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ABSTRACT

The Optical Character Recognition System has become a major machine technology to produce and
manipulate texts from images so that it can achieve a stage of digital accessibility and information retrieval.
This study aims at meeting challenges such as extracting and processing handwritten multilingual texts
from images with high accuracy. Conventional OCR systems usually are not capable of performing
recognition operations accurately on handwritten documents, thus resulting in errors or problems during
the text extraction process and next translation activities. Therefore, in this paper, we have proposed a
state-of-the-art Al-based OCR solution with Google's Gemini 2.0 Flash, enhancing accuracy on text
detection, language identification, translation, and summarization through deep learning technologies.
This system, unlike normal OCR systems, is based on multimodal vision transformers for reliable text
recognition across designs of handwriting and as such enables the entire process to be an efficient
multilingual processing pipeline. The system has been rigorously tested across real-life handwritten
samples and shows a great extent of promise in the area of correctness in text extraction, language
detection, and translation quality. The system attained an OCR of 92.5% and a language detection success
rate of 95%. This solution opens pathways of tremendous access possibilities into handwritten contents,
presenting a potential boon for multilingual communication, education options, and cross-cultural
informational exchange. It would allow seamless operation of the developing system across the web and
mobile platforms.

Keywords: Multilingual OCR, Handwritten Text Recognition, Google Gemini 2.0 Flash, Deep Learning,
Al-based Translation, Language Detection, Text Summarization, Natural Language Processing, Image
Processing, Flet Mobile and Web Application.

INTRODUCTION

Optical Character Recognition (OCR) technology has improved immensely with the development of
artificial intelligence and deep learning. Conventional types of OCR, such as Tesseract, do not perform
very well against challenges posed by handwriting, multilingual contents, etc. Thus, there exists a huge
requirement to complement these systems with robust Al technologies in order to enhance their
performance and efficiency. For instance, an efficient handwriting recognizer should be able to cope with
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extremely short writing style variations along with stroke thickness variations, orientation differences, and
noise that may be introduced through the cropping of scanned or photographed images. The relative chaos
in the measurements of handwritten specimens gives a rather bigger hurdle. An Al-based multilingual
OCR system for extraction and translation of handwritten text that identifies the language and summarizes
the extracted content goes here. This system leverages Google Gemini 2.0 Flash and embraces advances
in multimodal deep learning to facilitate text recognition, translation, and summarization performance. To
take this one step further, the system implements an array of advanced pattern recognition, neural network,
and natural language processing algorithms in order to deliver results of high accuracy for many different
languages written in varying styles of handwriting. The other thing being considered at the moment is
open and simple solutions that are easy to use and efficient for those dealing with handwritten material in
many languages: thus, creating a bridge for traditional OCR technologies. This study now demonstrates
mixed deep learning-based OCR realization in real time with translation and summarization for maximum
accessibility in the interconnected global digital economy.

LITERATURE SURVEY

Recent progress in optical character recognition (OCR) has shown significant progress, especially with
the application of deep teaching techniques for printed and handwritten text in many languages. A CRNN-
based model performed better recognition on Indian language printed documents by integrating
convolutional and recurrent layers, with a CTC layer for sequence decoding. This model was successfully
evaluated in seven Indian languages and was better performed in traditional methods such as MDLSTM
and Tesseract [1].

In the domain of handwritten character recognition, early approaches to use SVMs gained promising
accuracy for Tamil characters, rely on handcrafted features extracted from scanned Grayscale images [2].
Later, adoption of CNN allowed for automatic feature learning, leading to better training accuracy and
performance for offline handwritten Tamil character dataset [3].

To further enhance the handwritten text recognition (HTR), a hybrid model was introduced by mixing
CNN and BiLSTM with CTC decoder. This approach gained more than 98% accuracy on standard datasets
such as IAM and Rimes, which showed the ability of deep neural network architecture to handle various
handwriting styles and complex layouts [4]. A full Al pipeline for HTR that integrates post-processing
techniques such as preprocessing, neural-based classification and spell checking was also introduced,
emphasizing the comprehensive application of artificial intelligence in the OCR system [5].

The training data quality and size greatly affects the performance of the OCR system. A large and diverse
dataset of handwritten Tamil characters was built with over 91,000 samples, offering better generalization
and installing a new benchmark for Tamil script recognition [6]. The requirement of such standardized
dataset and hybrid recognition approach for both mono- and multilingual script was further reinforced in
a comprehensive survey on character recognition methods [8].

To address the complexity of multi-script documents, a multilingual OCR system-segment, switcher and
many identifiers were introduced using reinforcement learning and a modular neural architecture. This
method manually improved accuracy for mixed-script texts such as English, Chinese and Korean, without
relying on the boundaries [10] manually labeled. Similarly, a CNN-transformer model was used to identify
handwritten words in eight Indian languages including visual and relevant text features, with many scripts
[12] a very low character error rate.
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The region has also seen systematic reviews in the last two decades, highlighting transition from traditional
OCR techniques to Al-based models. These reviews outline the development of major research trends,
challenges and machine learning tools for OCR [9]. The emergence of mobile phone-based OCR and
natural visual recognition was also noted, as deep learning techniques enabled better generalization and
manually reduced dependence on the characteristics designed [11]. In addition, language-specific
solutions, such as a Bengali OCR system, is manufactured using a Tesseract engine, demonstrated the
need to refine the OCR devices for high accuracy and structure protection [13].

Collectively, these studies offer a strong foundation for systems such as the proposed Al-managed
multilingual OCR, which not only extracts text in different scripts, but also enables downstream functions
such as translation and summary-beyond recognition in understanding the application of OCR as
intelligent material.

PROPOSED SOLUTION

The solution intends to fill the gap that exists between the boundaries of traditional OCR methods and
modern Al advancements, employing Google Gemini 2.0 Flash to improve the process of recognizing,
translating, and summarizing text. AI-OCR: Deep Learning has been used to develop an application that
applies OCR using an advanced Al method for extracting handwritten text with superior accuracy, even
though there were challenges posed by different styles of handwriting. Further Natural Language
Processing is embedded to detect the language of the extracted text and translate it into different languages
using Al-driven contextual understanding. Furthermore, the system has an Al-based summarization
engine that shortens the extracted text into summary formats that are concise and meaningful to help in
enhancing the readability of the content as well as accessing what it is at a summary level by users. The
cloud processing ensures scalability and efficiency of processing large volume requests at a minimal
latency cost through leveraging Google Cloud Al as a servicing provider. A user-friendly interface-mobile
web built using Flet, would enable easy interaction with users, who can upload images and view the
extracted text from the same interface, select target languages, and have the translated and summarized
content instantly available. The design incorporates new and future emerging techniques using Al to
guarantee the multilingual OCR under very strong, robust, large-scale, and accurate conditions.

TooLs AND TECHNIQUE

The system combines a large number of tools and techniques to meet performance, scalability, and
accuracy requirements. The application is driven primarily by the Python Programming language, with a
rich ecosystem of Al and image processing libraries. The main features of this application reside in the
google.generativeai application, which interfaces with the Google Gemini 2.0 Flash APIs. Preprocessing
of images that involve resizing, extract, and conversion to formats is handled using PIL (Pillow). Other
Python imports for io and base64 are used for the encoding and decoding of images in the application.
Flet is the universal framework taken to develop front-end applications of both web and mobile platforms
for responsive and cross-platform interfaces. Web and mobile applications communicate with the backend
using standard HTTP calls. The user uploads images through an interface that encodes these images for
transmission using the back-end server. The processing occurs with the Gemini 2.0 Flash model hosted
via Google Cloud Al, which provides structured outputs such as recognized text, translations, and
summaries.
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This aspect of cloud Al services allows the handling of simultaneous requests with a guarantee of higher
performance even under heavy loads. Furthermore, these combinations improve user friendliness, enable
cross-platform support, and scalable deployment of the system.

ALGORITHM AND PROCESSING FLOW

The system follows a basic algorithmic structure using a pipeline. The first step involves an Image Pre-
processing Algorithm in a script where the uploaded image is Base64 encoded, filtered to increase contrast
and brightness, respectively, thereby improving OCR, the processed image is then put through a
multimodal vision transformer for OCR and handwriting recognition by the Gemini engine 2.0 flash.
Gemini Al engine uses deep learning models that have been trained to include various styles of
handwriting patterns. It is very proficient in identifying and extracting text from images in peculiar
situations such as meaningless backgrounds or uneven lighting. The algorithms operate with natural
language processing (NLP) to determine the language of the input text, thereby initiating the translation
process. The actuating algorithm for translation uses transformer-based models with an Al that is
contextually semantic and fluent in several languages in translations.

The next step after translation is the Summarization Algorithm, through which the translated output stream
is passed through the transformer models and generally trained on NLP, producing structured, summarized
text that goes on to generate short summaries without losing context. This post-processing aids in
increasing the readability and relevance of the content acquired.

The architecture is designed to be extensible and highly efficient at the same time and clear phases with
algorithms for the system with specific tools.

SYSTEM ARCHITECTURE

The system architecture arrives at a solid frontend developed using Flet that will run on mobile devices as
well as browsers. This cross-platform feature allows users to engage with the software from any device
without loss of functionality. The backend is designed using Python and connects Google Gemini 2.0
Flash via the Generative Al SDK, enabling advanced Al-derived processing. When it receives an image
from the user interface, the system goes into full pre-processing comprising image enhancement, resizing,
and Base64 encoding. The processed image is sent to the Gemini model for the performance of Optical
Character Recognition (OCR) to extract text accurately. Simultaneously, the data extracted undergoes
analysis through the integrated modules for Natural Language Processing (NLP) dealing with language
detection and initiating multilingual translation. What follows next is that the translated content is routed
to further module that applies the Al-based summarization methods relaying concise, but key points. The
end product goes back to the user as Flet-based output interface, where it will view the content translated
and summarized in real time. The whole process runs on cloud support infrastructure for scalable, low
latency and high throughput availability. Therefore, it is a system capable of efficiently handling
concurrent users at given points in time. This entire architecture is a way to integrate frontend accessibility
with backend competence for seamless user experience.
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IMPLEMENTATION
The system uses Flet framework at the client side and Google Gemini 2.0 Flash for NLP and OCR. The

users can type or upload an image with printed or handwritten text. The OCR module reads text from
images, which is analyzed to detect the source language. The text is translated into the user's choice of
target language, and the users can choose to summarize the output using a special button.

Supported languages include English, Hindi, German, French, Spanish, Japanese, Chinese, Korean,
Russian, and Arabic. This wide range of multilinguistic can also prove fruitful into the hands of the users
with around-the-world accessibility in ensuring effective translation and understanding for all kinds of

world communication purposes.
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Language detected: Tamil
Translation to English: New Women

They learr techniques, The deeds, They destroy all the old lies. They break all the ignorant barriers, Protecting all the actions of human beings, They make it pleasing to the gods, They will live in a way that
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Language detected: Tamil
Translation to English: New Women

They learn various techniques, They do various good deeds, They destroy all the old lies. They break all the ignorant barriers, Protecting all the actions of human beings, They make it pleasing to the gods, They will live in a way that
men will praise them, Listen to the thoughts of the young woman!

Original text: Ljgen00 QLiggorsser

FIHH) JRIGET LU SOUFTTD Fa)f] WS LI QEWITTTD ANSS QUTLIENSET wreyd ANILIFmD. AL & SU(HSET Wb SSTUILITTD S1SHS TR QFLINES WENHRTSENSU|ID
sLQ| arjsSafl sress Fanlugnd g58) JLanngser CUTHIL aimpbearmd Genarw bresuiler ceorer et GaL L Crm!

Summary in English: New women learn techniques, perform good deeds, destroy old lies, break ignorant barriers, protect human actions, please gods, and live admirably, inviting consideration of a young woman's thoughts.
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Language detected: Tamil
Translation to English: New Women

They learn various techniques, They do various good deeds, They destroy all the old lies. They break all the ignorant barriers, Protecting all the actions of human beings, They make it pleasin They will live in a way that
men will praise them, Listen to the thoughts of the young woman!
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Summary in English: New women learn ti ique orm good deeds, destroy old lies, break ignorant bar protect human actions, please gods, and live admirably,
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Original text: Bl b
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Language detected: Tamil

Translation to English: With upright gait, direct gaze, Principles that fear no one on earth, And possessing dignified pride of knowledge, Noble women never falter; Casting aside the life of suffering in the great darkness of

ignorance, Expellir devoid of art, Is the righteousness of women, Did you hear what the L Kanni says!
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Language detected: Tami

Translation to English: With uprigh , direct ciples that fear no one on earth, And possessing dignified pride of knowledge, Noble women never falter; Casting e the life of suffering in the great darkness of

ignorance, Expelling and rejecting a life devoid of art, Is the righteousness of women, Did you hear what the Udaya Kanni

D B
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Summary in English: Noble women, with uprightness, fearlessne a Righteousn ecting a life of ignorant suffering and embracing art, as Udaya Kanni proclaims
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Language detected: Tamil

Translation to English: With upright gait, direct gaze, Principles that fear no one on earth, And pos de of knowledge, Noble women never falter; Casting aside the life of suffering in the great darkness

ignorance, Expelling and rejecting a life devoid of art, Is the righteousness of women, Did you hear German i says!

French
Spanish
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Summary in English: Noble women, with uprightness, fearlessness, and knowledge, do not falter ves rejecting a life of ignorant suffering and embracing art, as Udaya Kanni proclaims.
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Language detected: Tamil

Translation to English: With upright gait, direct gaze, Principles that fear no one on earth, And possessing dignified pride of knowledge, Noble women never falter; Casting aside the life of suffering in the great darkn

ignorance, Expelling and rejecting a life devoid of art, Is the righteousness of women, Did you hear what the Udaya Kanni says!

Original text: FIliH& HeTeoTen L G TEHOTL LIMFEmaLLD, BlVSH6) WNTHHGID Si65e s QBsEeH0D, § @NTE QFMmHGID @MHUILGTE Q& 1DEND WIS HMIDLIE B!
curflm ermon) wremnuiéy 2i6u6) QoSS semeullsr Ml cumpauens 2 UDH S HETEHHE) GILICIERID MEGMD 2S5 &56T6r 2 @ LIUgS CHL 19 !

Summary in English: Noble women, with uprightness, fearlessness, and knowledge, do not falter. Righteousness involves rejecting a life of ignorant suffering and embracing art, as Udaya Kanni proclaims.

Original text: FIil(j (H& HedIeOIEnL CbiI QlésiTeon L LIMjenauwD, BleusEe) WnisHGID Siehens Qpmlesenn, Sl he enars Qeme@Ld @MmULSTE Q& DD WIS HMDLe Se0eneuwiD;
curflap ermond wiremnouiey 2ieu6) QUOLIRE semevulledr Ml cumpeusn® 2 UIDH S HETEHEE) GILICOICE0ND LOIMELOMD 2_HUI &616r 2 60 LILS CoHL_IQG !

Summary in French mmes nobles, avec droiture, intrépidité et savoir, ne faiblissent pas. La justice consiste a rejeter une vie de souffrance ignorante et a embrasser I'art, comme le proclame Udaya Kanni.
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Original text: Wer w
Language dete

Translation to English: Who wants to be among the soldiers, must have a rifle, which he must load with Rulons and heavy with a bullet.

0 B

Original text: Wer will unter din Toldaten, der muB haben ein Gewehr, das muB er mit Rulons laden und mit einer Kugel schwer.

Summary in Japanese: S(CAYEWE(L, FESS, WAEADLINLLSLEN,

Enter text to translate.
Translate to

..} @ Japanes ¥

It has been tested on handwritten documents across various languages, thus making it multilingual,
powered by Al with the addition of Gemini 2.0 Flash, which gives the most reliable output within the text
extraction through various styles and image conditions in handwriting.

Language detection accurately identified source languages and facilitated the consistent multilingual
translation. Summarization will yield concise summaries from long texts without necessarily losing the
essence.

On the contrary, the average accuracy of the OCR system was 92.5% when compared by character level
with reference transcriptions. Language detection was deemed successful in identifying the ten different
languages with 95% accuracy, and the translation gave a BLEU score of 38, which shows a good
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translation quality. The average assessor rating of summarization quality was 4.5 out of 5 in terms of
relevance and coherence. Average processing time for each task was found to be below 3 seconds.

The dynamic testing of the mobile and web-based platform from Flet assured a user-friendly interface on
the front end with great processing power at the back end. Satisfied users reported very fast rates of upload
with very crisp response rates. The cloud-based infrastructure supported by Gemini 2.0 Flash easily
accommodated concurrent requests and was rated appropriate for realistic operational consideration of
recognition, translation, and summarization of handwritten text.

CONCLUSION

The multilingual OCR system has been successfully developed that integrates Al-based, in-house
language detection, translation, and summarization. Using Gemini 2.0 Flash supplied tremendous speed
boost and performance when compared to the standard OCR model in recognizing and processing even
handwritten text. The system achieved an OCR accuracy of 92.5%, which thus showed strong potential
for real-time text recognition.

The solution is efficient, easy to use, and supportive for translation in ten different languages- English,
Hindi, German, French, Spanish, Japanese, Chinese, Korean, Russian, and Arabic. It would be enhanced
for faster processing and to enable offline use of the application and to add more languages to its core
capability and to improve quality for very complex handwritten scripts. Such developments are expected
to elevate the accuracy, flexibility, and scalability of OCR systems powered by Al to a new level. The
improvements in the recognition algorithms and broadening of the language support forwards making the
system move towards better handling of complex and diverse scripts. This enables the system to be much
faster and much more accurate when it comes to processing handwritten and multilingual documents,
much more accessible and responsive.
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