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Abstract

Hindi holds the distinction of being the
fourth most extensively spoken first
language globally. It serves as an official
language in India, encompassing several
states within the country. Hindi also has a
number of dialects that are scattered over
the entire Hindi-speaking region. There
hasn't been a phonological comparison of
Hindi dialects. Text-To-Speech (TTS)
systems can only be evaluated effectively
using the mean opinion score (MOS) and
degradation mean opinion score (DMOS)
as recommended metrics for synthesized
speech quality. These subjective metrics
are the most widely used to assess speech
synthesis. During the evaluation phase,
numerous  assessors  from  different
locations tend to exhibit a bias towards
their prosodic style. They often feel more
comfortable when both speaking and
listening in their native language with a
prosodic manner. In this report, we studied
the Hindi region’s evaluators’ preferences
while evaluating the Hindi TTS system
due to language’s dialects and prosody, the
study focuses on the influence of language
dialects and prosody on the Degradation
Mean Opinion Score (DMOS) and overall
system performance. The current research
is to discover the preferences and
appropriate weightage of the dialects
while evaluating the performance of Hindi
TTS. Through a comparative analysis and
an exploration of the details and
recommended weights assigned to
different dialects based on preferences,
this research examines the variations in
scores offered by different evaluators. The
current research investigates various
patterns of dialects in terms of character
and word variations. The words variations
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have been organized by building
Chhattisgarhi’s& Haryanvi’s word
dictionary w.rt Hindi. The evaluation
score has also been analyzed by
conducting evaluation testing on Hindi
TTS having characters/words variations of
the dialects. The W3C SSML (Speech
Synthesis Markup Language) has been
built for the implementation of various
patterns of dialects on the TTS system.
The current approach has been made for
the development of dialect based TTS that
is not currently available in the system.

1 Introduction

A system called Text to Speech (TTS) converts text
into artificial speech. The purpose of testing and
evaluating a TTS system is to determine how well the
speech can be understood and how closely it
resembles the human voice. TTS voices are typically
evaluated using a subjective listening test in which
listeners are presented with samples of synthesized
speech and asked to rate them along dimensions such
as clarity and overall quality of the experience
[4,5,6,7,8]. The simplest way for assessing a voice
synthesis system's quality is the Mean Opinion Score
(MOS). The MOS provides a numerical assessment of
the effectiveness of the TTS System's produced
synthesized speech. By contrasting the genuine and
synthetic voices, the DMOS (Degraded Mean
Opinion Score) test evaluates how natural the speech
sounds. The evaluation takes into account a humber
of factors, including word pronunciation, listening
effort, speaking rate, naturalness, etc. As there are
numerous dialects of Hindi, it is spoken throughout
the entire world. According to the literature review,
the dialect variances have not been taken into account
while evaluating the TTS engine, which will have an
impact on the evaluation's findings, which will then
have an impact on the system's real performance. As a
result, it is necessary to investigate various
characteristics, standardize the grading of various
terms based on preferences, and analyze the



variations of various dialect variants and by applying
the suitable weights to different dialects/region’s
evaluators while calculating the MOS and DMOS
score, the actual performance of Hindi & Dialect
based TTS system can be reported. The research also
investigates the word replacement mechanism by
using the dictionary having dialect variations with
respect to Hindi that further helps in building dialect
based Text to speech system.

The current research revolves around examining
character variations present in various Hindi dialects
through the collection of data and the construction of
dictionaries. These variations play a pivotal role in
unveiling user preferences, elucidated by evaluator
scores aligned with specific dialect requirements.
Based on this analysis, the research compares the
score of different dialects with Khadi Boli as this is
the predominant dialect of Hindi language and it is
much closer to the modern Hindi. Leveraging
artificial intelligence methodologies, this research
contributes to sustaining uniformity in the Text-to-
Speech (TTS) quality grading system. Moreover, it is
instrumental in the development of a TTS system
tailored to different Hindi dialects.

2 Literature Survey

It is worthwhile to conduct studies evaluating the
performance of the synthesizers with human listeners
because the ultimate goal of deploying the synthetic
speech is to make it usable to applications. According
to [9], in order to more accurately evaluate speech
synthesizers, it was required to include perception
aspects in the synthetic speech evaluation rather than
just gauging intelligibility [10] evaluated the listener's
perception in a comprehension assignment to
determine how well the listeners could comprehend
the synthetic speech produced by the synthesizers.
[11]. Through comprehension challenges, different
voice synthesizers' performance can also be assessed.
Intelligibility can be evaluated via comprehension
evaluation, according to several researchers [12, 13].
A single score for MOS, which incorporates scores
for a variety of speech impairments, serves as a
general indicator of speech quality. The MOS score
shouldn't be used only to describe speech quality
because it is a generic statistic that takes numerous
aspects into account. By contrasting the natural and
synthetic voices, the DMOS test evaluates how
natural the speech sounds. To prevent biased scoring
when using the DMOS approach, evaluators must
listen to both synthetic and natural voice samples in
random order without knowing beforehand whether
they are synthetic or natural [14].

For the proper evaluation of the TTS system, it is
important to consider all the aspects that affect the
MOS and DMOS scores of the synthetic voices.
There is a need to examine and consider all the
parameters for the evaluation of the TTS that is
developed for particular language say Hindi that has
varieties of dialects. Hindi is basically used by the
citizens of northern and central states of India [15].

The list of States with the highest percentage of
native Hindi speakers is shown below [16].

State Hindi Speaking rates
Bihar 76.16%
Uttar Pradesh 91.40%
Haryana 87.56%
Rajasthan 91.03%
Himachal Pradesh 89.02%
Uttarakhand 88.05%
Chhattisgarh 82.76%
Jharkhand 57.64%
Madhya Pradesh 87.20%

Table 1: State wise Native Hindi Speakers

It is recommended that Hindi should be one of the
UN's official languages because it has such a big
native speaker population. The Indian government is
aggressively addressing this issue in this regard [17].
There are numerous varieties of Hindi, some of which
are considered to be "proper" dialects. Below is a list
of state-specific dialects:

State Dialect Region
Awadhi, Northwestern
Bhojpuri, Bagheli, | part of state
Uttar Brajbhasha,
Pradesh Bundeli,
Kannauji,
Khadiboli
Bihar Bihari
Northern
Haryana Haryanvi state of
Haryana,
Delhi
Rajasthan and
neighboring
Rajasthan Rajasthani states of
Gujarat,
Haryana and
Punjab
Himachal Pahari, Pahari Himachal
Pradesh/ (Kumaoni, Pradesh &
Uttarakhand | Garhwali) Uttarakhand
Chhattisgarh | Chhattisgarhi Ch_hattlsgarh '
adjacent areas




of Madhya
Pradesh,

Orissa and
Jharkhand

Madhya
Pradesh and
southern parts
of Uttar
Pradesh

Madhya Bundelkhandi/
Pradesh Bundeli

Table 2: State wise Hindi Dialects

There are numerous dialects of Hindi as mentioned
above that has phonetic variations that leads to the
different written form in some regions. But as per the
literature survey, the complete information of the
variations pertaining to different dialects is not
available on the web resources. Although some
offline resources discuses about the phonetic
representation of the dialects of different regions. The
current study collate variations occur in the major
Hindi dialects that helps in evaluating the
performance of TTS engines.

3 Methodology

The following research methodology has been
adopted in the present research:

Study of Dialect & its variations

Investigate character variations and build
word dictionary

}

{ Analysis of User Preferences on Hindi TTS

Data Collection and preparation

{ Analysis of User Preferences on Hindi TTS ]

Build
Normalization
Model

with character and word variations in
Chhattisgarhi & Haryanvi dialect

Results & Findings

Fig 1: Methodology of current research

4 Data Collection and preparation

The current study examined 20 different sentences
from 5 different text-to-speech systems using male
and female voices. The data on Hindi dialect variants
has been gathered based on the goals of the current
study. The evaluation sheet has been constructed to
include  information  about the evaluators'
backgrounds, including their education, age, and
addresses. The 10 evaluators have been chosen to
assess the various TTS systems.

No. of | No.  of | Voice No. of TTS
Evaluators | Sentences System  for
evaluation
10 20 Male/Fe | 5
male

Table 3: Data information for evaluation

The evaluators have been given the various sentences
in order to grade MOS and DMOQOS. The entire
assessment sheet, which includes the grades assigned
for each sentence together with the average MOS and
DMOS computation, has been generated. The full
results sheet has been created in order to compare the
ratings of various evaluators depending on many
variables, such as geography, variations, etc.

5 Statistics of user preferences

The completed study demonstrates the assessors'
technical educational backgrounds by demonstrating
their ability to appropriately and adaptively assign
grades to voice data. The various TTS systems have
been evaluated wusing MOS and DMOS
methodologies. The comparison was conducted using
the mean MOS and DMOS values reported by
specific TTS system evaluators. The complete charts
of the user preferences w.r.t evaluation scores have
been prepared.

6 Implementation to maintain the
uniformity in the evaluation of Hindi
TTS

This strategy results in the consistency of the ratings
systems provided by various users from various
places. Therefore, in the evaluation of Hindi text to
speech system, the findings on the selected dataset for
Hindi text to speech clearly shows the variations of
MOS and DMOS. Therefore it is essential to identify
the weight age in order to maintain the desired
grading for the Hindi text to speech system.

6.1 Build Normalization model by Al
techniques for unified Hindi text to speech
system

The section presents the adopted experimental study
of the different dialects by using linear regression
technique. The technique figures out the appropriate
weight for different Hindi dialects and proposed the
normalized value in order to maintain the uniformity
in the user scores while evaluating of the TTS system.

The supervised learning approach has been adopted to
visualize the score of different dialects with reference



to the Khadi boli dialect as this is the predominant
dialect of Hindi language and it is much closer to the
modern Hindi.

The experimental work has been taken by comparing
the scores of different dialects with Khadi Boli
Dialect of the same sentences. Based on the dataset,
the regression line has been plotted and figure out the
slope i.e. a and intercept value i.e. b of the equation
y= ax+b that can adjust the line to fit the data.

Linear regression model has been used to fit and train
the data through which intercept and regressor
coefficient has been inspected. Further, the score of
dialects other than Khadi Boli has been predicted.

The regression coefficient (a) is the slope of the
regression line which is equal to the average change
in the dependent variable (b) for a unit change in the
independent variable.

By applying the above defined model the predicted
values have been examined initially for Haryanvi &
Bundelkhandi dialects (x axis) with reference to
Khadi Boli dialect (y axis):

6.2 Results

Bundelkhandi
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Fig 3: Regression: Khadi Boli-Bundelkhandi

b = regressor.intercept = 4.75297619
a = regressor.coef =-0.01190476
Actual Predicted

0 3.5 4.729167

1 5.0 4.711310

2 4.5 4.711310

3 5.0 4.729167
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Fig 4: Regression: Khadi Boli-Haryanvi

b = regressor.intercept = 4.56060606
a = regressor.coef =0.07575758
Actual Predicted
0 35 4712121
1 4.5 4.825758
2 5.0 4.863636
3 4.0 4.863636

7 Implementation of dialect characters
& Word variations on Hindi text to
speech system

The following methodology has been adopted in
order to identify the different dialect patterns and
initially  character and word variations of
Chhattisgarhi & Haryanvi dialects has been tested
that helps in building dialect based TTS system:

Identification of different patterns of Hindi
dialects

Based on the study and survey of different Hindi
dialects, the following dialect variations and their
patterns identified with respect to Hindi [23][24]:

Chhattisgarhi
Patterns used in Examples
Chhattisgarhi
‘s’ is replaced and SH - 39

pronounced by Hindi
word ‘&’

()

g is replaced and | de -t
pronounced by ‘@’and

‘&’replace by ‘@’ ECATRT — ST




Hariyanvi

Different Patterns

Examples

Single consonant is
replaced by Dual
Consonant.

it —frr, T -, T —

- 3ATCT] . FHar-Fredl], <AT=T-

Hindi word ‘’consonant
is replaced by ‘@
Consonant.

B — BId

|1 — 9rd

7' is replaced with o, =" is
replaced with's', 5" is
replaced with ‘&', g and's'

is replaced with ¢

A — [, GHET — @on
ST — =0T, TR - HATHE

>

, giy— foed), srem - @,

et — sl

Augmentation of vowels

H A

3 @R - fay, 5@ —fm,

A - fSam

3 TETE e, S -,

AT T
Augmentation of o 1 ST 3T
consonants

q L =T e

In an another variation | we=d— *4
‘=g’is replaced by Hindi
word ®’and similar way | T — i
@’ is replaced by ‘@’
@ is replaced and IS~ IR
pronounced by Hindi
o TS - T
word ‘q
‘@’ is replaced and | TW-T@
pronounced by Hindi
word ‘T’
1 is replaced and saft- s
pronounced by Hindi
word ‘&’
‘T’ is replaced and - SR
pronounced by Hindi
word ‘¥’
Awadhi
Different Patterns
‘o’ is replaced by ‘7’ o - T
AL - AEHT
‘g’ is pronounced like qTe - SR
consonant Hindi Word ‘=
M- SAFA
9 - T
3’ is pronounced like TR HeRL
consonant Hindi Word ‘&
- wH
IR T
vowel ‘g’will be addition | T - R
in ‘g’ consonant
= — gl
&’word is replaced by ‘U, | =¥ - fifa
Hindi word ‘g’ replaced
by ‘T and ‘@’ is replaced
by word ‘g’ -3

Disappearance of
characters

T . 3hda-gohdl, SHIE -3,

BoslTE —Besil

7 . ISE —3A3T

a1 is replaced with =m

ST - AT, FS




FIhSl, TS TGS

a1 is replaced with 3: 1=
-3, AT - ATl

zris replaced with 3 e

3 is replaced with =
‘YAt ~shaqaett, STt —=fit

a1 is replaced with %:7fe
T8, i ]

T is replaced with 3 :wmm
- ga, S — fomr

Khadi

Boli

Different patterns

Examples

Single consonant is
replaced by Dual
Consonant.

ST - T, WS ~ ASSl, ST -
SgeT, BleT - BIET, TH — T,
Tt - Er, T —

before Mahaprandhvani
(wemamor e=fa( placing
AlapapranDhvani
(sreamoreata( makes places.

TGT- TR

HET — YT
o o

In  the characteristic
tendency of Balaghat, the
preceding short vowel
(Hrasv), diminishes or
disappears in the form of
dissipation

ITHTG- E1G, I3MT-IHT, 3AI-
AT, -G

BrajBhasa

Different patterns

g’and ‘@ sound is

replaced by ‘U

U -HTAT — T, higl —
F |, Tt — forlt |, ot —
W, Teh — W , oA —

Bihari

2’ sound is replaced by

‘Tand vice versa

ST — AL, FHl- L, HOT-

Table 4: Dialect Characters Variations

8 Implementation of dialect character &
Words variations for Dialect based
TTS system through SSML (Speech
Synthesis Markup Language)
Technology

In the evaluation process, the metadata of the
evaluators should be prepared that covers evaluators
from different regions of the different states where
particular dialect exists.

SSML is a component of a larger collection of
markup specifications for voice browsers created by
the W3C using open processes. It is intended to offer
a comprehensive, XML-based markup language to
support the creation of synthetic speech in Web and
other applications. The primary function of the
markup language is to provide authors of
synthesizable content with a uniform means of
controlling various characteristics of speech output
across various synthesis-capable platforms, including
pronunciation, loudness, pitch, pace, etc. The
pronunciation of different characters variations occur
in a particular dialect should be reflected in the
pronunciation element in building Hindi and dialect
based TTS engines. Specific rules that give the
content developer express control over pronunciation
should be defined in the SSML elements[25][26][27].

9 Evaluations results & Findings

The SSML with all the identified variances has been
implemented in the Hindi TTS and tested through the
evaluation page of the text to speech system with
Chhattisgarhi & Haryanvi dialect variations [28][29].
The different sentences have been developed that
covers all the identified patterns for the appropriate
results and findings. The dictionary of the dialects
Chhattisgarhi and Haryanvi [30,31]initially of approx
1500 & 2100 words w.r.t. Hindi also developed for
analysis of TTS systems. The metadata of the
evaluators has been recorded in the database. The
evaluators provide the grading on the speech
generated by both the TTS system without knowing
the type of the TTS. The main intension of this
strategy is to record the scores given by same
evaluators on the Hindi TTS and Hindi Text to speech
system with dialect characters and word patterns in
order to analyze the user preferences.

The following consolidate results cover the actual
grading given by various evaluators and the variations
among the grading given by different evaluators of
different dialects have been generated in the
Evaluation Process:



Evaluator Evaluation Score : Chhattisgarhi Evaluation Score: Haryanvi

Score Character Word Score Character Word
Hindi variations Variations Hindi variations Variations
TIS using TIS using

system dictionary system dictionary

Evaluator] | 3.9 13 71 39 (5] 70

Evaluater2 | 3.7 38 38 37 40 39

Evaluater3 | 3.8 3 33 38 i3 5}

Evaluatod | 43 3 37 3 EE] EX]

Evaluaters | 36 32 39 36 ) 38

Evaluaters | 3.9 10 20 39 38 11

Evaluator7 | 3.8 71 32 20 70 70

Evaluator8 | 3.6 39 39 38 41 41

Evaluatod | 4.0 i1 39 37 i3 [¥]

Evaluatorl0 | 41 12 40 38 40 39

Table 5: Evaluators Gradings

w Evaluation Score : Chhattisgarhi
Score : Hindi TTS system

W Evaluation Score : Chhattisgarhi
Character variations

m Evaluation Scor

hhattisgarhi
Word Variations using dictionary

m Evaluation Score: Haryanvi Score
Hindi TTS system

= Evaluation Score: Haryanvi
Character variatians

= Evaluation Score: Haryanvi Word
Variations using dictionary

Fig 5: Grading Comparison: different dialects

10 Conclusion

The above result shows the differences in the scores
of both the TTS system given by the Evaluators of the
Chhattisgarhi & Haryanvi dialect with respect to the
most prominent dialect of Hindi say KhadiBoli.
Through this study, we examine that the preferences
of the users have been changed in both the TTS
systems based on their native place and dialects and
that leads to the variations in the scores which are not
feasible. So it is required to maintain the uniformity
in the grading system by adopting the weightage and
differences in the evaluation process of TTS system.
Further, Based on the dictionary of Chhattisgarh and
Haryanvi dialect as discussed in the above sections
has also being created for the development of dialect
based text to speech system. All the patterns have
been implemented in the dialect based TTS and
corresponding scores have been analyzed.

The findings will be used in order to maintain the
uniformity in the evaluation of the Hindi TTS system.
Also, the Chhattisgarhi & Haryanvi dialect based TTS
system has been originated by using this approach.
This approach can be adopted for the development of

other dialect based TTS system. By covering the
wider range of words corpora, better recording and
evaluation, the naturalness and performance of the
dialect based TTS system can be improved.
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