (mid band) and 2000‐8000 Hz (high band) of un‐intonated and intonated speech are
analyzed. For the first word that falls within the curve, the fractions of energy in low and mid
bands of intonated speech are higher on an average by a factor of 3.2 than their un‐ intonated
counterparts. For the second word, the energy in mid frequency band of intonated speech is
higher by a factor of 5.43 than their un‐intonated counterpart. There is no significant change in
the high frequency band for either word. Therefore, by scaling the energies in the respective
frequency bands only, we obtain better intonation and clarity of words in the modified speech.
Table 4: Comparison of MOS of TTS speeches as per energy distribution analysis.
Type of speech

MOS (emotion)

MOS (clarity)

TTS output only with pitch modification (TOPM)

3

3.3

TOPM and increase of energy of the signal

3.6

3.6

TOPM and scaling of energy only in specific bands

3.5

3.8

Modeling exclamatory intonation:
It is noticed that the pitch contour of the last two words in the sentence takes a rise and fall
pattern. The mean ratio of maximum to basal pitch is 1.8.

Figure 3: Un‐intonated and intonated exclamatory speech and their respective pitch contours.
The energy and duration of the intonated exclamatory sentence are higher by an average of
19.3% and 16.4% than those of un‐intonated one, respectively. The pitch, energy and duration
are modified in the same way as the interrogative case. Table 5 shows the evaluation of the
results of the modifications.
Table 5: Comparison of MOS of un‐intonated exclamatory speeches.
Type of speech

MOS

Sentence recorded without intonation

1

Un‐intonated recording modified by our algorithm

4

Sentence recorded with intonation

5

Energy in specific bands: As discussed for the interrogative case, energy in different frequency
bands are analyzed for exclamatory intonation as well. For the first and second words within
the pitch curve, the energies in mid band of intonated speech are 6.25 and 5.4 times those of un‐

intonated speech, respectively. Change in high frequency band is not significant for both words.
Improvement in the quality of processed speech is evaluated and listed in Table 6.
Table 6: Comparison of MOS of TTS speeches as per energy distribution analysis.
Type of speech

MOS (emotion)

MOS (clarity)

TTS output only with pitch modification (TOPM)

3.75

3.5

TOPM and increase of energy of the signal

4.25

3.75

TOPM and scaling of energy in specific bands

4.2

4

Results and Discussion
Prosody of interrogative and exclamatory sentences have been modeled. Modification of the
pith, energy and duration of the TTS generated speech gives interrogative or exclamatory
intonation, as evaluated by the native listeners. Energy modification in certain frequency bands
gives better quality and intended intonation closer to expected natural intonation.
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