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Abstract
This paper reports the results of an attempt to synthesize the lex-
ical tones of the Mizo language. Firstly, the study reported in
this paper attempts to confirm the findings of previous acoustic
studies on Mizo tones. Secondly, using the parameters defined
in the previous acoustic studies, the work reported in this pa-
per synthesized Mizo tones and then confirmed the acceptabil-
ity of the synthesized tones from native speakers of Mizo. The
work reported in this paper confirms that (a) mean fundamental
frequency (F0) alone cannot be a parameter to recognize Mizo
tones; (b) mean F0 and tone slope (Fd) information integrated
into synthesized Mizo tones elicit better identification and ac-
ceptance and (c) durational information is important for correct
identification of rising tones in Mizo.
Index Terms: Tone language, contour tone, Mizo, tone synthe-
sis, epoch based prosody modification

1. Introduction
Processing of lexical tones in tone languages have been of in-
terest to both the linguistic and speech processing communities.
Even though a lot of progress have been made in the domain of
speech synthesis and recognition in tone languages like Man-
darin Chinese, tones still pose a challenge in correct recognition
of speech. For example, [1] report that in Mandarin Chinese
automatic speech recognition systems 48.3% of the errors are
caused due to misrecognition of tones.

While the Indian subcontinent is home to a lot of tone lan-
guages, they have not received much attention from the linguis-
tic or the speech processing communities. The language of the
current study, Mizo, is a Tibeto-Burman tone language spoken
by about 674,756 native speakers in the province of Mizoram
in North-East India 1. Mizo tones have been described in sev-
eral works [2–5] ; however, only [5] conducts acoustic study on
Mizo tones. As reported in [5], Mizo has four salient lexical
tones namely, high, low, falling and rising. Figure 1 shows the
pitch tracks of four Mizo tones extracted from an adult, female
Mizo speaker in [5].

Based on the acoustic study on Mizo tones [5], in this study,
we synthesized a set of stimuli from the low toned Mizo [pa:]
syllable as the source and the falling and rising tones as targets.
The [pa:] syllable can mean father, mushroom and male, when
it is produced with a falling, rising and a low tone, respectively.
In the synthesis of the target tones based on the [pa:] sylla-
bles, three parameters were manipulated namely, the average
F0, the slope of the pitch (Fd) and the duration of the syllable.
The duration of the syllable was manipulated only for the rising
tone as it is seen that the rising tones in Mizo are comparatively

1http://www.censusindia.net/ accessed on 30/11/2011

Figure 1: Pitch tracks for four Mizo tones [5]

longer than the other three tones [5]. Hence, in the synthesis
of the rising tones, three different durational parameters were
used- firstly, the original duration of the source was maintained;
secondly, the synthesized rising tone was elongated by a fac-
tor of 1.5 and thirdly, the synthesized tone was elongated by
a factor of 2.0. As the falling tone in Mizo is comparatively
shorter than the other three tones, no durational manipulation
was deemed necessary for the synthesized falling tone. After
the stimuli were synthesized, perception tests were conducted
where ten Mizo speakers identified and rated the acceptability
of the synthesized tones.

The results of the perception test confirmed that, while
identifying Mizo tones, native speakers depend significantly on
the slope of the F0 track. However, providing them only with
average F0 information resulted in incorrect identification of
the tones. It was also seen that for rising tones, Mizo speakers
also depended on the duration of the tone. A short tone dura-
tion resulted in wrong identification of the tones, while a longer
duration resulted in near-perfect identification.

This paper is organized as follows: Section 2 describes the
procedure of prosody modification for synthesizing the Mizo
tone stimuli. Section 3 describes the perception test conducted
as part of the current study. Section 4 describes the results of the
perception experiment while Section 5 summarizes this study.

2. Synthesis of stimuli
The synthesis in the current study is based on original sound
files recorded from a female Mizo speaker, aged 25 at the time
of recording. The sounds were recorded in a sentence frame.

2.1. Epoch based prosody modification

To reduce the distortion in the prosody modification, we have
used epoch based prosody modification method for manipulat-



ing the pitch and duration to convert one Mizo tone to another.
Epoch based prosody modification proposed in [6] consists of
the following steps:

• Estimating the accurate epoch locations

• Deriving the modified epoch locations according to the
desired prosody

• Reconstructing the waveform to obtain the prosody mod-
ified speech

2.2. Estimating the accurate epoch locations

Epochs are the instants of glottal closure in case of voiced
speech and onset of bursts or frication incase of unvoiced speech
[6, 7]. These epoch locations are used as the analysis pitch
marks for the prosody modification [8]. The accurate epoch
locations are estimated by the zero frequency filtering (ZFF)
method [6, 7].

2.3. Deriving the modified epochs locations

The modified epoch locations have to be derived according to
the desired prosody for generating the synthesis pitch marks.
The synthesis pitch marks can be generated by scaling the epoch
intervals, which is the difference between successive epoch lo-
cations for pitch modification. In case of duration modification,
the epoch interval plot is resampled according to the desired
duration modification factors. Epoch locations stating from a
point in the modified and interpolated epoch interval plot gives
the locations of the synthesis pitch marks.

2.4. Reconstructing the prosody modified speech waveform

For synthesizing the speech waveform, the analysis pitch marks
that are nearest to the synthesis pitch marks are found. The
speech samples of the original epoch interval starting from the
analysis pitch mark are copied to the synthesis pitch mark loca-
tions. The resulting sequence will be the speech waveform with
desired prosody by processing all the epochs.

To further improve the naturalness of the prosody modifi-
cation, the desired prosody of the glottal activity (GA) regions
are retained by the accurate ZFF based GA detection [9].

Figure 2 plots the waveforms and F0 contours of original
[pa:] low tone, synthesized rising tone and original rising tone.
The rising pattern in the synthesized tone contour can be ob-
served from the Figure 2(e) after incorporating the pitch slope
of the desired rising tone. Figure 3 plots the waveforms and F0

contours of the original [pa:] low tone, the synthesized falling
tone and the original falling tone. The falling nature of the con-
tour can be identified in the synthesized tone as given in Fig-
ure 3(e) unlike the F0 contour of the original low tone shown in
Figure 3(d).

Table 1 shows the parameters on which the low toned [pa:]
syllable was modified into other tones. The stimuli where the
F0Avg is modified, only the average F0 values of the target tone
is embedded in the synthesized stimuli and the slope of the tone
remained unmodified. The stimuli where the slope is modified,
the pitch slope values are also incorporated. The stimuli where
the duration is modified, their total duration is increased by a
factor of either 1.5 or 2.

3. Perception test
The synthetic stimuli along with the original sounds recorded
from a 25 year old, female Mizo speaker were presented to ten

Table 1: Table of synthesized stimuli indicating the manipulated
parameters

Condition Avg.F0 Slope Dur.
[pa:] Falling F0Avg X × ×
[pa:] Falling F0Avg+ Fd X X ×
[pa:] Rising F0Avg X × ×
[pa:] Rising F0Avg+ Fd X X ×
[pa:] Rising F0Avg+ Fd + Dur. 1.5 X X X
[pa:] Rising F0Avg+ Fd + Dur. 2 X X X

native speakers of Mizo (9 male and 1 female). They all were
between 25 and 35 years in age. Each of the ten Mizo speakers
were asked to perform an identification and a goodness judg-
ment task on the stimuli. In total there were 12 synthesized
stimuli (6 conditions x 2 different source syllables) and 6 real
speech stimuli (3 tone types x 2 separate iterations). The 18
stimuli (12 synthesized + 6 real speech) were repeated 5 times
each resulting in 90 total stimuli.

The stimuli were presented using Praat MFC test interface
[10] on a desktop computer and the subjects heard the sounds
though a pair of headphones. The stimuli were presented on
a desktop computer in a noise-free environment. The speak-
ers were presented with clickable choices on a computer screen
and depending on what tone they heard, the speakers were re-
quired to click on one of the three meanings associated with the
syllable [pa:]. A null option was also provided as none, if the
presented stimulus did not evoke any meaning reference in the
speakers or if the speakers considered the tone of the stimulus
to be completely unacceptable. After choosing a meaning, the
speakers had to judge the quality of the tone of the stimulus on
a Likert scale ranging from 1 to 5, 1 being poor and 5 being
good. The speakers were allowed to replay the sound twice if
he needed. Each new stimulus was programed to be played af-
ter an initial silence of 1500 milliseconds. Each stimulus was
repeated 5 times, resulting in a total of 90 stimuli that were ran-
domly permuted with no doublets. The subjects completed the
experiment in 40 minutes and their results were saved into a
spreadsheet for further analysis.

4. Results
The results of the tone identification and goodness judgment
tasks performed by the Mizo speaker are detailed in the sections
below.

4.1. Tone identification

The results of the perception study conducted with the synthe-
sized Mizo tones revealed that when the stimuli incorporates
only the average F0 information, identification of the tones is
comparatively low. In case of the synthesized [pa:] with a
falling tone that incorporates only the average F0 information,
the correct identification percentage is 67 (see Table 2). In the
same condition the percentage of correct identification for a ris-
ing tone is 5. When the stimuli also incorporates slope infor-
mation (Fd) with the average F0 information, correct identifi-
cation increases to 69% for the falling tone. While for the rising
tone, in the same condition, correct identification marginally
improves to 29%. As the duration of the rising tone in Mizo
is longer than the other three tones, we decided to elongate the
tones 1.5 and 2 times the total duration of the source [pa:] syl-
lable. It was noticed that the perception of the rising tones with
average F0 and Fd information was significantly augmented
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Figure 2: Synthesized [pa:]-R from [pa:]-L. Top left to top right: Speech waveforms of [pa:] L tone, synthesized [pa:] R tone, original
[pa:] R tone. Bottom left to bottom right: F0 contours of [pa:] L tone, synthesized [pa:] R tone, original [pa:] R tone.
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Figure 3: Synthesized [pa:]-F from [pa:]-L. Top left to top right: Speech waveforms of [pa:] L tone, synthesized [pa:] F tone, original
[pa:] F tone. Bottom left to bottom right: F0 contours of [pa:] L tone, synthesized [pa:] F tone, (c) original [pa:] F tone.



when the total durations of the tones were increased. When the
stimuli were elongated by a factor of 1.5, the average correct
perception of the synthesized rising tones increased to 72%. In
the condition where the total duration was elongated by a fac-
tor of 2, the average correct perception of the rising tones in-
creased to 84%. In order to ascertain that the subjects of the

Table 2: Correctness in recognizing synthesized speech tones
on [pa:]

Tone Conditions Correctness
Falling F0 67%
Falling F0 + Fd 69%
Rising F0 5%
Rising F0 + Fd 29%
Rising F0 + Fd + dur1.5 72%
Rising F0 + Fd + dur2.0 84%

current study had native competence in identifying Mizo tones,
we also subjected them to perceive 6 real speech stimuli as con-
trols. The real speech stimuli were produced by a single Mizo
speaker. As seen in Table 3, the identification of the tones in
real speech was near perfect.

Table 3: Correctness in recognizing real speech tones on [pa:]

Tone Correctness
Falling 84%

Low 63%
Rising 98%

4.2. Goodness judgment

The synthesized stimuli were also rated for goodness by ten na-
tive speakers on a Likert scale of 5 levels with 1 being poor and
5 being good. As depicted in Table 4 the goodness rating for
the synthesized falling tones is the best in the condition where
the stimuli has only the F0 information incorporated. In case
of the rising tone, the stimuli with F0 and Fd information with
elongation with a factor of 2 are considered to be the best by the
native speakers.

Table 4: Average goodness scores of correctly recognized syn-
thesized speech tones on [pa:]

Tone Conditions Goodness Std dev.
Falling F0 3.50 1.19
Falling F0 + Fd 3.02 1.39
Rising F0 + Fd 3.03 1.18
Rising F0 + Fd + dur1.5 3.31 1.31
Rising F0 + Fd + dur2.0 3.65 1.15

We also required the native speakers to rate the goodness
of the tones in real speech. As depicted in Table 5, the native
speakers rated the falling and the low tone as of equal goodness
and rated the rising tone as near perfect.

5. Summary and conclusion
The results of the current study can be viewed from two per-
spectives. Firstly, it reinforces the findings of [5] that, for cor-

Table 5: Average goodness scores of correctly recognized real
speech tones on [pa:]

Tone Goodness Std dev.
Falling 4.16 1.10

Low 3.89 1.33
Rising 4.61 0.74

rect identification of Mizo tones, information about pitch slope
is crucial. This study also confirms that, in case of the rising
tone, apart from the pitch slope information, durational cues
are also important. The perception of synthesized rising tones
improve with the increase in the total duration of the [pa:] syl-
lable. Secondly, the results of this study also confirm that the
use of zero frequency filtering based prosody modification re-
duces the perceptual distortions of the modified speech. As the
pitch slope modification was performed using the epoch based
prosody modification method; the success of the participants
of this study in identifying the synthesized tones confirms the
effectiveness of the method in synthesizing one tone from the
other.
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