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Abstract

The use of audiobook technology in the classroom has long been a viable instructional
intervention for struggling readers. Shruti, an Al-generated Nepali book reader, is an
application that generates a voice for the book. It is a text-to-speech(TTS) system
that takes an input book in a PDF format. The PDF is extracted to text using Opti-
cal Character Recognition(OCR) and sent to the text-to-speech pipeline. The speech
synthesis acts in two phases: spectrogram generation and vocoder output. The text
is extracted, preprocessed, tokenized and sent to the modified Tacotron2 model for
generating Mel spectrograms. The output in the form of Mel spectrograms is sent to
the HifiGAN vocoder, which produces the sound. The synthesized sample of speech
attained a Mean Opinion Score of 4.04 on the basis of naturalness, when audio samples
were subjected to 28 volunteers. This sound is post-processed as a final output. The

model has been deployed and integrated with a mobile application.

Keywords: Text-to-Speech, Tacotron2, OCR, Mel-spectrogram, vocoder, HifiGAN
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1. Introduction

1.1 Background

Audiobooks are recordings of a book that we listen to on any media-consuming device.
It can be an exact word-for-word version of books or an abridged version. Historically,
audiobooks have been described as the by-product of printed books but numerous
research studies have found that audiobooks when concurrently used with reading,
can have significant improvement in a student’s fluency, vocabulary, comprehension,
and motivation. This is because reading and listening are symbiotic[l]. Listening to
the text removes the constraint of word recognition and decoding, and instead allows
the student to focus on the content. Additionally, audiobooks can help improve fluency
and pronunciation. Listening to a skilled narrator read a book can provide a model for
students on how to properly pronounce words and phrases. This can also be helpful

for language learners who may be struggling with pronunciation.

1.2 Topic Choice and its importance

The literacy rate of Nepal was around 66 % in 2018, which is quite low. This was
much lower in rural areas with an average percent of around 62% compared to 84% of
urban areas. Similarly, this difference exists among gender with a literacy rate of 71%
in males and 45% in females.|2] Literacy of today’s children directly affects the next
generation. So, necessary changes should be employed to improve the reading ability

of the general public.

We are looking for strategies to engage children in the practice of reading to bring
about that change. One area of growth is in the use of technology where students
at various skill levels can benefit from targeted technology-infused literacy strategies.
One of the prominent strategies is the use of audiobooks. Audiobooks have been used
as a practical intervention strategy for struggling adolescent students since books were
recorded. A study has found that the most significant activity for increasing reading

skills and comprehension for children is to read to them aloud[3].



1.3 Problem Statement

Finding pleasure in the reading activity starts at a young age. However, struggling
learners find reading to be pure drudgery. Reading for pleasure is not just for fun
rather it helps in the overall development of personnel like opening up different per-
spectives and infusing skill-sets that include better communication and conflict reso-
lution. Disliking the act of reading is an urgent issue to solve because discovering joy
from reading is essential to comprehension. Students who are not able to comprehend
their textbooks or other forms of literature in various content areas will not learn the
concepts and vocabulary.

Additionally, the traditional method of creating audiobooks involves hiring a voice
actor to read the book aloud, which can be expensive and time-consuming. Moreover,
the availability of audiobooks in Nepali languages and for diverse genres is limited.
This poses a problem for individuals who prefer listening to reading and for students

who struggle with reading comprehension.

1.4 Proposed Solution

Shruti, an Al-generated book reader, is an application that generates audio for the
book. Researchers have found that using audiobook technology in the classroom has
long been a viable instructional intervention for struggling readers[4]. This project
aims to develop a deep learning-based TTS model and a pipeline for generating au-
diobooks automatically from PDF. It is not merely a traditional TTS system, but a
system integrated with a mobile application. With this technology, there are even
more options for educators to get the technology into the hands of the reader.
Audiobooks have proven to be an effective tool for enhancing learning outcomes
at the K-12 level in Nepal. We aim to build on this success by extending the reach of

audiobooks to all those who embrace this innovative form of learning.

1.5 Objective

The main objective of our project is to build a natural-sounding Nepali Book Reader
that will enhance the reading experience for users and make it more accessible to those

who struggle with traditional reading methods.



1.6 Scope

With literature becoming more and more complicated, audiobooks can help struggling
readers gain knowledge from books. It can assist visually impaired students, students
with reading disorders such as dyslexia or even illiterate people by reading the book
to them.

Listening to audiobooks while reading the book simultaneously leads to faster
learning ability since it enables students to focus more on the plot rather than word-
by-word decoding. There are findings that the technology is also effective for teaching
English as a second language. It also enables the reader to associate certain words
with sounds as represented by a fluent model. As a result, it improves the learner’s

phonological and comprehension abilities while making the tale more enjoyable.

1.7 Application

Some major applications of Shruti would be:

e [t can assist in reading books to people who struggle to read whether because

of physical impairments, disorders or illiteracy.

e It helps to comprehend the book better increasing the enjoyment provided by
the book.

e [t can also be used to read the content of the website allowing for easy navigation

through the site.

e Shruti can be modified to read content through multiple voices.This can be

utilized to create voices for gaming or other virtual characters.



2. Literature Review

Text to Speech(TTS) synthesis began as early as in the 1770s and gained attrac-
tion in the 1960s when Noriko Umeda and his companions developed the first full
text-to-speech system for English. In that system, the speech was fairly understand-
able, but far from current standards.[5] The TTS systems gained newer heights with
other approaches like concatenative, articulatory and parametric. Although they are
considered to be traditional methods now after the emergence of technologies like

WaveNet[6], Tacotron[7] and Tacotron2[8], they paved the path for Speech Synthesis.

2.1 Related Works

The TTS synthesis technology has evolved leaps and bounds for languages like English,
which has abundant resources, but it is still difficult to develop a natural-sounding
TTS system for under-resourced languages like Nepali. One of the earliest attempts
in the field of generating Nepali Speech was seen in the form of phonetic lexicons
done by a group of scientists from Columbia University, Carnegie Mellon University
and Cepstral LLC. [9] In this work, the bootstrapping algorithm method proceeded
by automatically building Letter-to-Sound (LTS) rules from a small set of the most
commonly occurring words in a large corpus of a given language. The approach was
tested for three languages: English, German and Nepali. An accuracy of 94.6% was
noted, which was the highest among the three languages. The authors have attributed
this advantage to the Nepali language, which has orthography and pronunciation that
are more closely related.

One of the first attempts from Nepal in building a Nepali Text to Speech sys-
tem was Bhasa Sanchar, which used a concatenative approach with the Festival T'TS
system.[10]. A concatenative speech synthesis approach produces sound by combining
recorded sound clips. Any spoken word can be created from the recorded speech by
breaking it down into smaller components. There are three main kinds of concate-
native synthesis: Unit Selection Synthesis, Diphone Synthesis and Domain-specific
Synthesis. Bhasa Sanchar was based on the unit selection synthesis method. Unit
selection synthesis uses large databases of recorded speech and creates a database
from the recorded utterances. [I1] It was an initial attempt but lacked a lot of refine-

ments. It was observed that long input to the engine caused unusual output which



was messy, lacking proper intonation (too fast or too slow reading), and thus sounding
unnatural. [12]

An improvement to Bhasa Sanchar was developed in 2017 with modifications in
the general architecture, by adding a tokenizer to split long input text into manageable
small tokens and a post-processing module to concatenate the output in accordance
with the input.[I2] The qualitative evaluation of this modified TTS system is done by
Mean Opinion Score(MOS). Mean opinion score (MOS) is a rating, done by human
listeners, of how good the synthesized utterances are, usually on a scale from 1-5.[13]
MOS showed an overall improvement of 6 per cent in terms of naturalness and in-
telligibility, and the result of comprehension and diagnostic rhyme tests increased by
12 per cent and 10 per cent respectively. Bhasa Sanchar also collaborated with the
Sambaad project, which had initially been developing T'TS for Nepali using the Fes-
tival and Festvox systemg] to create easy accessibility technological accessibility for
non-literates.[14]

There have been multiple attempts in improving the naturalness of voice in Nepali
TTS systems. The Nepali TTS system trained on the Flite TTS engine gives the
facility of changing pitch and speed, but it sounds robotic and is not completely
noise free. [I5] The Festival system used with concatenation to synthesize Nepali
speech from the text displayed on the screen also has issues such as overlaps and
echoes. [I1] Other Nepali TTS systems built with concatenative approaches employing
Epoch Synchronous Non-Overlap Add Method (ESNOLA) and Time Domain Pitch
Synchronous Overlap Add Method (TDPSOLA) are also in existence, but the have
issues of their own.

ESNOLA Nepali TTS system uses signal dictionaries having raw sound signals
representing parts of phonemes as a speech database.[16] As this system uses a part-
neme for concatenation, it makes the size of the speech dictionary quite small. There
also might be some disturbance in the concatenation point of the synthetic speech
signal.[I7] TDPSCOLA Nepali TTS system has a small speech dictionary making it
less accurate and error-prone. Another problem seen with concatenative approaches(in
both ESNOLA and TDPSCOLA) is that it requires a lot of feature engineering. [17]

The Nepali TTS system using a formant approach and FreeTTS synthesizer was
developed in 2018.[I8] Formant approach is a rule-based synthesis method, which
synthesizes speech using additive synthesis and an acoustic model taking multiple
parameters.[19] Mostly, these system adopts the open-source text-to-speech translation

frameworks such as Festival[20] and its variants to perform Nepali TTS. However, these

L(http://www.cstr.ed.ac.uk/projects/festival/)
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systems still need an improvement in various speech synthesis aspects.[21]

In the field of multilingual text-to-speech systems for South Asian[22] and Indian
languages [23], Nepali TTS has been mentioned as a component. Nepali is considered
one of the Indian languages, and as a result, many research studies have incorporated
it into multilingual setups. However, the amount of work done on Nepali TTS is not
extensive, and the focus is not solely on Nepali.

With the rise of systems like WaveNet, Tacotron and Deep Voice, the world has
been moving towards more data-efficient and natural-sounding TTS research areas.
WaveNet and Tacotron are neural text-to-speech mechanisms, which work end-to-end
and can learn directly from text-to-speech pairs. WaveNet is an auto-regressive and
fully probabilistic model for predicting the distribution of speech signals. Since it
consists of convolutional units instead of recurrent ones, it is more efficient in terms of
computation.[6] Tacotron TTS is an end-to-end generative text-to-speech model that
takes a character sequence as input and outputs the corresponding spectrogram.|7]
The update to the Tacotron model, Tacotron 2, is considered to be one of the most
successful TTS models with a MOS score of 4.526 in North American English.[24]
Tacotron 2 works on the principle of superposition of two deep neural networks; one
that converts text into a spectrogram, and the other that converts the elements of the
spectrogram to corresponding sounds. [§]

Although WaveNet and Tacotron have not been extensively used in Nepali TTS,
there is a base model for Nepali T'TS synthesis using Neural WaveNet Vocoder. This
system pre-processes the Nepali Speech dataset from OpenSLR and develops the
Nepali TTS model using the Attention Based Recurrent Sequence to Sequence model
with WaveNet vocoder.[25] The quality evaluation of this system by Mean Opinion
Score resulted in a score of 2.78, which is even lower than the MOS obtained from con-
catenative approaches.[12] That is due to less size of the dataset, noise in the dataset
and lack of resources. The score will definitely increase with the betterment of these
factors. [26]



2.2 Related Theory

2.2.1 PDF Parser/Scraping

PDF Parsing is the process of extracting important information from PDF documents
and PDF Parser is a tool capable of parsing the necessary PDF. PDF Parsers are
generally used to extract large amounts of data from PDFs or from a batch of PDF
files. PDF Parser can distinguish between different elements in a PDF such as text,
table, images, metadata, and hyperlinks and extract any specific element. It can even
recognise different fonts embedded in the document. It reads what’s in the document
and hence, is fast and accurate. PDF Parsers are an optimal solution for intelligently
scraping PDF's.

Since the parsing process is code-driven, different logics can be implemented in
order to extract required content anywhere in the document. This allows one to create
a framework for extracting data from multiple sources even though the documents may
vary from each other.

Some of the PDF parsing Python libraries are:
e PyMuPDF
e PyPDF2

e PDFMiner

2.2.2 Optical Character Recognition (OCR)

Optical Character Recognition refers to the conversion of images consisting of texts
or characters within it, such as handwritten or typed, into machine-encoded text. An
OCR program can extract as well as repurpose data from a scanned document, a photo
of a document or any images consisting of textual data. It extracts the content of one
character or a word at a time, joins them to form a sentence, and thus generates a
textual representation of the original source.

It generally supports different file types such as jpg, jpeg, png, and pdf as well as
other formats. The output stream can be a plain text stream or a group of characters.
However, an improved OCR can represent the data in a layout parallel to the original
input.

Some of the Python libraries for OCR are:

e PyTesseract



e EasyOCR

There are 2 basic types of core OCR algorithms, which are described below:

1. Pattern matching: Also known as “pattern recognition”, “image correlation”

or “matrix matching”, it compares an image to a stored glyph on a pixel-by-
pixel basis. This method requires isolation of the glyph from the image and the
stored glyph should be similar in font as well the scale. It is highly efficient in

typewritten text but doesn’t work in texts whose font it is not trained on.

. Feature extraction: It decomposes any glyphs into a number of features such
as lines, closed loops, line direction and intersection. These features reduce
the dimensionality of the representation making the detection of the character
computationally efficient. The reference characters are stored in an abstract
vector-like representation which are compared with the glyph’s features. Most

modern OCR software as well as intelligent handwriting recognition systems use

this technique.

2.2.3 Convolutional Neural Networks (CNN)

Convolutional Neural Networks (CNN) are a type of artificial neural network that

is commonly used for image classification tasks. They are particularly effective in

detecting patterns and spatial relationships in images, making them well-suited for

tasks such as object recognition and image segmentation.
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Figure 2.1: CNN Network

Architecture

CNNs are made up of several layers, each of which performs a specific function.

three main types of layers are:

The



e Convolutional Layers
e Pooling Layers

e Fully Connected Layers

Convolutional layers apply a set of filters to the input image, which is used to
extract features such as edges and shapes. Pooling layers downsample the feature
maps produced by the convolutional layers, reducing their size while retaining the most
important information. Finally, fully connected layers use feature maps to classify the

input image.

Training

Training a CNN involves feeding it a large dataset of labelled images, and adjusting
the weights of the network in order to minimize the difference between its predicted
outputs and the true labels. This is typically done using an optimization algorithm

such as stochastic gradient descent.

Applications

CNNs have a wide range of applications, including image classification, object detec-

tion, image segmentation, facial recognition and natural language processing.

2.2.4 Recurrent Neural Networks(RINNs)

Recurrent Neural Networks (RNNs) are a type of artificial neural network where con-
nections between nodes form a directed graph along a sequence. This allows the
network to exhibit temporal dynamic behaviour. In contrast to feedforward neural

networks, RNNs can use their internal state (memory) to process sequences of inputs.

® @@@

Figure 2.2: RNN Network



Architecture

The basic architecture of an RNN consists of a single layer of processing nodes, where
each node is connected to the previous node with a directed edge. The output of each
node is a function of its current input and its previous state (output). This creates a

feedback loop that allows the network to maintain a memory of its previous inputs.

Training

Training an RNN involves adjusting the weights of the connections between nodes
to minimize a loss function. This is typically done using backpropagation through
time (BPTT), which is a variant of backpropagation specifically designed for training

recurrent networks.

Applications

RNNs have been successfully applied to a wide range of tasks involving sequential
data, such as speech recognition, natural language processing, and time series predic-
tion. They have also been used in generative models, where the network is trained to

generate new sequences of data that are similar to a training set.

2.2.5 Incremental Learning

Incremental learning, also known as online learning or lifelong learning, is a machine
learning paradigm in which the model learns incrementally from new incoming data
without forgetting previously learned knowledge. In other words, the model is capable

of adapting to new information while maintaining its previous knowledge.

Need for Incremental Learning

Traditional machine learning algorithms rely on the availability of large amounts of
labeled data, which is often expensive and time-consuming to acquire. Moreover, these
algorithms require the entire dataset to be available at once for training. However, in
many real-world scenarios, the data arrives incrementally, in a stream, or in batches.
In such cases, it is not feasible to retrain the model from scratch each time new data
is available. Hence, there is a need for incremental learning, which allows the model

to learn from new data without sacrificing its previous knowledge.
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Challenges in Incremental Learning

Incremental learning poses several challenges, such as catastrophic forgetting, which
occurs when the model forgets previously learned knowledge while learning new infor-
mation. Other challenges include managing the trade-off between exploiting the new
data and exploring new areas of the input space, avoiding overfitting, and maintaining

model stability over time.

Approaches to Incremental Learning

There are various approaches to incremental learning, including incremental update of
model parameters, incremental expansion of model structure, and rehearsal-based ap-
proaches. Some popular algorithms for incremental learning include Online Gradient

Descent, Elastic Weight Consolidation, and Deep Adaptive Network.

Applications of Incremental Learning

Incremental learning has various applications in domains such as computer vision,
natural language processing, and recommendation systems. For example, in computer
vision, incremental learning can be used to improve object recognition over time by
learning from new examples of objects. In natural language processing, incremental
learning can be used to improve machine translation by learning from new text data. In
recommendation systems, incremental learning can be used to update user preferences

over time.

2.2.6 Short Time Fourier Transform (STFT)

The Short Time Fourier Transform (STFT) is a time-frequency analysis technique
used to represent a signal in the time-frequency domain. It is based on the Fourier
Transform (FT) and involves breaking down a signal into small time segments and

applying the Fourier Transform to each segment.

Windowing

To obtain a smooth spectral representation of a signal, a windowing function is applied
to each time segment before the Fourier Transform is computed. The windowing
function is a weighting function that tapers the signal towards zero at the beginning

and end of each segment to avoid spectral leakage.
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Mathematical Formulation

Given a discrete-time signal z[n], the STFT can be computed using the following

equation:

P

X(m,w) = z[n|wln — mle 7", (2.1)

3
Il
=)

where m is the index of the time segment, w is the frequency index, w[n] is the

windowing function, and N is the length of the signal.

Parameters

The STFT involves several parameters that affect the analysis, including:

e Window length: The length of the windowing function applied to each time

segment.

e Filter length: The length of the filter used to compute the Fourier Transform

of each segment.

e Hop length: The number of samples by which the window is shifted to obtain
the next segment. A smaller hop length results in a higher time resolution but
lower frequency resolution, while a larger hop length results in a lower time

resolution but higher frequency resolution.

Applications

The STFT is widely used in various applications, including audio signal processing,
image processing, and speech recognition. It is particularly useful for analyzing non-

stationary signals, where the frequency content of the signal varies over time.

2.2.7 TTS

TTS stands for Text-to-Speech, which is a technology that converts written text into
synthesized speech. The TTS technology can be used in various applications such as
audiobooks, navigation systems, virtual assistants, and accessibility tools for people
with disabilities.

In a typical TTS system, the input text is first processed by a language analysis
module that identifies the structure and pronunciation of the words and sentences.
This processed text is then sent to a speech synthesis module that generates speech

waveform from the text. The speech synthesis module can use various techniques such
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as concatenative synthesis, formant synthesis, and statistical parametric synthesis to
generate the speech waveform.

TTS systems typically use an encoder-decoder architecture, either based on LSTMs
or Transformers. The encoder maps the input text into an intermediate representation,
and the decoder generates the corresponding speech. This approach is similar to that

used in machine translation. The TTS task can be broken down into two components:

e Spectrogram Prediction Model: The first component maps from strings of letters
to mel spectrographs, which are sequences of mel spectral values over time. This
is done using an encoder-decoder model, which takes the input text as an input

and generates the corresponding spectrogram as an output.

e Vocoder: The second component maps from mel spectrograms to waveforms,
which is called vocoding. This is done using a vocoder, which takes the spectro-
gram as an input and generates the corresponding waveform as an output. The
quality of the vocoder can significantly impact the overall quality of the TTS

system.

The standard encoder-decoder algorithms for TTS are computationally intensive, so
research is focused on ways to speed them up. Recently, there have been advances
in using parallel processing and attention mechanisms to improve the performance of

TTS systems.

2.2.8 Text Preprocessing

Text preprocessing is the process of cleaning, normalizing, and transforming raw text
data into a format that is suitable for analysis and modelling by machine learning
algorithms. Text data is often unstructured and noisy, containing various forms of
noise such as punctuation, capitalization, stop words, and spelling errors. Text pre-
processing is necessary to remove these noise components and extract useful features
that can be used for analysis and modelling. Text preprocessing typically involves

several steps, including:

Text normalization

The process of converting the input text into a standardized format, such as converting
numbers to words, expanding abbreviations, and converting contractions to their full

forms.
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Punctuation and Symbol Handling

The process of identifying and handling punctuation marks and special symbols in the
input text, such as commas, question marks, and emoticons.

Text processing for TTS is an important step in the T'TS pipeline, as it directly
affects the quality and naturalness of the synthesized speech. Effective text process-
ing can improve the accuracy and fluency of the synthesized speech, making it more

pleasant and easier to understand for the listener.

2.2.9 Tacotron 2

Tacotron 2 is a state-of-the-art neural network architecture for text-to-speech (TTS)
synthesis. It was developed by researchers at Google’s DeepMind and Google Brain

teams and was first introduced in a paper published in 2017.
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Figure 2.3: Block Diagram of Tacotron 2 System Architecture

The Tacotron 2 model is based on a deep neural network that uses a sequence-
to-sequence architecture to generate speech from input text. It utilizes an encoder-

decoder architecture with an attention mechanism.

Encoder

The encoder is responsible for taking a sequence of letters as input and producing a
hidden representation that can be used by the attention mechanism in the decoder.

Tacotron2’s encoder consists of the following steps:
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e Character Embeddings: In this section, the input text is first transformed
into a sequence of embeddings, which are vector representations of each character
in the text. Each embedding has a fixed size (512 dimensions in Tacotron2) and
is learned during training. These embeddings capture the phonetic and semantic

information of the text.

e Convolutional Layers: The character embeddings are passed through a stack
of 3 convolutional layers with 512 filters each. Each filter has a shape of 5x1,
meaning it spans 5 characters horizontally and only 1 character vertically. The
output of each filter is a feature map that represents the presence of certain
features in the text, such as phonemes or syllables. The purpose of these layers

is to model the larger context of the text and capture longer-range dependencies.

e Bi-directional LSTM (BiLSTM): The output of the convolutional layers is
fed into a bidirectional LSTM (BiLSTM), which processes the sequence in both
forward and backward directions. The BLSTM produces a sequence of hidden
states, which capture the context of each character in the text. The forward
and backwards hidden states are concatenated at each time step to create a final

encoding of the text.

Decoder

The decoder is responsible for generating the mel-spectrogram output from the hidden
representation produced by the encoder. Tacotron2’s decoder consists of the following

steps:

e Decoder Pre-net: The output of the attention mechanism is passed through
a small feedforward neural network called the pre-net, which has two fully con-
nected layers with ReLLU activations. The purpose of the pre-net is to reduce the
dimensionality of the input to the decoder LSTM and to provide more meaning-
ful input to the LSTM.

e Decoder LSTM: The pre-net output is fed into a two-layer LSTM, which pro-
duces a sequence of hidden states that are used to predict the mel-spectrogram.
The decoder LSTM takes as input the concatenation of the pre-net output, the
previous attention context vector, and the previously predicted mel-spectrogram.
The hidden states of the decoder LSTM capture the temporal dependencies of
the speech signal.

15



e Stop Token Prediction: In addition to predicting the mel-spectrogram, Taco-
tron2 also predicts a binary stop token at each time step, which indicates whether
the decoder should stop generating output. The stop token is predicted by
passing the decoder LSTM output through a linear layer followed by a sigmoid
activation. If the stop token is predicted, the decoder stops generating output,

otherwise, it continues until a maximum time step is reached.

One of the key innovations of Tacotron 2 is the use of a multi-speaker model, which
enables the system to generate speech in the voices of different speakers. This is
achieved by training the model on speech data from multiple speakers and using a
speaker embedding network to encode information about the desired speaker into the
input features.

Tacotron 2 also uses a technique called the attention mechanism to improve the
alignment between the input text and the generated speech. The attention mechanism
allows the decoder network to selectively focus on different parts of the input sequence

when generating each output frame.

2.2.10 Location Based Attention Network

Location-based attention network is a type of attention mechanism used in sequence-
to-sequence models such as those used in text-to-speech (TTS) systems.

The idea behind location-based attention is to provide the model with information
about where to focus its attention when generating each frame of the mel spectrogram.
This is achieved by adding an extra input to the attention mechanism that encodes the
current position in the input sequence, known as the ”location” vector. This location
vector is a learned parameter that is updated during training along with the other
parameters of the model.

The location-based attention network uses this location vector to compute a set
of attention weights that determine how much attention to give to each input frame
when generating the output. The attention weights are computed using a softmax
function applied to a score function that takes as input the previous hidden state of
the decoder and a context vector computed from the encoder outputs.

By incorporating information about the location of the input sequence into the at-
tention mechanism, location-based attention can help the model better align the input
and output sequences, resulting in better-quality synthesized speech. It is particularly
useful in TTS systems where the length of the input sequence can vary widely, as it

allows the model to adapt its attention strategy to the length of the input sequence.
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2.2.11 Melspectogram

A Melspectrogram is a visual representation of the power spectrum of an audio signal
over time. It is a type of spectrogram, which is a visual representation of the spectrum

of frequencies of a signal as it varies with time.

Calculation

The Melspectrogram is calculated by first taking the Short-Time Fourier Transform
(STFT) of the audio signal, which is the Fourier Transform of a short window of the
signal at a time. The magnitude of the STFT is then squared and passed through a
filter bank that is designed to mimic the non-linear frequency response of the human
ear. The filter bank is typically made up of triangular filters that are spaced evenly
on the Mel scale, which is a perceptual scale of pitches judged by listeners to be equal

in distance from one another.

Applications

The Melspectrogram is widely used in audio signals processing tasks such as speech
recognition, music genre classification, and audio event detection. It is particularly
useful in tasks that require capturing the spectral content of audio signals while ig-
noring some of the noise and other variations that are not as relevant to the task at
hand.

Parameters

The Melspectrogram can be customized by adjusting several parameters such as the
window length, filter length, and hop length. The window length determines the size
of the window used in the STFT, the filter length determines the number of filters in
the filter bank, and the hop length determines the step size used in sliding the window

over the signal.

2.2.12 Fine-tuning

Fine-tuning a text-to-speech (TTS) model involves training the existing pre-trained
model on new data specific to the desired application or language. The process of
fine-tuning allows the TTS model to adjust its parameters and learn from the new
data to generate more accurate and natural-sounding speech.

The pre-trained TTS models are trained on large datasets of speech data with

various linguistic features and variations in speech patterns. However, these models
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may not perform well when it comes to specific applications, such as generating speech
in a particular language, accent, or voice. This is where fine-tuning comes into play,
allowing the model to adapt to the new data and generate more accurate and natural-
sounding speech.

Fine-tuning a T'T'S model typically involves feeding the model with new training
data specific to the desired application or language. The training data includes tran-
scripts of text, recorded speech, and linguistic features specific to the language or
accent. The model is then trained using the backpropagation algorithm to adjust its
parameters and minimize the difference between the predicted speech and the actual
speech.

During the fine-tuning process, the TTS model’s architecture and hyperparameters
can also be modified to optimize its performance on the specific task. The fine-tuning
process typically requires a large amount of data and computing resources to train the
model effectively. However, the benefits of fine-tuning can be significant, resulting in

a more accurate and natural-sounding speech in the desired application or language.

2.2.13 Weights and Biases

Weights and Biases, shortly Wandb is a platform that provides tools for tracking,
visualizing, and managing machine learning experiments. It is designed to help data
scientists and machine learning engineers streamline their workflow and collaborate
more effectively on machine learning projects. Wandb provides a range of features to

facilitate machine learning experimentation.

2.2.14 Vocoder

A vocoder, short for ”voice encoder”, is a type of digital signal processor that ana-
lyzes and synthesizes human speech and other sounds. It is used in a wide range of
applications, including telecommunications, music production, and speech synthesis.

The primary function of a vocoder is to analyze an audio signal and separate it
into two components: the spectral envelope, which contains information about the
frequency content of the signal, and the excitation signal, which contains information
about the sound source and the timing of the sound events.

The spectral envelope is typically represented as a set of linearly-spaced frequency
bands, with each band corresponding to a different part of the spectrum. The excita-
tion signal is usually represented as a series of time-domain waveforms or frequency-
domain spectra, depending on the specific vocoder algorithm being used. Once the

audio signal has been separated into these two components, they can be processed
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independently and then recombined to create a synthesized version of the original
audio signal. This allows for a wide range of creative effects, including pitch shifting,
formant shifting, and the creation of robotic or otherworldly vocal effects.

There are many different types of vocoders available, each with its own strengths

and weaknesses. Two popular types of vocoders are HiFiGAN and WaveNet.

Hifi-Gan

HiFi-GAN is a state-of-the-art generative adversarial network (GAN) based model for
speech synthesis, developed by researchers at the University of Montreal and MILA.
The goal of HiFi-GAN is to generate high-quality speech with a high level of fidelity
and naturalness, while also being computationally efficient.

HiFi-GAN builds upon the principles of traditional GANs, which use a generator
and a discriminator network to learn to generate realistic samples of data. In the case
of speech synthesis, the generator network is trained to generate speech waveforms
from input features such as Mel-spectrograms, while the discriminator network is
trained to distinguish between real and synthetic speech signals.

What sets HiFi-GAN apart from other speech synthesis models is its use of a
multi-resolution approach, which allows the model to capture both the low-frequency
and high-frequency components of speech signals. This is achieved through the use of
a hierarchical generator architecture, where multiple generator networks are trained
at different resolutions, with each network focusing on a different frequency range.
Additionally, HiFi-GAN incorporates a number of optimization techniques, such as
the use of a residual generator and a multi-scale discriminator, which help to improve

the quality and efficiency of the model.

Waveglow

Waveglow is a powerful generative model for synthesizing high-quality speech from
text, developed by researchers at NVIDIA. It is a type of neural vocoder, which is a
model that converts acoustic features into speech waveforms.

Waveglow is built on the principles of generative flow-based models, which use
a series of invertible transformations to generate samples from a simple probability
distribution. In the case of Waveglow, these transformations are used to generate
speech waveforms from input spectrogram representations of the speech signal.

Waveglow uses a modified version of the Glow architecture, which is a type of flow-

based model that uses affine coupling layers and invertible 1x1 convolutions to model

19



the probability distribution. The model is trained using a combination of maximum
likelihood estimation and an adversarial training objective, which helps to improve
the quality and naturalness of the synthesized speech.

One of the key advantages of Waveglow is its ability to generate high-quality speech
with a relatively small number of model parameters. This makes it computationally
efficient and practical for use in real-world applications. Additionally, Waveglow can
be trained in a variety of languages and dialects, making it a versatile tool for speech

synthesis.

2.2.15 Mean Opinion Score

Mean Opinion Score (MOS) is a commonly used subjective evaluation metric for speech
quality in text-to-speech systems. MOS is a numerical score between 1 and 5 that
represents the perceived quality of the speech output by human evaluators. A MOS
score of 1 represents the worst possible quality, while a score of 5 represents the best
possible quality.

To evaluate the quality of a text-to-speech system using MOS, a group of human
evaluators are asked to listen to a set of speech samples generated by the system and
rate the quality of each sample on a scale of 1 to 5. The scores are then averaged to
produce an overall MOS score for the system.

MOS is a useful metric because it provides a way to measure the subjective quality
of speech output in a standardized and quantitative way. However, it is important to
note that MOS scores can be influenced by factors such as the experience and expertise
of the evaluators, the characteristics of the speech samples being evaluated, and the
conditions under which the evaluations are conducted. Therefore, it is important
to use MOS scores in conjunction with other objective evaluation metrics to get a

comprehensive picture of the performance of a text-to-speech system.

2.2.16 Awudio Processing

After text-to-speech (TTS) conversion, the generated audio signal may require some
additional processing to improve its quality or to make it suitable for specific applica-

tions. Here are some common audio processing techniques used after TTS:

e Noise Reduction : It involves applying a filter to the synthesized speech signal
after the T'T'S conversion to remove any noise or distortion introduced during

the conversion process.

e Loudness Normalization : Loudness normalization is a technique used to

adjust the overall loudness of the synthesized speech to a specific level. This
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technique ensures that the loudness of the speech is consistent across different

devices and environments.

e Pitch Modification : Pitch modification is a technique used to change the
fundamental frequency of the synthesized speech. This technique is often used
to create variations in the speech output or to match the speech to a specific

application.

e Voice Conversion : Voice conversion is a technique used to modify the charac-
teristics of the synthesized speech to make it sound like a different speaker. This
technique involves analyzing the speech signal of the target speaker and then
modifying the synthesized speech signal to match the target speaker’s charac-

teristics.

2.2.17 Python Packages for Audio Processing
NoiseReduce

noisereduce is a Python library for reducing noise in audio signals. It uses spectral
subtraction, a common method for noise reduction.

Spectral subtraction works by estimating the noise spectrum and then subtracting
it from the noisy signal spectrum to obtain an estimate of the clean signal spectrum.
The clean signal is then reconstructed by taking the inverse Fourier transform of the

estimated clean signal spectrum.

Normalize

effects.normalize is a function that is used to normalize an audio signal. Normalization
is the process of adjusting the amplitude of an audio signal to bring its maximum level
to a specified value without altering the relative amplitudes of other parts of the signal.
It is a common technique used to ensure that the audio signal does not clip or distort
when played back at a higher volume.

The normalize function in Python’s pydub library scales the amplitude of the audio
signal to a specified peak amplitude. The function takes an audio segment as input
and returns the normalized segment. The normalization process involves finding the
maximum amplitude of the audio signal, and then scaling the signal by a factor that

will bring the maximum amplitude to the specified peak level.
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2.2.18 Server and Applications
Flask

Flask is a micro web framework written in Python. It is designed to be simple and
lightweight, making it an ideal choice for small to medium-sized web applications.
Flask allows developers to quickly and easily create web applications by providing a set
of tools and libraries that handle the common tasks associated with web development,
such as routing, templating, and database integration.

One of the key features of Flask is its flexibility. It is designed to be modular
and extensible, which means that developers can easily add or remove functionality
as needed. This makes it a popular choice for building RESTful APIs, web services,

and other types of web applications.

React Native

React Native is a framework for building mobile applications using JavaScript and
React. It allows developers to write code once and deploy it across multiple platforms,
including iOS and Android. This can save a significant amount of time and effort, as
developers do not need to write separate codebases for each platform.

One of the key features of React Native is its ability to create a native user interface
using a combination of JavaScript and native code. This means that the user interface
of a React Native app looks and feels like a native app, rather than a web app.
Additionally, React Native provides a large set of pre-built components that can be

used to quickly build complex user interfaces.
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3. System Design

3.1 Requirement Specification

3.1.1 Functional Requirements

Functional requirements help to ensure that the system provides the necessary features
and capabilities to meet the needs of the users and the business.
System Side

e The system should be able to take input text in the Nepali language and convert

it into an audio file.
e The system should convert numbers to words for better voice synthesis.

e The system should allow users to control various parameters of speech synthesis,

such as pitch, speed, and volume.

e The system should be able to process large volumes of text quickly and efficiently.

User’s Side

e The user should be able to upload a Nepali text file into the system for conver-

sion.
e The user should be able to preview the synthesized audio before downloading it.

e The user should be able to control various parameters of speech synthesis, such

as pitch, speed, and volume.

3.1.2 Non-Functional Requirements

Non-functional requirements describe the quality characteristics or attributes of the
system. They are the attributes of the system that can be measured, evaluated or
tested, and they are not directly related to the system’s functionality. Non-functional

requirements specify how well the system should perform, rather than what it should

do.
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e Performance : The system must be able to handle a certain amount of load

or number of users without slowing down or crashing.

e Availability : The system should be available to users at all times. This means

that the system should have high uptime and minimal downtime.

e Fault Tolerant : The system should be able to continue operating even in
the event of a failure or error. This means that the system should have built-
in redundancy and failover mechanisms to ensure that critical functionality is

always available.

e Scalability : The system must be able to handle growth and expansion without

needing significant changes or upgrades.

e User Friendly : The system should be easy to use and navigate, with a simple
and intuitive interface. This is important for the Nepali Book Reader, as users

of all ages and backgrounds may be using the system.

e Compatibility : The system must be compatible with various operating sys-

tems, browsers, and devices.

Non-functional requirements are important to ensure that the system not only func-

tions properly but also meets the needs and expectations of its users.

3.2 Hardware and Software Requirement

3.2.1 Hardware Requirements

e Server : A server is required to host the TTS model and serve the audio files
to the user. The server should have a stable internet connection and enough

processing power to handle multiple requests simultaneously.

e RAM : The server should have at least 8GB of RAM to handle the TTS model

and other processes.

e Storage : The server should have enough storage to store the T'TS model and

audio files. At least 100GB of storage is recommended.

e PCs: Users will require a PC to access the web-based application. The PC
should have a stable internet connection and a modern web browser such as

Google Chrome or Mozilla Firefox.
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3.2.2 Software Requirements

e Operating System : The system should support a Unix/Linux operating

system as the required software is mostly compatible with it.

e TTS Pre-trained Model : The project requires a pre-trained TTS (Text-to-
Speech) model. The model should be compatible with the chosen GPU and its

dependencies.

e Audio processing software : The project requires audio processing soft-
ware to perform various operations such as noise reduction, normalization, and

segmentation.

e Android/Web browser : The project requires a mobile application or a web

browser to run the Nepali Book Reader.

e Other Utilities : The project may require other utilities such as text editors,
version control systems, and IDEs (Integrated Development Environments) for

development and testing.

3.2.3 Network Requirement

e Internet Connection : An internet connection is necessary for the application

to function properly.

3.3 Feasibility Assessment

Feasibility assessment is an important aspect of any project, as it helps to determine
the viability and practicality of the project. In the case of the Nepali book reader,
several aspects need to be evaluated to determine its feasibility, such as technical,

operational, economic, legal, and scheduling feasibility.

3.3.1 Technical Feasibility

The technical feasibility of the project refers to the ability to implement the necessary
hardware, software, and other technologies required to develop and deploy the system.

For this project, the hardware and software requirements have already been iden-
tified, and it has been determined that they are available and accessible. However, the
development of the T'TS model and its fine-tuning may require significant computing

resources, which could be a challenge for smaller organizations or individuals.
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3.3.2 Operational Feasibility

Operational feasibility refers to whether the proposed system will be used effectively
and efficiently after it is implemented. The system should be user-friendly, meet
the needs of users, and not require too much training or support. The system’s
success depends on whether users find it easy to use and whether it meets their needs.
Therefore, user testing and feedback will be essential during the development process

to ensure the system’s operational feasibility.

3.3.3 Economic Feasibility

Economic feasibility refers to whether the project is financially viable and can be
completed within the budget and resources available. The project’s cost must be
justified by the benefits it will provide.

In the case of the Nepali Book Reader, the primary cost will be the development
of the T'TS model and the associated hardware and software requirements. However,
the potential benefits of the system, such as increased accessibility to literature for

visually impaired or struggling readers, justify the costs.

3.3.4 Legal Feasibility

Legal feasibility refers to whether the proposed system complies with all applicable
laws, regulations, and standards. This includes issues such as data privacy and se-
curity, copyright infringement, and accessibility compliance. It will be important to
ensure that all literature used in the system is obtained legally and that the system

complies with all applicable accessibility guidelines.

3.3.5 Scheduling Feasibility

Scheduling feasibility refers to whether the proposed project can be completed within
the desired timeframe. This includes factors such as the availability of resources,
potential delays, and time required for testing and feedback.

Scheduling feasibility may challenging as the project involves multiple stages, such
as data collection, TTS model training, and software development. However, with
proper planning and resource allocation, the project can be completed within a rea-

sonable timeframe.
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3.4 UML Diagrams

3.4.1 Use Case Diagram
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Figure 3.1: Use Case Diagram
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3.4.2 Sequence Diagram
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Select "Import PDF"

Select PDF file to import
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Figure 3.2: Sequence Diagram
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4. Methodology
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Figure 4.1: Overall System Block Diagram

The overall system can be classified into three components: Text Extraction Mod-
ule, Text-to-Speech Synthesis Module and Mobile Application. The user inputs a
book in the PDF format. The text is extracted from the PDF, preprocessed, tok-
enized and sent to the Speech Synthesis Module. Text-to-Speech synthesis works in
two phases: Melspectrogram Generation and Vocoder Output. A modified version
of Tacotron2 has been used for Melspectrogram generation, and HiiGAN and Wave-
GLOW have been used to generate a vocoder output. The data has been recorded
to generate natural-sounding audio with prosody and intonation. A server has been
set up to integrate all the different modules, which are bundled together in a mobile

application.

4.1 Text Extraction

The first step in the process is to extract the content from the PDF file. The text
extraction process extracts content from the PDF to Unicode text format which is
processed and then fed to the TTS model for speech generation.

There are mainly 2 methods of text extraction, PDF Parsing and OCR. PDF
Parsing is a very fast and accurate method. Parsers can extract required elements
from the PDF such as text, image, and metadata. However, if the required data
is within an image, it can only extract the image but not the content within the
image. Moreover, PDF Parsers are not trained in Nepali fonts. If a PDF is written
in Nepali Unicode, parsers can accurately extract the content but Nepali fonts such
as Preeti, Sagarmatha, Mangal, Kanchan etc are not Unicode compatible. Hence, a

parser extracts the English letter correspondence of the Nepali character which in turn
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has to be converted to Nepali content through one-to-one mapping, increasing error

on the final result.
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Figure 4.2: Extraction of Unicode Incompatible Font

Most of these problems are addressed by OCR which extracts the content visually.
Although OCR requires an intermediate step of creating an image of the PDF, it is
not limited to digitally created PDFs and can even extract the content from scanned
PDFs. So, even though this method is comparatively slower than parsing, it is not
dependent on the Unicode compatibility of the font as well as the type of PDF.

EasyOCR and PyTesseract are the widely used Python OCR libraries supporting
the Devanagari script. EasyOCR utilizes GPU in order to accelerate character recog-
nition. However, without GPU, it defaults to CPU and is significantly slower than
PyTesseract.

PyTesseract, an abbreviation of Python-tesseract, is a Python wrapper for Google’s
Tesseract OCR, Engine. It is based on Long Short Term Memory (LSTM) Neural
Network and is one of the most accurate open-source OCR engines. It supports a
total of 116 languages including Nepali as well as Devanagari script & can read all

image types supported by the Pillow library.

PDF 1 PDF 2 PDF 3 PDF 4 PDF 5
Time | Accuracy| Time | Accuracy| Time | Accuracy| Time | Accuracy| Time | Accuracy
PyMuPDF | 0.007 | 100.00 | 0.006 99.40 0.008 96.35 0.009 86.77 - -
PyPDF2 0.474 | 100.00 | 0.370 99.26 0.089 94.31 0.099 85.70 - -
PyTesseract| 0.719 98.08 6.030 98.96 1.039 99.81 1.499 99.81 1.750 97.71
EasyOCR [14.250| 97.32 |23.690| 97.18 |17.055| 96.51 19.812| 98.97 |16.636| 97.38

Figure 4.3: Comparison table of different extraction methods

Different methods are compared on different types of PDFs. PDF 1 and 2 contain
Nepali Unicode characters and hence PDF Parsers such as PyMuPDF and PyPDF2

have high extraction accuracy. PDF 3 and 4 are written using Unicode-incompatible
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Nepali fonts which have to be translated to Nepali after the extraction process, re-
ducing the overall accuracy. The content in PDF 5 is embedded in an image. So,
PDF Parsers cannot extract the content at all. Overall, the time taken by Parsers
is significantly lower than the OCR but depending on the type of PDF, the output
accuracy fluctuates. On the other hand, OCRs on average have greater extraction

time but almost constant accuracy as shown in the graph below:
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Figure 4.4: Comparison graph of different extraction methods

Hence, weighing the time and accuracy aspect of the extraction, PyTesseract is
considered to be the most suitable library for extracting the PDF in this project.

PyTesseract only reads images, not PDFs. So, the pages have to be converted to
images to be fed to the OCR engine. Hence python PDF library PyMuPDF is used to
generate an image of the page which is processed by PyTesseract. The extracted data
is stored as a string of Nepali Unicode characters which may consist of unnecessary
characters or in the incorrect form to be passed into the model. This string is processed

as necessary and finally fed to the T'TS model.

31



4.2 Text-to-Speech Synthesis

The preprocessed text obtained from the text extraction module is sent to the text-to-
speech synthesis module. The TTS module is made up of two distinct components: the
Spectrogram Prediction component and the Vocoder component. The output in the
form of Mel spectrogram is obtained from the first component. The second component
maps from mel spectrograms to waveforms. Generating waveforms from intermediate
representations like spectrograms is called vocoding and this second component is

called a vocoder.

Input Book in Text Text

PDF form > Extraction > Preprocessing Tokenization
Character
Embeddings
F I I \\
Prosody 5
Embedding Encoder
é Attention
. | Prosody < Decoder [«
Analysis i Network
:‘\Data"]ri““ p Recurrent netwark feature prediction netwurk/
Post-Net Vocoder |y _Time-Domain
Waveform (Speech)

Mobile Application

Figure 4.5: Text-to-Speech System Block Diagram

4.2.1 Spectrogram Prediction

The first component of the text-to-speech synthesis task is spectrogram prediction.
Spectrogram Prediction task uses an encoder-decoder with an attention model, which
maps a string of letters to mel spectrographs: sequences of mel spectral values over
time. The encoder’s job is to take a sequence of letters and produce a hidden represen-
tation representing the letter sequence, which is then used by the attention mechanism

in the decoder.
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Character Embedding

Each word token is initially transformed into a character embedding. Character Em-
bedding in this project is handled as a part of the Tacotron2 system architecture. It
handles the OOV(Out of Vocabulary) words and uses one-dimensional CNN to find
numeric representations of words by looking at their character-level composition. The
scanners can focus on several characters at a time, and the information from different

scanners can collectively represent a word.

Feature Prediction Network

The character embeddings are fed into an attention-based recurrent sequence-to-
sequence feature prediction network. The spectrogram’s sequence is predicted by the
sequence-to-sequence network. The attention network for converting or mapping char-
acter embeddings to a spectrogram is part of the feature prediction network together

with an encoder and decoder network.

e Encoder Network: The encoder network encodes every input grapheme to a
512-dimensional character embedding. These are then passed through a stack of
3 convolutional layers, each containing 512 filters with a shape 5 x 1, i.e. each
filter spanning 5 characters, to model the larger letter context. The output of
the final convolutional layer is passed through a biLSTM to produce the final

encoding.

e Attention Network: Encoded output is consumed by the attention network
which summarizes the full-encoded sequence as a fixed-length context vector
for each decoder output step. It’s common to use a slightly higher quality
(but slower) version of attention called location-based attention, in which the
computation of the « values (vectorized dot-product attention scores) makes use

of the a values from the prior time state. [28]

e Decoder Network: The decoder network (autoregressive recurrent neural net-
work - RNN) uses the attention network’s output and extrapolates from the
hidden feature representation the spectrogram’s sequence. The predicted mel
spectrum from the prior time slot is passed through a small pre-net as a bottle-
neck. This prior output is then concatenated with the encoder’s attention vector

context and passed through 2 LSTM layers. The output is used in two ways.

1. It is passed through a linear layer, and some output processing, and sent to

5 convolution layer post-net, where prediction is done one frame at a time.
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2. It is passed through another linear layer to a sigmoid to make a “stop token

prediction” decision about whether to stop producing output.

Post-Net

After the decoding phase, the mel-spectrogram is fed into the Post-Net. It is a stack of
convolution layers, which can capture the features from both past and future contexts

in sequence.

4.2.2 Waveform Generation

For the waveform generation, the spectrogram is then fed into Vocoder which creates
time-domain waveforms (Speech). Vocoder is an abbreviation for Voice + Encoder.
The human voice signal is extracted from the spectrogram and synthesized using the
vocoder.

The spectrogram prediction encoder-decoder and the vocoder are trained sepa-
rately. In our project, Tacotron2 is accompanied by two vocoder models HiFiGAN
and WaveGlow. A combination of Glow and Wavenet, WaveGlow generates high-
quality audio using mel-spectrograms. Hifi-GANs are Generative Adversarial Net-
works that are capable of efficiently and accurately synthesizing speech using given
mel-spectrograms. The finetuned data and the final mobile application both use Hifi-

GAN as the vocoder due to relatively noise-free speech synthesis.

4.3 Data Collection

The quality and quantity of data are fundamental to any deep learning system. In
TTS, it’s less crucial to use multiple voices, and so basic TTS systems are speaker-
dependent: trained to have a consistent voice, on much less data, but all from one
speaker. [27] We collected data from three different sources: OpenSLR Dataset, Self
Recorded Data, Youtube Audiobook Clippings

4.3.1 OpenSLR Female Dataset

We used High-Quality TTS data for Nepali from OpenSLR[29] as our primary data
source. It contains 2.8 hours of data having 2064 sentences(47114 words) and high-
quality audio clips of 1-13 seconds associated with each sentence from 19 female speak-

ers.
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Data Insights

1. The data contains a lot of named entities like people’s names, foreign translit-

erated /romanized words and country’s and people’s names

fafsfafea o Sife TR Fre |
3TSH gt AN |

ECforTel WHT = =R |

2. Many sentences are news articles like statements which might not favor our

audiobook kind of speech.
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3. It contains many repetitive phrases.

4.3.2 Self-Recorded Data

The data obtained from OpenSLR did not meet the requirements of prosody. So, we
recorded our audio clips in male and female voices. It contains 1.2 hours of data having
666 sentences(20690 words) and high-quality audio clips of 1-14 seconds associated
with each sentence from 2 speakers.

We followed certain guidelines while recording the data:

1. Keeping the recording device at a fixed distance from the speaker
2. Keeping a fixed amount of silence before and after recording a clip
3. Maintaining the same volume throughout the clip

4. Keeping the voice low at the beginning

Data Insights

1. Text data obtained from online essay collections, news articles and Shwet Bhairavi[30]
e-book.

2. 557 sentences female recording and 109 sentences male recording
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4.3.3 OpenSLR and Self-Recorded Data Comparison

OpenSLR | Self-Recorded
Speakers 19 2
Audio Samples 2064 666
Gender All Female | Male and Female
Total Duration | 2.8 hours 1.2 hours

Table 4.1: OpenSLR vs Self-Recorded Data

Length Distribution of Audio Clips Length Distribution of Audio Clips
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(a) OpenSLR Audio (b) Self-Recorded Audio

Figure 4.6: Audio Length Distribution Comparison

4.3.4 Youtube Audio Clippings

Audiobook Recordings from Youtube were also considered briefly as a part of our
dataset. 160 audio clips of 1-25 seconds were obtained by processing Youtube videos
of book recitations. The clips had heavy background music, which, even after audio
processing, did not decrease significantly. The synthesized speech from those clips was

very noisy and entirely unintelligible. Therefore, these clips are not included in our

official training dataset.

4.4 Data Preprocessing

4.4.1 Audio Preprocessing

1. The file type was converted to a common format of .wav from different types

like flac, .m4a, .mp3 and .mp4

2. The audio clips were converted from a sampling rate of 48kHz to 22.05kHz.
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3. The stereo was set to mono.

4. Silence was removed from the beginning and end if there was any.

5. The long silences and other noises(like music in audiobooks) were removed from

the middle of the audio clips

6. Very long clips were clipped in between

4.4.2 Text Preprocessing

1. The numerals, years and dates are converted into text using a Python script.

2. Unwanted and unseen characters like symbols were removed

3. Lengthy sentences were broken down into smaller ones

4. Appropriate stop token was added manually at the end of each sentence.

Raw Text Preprocessed Text
J00 Wel Wert U T W WA
9% &9 HIRTHT I I FAACS! HIRTHT

Table 4.2: Text Preprocessing

4.5 Tools and Technologies Used

4.5.1 Text Extraction

e Pytesseract - used for extracting the content from the PDF

e PyMuPDF - for generating image of the PDF pages

4.5.2 Text-to-Speech Synthesis

e ffmpeg - Audio conversion

e Torch - a scientific computation network framework and a machine learning

library

e Weights and Biases - for plotting the validation loss
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4.5.3 Server Setup

e flask - Web framework in Python

e pydub - Python package for noise reduction and loudness normalization

4.5.4 Mobile Application

e React Native - for creating frontend of the application

e Expo - for building and running the application

4.6 TTS Training

4.6.1 Pretraining

The training of the model is done in two phases. The first phase is pretraining with
English, which is followed by Nepali data. The first phase involves using an English
model provided by Nvidia’s official implementation of Tacotron-2. Due to inadequate
training resources, we couldn’t train the entire model from scratch. Hence, the next
step of pretraining followed by finetuning is done above english the T'T'S system which
was trained on the LJ speech corpus dataset.[31]

The second phase of pretraining is done with the high quality T'TS dataset from
OpenSLR. Initially, the training was done with a sampling rate of 48kHz for 60 epochs.
But the voice obtained was unintelligible with a very high pitch. In order to overcome
that issue, the training was done with a sampling rate of 22.05kHz which yielded much

better results.

4.6.2 Finetuning

The result obtained from pretraining was understandable but lacked prosody. We
adopted a data-driven approach for prosody management by recording the audio with
suitable intonations. The method of incremental learning was adopted finetuning
where input data was continuously fed to extend the model’s vocabulary and pronun-
ciation dictionary. The result obtained from HiiGAN was superior to WaveGLOW in

comparison to the pretraining phase, hence only HifiGAN was used for finetuning.
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4.7 Experimental Setup

4.7.1 Dataset

The dataset used for pretraining was OpenSLR Nepali Dataset. The dataset was split
into the train-to-validation ratio of 90:10. For finetuning, all the collected datasets
were used. In the pattern of incremental learning, the model training was ongoing
with the recording process. The model was first trained with the female self-recorded
dataset in batches. Other attempts to improve the result were done using the YouTube
audio clippings and ASR data from OpenSLR[32]. Both of them, being noisy data,
yielded very poor results. Finally, finetuning was done separately for male self-recorded

voices.

4.7.2 Training Details
Pretraining

The pretraining was first done on 2064 sentences with a sampling rate of 48kHz. The
training was done on top of an existing English pre-trained model at the beginning
before a checkpoint was loaded. Once the checkpoints had been loaded and the initial
setup had been completed, the model was updated every epoch while training. The
model was trained for 60 epochs using the free version of Google Colab. The training-
to-validation ratio was 90:10.

After getting unintelligible results from 48kHz, the same dataset was trained with
a sampling rate of 22.05kHz. The model was trained for 72 epochs with a batch size of
4 and a learning rate of 0.001 using the pro version of Google Colab. The result was
much better than the previous attempt, and its details are mentioned in the result
section.

The encoder and decoder parameters of the architecture were not tampered with.
The required modifications were done with the audio parameters. The window length
(win_length) is kept at 1024. The filter length(filter length), which is typically set to
be the same as the win_length, is also 1024. The hop length(hop_length) is set to 256.
The maximum wavelength value (max_wav_value) is set to 32768 and the number of

mel channels (n_mel_channels) is set to 80.

Finetuning

The model and audio parameters for finetuning were the same as in the second phase

of pretraining. Its training-to-validation ratio was, here too, 90:10. The model was
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trained for 68 epochs with batch size 2 using the free version of Google Colab. The
learning rate was 0.001 for finetuning as well.

The finetuning was done on multiple datasets. The iteration using the female self-
recorded voice produced the best results, therefore only its details are included, and

the same voice was used in the mobile application

Pretrained Vocoder

Among the two kinds of models used in this project, we only trained the Mel spectrogram-
generating model. We used pre-trained vocoder models due to the unavailability of
huge training resources, but we have used two of them in order to have better means

of comparison.

4.7.3 Audio Postprocessing

The self-recorded data is not entirely noise-free as it was not recorded in a studio
environment. As a result, the finetuned data is not entirely noise free. Before sending

it to the mobile application, it goes through some postprocessing as mentioned below.

1. The model can only generate 1-14 seconds of audio clips, which is not appropriate

for an audiobook. So, the clips are concatenated in the final result.
2. Noise is removed from the generated audio using Python scripts.

3. The audio is finally normalized using Python scripts after the noise removal.

4.8 Application Development

Our project’s aim goes beyond generating text-to-speech. We believe that research
without practical application is not productive. Hence, we have developed a mobile
application that incorporates both a text extraction module and a text-to-speech syn-

thesis module.

4.8.1 Mobile Application

The mobile application was developed using React Native with Expo. React Native is a
popular framework for building native mobile applications using JavaScript and allows
for cross-platform development, making it easier to develop and maintain a single
codebase for both iOS and Android platforms. Expo is a toolchain built around React
Native to help with the development and deployment of React Native applications.
The application provides users with the ability to read PDF files and generate

audiobooks with just a few taps. The main features of the application include:
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e Reading PDF files: Users can upload and read PDF files directly within the

application.

e Request audiobook generation: Users can make a request for an audiobook to
be generated from the PDF file they are reading. The application then sends a

request to the server to process the request.

e View previously generated audiobooks: Users can view a list of audiobooks that

they have previously generated and listen to them directly within the application.

The application was designed with simplicity and ease of use in mind. Users can
navigate the application easily and generate audiobooks with just a few taps. The use
of React Native also allowed for the application to be developed quickly and efficiently,

saving development time and resources.

4.8.2 Server Development

The server component of the Nepali Book Reader system was developed using the
Flask web framework. The server is responsible for providing endpoints for the mobile
application to communicate with, as well as integrating the text extraction and TTS
model components. The server also acts as a database for storing the audio files
generated by the TTS model.

Text Extraction Integration

To enable the TTS model to generate audio files from text, a text extraction component
was integrated into the server. The text extraction component extracts the text from
PDF documents uploaded by the user and stores it in a database. This extracted text

is then passed to the T'T'S model for generating the corresponding audio files.

TTS Model Integration

The TTS model used in the Nepali Book Reader system is based on the Tacotron 2
architecture. The pre-trained model was fine-tuned using a dataset of Nepali speech
recordings. The fine-tuned model was then integrated into the Flask server, allowing

the mobile application to generate audio files for the extracted text.

API Endpoints

The server provides several API endpoints for the mobile application to communicate

with. These endpoints include uploading PDF documents, generating audio files, and
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retrieving previously generated audio files.

Database

As our application only supports reading PDF files, we have implemented a simple
database system using JSON files. Whenever a user uploads a PDF file, the server
extracts the text from the file and stores it in a JSON file along with other relevant
information like the file name, date of upload, etc.

For each uploaded PDF file, a separate JSON file is created, which acts as a
database for that particular file. This database file is used by the server to generate
the audio output using the T'TS model.

We chose to use a JSON file for our database system as it is lightweight and easy to
handle with Python. However, in future, we will be shifting to use a proper database

management system like MySQL or PostgreSQL.

4.8.3 Speech Translation

The developed application is a speech translation application that translates spoken
words from English to Nepali and Nepali to English. The development process involved

three major components:
e Speech Recognition
e Language Translation
e Text to Speech Conversion

For speech recognition, we used the Google Speech-to-Text API, which is known
for its high accuracy in converting spoken words to text. This API can detect and
transcribe speech in more than 120 languages and dialects, including Nepali and En-
glish. After the speech was transcribed into text, we used the mtranslate, python
package for language translation. mtranslate is a machine translation API that uses
advanced machine learning algorithms to provide accurate translations between dif-
ferent languages. This API is open-source and free to use. Lastly, to convert the
translated text back into speech, we used our Nepali text-to-speech model for Nepali

language and g'T'TS for English.
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5. Results and Discussion

5.1 Results

5.1.1 Training Results

The validation loss for pretraining was obtained to be 0.234 after 72 epochs. The best

validation loss for finetuning was 0.358 after 68 epochs.
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Figure 5.2: Validation Loss for Finetuning

The validation loss fluctuations during the finetuning process can be attributed

to the non-studio environment in which the recordings were made. The presence of
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noise in the input signal resulted in an output that also contained noise, leading to

the observed variability in the validation loss.

5.1.2 Mean Opinion Score

We evaluated the quality of synthesized utterances by playing a sentence to listeners
and asking them to give a mean opinion score (MOS), a rating of how good the synthe-
sized utterances are, usually on a scale from 1-5. Developing an effective automatic
metric for evaluating speech synthesis is an ongoing research area, so MOS can be
considered the best metric for speech evaluation as of now.[13]

We conducted the MOS evaluation in two phases. In both phases, a certain number
of audio clips were given in a Google Form format to a certain number of volunteers.
They scored on the basis of Accuracy and Naturalness on a scale from 1-5, 1 being
the worst and 5 being the best.

MOS Phase 1

The main objective of this phase was to determine how much finetuning the model
needed, and which vocoder model was better between WaveGlow and HifiGAN.

10 sample sentences were subjected to 18 volunteers using WaveGlow and HifiGAN
each. The same sentence was produced using two different vocoders. 88.9% of the
volunteers were of the age group 20-39 and 11.1% were below the age group 20. The
score was averaged separately for accuracy and naturalness. The result is shown in
the table below.

Naturalness | Accuracy
HifiGAN 3.64 3.78
WaveGlow 3.47 3.68

Table 5.1: MOS Phase 1 Result: HiiGAN vs WaveGlow

As shown in the table, HiiGAN was a superior vocoder both in terms of accuracy

and naturalness, hence it was used for finetuning.

MOS Phase 2: Finetuning

The next phase of MOS was evaluating the finetuned speech. For this, 28 volunteers
were subjected to 12 audio clips and they had to judge on the basis of accuracy and

naturalness with a score of 1-5.

44



60.7% volunteers were of the age 20-39, 25% were below 20 age group and 14.3%

were of the age group 40-69. The result is shown below.

Naturalness | Accuracy
HifiGAN 4.04 3.98

Table 5.2: MOS Finetuning Result

We obtained an improved result after finetuning both in Naturalness and Accuracy.

5.1.3 Accuracy Estimation

MOS, being a subjective measure, cannot be considered a robust mechanism for deter-
mining the accuracy of speech. To overcome that deficiency, we devised a mechanism
for estimating accuracy by manual checking.

We listened to 80 audio clips with sentences having an average of 17 words. The
error was an average of 2.4 per sentence. In the figure below, the highlighted words are
the ones our model couldn’t pronounce properly. We obtained an accuracy of 86%

by this method. This is still a subjective measure and can be improved a lot.
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Figure 5.3: Accuracy Estimation Sample
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5.1.4 Melspectrogram Comparison

We also did a simple comparison of the melspectrograms generated by the human

voice, and synthesized voice before finetuning and after finetuning.

Figure 5.4: Melspectrogram Comparision

We notice the difference in naturalness from the diagram. The human voice is
the most natural followed by the finetuned voice followed by the primary training
synthesis.

Before finetuning, we notice the frequencies don’t diminish between the words.
This causes the words to sound the same, and there is no difference in prosody and
intonations. The entire sentence is monotone. After fine-tuning, we see that the gaps
between the words is much clearer. And in the human voice, every word is clearly
differentiable.

Moreover, the higher quality of voice has the frequency component even at the
higher ranges whereas the lower quality of voice has few or broken components. This
is evident when we compare the frequency range of Human Voice which reaches up
to 20000Hz whereas the finetuned model does not. At the higher frequencies in the

finetuned model, there is a broken frequency component.
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5.3 Discussion

Nepali TTS has been a challenging task due to the complexity of the Nepali language,

such as the presence of consonant clusters, tone marks, and halanta (half-word). Many
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attempts have been made to develop a Nepali TTS system, but most lack quality and
fluency. However, with recent advancements in deep learning techniques, we have
obtained good results compared to other approaches.

Our TTS system uses the Tacotron 2 model, which has been widely used for TTS
tasks in various languages. We found that Tacotron 2 produces a more natural and
human-like speech compared to other TTS models we tested. The fine-tuning process
was done by recording additional data in Nepali and using it to train the model. This
helped to capture the unique features of the Nepali language, such as its tonal nature
and the presence of half-words (halanta). The recorded data included a variety of
sentences, including some with different tones and emphasis, to ensure that the model
could generate speech with natural-sounding prosody. Despite the successful fine-
tuning process, there were still some challenges. One of the major issues was handling
punctuation marks, which is critical to the correct pronunciation and emphasis of
Nepali words. The model sometimes failed to correctly interpret and render these
marks, leading to incorrect articulation or unnatural pauses in the speech output.

Similarly, on the application side, the application was developed using React Na-
tive for the front end and Flask for the back end. The front end allows users to input
Nepali text and choose the desired voice and speed. The backend then processes the
text using the Tacotron 2 model and returns an audio file on the app. A major is-
sue we encountered during the development process was related to multithreading.
Since the Tacotron 2 model required significant computation time, we had to imple-
ment a multithreading mechanism to ensure that the application remained responsive
while generating the audio file. This required careful management of resources and
coordination between threads.

Overall, we are confident that the application has successfully achieved its in-
tended goal of providing a user-friendly and accessible Nepali text-to-speech system.
Although there may be some remaining issues that need to be addressed, we believe
that with further development, our system has the potential to become a valuable and

indispensable tool for the Nepali-speaking community.
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6. Conclusion

Audiobook technology has been proven to be a useful instructional tool for struggling
readers in classrooms. To further support the use of audiobooks in the classroom, we
developed Shruti, an Al-generated Nepali book reader application that utilizes a text-
to-speech system to generate a voice for books. The objective of the project was to
provide a tool that makes reading more accessible and enjoyable for struggling readers
in Nepal.

Shruti operates through the extraction of text from PDF files using Optical Char-
acter Recognition (OCR), which is then sent to the text-to-speech pipeline. The
speech synthesis occurs in two phases: spectrogram generation and vocoder output.
The extracted text is preprocessed, tokenized, and sent to a modified Tacotron2 model
for generating Mel spectrograms. These spectrograms are then sent to the HIiGAN
vocoder, which produces a synthesized speech output. The system has been designed
to produce a natural-sounding voice that is easy to understand and engage with.

To evaluate the quality of the synthesized speech output, we conducted a Mean
Opinion Score (MOS) test with 28 volunteers. The test was based on naturalness, with
the synthesized speech output achieving a MOS of 4.04 out of 5. This high rating
indicates that the system produces speech that is natural and easy to understand,
further supporting its potential as a viable instructional intervention for struggling
readers.

The Shruti system has been successfully deployed and integrated with a mobile
application, allowing users to access audiobooks with ease. The application provides
a user-friendly interface that enables users to search and select books, adjust reading

speed, and listen to the synthesized speech output.
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7.

Limitations and Future Enhance-

ment

7.1 Limitations

Although a working application that can read a PDF and generate its speech has been

developed, many limitations were faced during the development and testing phase.

Some of the drawbacks and limitations of this project are:

Insufficient Data : While the Tacotron 2 model was used for generating Nepali
TTS, we faced the limitation of insufficient data for training the model properly.
As a result, the quality of generated audio is not as high as it could be with

more data.

Limited availability of Nepali language resources: Since Nepali is not a
widely spoken language, there is limited availability of language resources such
as text corpora, linguistic databases, and voice data. This can limit the accuracy
and quality of the text extraction and TTS models, especially for less common

words and phrases.

Lack of Nepali-focused text extractor: There is a lack of Nepali-specific text
extractors that can extract text from Nepali PDF files accurately. Therefore, the
current system relies on an English text extractor, which can result in incorrect

text extraction or missing text from Nepali PDFs.

Only supports PDF documents: The application only supports PDF files,
which means that users may face difficulties converting to other document for-
mats such as Microsoft Word or Google Docs. This limits the usefulness of the

application for users who work with different document formats.

Time required to generate audiobook: The application takes some time to
generate the audiobook, especially for longer documents. This can be inconve-

nient for users who need to generate speech for large documents quickly.

Difficulty in detecting and handling errors: Due to the complexity of the

TTS and text extraction models, it can be difficult to detect and handle errors

51



during the audiobook generation process. This can lead to inaccuracies in the

generated audiobooks and make it challenging to troubleshoot and fix errors.

e Dependence on internet connection: The application requires an internet
connection to function properly since it relies on cloud-based services for audio
generation and storage. This means that users may face difficulties in areas with

poor or no internet connectivity, which limits the accessibility of the application.

7.2 Future Enhancements

Many aspects of this project can be further enhanced to improve efficiency as well as

user experience. Some of the possible enhancements are:

e Parallel Processing: Multithreading can be used for text extraction and
speech generation to speed up the audiobook generation process and reduce

the waiting time for users.

e Improved TTS Model: The current TTS model was trained with limited data
and fine-tuned using self-recorded data. A larger dataset with high-quality audio
samples can be used to train the model for generating more natural-sounding

speech.

e Additional Voices: Integrating both male and female voices into the appli-
cation can provide more options for the users to choose from, making it more

versatile and accessible.

e Modulations: Introducing voice modulations to the application, such as vary-
ing pitch and speed, can further enhance the user experience and provide more

customization options.

e Support for other Document Formats: The application currently only sup-
ports PDF documents, but supporting other document formats like Word and

HTML can expand its user base and usefulness.

e Add a Separate Database: The application currently stores all the data on
the server, rather than that e can shift to a database like MongoDB.

e Improve OCR: Development of an algorithm to automatically detect and ex-

clude non-textual content such as images and tables from the PDF file.
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