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Abstract

This research aims to improve speech synthesis in Persian and investigate the pitch contour fall between two H*
peaks carried out in the framework of the Autosegmental Metrical (AM) theory of intonational phonology. In this
paper, we tested two main hypotheses. Firstly, the FO falls through phonetic interpolation and, secondly, it involves
tone spreading. The present paper argues that the first hypothesis is proven to be correct. The data for the present
research includes 45 enclitic phrases that were produced using voiced consonants between the two peaks. It means
that in the course of producing each phrase, it was taken into consideration that all of the consonants placed between
the two peaks would be deliberately and certainly voiced. This is mainly because if the consonants were not voiced,
the data analysis results would be affected in Praat. It has to be noted that the distance between the two H* was
increased by adding zero to two unstressed syllables. Totally, we recorded 1350 utterances from 30 native Persian
speakers. We employed Praat software so as to analyse the utterances. Besides, we utilized SPSS for further analysis.
The results of acoustic and statistical analyses showed that the distance between the first peak and the following FO
valley is increased with the addition of the unstressed syllables, demonstrating the alignment of this valley with the
beginning of the stressed syllable. Results of statistical analyses revealed that the distance between the H and the
following L target is increased significantly with the addition of the unstressed syllables. Furthermore, the normalized
pitch contour was computed for all data. This indicates that the fall of the pitch contour between the two H peaks is
realized through phonetic interpolation.

Keywords: Speech Synthesis, Phonetic Interpolation, Tone Spreading, Autosegmental Metrical theory (AM), Pitch
Accent

Introduction
Text-to-speech technology can be used in many different ways such as allowing blind or visually impaired people to
read texts. It also assists people with speech impairments to establish verbal communication and/or receive information
from a text through listening. Speech intonation and the prosodic structure play a pivotal role in the process of synthetic
speech production. The aim of this research is to investigate the pattern of the FO declination between the H* and L+H*
tonal targets in the Persian language. Being systematic, this declination is possible to predict FO in the same tonal
environments and use these predictions in the process of synthetic speech production of Persian phrases.

The current research is carried out employing Autosegmental Metrical (AM) theory of intonational phonology.
According to Autosegmental Metrical theory, H and L tones are regarded as abstract phonological elements. The

*Corresponding author
Sle
2322-3413 © University of Isfahan
This is an open access article under the CC BY-NC-ND/4.0/ License (https://creativecommons.org/licenses/by-nc-nd/4.0/).

d https://doi.org/10.22108/jrl.2023.136677.1714


https://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.22108/jrl.2023.136677.1714
https://jrl.ui.ac.ir/?lang=en
https://www.orcid.org/0000-0002-5816-1769

120 Journal of Researches in Linguistics, 15(1), Spring & Summer 2023

occurrence of a L* pitch accent in a word stands for the fact that its stressed syllable is produced with a low tone and
the occurrence of a H* pitch accent means that a stressed syllable with a high tone is produced. In bitonal pitch accents,
the starred tone is aligned with the stressed syllable and the un-starred tone appears immediately before or after the
starred one (Sadeghi, 2018). The difference between the monotonal H* accent and the bitonal L*+H accent can be shown
in terms of the placement of the FO peak and valley. In the H* accent, the FO peak is placed on the stressed syllable. In
the L*+H accent, the FO valley is placed on the stressed syllable and the FO peak occurs slightly after it. The pitch
accent in Persian is defined as a bitonal L+H* pitch accent (Mahjani, 2003; Sadat-Tehrani, 2009). This is the consecutive
combination of low and high tones. It is to note that both are aligned with the stressed syllable.

This research seeks to determine the type of the FO declination, which can happen gradually or sharply. The gradual
fall of FO is due to phonetic interpolation. This is while the sudden and sharp decline in FO is because of tone spreading.
Given these considerations, two main hypotheses of this research run as follows: Firstly, the first H peak is interpolated
to the L target. Secondly, the first H falls until the beginning of the second word in the phrase since the L in the second
pitch accent spreads itself to the begnning of the second word.

Materials and Methods
The data for this research comes from phrases that are featured with two pitch accents (H* L+H*). Thus, 45 enclitic
phrases were produced based on this pattern, using voiced consonants between the two peaks, and the distance between
the two H* was increased by adding zero to two unstressed syllables. In order to collect these utterances, thirty native
Persian speakers, including 15 male and 15 female speakers, took part in our project. Below are examples of each group
of data:
(@) [?a.be rud] yelalud bud
1stword 2nd word
(b) tfand mah pif dar [mazige.je ma.li] budand
1st word 2nd word
(c) ?az [mahal.le.je ca.di.mi] rafte budand
1st word 2nd word

We employed Praat and ProsodyPro software for analysing so as to calculate the distances between the tonal targets.
Using SPSS, we carried out other tests with the obtained data in the previous step. These tests included ANOVA and
post-hoc tests and the correlation between each group of data.

According to the data analysis, the L tone is commonly placed before the beginning of the stressed syllable. That is
to say, the more the distance between the H tone in the first word and the stressed syllable, the more the L tone’s
distance becomes. This finding supports the first hypothesis pointing to the phonetic interpolation between the two tonal
targets. In order to inspect the overall changes in the pitch contour, the normalized pitch contour was also computed for
all the research data.

Discussion of Results and Conclusions

The results of analysing data confirm the validity of the phonetic interpolation hypothesis, according to which the L
tone, being placed on the stressed syllable of the word, is where the FO downtrend from the first H tone ends. To put it
differently, the H tone in the first word and the L tone in the second word are interpolated to each other through a steady
fall. Therefore, the FO slope is distinct from the two tones. This distinction depends on the distance between the first H
and the L tone. All the conducted tests in this research indicate that the L tone is aligned with the beginning of the
stressed syllable, confirming that the FO fall is realized through phonetic interpolation. As a result of the FO fall between
the first peak and the valley, the pitch contour’s slope depends on the placement of the stressed syllable or the L tone.
The findings of this research can be used for synthetic speech production in Persian and in the prosodic pattern
determination step of the text-to-speech systems. Predicting the precise changes in the FO in the produced prosodic
structure will result in a more natural production of the synthetic speech which will, in turn, enhance the functionality of
the text-to-speech systems.
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Figure 1 — The distance of the H tone from the beginning of the
first accented syllable as a function of the number of
unaccented syllables between accents, for 3 Greek speakers
(Cited in Arvaniti & Ladd, 1995).
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Figure 3 — Phonological rules underlying the research hypotheses
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Figure 4 — Annotaion of the utterance “binazmi.je mo.da.vem” from the third group of data
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Figure 5 — The mean distance in time between H (the first peak) and L (the valley) across

all data and speakers
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Table 2 — Results of ANOVA analysis for calculating the significance level of the distance in time between H (the
first peak) and L (the valley) across all data and speakers
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Table 3 — Results of post-hoc pairwise tests between each group of data
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Figure 6 — The regression of the distance in time between H (the first peak) and

L (the valley) as a function of the distance in time between H (the first peak)
and the middle of the accented syllable in each group of data
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Figure 7 — The normalized pitch contour in each group of data
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manba.?e 2ab tfek.ke mikone

ru.je ca.be nac.ca/i tfasb rixt

?az bu.je yol badam ?umad

Jed.date dzar.ja.ne barc cavi bud
danda.ne lag.ce ?acabi ra kandam
natidze.je dzany ma?lum fod

nomra/ ?az daf?e.je cabl behtar fode bud
zi.re nu.re tferac behtar ma?lum bud
bar.je zar.de deraxtan ruje zamin rixte
?a.be rud jelalud bud

diva.re ba.ce kenari taxrib fod
tar.rahije ru.je d3el.de ketab ziba bud
zuze.je yory az xab bidarefan kard

?az ru.je ?0l.yu.je xaj.jati borid

je ju.ni.je be.rendz ?avord

ba tama.me vo.dzud xofhal fod

hava.je ?a.li.je sobh sarehalam ?avord
mavad.de la.ze.me poxte caza ro xarid
je cuti ran.ge ?a.bi.je 2asemani jereftam
?emza.je mo.di.re porodze lazeme
natidze.je ?a.mal movaf.fagijatamiz bud
?ar.de yjan.dom tuje jaxtfal hast

dar dzarija.ne ba.zi.je final masdum fod
daft por az yo.le la.le bud

tfand mah pif dar mazice.je ma.li budand
ta?mi.re dza.ru.je cadimi az ?ohdaf xareds bud
badba.ne ca.jeG [ekast

danehgje cerme.ze ?a.nar ruje farf rixte

Yaz tarice mara.dse.?e canuni ?ecdam kardim
ban.de ?a.ca.zi.ne carardad mofkel daft

da.re ?a.ca.bi.je mafin baz bud

nazarije.je ri.ja.zi.je mohem ?esbat fod
tavangji.je za.ba.ni.je zijadi dare

seda.je ba.ra.da.re ?ali amad

niru.je d3aj.jo.zi.ne xub darand
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nijaz be ?e?la.me mo.dzad.dad darim

toli.de ?e.ner.3i.je xorfidi ?az tavanefan xareds bud
?az binazmi.je mo.da.vem faki bud

ruje naza.re mo.?a.ve.ne modir ta?sir dare

dzelo.je ma.ca.ze ?istadim

?az mahal.le.je ca.di.mi rafte budand

barande.je va.ce.?i kase diyari bud

dar dore.je ma.d3a.zi ferkat kardam

Aﬁ)b Sdoes C)’LG‘ 4 5L W)

5ol Ol Sl s 655 A5 ()

Aaﬁg;u(‘,lm@lé;&)\(h)
b3 36 pde Oslae L5 65, (VY)
.r.pl:;;_l a)'\;.a sl (\Y)

g ay ey (5 Al 51 (VW)
25 6505 WS Aly g ok (VF)
.r:;dfiéjlau‘_ga)_géié(\b)

d https://doi.org/10.22108/jrl.2023.136677.1714


https://doi.org/10.22108/jrl.2023.136677.1714



