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Abstract: The rapid expansion of global communication and
collaborative software development has intensified the need for
translation systems that can operate across linguistic and technical
boundaries. Existing translators primarily focus on human
languages and often fail to address challenges related to voice
interaction, offline wusage, and programming language
understanding. This paper presents ArthiX, a language-agnostic
translation system designed to support real-time text and speech
translation with automatic language detection, local history
storage, and offline capabilities. In addition to natural language
translation, the system introduces logical translation of
programming code across different languages, followed by real-
time compilation to validate correctness. ArthiX is implemented as
a desktop application using Python-based Natural Language
Processing techniques and speech processing libraries.
Experimental evaluation demonstrates that the system provides
accurate translations, responsive performance, and improved
usability compared to conventional translators. The proposed
approach highlights the potential of unified translation platforms
in education, software development, and multilingual
communication.
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1. Introduction

Language plays a central role in human interaction, yet it
remains a significant barrier in an increasingly globalized
digital environment. Students, professionals, and travellers
frequently encounter information written or spoken in
unfamiliar languages, which limits access to knowledge and
effective communication [1]. At the same time, software
developers face similar challenges when working with source
code written in different programming languages, despite the
fact that many programming languages share common logical
constructs.

Most existing translation systems focus on either text-based
or voice-based human language translation and often require
manual language selection. Furthermore, these systems
typically rely on continuous internet connectivity and do not
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provide mechanisms to translate or validate programming code.
As a result, users must rely on multiple tools to meet different
translation needs [2].

To address these limitations, ArthiX is proposed as a unified
language-agnostic translation system. The system is designed
to translate text and speech in real time, automatically detect the
source language, operate in offline scenarios for selected
languages, and store translation history locally. A distinctive
feature of ArthiX is its ability to translate programming code
logically between languages and compile the translated output
instantly, allowing users to verify correctness and execution
behaviour [3].

2. Related Work and Background

Early machine translation systems were largely rule-based,
relying on manually crafted grammar rules and bilingual
dictionaries. While effective for limited domains, such systems
struggled with ambiguity and contextual interpretation [2]. The
introduction of Statistical Machine Translation improved
translation quality by learning probabilistic relationships from
bilingual corpora, but these systems still lacked fluency and
long-range context handling.

The emergence of Neural Machine Translation marked a
major advancement by enabling end-to-end learning of
translation tasks using deep neural networks. Encoder—decoder
architectures and attention mechanisms significantly improved
contextual  understanding and translation accuracy.
Transformer-based models further enhanced performance by
enabling parallel processing and long-distance dependency
modelling [4], [5]. They were popularized by the work
Attention Is All You Need.

Recent studies have also explored speech-to-speech
translation by combining speech recognition and text-to-speech
synthesis. However, many existing solutions remain cloud-
dependent, lack offline functionality, and do not integrate
translation history or programming language support. ArthiX
builds upon these research directions by integrating multiple
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translation modalities into a single, practical system [1], [7].

3. Problem Statement

Despite significant progress in machine translation, users
continue to face several challenges:
e Lack of automatic language detection in many
systems.
e Limited support for voice-based interaction and accent
variations.
e Dependence on continuous internet connectivity.
e Absence of unified platforms for both human and
programming language translation.
e No immediate validation mechanism for translated
programming code.
These challenges highlight the need for a comprehensive,
language-agnostic system that supports text, speech, and code
translation while ensuring usability, accuracy, and reliability

(11, [2].

Table 1

Functional requirements of ArthiX
ID Requirement
FR-1  Accept text input
FR-2  Accept voice input
FR-3  Accept programming code input
FR-4  Auto language or syntax detection
FR-5  Translate content
FR-6  Generate voice output
FR-7  Validate translated code
FR-8  Store translation history

Table 2
Non-Functional requirements of ArthiX
Attribute Description
Performance  Near real-time response
Usability Simple and intuitive UL
Scalability Extendable architecture
Reliability Stable processing
Privacy Local data storage

4. Proposed System

ArthiX is designed as a modular desktop-based translation
system that integrates natural language processing, speech
processing, and code translation within a single framework. The
system architecture consists of three primary layers: the user
interface layer, the processing layer, and the data storage layer.

The user interface provides an intuitive environment for
entering text, speaking voice input, or submitting programming
code. The processing layer handles language detection,
translation logic, speech processing, and code compilation. The
data storage layer maintains translation history locally to ensure
data privacy and persistent access [3].

A key innovation in the proposed system is the real-time code
compilation module, which executes or compiles translated
code and provides immediate feedback. This feature enables
users to validate translated programs and understand execution
behaviour without switching tools [7].
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Table 3
Major modules of ArthiX system
Module Description

User Interface
Language Detection
Translation Engine
Speech Processing
Code Processing

Accepts text, voice, and code input

Identifies source language or syntax

Translates natural language and structured content
Handles speech-to-text and text-to-speech
Handles logical code transformation and
validation

History Stores all translation records
Management
Offline Support Enables limited translation without internet

5. Methodology
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The development of ArthiX follows an incremental software
development approach. Initial development focuses on basic
text translation, followed by successive integration of language
detection, voice processing, offline support, history storage, and
code translation with compilation.

Each module is developed and tested independently before
integration, ensuring modularity and ease of maintenance. This
approach allows early delivery of functional components and
supports continuous improvement throughout the development
lifecycle [3].

6. Implementation Details

ArthiX is implemented using Python as the core
programming language due to its strong ecosystem for NLP,
speech processing, and rapid application development. The
graphical user interface is developed using PyQt5, providing a
responsive and user-friendly desktop experience [8].

Text translation and automatic language detection are
performed using NLP-based translation libraries. Speech-to-
text functionality enables voice input, while text-to-speech
synthesis generates spoken output. Translation history is stored
locally using SQLite, ensuring privacy and persistence [9].

For programming language translation, source code is first
converted into an intermediate logical representation. This
representation abstracts programming constructs such as loops
and conditional statements, allowing equivalent code
generation in the target language. The compiled output or
execution result is then presented to the user in real time [6].

Table 4
Technologies used in ArthiX

Component Technology
Frontend PyQts
Backend Python
Language Translation ~ NLP-based libraries
Speech Input Speech Recognition
Speech Output eTTS
Code Handling Interpreter / Compiler Interfaces
Database SQLite
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Fig. 4. Translation and Processing: (a) Sequence diagram, (b) E-R diagram

7. Experimental Results

The system was evaluated using multiple human languages
and programming examples. Text translation tests
demonstrated accurate and contextually meaningful output with
low response time. Voice translation experiments showed
reliable speech recognition for clear and moderately accented
speech.

The real-time code compilation feature successfully
validated translated code in most test cases, providing
immediate error feedback when syntax or logical
inconsistencies were present. User feedback indicated
improved productivity and ease of use compared to traditional
translation tools [5], [4].

Table 5
Summary of experimental results
Test Case  Input Type Outcome
TC-1 Text Accurate translation
TC-2 Voice Correct speech processing
TC-3 Code Correct output generation
TC-4 Offline Successful execution
TC-5 History Data stored correctly
8. Applications

ArthiX has broad applicability across various domains:
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e FEducation: Assisting students in understanding
multilingual study materials and programming
concepts.

o  Software Development: Supporting developers in
reading, translating, and validating code written in
different languages.

e  Business Communication: Enabling efficient
multilingual communication with international
clients.

o Travel and Accessibility: Supporting real-time
voice translation for travellers and users with
reading or speaking difficulties [1], [7].

9. Conclusion and Future Work

This paper presented ArthiX, a language-agnostic translation
system that integrates text, speech, and programming code
translation within a single platform. By combining automatic
language detection, offline functionality, translation history
storage, and real-time code compilation, the system addresses
key limitations of existing translation tools.

Future work will focus on adding sign language translation
as a new feature along with expanding language and
programming support, integrating advanced neural translation
models for offline usage, and deploying the system on web and
mobile platforms. With continued development, ArthiX has the
potential to evolve into a comprehensive multilingual
communication and development assistant [4], [7].
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