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SUMMARY 
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In today's digital age, managing and accessing documents efficiently is crucial. 

With the rise in image-based documents, there is a growing need for a tool that can 

effortlessly convert these images into accessible audio formats. This is where "Everead" 

comes in – an innovative app designed to transform image-based documents into clear, 

listenable audio files. Perfect for users on the go, individuals with visual impairments, 

or anyone looking to maximize productivity, "Everead" ensures that your documents are 

always just a listen away, providing convenience and accessibility like never before. 
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INTRODUCTION 

 

 

1. Reason for Doing the Thesis 

In today's digital age, people frequently encounter text within images, whether 

they are documents, signs, or handwritten notes. This presents challenges for 

accessibility, especially for visually impaired individuals and those who prefer auditory 

learning. To address this need, there is a growing demand for a platform that can 

efficiently convert image-based text into audio format. That's where our "Audio 

Conversion App" comes in – a solution designed to make text from images accessible 

and convenient for all users. 

2. Scope and Objective 

Motivated by this need, I have chosen to focus on developing an audio conversion 

app for image-based documents. Our objective is to create an application that transforms 

text found in images into clear, high-quality audio. This app aims to improve 

accessibility, provide convenience for users on the go, and offer an efficient way to 

consume text-based content through audio. 

3. Methods 

• Observation Method: Observing the general use cases and challenges faced by 

individuals dealing with text in images. 

• Theories Analyzing Method: Researching related academic papers and 

analyzing current systems and technologies used in text-to-speech conversion. 

• Experimental Method: Extracting features and functionalities from existing 

applications to determine essential capabilities for the audio conversion app. 

• Modeling Method: Using insights from the above methods to build a 

comprehensive model, represented through diagrams and figures, to guide the 

development of the final application. 

4. Structure of the Thesis 

• Chapter 1: Problem Definition 

• Chapter 2: Theoretical Foundation 

• Chapter 3: System Implementation 

• Chapter 4: Experimental Results and Application Demo 

• Chapter 5: Conclusion 
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Chapter 1: PROBLEM DEFINITION 

 

 

1.1. Overview 

1.1.1. Context 

 The digital age has brought about an influx of image-based text from 

various sources like scanned documents, photos of printed materials, and 

handwritten notes. This text, while visually accessible, poses challenges for those 

who need or prefer auditory information.  

1.1.2. Importance 

 Accessing text from images through audio can significantly enhance 

accessibility for visually impaired individuals and offer convenience for others 

who are constantly on the move. 

1.2. Introduction to Image-To-Audio 

 The concept of image-to-audio conversion involves transforming text 

contained within images into spoken words, leveraging technologies such as 

Optical Character Recognition (OCR) and Text-to-Speech (TTS). This process 

facilitates the accessibility of textual information for users who may have visual 

impairments, those who prefer auditory consumption, and individuals who need 

to access information hands-free while multitasking. 

1.2.1. Optical image recognition (OCR) 

• Functionality: OCR technology scans images to detect and extract text, 

converting it into a machine-readable format. This involves identifying 

characters and words from various image types, including scanned documents, 

photographs, and handwritten notes. 

•    Challenges: OCR must accurately process text from different fonts, sizes, and 

orientations, and cope with varying image qualities. The effectiveness of OCR 

can be influenced by factors such as lighting conditions, background noise in 

images, and the presence of complex layouts.  

  

1.2.2. Text to speech (TTS)  

 TTS technology converts written text into spoken words, allowing users to listen 

to the content. This involves selecting appropriate voices, ensuring clear 

pronunciation, and adjusting the speech rate to suit user preferences. 
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1.3. Problem Statement 

The development and implementation of Image to audio application for 

Vietnamese documents face significant challenges due to the unique characteristics of 

the Vietnamese language. These challenges hinder the accurate extraction and 

conversion of text from images, thereby affecting the usability and accessibility of OCR 

applications for Vietnamese-speaking users. The key issues include: 

 

1.3.1. Complex Diacritical System 

Vietnamese language utilizes a wide range of diacritical marks that are essential 

for proper pronunciation and meaning. The presence of multiple diacritical marks on a 

single letter can complicate the recognition process, especially when these marks are 

faint, poorly printed, or handwritten. 

1.3.2. Script Complexity 

The Vietnamese script, although based on the Latin alphabet, includes additional 

characters and specific combinations unique to the language. This complexity requires 

OCR systems to be finely tuned and specifically trained to handle Vietnamese text 

accurately. 

 1.3.3. Diverse Font and Style Variations 

Vietnamese documents are presented in various fonts and styles, including formal 

printed documents and informal handwritten notes. The wide range of typographic 

variations demands an adaptable OCR system capable of recognizing text across 

different formats consistently. 

 1.3.4. Intricate Document Layouts 

Many Vietnamese documents feature complex layouts with multiple columns, 

mixed text orientations, and embedded images or tables. OCR systems need to 

accurately interpret these layouts to ensure correct text extraction without losing the 

document’s context. 

1.3.5.  Language-Specific Contextual Challenges 

Vietnamese has many homonyms and context-dependent meanings, making it 

crucial for OCR systems to incorporate contextual understanding to accurately 

recognize and interpret the text. Without this, the extracted text may be incorrect or 

meaningless. 

1.3.6. Lack of Integrated Text-to-Audio Conversion 

Existing solutions typically require multiple steps and separate applications to 

convert Vietnamese text from images into audio. This fragmented process results in a 

cumbersome and inefficient user experience, deterring users from utilizing these tools 

effectively. 
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1.4. Related works 

Some works have been done to implement an OCR system: 

1.4.1. Convolutional Recurrent Neural Networks (CRNN) 

• Overview: A CRNN (Convolutional Recurrent Neural Network) merges the 

capabilities of Convolutional Neural Networks (CNNs) and Recurrent Neural 

Networks (RNNs), usually utilizing Long Short-Term Memory (LSTM) 

networks. This architecture is crafted to recognize text within images by 

leveraging CNNs for extracting spatial features and RNNs for capturing 

sequential dependencies. 

• Strengths: 

o End-to-End Learning: CRNN can learn directly from raw image data 

without the need for manual feature extraction. 

o Handling Sequence Data: The combination of CNNs and RNNs allows 

CRNN to effectively handle sequences of characters, making it suitable 

for recognizing text lines or words. 

o Flexibility: CRNN can be trained on a wide variety of text styles and 

layouts, making it adaptable to different OCR tasks. 

• Drawbacks: 

o Complex Training: Training CRNN models can be computationally 

intensive and requires large amounts of annotated data. 

o Performance with Complex Layouts: CRNN may struggle with 

documents that have complex layouts or significant variations in text 

orientation and size. 

1.4.2. Connectionist Temporal Classification (CTC) 

• Overview: CTC is often used in conjunction with CRNNs to handle the 

alignment problem between input sequences and output labels. It allows the 

model to predict the sequence of characters without requiring pre-segmented 

input data. 

• Strengths: 

o Alignment-Free Recognition: CTC allows for flexible recognition of 

sequences without requiring explicit segmentation, which is particularly 

useful for handwriting recognition and continuous text recognition. 

• Drawbacks: 

o Training Complexity: Training models with CTC loss can be challenging 

and requires careful tuning of hyperparameters. 

o Decoding Complexity: The decoding process can be computationally 

intensive, especially for long sequences. 

 

1.5. Problem Solution 

To address these issues, a Vietnamese document-based image-to-audio mobile app 

will be developed, leveraging advanced OCR and TTS technologies specifically tailored 

for the Vietnamese language. This app aims to: 
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• Enhance Accessibility for Vietnamese Users:  

Provide visually impaired Vietnamese users with an intuitive and reliable 

means to access text within images through high-quality audio conversion, 

enhancing their ability to engage with written content. 

• Streamline Efficiency:  

Automate the process of text extraction and audio conversion, reducing 

the time and effort required for manual transcription of Vietnamese text from 

images. 

• Improve Accuracy in Vietnamese Text Recognition:  

Utilize specialized OCR models trained on Vietnamese text, capable of 

accurately recognizing and extracting text despite the complexity of diacritical 

marks and unique character combinations. 

• Provide a Seamless User Experience:  

Integrate the processes of text detection, recognition, and audio 

conversion into a single, cohesive application, offering a streamlined and user-

friendly experience tailored for Vietnamese-speaking users. 
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Chapter 2: THEORETICAL FOUNDATION 

 

 

2.1. Chapter overview 

This chapter provides an overview of the key theoretical concepts and technologies 

that underpin the development of a Vietnamese document-based image-to-audio mobile 

app. It covers three main areas: 

• Introduction to Text Detection and Text Recognition 

• Text Detection using Differentiable Binarization (DB) Model 

• Text Recognition using Transformer Model 

• Building a Image to audio system 

• Image to audio pipeline 

• Use case diagram 

• Activity diagram 

2.2. Introduction to Text Detection and Text Recognition 

Based on the requirements of this problem, there are two essential steps that cannot 

be omitted: Text Detection and Text Recognition. In practice, some modern approaches 

have attempted to combine these two tasks into one. However, this does not yield results 

that are comparable to tackling these two tasks independently: 

• Text Detection: 

This step involves identifying and locating the areas within an image where text 

is present. Accurate text detection is crucial as it sets the foundation for the 

subsequent recognition process. For Vietnamese documents, this step must be 

capable of handling various document layouts and text orientations. 

• Text Recognition 

Once the text areas are detected, the next step is to recognize and convert the text 

into a machine-readable format. Given the complexity of the Vietnamese language, 

including its diacritical marks and unique character combinations, specialized 

models and algorithms are required to ensure high accuracy in text recognition. 

By approaching Text Detection and Text Recognition as two separate, independent 

tasks, the solution can leverage specialized techniques and optimizations for each step. 

This separation allows for more precise detection and accurate recognition of 

Vietnamese text, ultimately improving the performance and reliability of the OCR 

system. 

2.3. Text Detection using Differentiable Binarization (DB): 

2.3.1. Methodology 

The architecture of our Differentiable Binarization is depicted in Fig. 2.1. 

Initially, the input image passes through a feature-pyramid backbone. Then, the pyramid 

features are up-sampled to a uniform scale and combined to generate a feature map F. 

This feature map F is subsequently used to predict both the probability map P and the 
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threshold map T. Following this, the approximate binary map B is derived using P and 

F. 

During the training phase, supervision is applied to the probability map, the 

threshold map, and the approximate binary map, with the probability map and the 

approximate binary map receiving identical supervision. In the inference phase, 

bounding boxes can be effortlessly extracted from either the approximate binary map or 

the probability map through a box formulation module. 

 

Figure 2.1. DB Architecture 

2.3.2. Standard Binarization 

Given a probability map P of dimensions RHxW produced by a segmentation 

network, where R, H, and W represent the number of channels, height, and width of the 

map, respectively, it is essential to convert it into a binary map Pbinary of the same 

dimensions. In this binary map, pixels with a value of 1 are considered valid text areas. 

This binarization process can be described as follows: 

 

where t is the predefined threshold, and (i,j) indicates the coordinate point in the map. 

2.3.3. Diffentiable Binarization 

Standard binarization has a drawback: it is challenging to find an appropriate 

threshold value t. To address this issue, we use a method called Differentiable 

Binarization (DB), which allows for the computation of derivatives, thereby integrating 

seamlessly into the training process. 

The approximate binary map Bi,j is defined as: 
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where B^ is the approximate binary map, T is the adaptive threshold map learned by the 

model, and k is the amplification factor, typically set to 50. This method uses an adaptive 

threshold, which not only helps in distinguishing text from the background but also aids 

in separating connected text regions. 

The improvement in performance through DB can be explained by the 

backpropagation process. We define the DB function f(x) =
1

1 + e−kx
 , where 𝑥 = 𝑃𝑖,𝑗 −

𝑇𝑖,𝑗. The positive label loss l+ and the negative label loss l- are expressed as follows: 

 

The derivatives of these loss functions, calculated using the chain rule, are: 

 

 

 

The graphs of the loss functions and their derivatives are shown below. 

Thanks to the parameter k, the model can optimize predictions and more clearly 

distinguish between text and background regions. 
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Figure 2.2 Graph of DB loss function 

2.3.4. Optimization 

The loss function for the model is the weighted sum of three loss functions: the 

probability map loss Ls the binary map loss Lb and the threshold map loss Lt: 

 

The value of α is set to 1.0 and β to 10. 

The loss function used here is Binary Cross-Entropy (BCE) loss for both Ls and 

Lb. To address the imbalance between positive and negative pixels (since non-text pixels 

typically outnumber text pixels in an image), the authors employ hard negative mining 

in the BCE loss by selecting hard negative samples (i.e., those negative samples that the 

model finds difficult to classify) instead of using all negative samples. 

 

 

where Sl is the sampling set with a positive to negative ratio of 1:3. The threshold map 

loss Lt is calculated as the total L1 distance between the predictions and the labels: 
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where Rd is the set of points within the text region, and 𝑦𝑖
∗ is the label for the threshold 

map. 

2.3. Text Recognition using Transformer Model 

2.3.1. Overview 

Like other machine translation models, the transformer model's overall 

architecture comprises two main components: the encoder and the decoder. The encoder 

learns the vector representation of a sentence, aiming to encapsulate the complete 

information of that sentence. The decoder then converts this representation vector into 

the target language. What sets the transformer model apart from traditional sequential 

models are two key structures: Multi-Head Attention and Positional Encoding. 

 

Figure 2.3. Transformer model 

2.3.2. Encoder 

The encoder of the transformer model consists of multiple identical encoder 

layers. Each encoder layer includes two main components: multi-head attention and a 

feedforward network, along with skip connections and normalization layers. 
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The first encoder layer receives a matrix representation of the words, augmented 

with positional information through positional encoding. This matrix is then processed 

by the multi-head attention mechanism. Essentially, multi-head attention is an extension 

of self-attention, enabling the model to focus on various patterns by utilizing multiple 

self-attention mechanisms simultaneously. 

 

Figure 2.4. Transformer model encoder 

2.3.3. Multi-head attention 

We want the model to learn various types of relationships between words. With 

each self-attention mechanism, we learn one type of pattern. Therefore, to expand this 

capability, we simply add more self-attention mechanisms. This means we need multiple 

query, key, and value matrices. As a result, the key, query, and value weight matrices 

will have an additional depth dimension. 

Multi-Head Attention allows the model to simultaneously focus on different 

observable patterns, such as: 

• Attention to the preceding word of a given word 

• Attention to the following word of a given word 

• Attention to related words of a given word 
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Figure 2.5. Multi-head Attention 

2.3.4. Decoder 

The decoder's role is to transform the source sentence vector into the target 

sentence. To do this, the decoder receives two vectors from the encoder: the key and the 

value. The architecture of the decoder closely resembles that of the encoder, with one 

key difference: an additional multi-head attention layer in the middle. This extra layer 

is designed to learn the relationships between the word being translated and the words 

in the source sentence. 

 

 
Figure 2.6. Decoder 
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The Masked Multi-Head Attention, as discussed earlier, functions to encode the 

words of the target sentence during the translation process. However, during 

implementation, it is crucial to mask out future words that the model has not yet 

translated. This can be done by multiplying with a vector containing 0s and 1s. 

Additionally, the decoder includes another multi-head attention layer that focuses 

on the words from the encoder. This layer receives the key and value vectors from the 

encoder, along with the output from the previous decoder layer. This design allows the 

model to compare the correlation between the word being translated and the words in 

the source sentence effectively. 

2.3.5. Positional Encoding 

The position and order of words in a sentence are essential for any language 

model, whether in NLP or CV. Models like RNNs or LSTMs use sequential processing 

to learn the positions of words in a text. However, as mentioned earlier, to overcome the 

long training times caused by sequential processing, the Transformer model eliminates 

this entirely. So how does the model learn positional information? By encoding 

positional information into each word of the sentence, a technique known as Positional 

Encoding. 

A good positional encoding meets the following criteria: 

Each time-step must have a unique encoding: If two different time-steps have the 

same encoding, it will cause confusion regarding word positions. 

The distance between the embeddings of two positions in sentences of different 

lengths must be consistent. 

It should be able to represent positions for sentences longer than those seen 

during training. 

The Transformer achieves all these expectations with its positional encoding 

method. The formula proposed by the authors in the paper is as follows: 

𝑃𝐸[𝑝𝑜𝑠, 2𝑖] = sin(𝑝𝑜𝑠/100002𝑖/𝑑𝑚𝑜𝑑𝑒𝑙) 

𝑃𝐸[𝑝𝑜𝑠, 2𝑖 + 1] = cos(𝑝𝑜𝑠/100002𝑖/𝑑𝑚𝑜𝑑𝑒𝑙) 

 

Where pos is the current position, 𝑑𝑚𝑜𝑑𝑒𝑙 is the fixed size of the model, and 𝑖 is the 

dimension. 

To explain further, let’s define 𝑤 =
1

100002𝑖/𝑑𝑚𝑜𝑑𝑒𝑙
: 

𝑃𝐸[𝑝𝑜𝑠, 2𝑖] = sin(𝑤 ⋅ 𝑝𝑜𝑠)  

𝑃𝐸[𝑝𝑜𝑠, 2𝑖 + 1] = cos(𝑤 ⋅ 𝑝𝑜𝑠) 

Now, let’s evaluate this encoding method against the criteria mentioned above: 

• Each time-step must have a unique encoding: As i increases, w decreases 

gradually, approaching 0. Thus, each position i will have a different 

representation due to different pos values. Although sine and cosine functions are 

periodic, the non-fixed decreasing w ensures different values for each i. 
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Furthermore, identical pos values in sentences of different lengths will still have 

unique embeddings. 

• The distance between embeddings of positions in sentences of different 

lengths must be consistent: Since each position i has a different embedding in 

the same sentence and the same embedding in sentences of different lengths, the 

distance between them remains constant regardless of sentence length. 

• Ability to represent positions for sentences longer than those seen during 

training: Since sine and cosine are periodic functions with a period of 2𝑘𝜋, we 

can easily compute w and determine pos values, enabling the representation of 

far positions even beyond training. 

The following illustration shows positional encoding: 

 

Figure 2.7. Positional Encoding 

As i gets deeper and larger, the sine and cosine values approach 0 and 1, making the 

embedding positions more similar. Consequently, the columns become more uniform in 

color, showing less variation. 

In conclusion, the Transformer's positional encoding method effectively meets 

all the criteria for a robust encoding, ensuring unique and consistent positional 

representations even for longer sentences. 

2.4. Building an Image to audio system: 

To achieve this, I propose 2 steps: 

First step: Collecting datasets for text images, this could be achieved by 

browsing the Internet or using available famous OCR datasets like MNIST (Modified 

National Institute of Standards and Technology database), IAM Handwriting Database, 

COCO-Text, SynthText… Since this project main target is Vietnamese, we should 

collect pictures of Vietnamese text with diverse fonts and layouts. For text recognition 

task, we can cut the text from the available dataset for better inferences. After that, we 
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will start training using DB for Text Detection and TransformerOCR for text 

recognition.  

Second step: The input of the system will be an image. First, it will pass through 

the text detection model to detect the text areas. After that, the image will be cropped 

into smaller images which only contain the text so that the text recognition model will 

be able to decode. The result will then be reorganized into a coherence texts, keeping 

the order from left to right according to the original input. Finally, we will use a text-to-

speech API to get the audio from the decrypted text. 

2.5. Image to audio Pipeline 

The main pipeline of our Image to audio system: 

 

Figure 2.8 System pipeline 
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2.6. Use case diagram 

 

Figure 2.9 General use case 
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2.6.1. Authentication 

 

Figure 2.10 Authentication 

2.6.2. Recognize Text 

 

Figure 2.11 Recognize Text 
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2.6.3. Manage recognized texts 

 

Figure 2.12 Mange recognized texts 

2.7. Activity diagram 

2.7.1. Login activity diagram 

 

Figure 2.13 Login activity diagram 
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2.7.2 Logout activity diagram 

 

Figure 2.14 Logout activity diagram 

2.7.3. Process image activity diagram 

 

Figure 2.15 Process image activity diagram 
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2.7.4. View processed images activity diagram 

 

Figure 2.16 View processed images activity diagram 
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Chapter 3: SYSTEM IMPLEMENTATION 

 

 

3.1. System Architecture 

3.1.1. Overall architecture 

The overall architecture of the application is presented as below: 

 

 

Figure 3.1 Application architecture 

At first it can visualize the overview of our system so that we can deep down into 

how we implemented this. As we may see, our main system consists of a React Native 

client app, a server which contains our OCR model and a Firebase backend for 

authentication purpose. Besides, we also serve images and audio files through CDN 

which belongs to an external cloud service – Cloudflare R2. 

3.2. Backend technology stack: 

3.2.1. Python 

Before we start implementing our system out of the paper. We need to decide 

which language that can help us develop the product as fast as we need but still keep the 



 Audio conversion application for image-based documents 

Performed Student: Nguyen Pham Nam Anh              Instructor: Ph.D. Pham Cong Thang 22 

best structure for it. And so on Python - is our choice for both client and backend 

languages. 

Python is a versatile and powerful programming language created by Guido van 

Rossum and first released in 1991. It is known for its simplicity and readability, making 

it an excellent choice for beginners and experienced developers alike. Python is widely 

used for a variety of applications, ranging from web development and data science to 

machine learning, automation, and even game development. 

Python combines the elegance of object-oriented programming with the 

flexibility of a modern programming language. It supports a wide range of programming 

paradigms, including object-oriented programming, functional programming, and 

procedural programming. Python offers features such as automatic memory 

management through garbage collection, dynamic typing, and a robust exception 

handling mechanism to ensure reliable and secure application development. 

3.2.2. Flask Framework 

To host our application with the main features of taking image from a Http 

request and pass it to our machine learning model with Python, the most optimal choice 

would be Flask. 

Flask is a lightweight and flexible web framework for Python, developed by 

Armin Ronacher. It is part of the Pallets Projects and was first released in 2010. Flask 

is designed to make getting started quick and easy, with the ability to scale up to complex 

applications. It is widely used for building web applications, from simple prototypes to 

full-featured websites and services. 

Flask combines the power of Python with a simple and straightforward API, 

making it an excellent choice for developers who want to create web applications with 

minimal setup and configuration. Flask follows the WSGI (Web Server Gateway 

Interface) specification and is based on the Werkzeug WSGI toolkit and Jinja2 template 

engine. 

 

3.2.3. Firebase Backend Authentication Service 

Our application is a mobile app. So for the authentication of the system, I will 

use Firebase Authentication as the way for user to save their previous uses in the system. 

Firebase Authentication is a robust and flexible service provided by Google 

Firebase, designed to simplify the process of user authentication and identity 

management for developers. It offers a variety of methods to authenticate users, 

including email and password authentication, phone number authentication, and 

federated identity providers like Google, Facebook, and Twitter. 

Firebase Authentication integrates seamlessly with other Firebase services and is 

widely used in mobile and web applications to handle user authentication with minimal 

effort and maximum security. It supports client-side SDKs for multiple platforms, 

including iOS, Android, and web, as well as server-side SDKs for languages such as 

Node.js, Java, Python, and more. 
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3.3. Building Client UI: 

3.3.1. React Native 

React Native is an open-source framework developed by Facebook for building 

mobile applications using JavaScript and React. It enables developers to create native 

mobile apps for both iOS and Android platforms using a single codebase, leveraging 

React, a popular JavaScript library for building user interfaces. Since its launch in 2015, 

React Native has rapidly become one of the most widely used frameworks for mobile 

app development due to its efficiency, performance, and ability to reuse code across 

platforms. 

React Native combines JavaScript and JSX, a special markup language similar 

to XML. The framework facilitates communication between JavaScript-based threads 

and native app threads through a mechanism known as the “bridge.” Despite being 

written in entirely different languages, JavaScript and native threads can interact 

bidirectionally thanks to this bridge feature. 

Here’s a great visualization of the bridge concept: 

 

Figure 3.2 React Native Bridge 

This means that if you already have a native iOS or Android app, you can still 

utilize its components or transition to React Native development. Moreover, React 

Native allows developers to create platform-specific versions of their apps for different 

mobile platforms, thereby enhancing the app's performance and user experience on each 

device. 

For development purpose, for this application I will implement the React Native 

on Expo Go – a React Native development tool. 

3.3.2. Expo Go 

Expo Go is a development tool provided by Expo, designed to simplify the 

process of developing, testing, and deploying React Native applications. Expo Go 

allows developers to preview their apps on physical devices without needing to build a 

native binary each time. This makes the development process much faster and more 

convenient, especially when working on features that require frequent testing. 

Expo Go is available for both iOS and Android, and it leverages the capabilities 

of the Expo platform to provide a streamlined and efficient development workflow. 
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3.4. Client-server communication protocol 

3.4.1. Http Protocol 

HTTP, or HyperText Transfer Protocol, is a protocol that sets the rules for 

transmitting various types of files such as images, text, audio, video, and more over the 

World Wide Web (WWW). It operates on a client-server request-response model. HTTP 

is an application layer protocol that typically communicates with the server using the 

Transmission Control Protocol (TCP). Being a stateless protocol, HTTP handles each 

request independently, without retaining any information about previous requests, 

which means the connection between the browser and the server is terminated once the 

transaction ends. HTTP utilizes methods to inform the server of the actions to be 

performed when the client sends a request. The most widely used HTTP methods are 

GET, POST, PUT, PATCH, and DELETE. 

 

Figure 3.3 Http Protocol 

3.5. Database 

3.5.1. MongoDB 

a. What is MongoDB 

MongoDB, the most popular NoSQL database, is a schema-less database, which 

means the database can manage data without the need for a blueprint. Document, data 

in MongoDB is stored in documents with key-value pairs instead of rows and columns.  

b. Why choose this 

• MongoDB supports rich querying capabilities, including filtering, sorting, and 

aggregation, which is suitable for our read-heavy service.  

• MongoDB is designed for horizontal scalability, allowing you to distribute data 

across multiple servers or clusters. This enables seamless scaling as your 

application grows, providing better performance and handling higher volumes of 

data and traffic. 

• MongoDB is designed for store complex hierarchical data structures, nested 

arrays, which simplifies data representation and retrieval. 

c. Document structure 
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In this application, image after processing will be stored into database in the 

following format: 

 

Figure 3.4 Document structure 

 

Field Data type Nullable Default Description 

_id ObjectId False  Id of the record 

imageUrl String False  Image url of the 

input image 

deviceId String True  Id of the device the 

user input from 

audioUrl String False  Audio url of the 

text after 

converting  

transcript String True Null Transcript of the 

image 

timestamp DateTime False Now() The time the image 

is processed 

imageFileKey String False  Image file name  

audioFileKet String False  Audio file name 

userId String  False  User Id of the 

authenticated user 

Table 3.1. Description of each field in the document 

3.6. Training method 

3.6.1. Kaggle Notebook 

Kaggle Notebooks, formerly known as Kaggle Kernels, are an integral part of the 

Kaggle platform, offering a powerful and interactive environment for data analysis, 

machine learning, and collaborative data science. Kaggle, a subsidiary of Google, is 
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widely recognized for its data science competitions, datasets, and educational resources. 

Kaggle Notebooks are hosted Jupyter Notebooks that provide a seamless way to write 

and execute code in languages like Python and R directly in the browser. It also provides 

user with up to 2 GPU-based accelerators, which improve the speed of the training 

process and allow distributed training, saving time considerably. 

 

Figure 3.5 Training using Kaggle Notebook 

3.7. Text Detection Training 

3.7.1 Dataset 

The dataset used for this task comprises 2500 meticulously curated images 

containing scene text in a variety of formats and layouts. These images are specifically 

selected to represent a broad spectrum of real-world scenarios where text appears, 

ensuring the dataset's comprehensiveness and utility in developing robust text detection 

models. The primary language featured in this dataset is Vietnamese, aligning with the 

core objective of the module, which is to enhance the detection and recognition of 

Vietnamese text in various contexts. 

Dataset Composition 

• Diverse Sources: The dataset includes images from a wide range of sources to 

capture the diversity of text appearances in everyday life. This includes printed 

text from books, newspapers, and magazines; handwritten notes and letters; 

digital text from screenshots of webpages and social media posts; and 

environmental text from billboards, shop signs, street signs, and advertisements. 

This variety ensures that the dataset covers different fonts, sizes, colors, and 

orientations of text, as well as various background complexities. 

• High-Quality Annotations: Each image in the dataset is meticulously annotated 

with bounding boxes that accurately enclose the text regions. These annotations 

were manually created and cross-verified by native Vietnamese speakers to 

ensure precision. The bounding boxes are provided in a standardized format 

(such as JSON or XML), detailing the coordinates for each text region within the 

images. This careful annotation process ensures that the dataset is well-suited for 

training machine learning models for text detection. 

To facilitate the effective training and validation of the text detection module, the 

dataset has been strategically divided: 

• Training Set: 2200 images are designated for training. This subset encompasses 

a wide range of text types and scenarios to enable the model to learn the diverse 

characteristics and variations of Vietnamese text. By exposing the model to a 

large and varied training set, we aim to enhance its ability to generalize across 

different text appearances and contexts. 
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• Validation Set: 300 images are reserved for validation. This subset is used to 

evaluate the model's performance and ensure that it is accurately detecting and 

localizing text in unseen images. The validation set is carefully chosen to 

represent the same diversity as the training set, providing a reliable measure of 

the model's efficacy and helping to fine-tune its parameters. 

 

 

 

Figure 3.6 Text Detection Dataset 
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Figure 3.7 Dataset label format 

3.7.2. Training text detection with PaddleOCR library 

PaddleOCR is an open-source Optical Character Recognition (OCR) tool 

developed by Baidu's PaddlePaddle team. It provides comprehensive support for 

detecting and recognizing text in various languages, including Chinese, English, and 

multiple other languages. PaddleOCR is built on the PaddlePaddle deep learning 

framework and is designed to offer high accuracy, efficiency, and ease of use for OCR 

applications. 

Key features of PaddleOCR: 

• Multilingual Support: PaddleOCR supports text recognition in over 80 

languages, making it versatile for global applications. 

• High Accuracy: Leveraging state-of-the-art deep learning models, PaddleOCR 

delivers high accuracy in text detection and recognition. 

• Comprehensive Pipeline: It provides an end-to-end OCR pipeline, including 

text detection, recognition, and post-processing. 

• Lightweight and Efficient: PaddleOCR is optimized for performance, offering 

lightweight models suitable for deployment on various devices, including mobile 

and edge devices. 

• Extensibility: Users can customize and extend PaddleOCR to meet specific 

requirements by modifying the underlying models or integrating additional 

functionalities. 

PaddleOCR offers pretrained models based on the DB architecture with 

MobileNetv3 as the backbone. To enhance its performance specifically for Vietnamese 

language tasks, I has fine-tuned these models using the dataset above. This approach 

aims to optimize the model's inference capabilities and accuracy in recognizing 

Vietnamese text across various contexts and formats. 
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3.8. Text Recognition 

3.8.1 Dataset 

This extensive dataset comprises 46,200 images, integrating 45,000 auto-

generated text images with cut images processed from the text detection dataset.  

Training Set 

A total of 36,960 images are allocated for training, following an 8:2 split ratio of 

the 46,200 images dataset. This training set includes a balanced mix of auto-generated 

images and real-world scene text images, providing a comprehensive foundation for 

training the text recognition model. By exposing the model to a diverse array of text 

appearances, formats, and contexts, the training set aims to enhance the model's 

robustness and generalization capabilities, enabling it to effectively recognize and 

transcribe text across various scenarios. 

Validation Set 

The remaining 9,240 images are reserved for validation. This subset is used to 

evaluate the model's performance on unseen data, ensuring that it can accurately 

recognize and transcribe text in a wide range of conditions. The validation set is 

carefully selected to reflect the same diversity present in the training set, providing a 

reliable measure of the model's efficacy and helping to fine-tune its parameters for 

optimal performance. 

 

 

Figure 3.8 Text Recognition Dataset 
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3.8.2. Training Text Recognition with VietOCR 

VietOCR is an open-source Optical Character Recognition (OCR) tool 

specifically designed for recognizing text in Vietnamese. It provides a robust platform 

for converting scanned documents, images containing text, and other media into editable 

and searchable text formats. VietOCR is tailored to meet the specific linguistic nuances 

and challenges of Vietnamese text recognition, making it a valuable tool for a wide range 

of applications. This library has proven to be quite accurate in Vietnamese character 

recognition and also provided an accurate pretrained model, upon which I fine-tune my 

model with the Text Recognition dataset. 

 

Figure 3.9 The accuracy of VietOCR model 

3.8. Audio module 

For this application audio conversion purpose, I use an open-source text-to-

speech library, gTTS 

3.8.1. gTTS 

gTTS (Google Text-to-Speech) is a powerful Python library that provides an 

interface to Google Translate's text-to-speech API. This tool allows developers to 

convert written text into spoken words in various languages with high-quality, natural-

sounding speech. gTTS is widely used in applications requiring text-to-speech 

functionality, such as voice assistants, language learning tools, and accessibility features 

for visually impaired users. 

Key Features 

• Multilingual Support: gTTS supports multiple languages and accents, making 

it versatile for global applications. It includes popular languages like English, 

Spanish, French, German, Chinese, Japanese, and many others. 

• Ease of Use: The library is designed to be user-friendly and easy to integrate into 

Python projects. With a few lines of code, developers can convert text to speech 

and save the output as an audio file. 

• Customization: Users can customize various aspects of the speech output, 

including speed (slow or fast), to match their specific needs. 
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Chapter 4: EXPERIMENTAL RESULT AND APPLICATION DEMO 

 

 

4.1. Text Detection Module 

4.1.1. Training result 

After training using PaddleOCR with DB model and MobileNetv3 backbone, the 

receiving results are as follow: 

 

Figure 4.1 Evaluation result 
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Figure 4.2 Training loss 

After training the model, the evaluation process resulted in a precision score of 

81.79%. This indicates that the model correctly identified 81.79% of the relevant 

instances out of all the instances it predicted as relevant. 

4.1.2 Inference result 

The model proved to be quite efficient in detecting texts, both in Vietnamese and 

English. The bounding boxes generated are accurate and suit the need of the project to 

detect word-by-word.  

Here is the example inference result: 
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Figure 4.3 Text Detection Input 
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Figure 4.4 Text Detection Output 

4.2. Text Recognition Module 

4.2.1. Training 

After training TransformerOCR model using VietOCR on my dataset, The 

training progress are as followed: 
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Figure 4.5 Training loss 

 

Figure 4.6 Validation Loss 
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Figure 4.7 Accuracy 

As the graph illustrates, the accuracy of the model for individual characters is 

remarkably high, reaching up to 95%. In contrast, the accuracy for entire sequences is 

87%. This discrepancy highlights the model's proficiency at recognizing and correctly 

identifying single characters, while also demonstrating a strong performance in handling 

complete sequences, albeit with slightly reduced accuracy. 

These results prove that the model is highly capable and reliable for tasks 

involving character recognition. Its ability to achieve a 95% accuracy rate for individual 

characters suggests a robust understanding of the finer details within the text. 

Meanwhile, the 87% accuracy for whole sequences indicates that the model effectively 

manages more complex tasks involving the context and structure of text sequences, 

though there is a slight drop in accuracy compared to single characters. 

Overall, the model's performance metrics indicate a high level of precision and 

reliability, making it well-suited for practical applications in text detection and 

recognition across different languages, including Vietnamese and English. 

4.2.2 Inference 

The inference result of this module is quite good, as illustrated below: 

 

Figure 4.8 Text Recognition Input 

 

Figure 4.9 Text Recognition Output 
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4.3. Image to audio module 

Thanks to the high accuracy of both the Text Recognition Module and the Text 

Detection Module, the Image to Audio Module has demonstrated exceptional 

performance. The Text Recognition Module, with an individual character accuracy of 

up to 95%, ensures that characters are accurately identified, contributing to the overall 

precision of the text extraction process. Similarly, the Text Detection Module effectively 

identifies and isolates text within images, providing a reliable foundation for subsequent 

recognition tasks. 

The combination of these two modules allows the Image to Audio Module to 

convert text from images into speech with high fidelity. The precise detection and 

recognition of text ensure that the spoken output is accurate and intelligible, enhancing 

the user experience. This integrated system proves to be particularly useful in 

applications such as assisting visually impaired individuals, real-time language 

translation, and automated reading of documents. 

Overall, the high accuracy of the Text Recognition and Text Detection Modules 

significantly boosts the efficacy of the Image to Audio Module, making it a powerful 

tool for converting visual text data into audio format. 

 

Example output based on the  input of Text Detection Module 

 

Figure 4.10 Example output 

 

Despite the relatively high processing time, the system proves to be quite efficient 

in converting text to audio with accurate inference. The robust performance of the Text 
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Recognition and Text Detection Modules ensures that the extracted text is precise, which 

is critical for the subsequent audio conversion process. 

4.4. Application Demo 

4.4.1. Login 

 

Figure 4.11 Login screen 
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4.4.2. Register 

 

Figure 4.12 Register screen 
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4.4.3 Capture or upload image screen 

 

Figure 4.13 Capture or upload image screen 
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4.4.4 Format image screen 

 

Figure 4.14 Format image 
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4.4.5. Document list screen 

 

Figure 4.15 Document list screen 
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4.4.6. Document detail screen 

 

Figure 4.16 Document detail screen 
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Chapter 5: CONCLUSION  

 

 

5.1. Result 

After building this project, I have identified several pros and cons in our application: 

Pros: 

• User-Friendly Interface: 

The application is designed to be intuitive and easy to use, making it accessible 

for users of varying technical skills. The straightforward interface ensures that 

users can quickly learn how to operate the application without requiring extensive 

training or support. 

• High-Quality Inference Results: 

The inference results are impressive, producing comprehensible audio files that 

users can easily hear and understand. This high level of accuracy in converting text 

to speech significantly enhances the user experience, particularly for those who 

rely on audio outputs for accessibility reasons. 

Cons: 

• Long Processing Time: 

One of the main drawbacks is the prolonged processing time. The application 

takes a considerable amount of time to analyze and convert text from images into 

audio. This can be a significant inconvenience for users who need quick results or 

are working with large volumes of text. 

• Difficulty with Complex Layouts: 

The application struggles with reorganizing text when the layout of the page is 

too complicated. This limitation means that documents with intricate designs, such 

as those with multiple columns, tables, or non-linear text arrangements, may not be 

processed accurately. As a result, the output may not reflect the intended structure 

and flow of the original document. 

• Limitation to Straight Images: 

The current implementation only works effectively with straight images. If an 

image is tilted, skewed, or captured at an angle, the application may fail to detect 

and recognize the text correctly. This constraint limits the application's usability in 

real-world scenarios where perfect image alignment cannot always be ensured. 
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• UI/UX: 

The current UI/UX of the application still need refinement to bring the best 

experience for the user 

5.2. Future work 

Given the disadvantages identified in the evaluation part of this project, the future 

work will focus on addressing these limitations to enhance the application's performance 

and usability. The proposed improvements and extensions are as follows: 

• Optimizing processing time either by using GPU accelerators or by refining the 

algorithms. 

• Training the model to be able to comprehend complex layout texts or words in 

different angles 

• Optimize code for saving infrastructure cost as well as handling more user. 

• Redesign the UI/UX with helps and feedbacks of designer 
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