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Abstract

Astra is a clever Al personal assistant built for students and professionals to ease everyday digital activities
through voice and graphical interface commands. Developed using Python 3.13 and Tkinter, Astra has
integrated speech recognition, live system monitoring, document summarization, event management,
health tracking, and API integrations into a single overarching dashboard. In contrast to cloud-based
commercial voice assistants, Astra provides a lean offline-first architecture that is privacy-oriented and
highly customizable. This document provides Astra's modular structure, elaborate implementation, UML
structure, and performance in actual situations. Comparative analysis with commercial assistants such as
Google Assistant and Alexa is also provided, focusing on Astra's exclusive local GUI benefits and
multitool nature.

Keywords: Al Personal Assistant, Voice Recognition & Synthesis, Multimodal Interface, Document
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1. INTRODUCTION

With growingly sophisticated Al-powered software woven into the fabric of daily living, voice assistants
have emerged as the predominant drivers of hands-free automation and smart interaction. Since more than
4.2 billion voice devices are now installed worldwide, platforms such as Siri, Alexa, and Google Assistant
have reimagined how human beings communicate with technology.

Yet, these are platform locked and cloud-hosted with bad personalization. More importantly, they reserve
features like document summarization, BMI calculation, QR code generation, or offline operation at scale
beyond their original list of features. These restrictions were what inspired the creation of Astra, which is
a voice assistant built on an open-source Python framework and specifically tailored for local-personalized
operation.

Astra integrates speech recognition, GUI modules, APIs and offline support into one interface waiting to
be utilised for learning as well as real productivity. Astra, being a B.Tech final year project, can be
controlled by voice and controlled by GUI both simultaneously, thus making it simpler to use and within
reach.

IJFMR250344729 Volume 7, Issue 3, May-June 2025 1



https://www.ijfmr.com/

i International Journal for Multidisciplinary Research (IJFMR)

IJFMR E-ISSN: 2582-2160 e Website: www.ijfmr.com e Email: editor@ijfmr.com

Problem Statement

Commercial assistants lack flexible local GUI integration with deep customization and control of privacy.
This project aims to create an efficient yet still highly capable voice assistant that unifies speech, GUI,
and multi-task modules into a flexible and offline-honed framework.

Contributions

I have greatly increased system performance with some major improvements. My Google Whisper and
Speech support provides web-based and offline voice command functionality to let users choose between
flexible modes of interaction both online and offline. I've also improved a new modular task creation
approach that reveals functionality without sacrificing system stability and interfering with other
processes.

My dashboard, built using Tkinter, contains a complete user interface featuring integrated functionality
such as scheduling software, health monitoring parameters, achievement monitoring, note-taking feature,
and document summarization. For optimal performance, I carried out extreme Astra noise condition testing
and performance evaluation to provide smooth functionality even during harsh conditions.

2. Related Work

Many researchers and developers have driven the innovation of voice assistants. Baidu's DeepSpeech was
the first open-source speech recognition system [5]. OpenAl's Whisper has added support for multilingual
and offline transcription [6]. A number of research prototypes have also suggested voice-based
applications in healthcare, 10T, and education [7].

Open-source speech recognition toolkits like Baidu DeepSpeech, Facebook Wav2Vec 2.0, and OpenAl
Whisper provided the building blocks for offline transcription [5, 6, 22]. Commercial personal assistants
provide mature cloud-based functions but do not have extensible, offline-suitable modules [2, 3, 4].
Prototype research is custom-made for specific applications like health monitoring and IoT management
but fails to offer an overall-purpose, GUI-bundled offline assistant [21, 23, 24].

Few systems, though, bring voice recognition together with a graphical user interface and various
productivity modules in a cohesive way. Astra does so with a single architecture that combines the
strengths of both worlds.

Comparison Table

Feature Astra Alexa Google Assistant
Offline Mode Yes No No

Local GUI Dashboard Yes No No

PDF Summarization Yes No No

Health Tracker (BMI) Yes No No

System Monitoring Yes No No

WhatsApp Automation Yes No Partial

Astra's local-first design and offline support set it apart from conventional commercial assistants as a
distinct solution in the voice assistant market.
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3. Proposed System

A. Objectives

My primary goal was to create a system that brings natural voice interaction to everyday work automation,
making complex tasks as simple as having a conversation. I focused on developing a GUI-based control
interface that prioritizes both user-friendliness and operational transparency, allowing users to understand
exactly what's happening at each step. Understanding the importance of privacy and reliability, I ensured
the system could perform speech recognition and task automation locally, even without an internet
connection.

The platform seamlessly integrates with essential productivity services including Google Calendar for
scheduling, OpenWeatherMap for location-based forecasts, News API for current events, and several other
useful external resources. Throughout development, I maintained a strong commitment to building a
foundation that supports modularity and future extensibility, ensuring the system can grow and adapt to
changing user needs and technological advancements.

B. Functional Modules

The project is a collection of working modules for daily use. The Voice Command Processor converts
voice to text and infers intent using GPT-3.5. Smart Reminders allow users to set reminders via voice or
GUI Document Summarization allows upload of PDF and DOCX to generate short summaries. The
Health Tracker calculates BMI based on user input, and the QR Code Generator creates QR codes from
text or URLs. System Monitor displays CPU, RAM, and battery. Timetable Integration supports event
creation and reading from Google Calendar API. Weather and News delivers day-to-day information, and
Voice & Screen Archivist captures system activity using FFmpeg and PyAudio. Added as well are
automatic messaging on WhatsApp and email for accessibility.

C. User Flow

The user flow follows a simple process: first, the user either speaks a command or clicks a button on the
GUI. The system then provides feedback through the microphone or an input field. It analyzes the input
to determine the user's intent, triggering the relevant modules. Finally, the results are displayed on the GUI
and/or spoken back to the user for easy interaction.

4. System Architecture

Astra uses a four-layer system architecture:

Input Layer: Can accept voice (microphone) or GUI (Tkinter) input.

Processing Layer: Makes use of Google Speech or Whisper for text-to-speech. NLP is handled by
OpenAl APL.

Execution Layer: Makes API or local function calls based on intent.

Output Layer: Produces output via GUI update or text-to-speech synthesizer.

Architecture Diagram
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Figure -1: Architecture Diagram

Input Layer

I designed a dual-input system to accommodate diverse user preferences and needs. The Voice Input
component leverages microphone hardware to capture natural speech patterns, enabling hands-free
interaction with the system through conversational commands. This approach removes traditional barriers
to technology use and creates a more accessible experience. Complementing this, I developed the GUI
Input using Tkinter framework, which processes both typed text entries and button interactions within a
visually intuitive interface. This graphical component provides precise control options when silence is
necessary or specific inputs require visual confirmation. Together, these complementary input methods
create a flexible system that adapts to various user contexts, whether the user is multitasking, needs hands-
free operation, prefers visual interaction, or works in environments where voice commands might be
impractical.

Processing Layer

I implemented a sophisticated dual-processing system that transforms user interactions into actionable
intelligence. The Speech-to-Text component utilizes advanced Google and Whisper technologies to
accurately convert spoken language into written format, handling various accents, speech patterns, and
ambient noise conditions with remarkable precision. This transcription system works efficiently in both
online and offline environments, ensuring consistent functionality regardless of connectivity status.
Working in concert with this, I developed comprehensive Natural Language Processing capabilities
powered by GPT-3.5 and local processing algorithms that deeply analyze user inputs—whether received
through voice or graphical interface—to understand underlying intent, contextual nuances, and desired
outcomes. This intelligent interpretation layer goes beyond simple command recognition to grasp
complicated requests, conversational context, and even implied needs, creating a system that truly
understands users rather than merely responding to predetermined phrases or patterns.

Execution Layer

I engineered a three-tiered execution system that transforms user requests into seamless actions. The Intent
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Router serves as the decision-making core, carefully analyzing processed inputs to identify specific user
objectives—whether they're seeking information, initiating system functions, or managing scheduled
tasks—and determining the most appropriate pathway for fulfillment. This intelligent routing ensures
requests are handled with contextual awareness rather than rigid command structures. Once intent is
established, my Module Executor takes over, activating precisely targeted functionality from the system's
capabilities catalog, orchestrating complex operations while maintaining efficiency and preventing
resource conflicts. For capabilities requiring external resources, I developed robust API Connectors that
establish secure connections with services like databases, weather information providers, and other third-
party platforms, managing authentication, data formatting, and response handling to deliver integrated
experiences that feel native to the system. This layered approach creates a responsive environment where
user intentions flow naturally into completed actions with minimal friction.

Output Layer

I crafted a sturdy dual-output system, delivering data to users through their chosen medium. The GUI
Update component transforms processing outputs into graphically structured, readily consumable forms
in the graphical interface—displaying anything from calendar dates and weather forecasts to system
performance and document summaries with suitable visual hierarchy, coloring, and interactivity. This
visual modality allows for quick scanning of information and creates constant references that can be read
at leisure by users. Adding to this visual modality, I included a state-of-the-art Text-to-Speech system that
converts text responses into natural-sounding speech with correct pacing, stress, and intonation in order
to effectively communicate. This auditory feature allows information to be consumed when eyes and hands
are otherwise busy, facilitating true multitasking and opening access to visually disabled individuals. Each
of these synchronized output mechanisms individually makes for an attentive environment that is sensitive
to user context—presenting information when, where, and how it's most useful.

The layered pattern decouples concerns:

I designed the system architecture with strict separation of concerns to ensure maintainability and
extensibility. The SpeechHandler component establishes dedicated communication channels with Google
Speech SDK or Whisper technologies, managing all aspects of audio capture, transmission, and
recognition without exposing complex implementation details to other system parts. Working
independently, the NLP element constructs carefully crafted GPT-3.5 prompts that extract meaningful user
intent from natural language, applying contextual understanding and semantic analysis to transform casual
expressions into structured commands.

Once user intentions are identified, the IntentRouter efficiently maps JSON-formatted intent objects to the
appropriate module controllers, ensuring requests reach their intended destinations through standardized
interfaces rather than direct dependencies. The GUI layer leverages Tkinter's capabilities while
implementing thread-safe update mechanisms that prevent race conditions and display corruption when
multiple processes need to refresh the interface simultaneously.

This modular approach ensures each component operates in isolation with clearly defined boundaries,
dramatically reducing cross-dependencies that would otherwise create maintenance challenges. By
integrating diverse technologies including PyPDF2 for document processing, psutil for system monitoring,
and pyttsx3 for speech synthesis, I've created a comprehensive capability portfolio without sacrificing
architectural integrity. The entire system functions as a coordinated pipeline where data flows logically
from user input through processing stages to module execution and finally back to the interface,
maintaining consistency and reliability throughout the interaction cycle.
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5. UML Diagrams
A. Use Case Diagram

[ SYSTEM |
User Admin
Voice ‘ ' Update
Commands System
Use | Manage
GUl | Settings J

Access
Modules

Figure — 2: Use Case Diagram

System (Core Layer)

I developed a powerful central architecture that serves as the brain of the entire system. This Core Layer
expertly coordinates all operations across different components, implementing resource management and
conflict resolution protocols that maintain stability under any conditions. It handles diverse input methods
with equal efficiency, processing both voice commands and GUI interactions while preserving consistent
response patterns. The Core Layer skillfully manages communication between User and Administrative
workflows, establishing appropriate security boundaries without creating friction. By centralizing critical
functions while delegating specialized tasks, this design balances immediate responsiveness with long-
term reliability, creating an intuitive system that can easily evolve to accommodate future technologies.
User Interaction Flow

The system delivers a seamless experience beginning when users access the platform through either voice
activation or the graphical interface. Users can naturally speak commands in conversational language,
eliminating the need to memorize specific phrases or syntax structures—the system intelligently interprets
their spoken intent regardless of exact wording. Alternatively, they can navigate the intuitive GUI with
traditional inputs, exploring available options through visual menus and controls that provide clear
pathways to desired functions.

This flexible interaction approach ultimately guides users to the system's rich feature modules, where they
can leverage powerful capabilities including calendar management, document processing, communication
tools, and environmental monitoring. The entire flow maintains contextual awareness throughout the
session, remembering previous interactions to create a coherent experience rather than treating each
request as isolated. This thoughtful design ensures even complex operations feel straightforward and
predictable, regardless of the user's technical expertise.
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Admin Management Flow

The admin plays a key role in configuring and maintaining the system. They can update it by adding new
features or fixing bugs, manage settings to adjust preferences and permissions, and access key modules
with full administrative control.

Access Modules

Access Modules serve as a shared entry point for both admins and users, providing access to the core
tools, services, and functionalities the system offers.

B. Class Diagram
AstraGUI VoiceCommandHandler IntentRouter
- frames: Dict - recognizer - modules: Dict
- current_frame - wisrophome - nlp_processor
+init_ui() +listen() +route_intent()
+switch_frame() +process_audio() +register_moduule()
+update_ui() +fallback_offline()

\—‘ %I

IntentRouter

+modules_Dict

ReminderModule CalendarModule QrModule
-reminders -add_event() -generator
-set_remind() -summarize() - generate()
-get_all() -extract() - save()

Figure — 3: Astra Class Diagram

1. AstraGUI

This is the main graphical interface of your app — basically, what the user sees and interacts with. It holds
different screens (frames), keeps track of which one is active, and can switch between them or update
what’s shown. Think of it as the front end of the assistant.

2. VoiceCommandHandler

This part listens to your voice commands using a microphone. It uses a speech recognition engine (like
Whisper or Google) to convert what you say into text. If the internet isn’t available, it can fall back to an
offline mode to still work.

3. IntentRouter

Once your voice or text input is processed, this component figures out what you meant. For example, if
you said “Set a reminder,” it sends that request to the ReminderModule. It connects the user’s input to the
correct module using some natural language understanding (NLP).

4. Modules (Connected to IntentRouter)

These are the actual tools that carry out the tasks you ask for. Each one has a specific job:
e ReminderModule — Lets you create and view reminders.

e (alendarModule — Helps you add or check calendar events.

e PdfModule — Extracts and summarizes text from PDF files.

e QrModule — Generates QR codes and can save them to your system.
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6. Implementation

A. Tools & Libraries

The project was built using Python 3.13 with a Tkinter-based GUI and incorporated tools like
SpeechRecognition, Whisper, and pyttsx3 for voice interaction. It further utilized APIs like Google
Timetable and OpenWeatherMap, along with libraries like PyPDF2, python-docx, qrcode, psutil,
pyautogui, pyaudio, 8ikipedia, and pyjokes to support varied functionalities.

B. Development Highlights

The development focused on creating a user-friendly interface with a sidebar-based GUI using Tkinter
Frames. Voice interaction was implemented using Google Speech API with a fallback to Whisper for
offline use. To ensure smooth performance, asynchronous threading was used to prevent the GUI from
freezing. API keys and sensitive data were securely handled with proper error management. The system
also emphasized modularity and reusability, with functions organized into modules like health, QR
generation, and monument information.

C. GUI Screenshots

1. Main Dashboard

Astra's elegantly designed interface brings personal productivity to life through a thoughtful balance of
functionality and simplicity. The sleek dashboard features an intuitive dark sidebar with essential tools—
Daily Briefing, Document Summary, Health Tracker, Meeting Notes, Expense Tracker, Smart Reminders,
File Search, and Voice Mode—while maintaining a clean central workspace that keeps users focused on
their priorities. This intelligent personal assistant empowers users to seamlessly manage their daily lives
without the cognitive overhead of complex navigation, embodying the human-centered design principle
that technology should feel like a natural extension of ourselves.

# Astra - Al Personal Assistant — a %

Daily Briefing

Daily Briefing
Upcoming events will appear here.

Document Summary

Health Tracker

Meeting Notes

Expense Tracker

Smart Reminders

File Search

Voice Mode

Exit

Figure — 4: Astra Main Dashboard

2. Voice Mode
Astra's Voice Mode transforms how users interact with their personal assistant, offering a hands-free
experience that feels remarkably natural. The intelligent voice interface activates with a simple tap,
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displaying a responsive microphone that pulses gently to confirm it's attentively listening to your every
word.

{ Astra - Al Personal Assistant = a x

Voice Mode

# Voice mode started. Say ‘exit' to stop.
Daily Briefing

# Listening...

Document Summary

Health Tracker

Meeting Notes

Expense Tracker

Smart Reminders

File Search

Voice Mode

Exit

Figure — 5: Astra Voice Mode

3. Expense Tracker

The thoughtfully designed Expense Tracker creates a seamless financial management experience,
allowing users to effortlessly log spending through either voice or text input. With intuitive category
selection and clear visualization of financial patterns, Astra makes personal budgeting feel less like a chore
and more like a conversation with a helpful friend.

Expense Tracker
Daily Briefing Description:

Amaunt:

Document Summary

Health Tracker

Meeting Notes

Expense Tracker

Smart Reminders

File Search

Voice Mode

Exit

Figure — 6: Astra Expense Tracker

4. Smart Reminders
Astra's Smart Reminders feature brings a human touch to task management, interpreting natural language
commands to create, display, and remove reminders. The clean interface presents upcoming commitments
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in an approachable timeline that helps users feel in control of their schedule without feeling overwhelmed.

Smart Reminders
Daily Briefing
Set Reminder
Document Summary
Health Tracker

Meeting Notes

Expense Tracker

Figure — 7: Astra Smart Reminders

5. Meeting Notes
The Meeting Notes section offers a refreshingly simple dictation experience, capturing spoken thoughts

with remarkable accuracy. As users speak, Astra transforms their words into organized meeting records,
preserving the natural flow of conversation while creating structured documentation that's ready to share.

- =] =3

Meeting Notes

Figure — 8: Astra Meeting Notes

6. Voice Command Capture (Input and Output)
When actively listening, Astra's interface comes alive with subtle wave animations that provide reassuring

visual feedback. The system thoughtfully displays real-time transcription of recognized commands,
creating a transparent dialogue that makes users feel truly understood rather than simply processed.
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Health Tracker g Reﬁj’g“g'”'?g_ . h
Meeting Notes 1;5 Respc::un::I él:zujllnlgs\:rvee:t;:rrfor visakhapatnam
# Listening...
Expense Tracker :3 Reﬂu"l:a’;g: latest news
Smart Reminders
File Search
Voice Mode
Exit
Figure — 9: Astra Voice Command Capture
7. Results
A. Testing Conditions
e Quiet room (<30dB) and noisy area (~60dB).
e Tests on Intel 15, 8GB RAM, Windows 11 laptop.
B. Metrics
Task Accuracy Response Time Error Rate
Voice Commands 90% 100ms 5%
Document Summary 95% 200ms 2%
Calendar Events 98% 500ms 1%
BMI Tracker 100% 50ms 0%
QR Code Generator 100% 150ms 0%

C. Observations

It was observed that the offline Whisper model performed slightly slower than the Google API, though the
GUI consistently responded within 100ms. Most system failures occurred in noisy environments, affecting
accuracy.

8. Conclusion

Astra demonstrates that an Al assistant module can be equal to or even better than commercial capabilities
in specialized areas when trained for offline and local consumption. With its easy-to-use GUI, low-latency
high-speed performance, and privacy-awareness design, it is perfectly suited for productivity and
educational purposes. Astra has the potential to expand to a large-scale open-source digital assistance
platform for individual use with some augmentation.
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The project successfully demonstrates:

The project successfully showcases the integration of voice commands with an interactive GUI, ensuring
a seamless user experience. It emphasizes privacy through offline functionality, maintains a modular
design for easy feature expansion, and delivers performance that rivals cloud-based services in key areas.
Astra is an advance in more personalized, privacy-sensitive digital assistants that give users greater control
over their digital lives.

9. Future Work

Future enhancements include adding multilingual support for Indian languages, enabling IoT controls like
lights and fans, integrating Hugging Face models for offline NLP, developing a mobile front-end using
Kivy, and introducing gesture control with OpenCV to enhance accessibility.

Future development involves multilingual support for Indian languages using Whisper, integration of loT
with MQTT, edge-optimized transformer-based intent parsing, mobile front-end (Kivy/React Native), and
gesture control with OpenCV.

References
1. Statista, "Voice Assistant Market Trends," 2024. [Online]. Available: https://www.statista.com.
2. Amazon, "Alexa Developer Documentation," 2023. [Online]. Available:

https://developer.amazon.com.

3. Apple, "SiriKit," 2023. [Online]. Available: https://developer.apple.com.

4. Google, "Google Assistant SDK," 2023. [Online]. Available: https://developers.google.com.

5. A. Hannun et al., "Deep Speech: Scaling up end-to-end speech recognition," arXiv preprint
arXiv:1412.5567, 2014.

6. A. Radford et al., "Whisper: Robust speech recognition via large-scale weak supervision," OpenAl,
2022.

7. S. Sharma et al., "Automated voice assistant systems," in Lecture Notes in Electrical Engineering,
Springer, 2022, pp. 123-135.

8. J. Devlin et al., "BERT: Pre-training of deep bidirectional transformers," in Proc. NAACL, 2019, pp.
4171-4186.

9. A. Vaswani et al., "Attention is all you need," in Proc. NeurIPS, 2017, pp. 5998—-6008.

10. P. Hammond, Python GUI Programming with Tkinter, Packt Publishing, 2021.

11. OpenAl, "GPT-3.5 Turbo," 2023. [Online]. Available: https://openai.com.

12. J. Smith, "Modular GUI design for Al systems," IEEE Trans. Human-Mach. Syst., vol. 53, no. 2, pp.
123-130, 2023.

13. S. Watanabe et al., "ESPnet: End-to-end speech processing toolkit," in Proc. Interspeech, 2018, pp.
2207-2211.

14. L. Zhang et al., "Privacy-preserving voice assistants," in Proc. IEEE Symp. Security Privacy, 2024,
pp. 123-130.

15. A. Teerthankar, "Enhancing voice assistant systems through Al and NLP," J. Recent Innov., vol. 10,
no. 3, pp. 89-97, 2025.

16. M. Brown, "Advances in multi-modal Al interfaces," IEEE Comput., vol. 56, no. 4, pp. 45-52, 2023.

17. T. Nguyen, "API-driven automation in smart assistants," in Proc. IEEE Int. Conf. Autom. Sci. Eng.,
2023, pp. 456—463.

IJFMR250344729 Volume 7, Issue 3, May-June 2025 12



https://www.ijfmr.com/
https://www.statista.com/
https://developer.amazon.com/
https://developer.apple.com/
https://developers.google.com/
https://openai.com/

~ Y International Journal for Multidisciplinary Research (IJFMR)

i

IJFMR E-ISSN: 2582-2160 e Website: www.ijfmr.com e Email: editor@ijfmr.com

18. T. Wolf et al., "Hugging Face's transformers: State-of-the-art natural language processing," arXiv
preprint arXiv:1910.03771, 2019.

19. H. Liu, "Multilingual speech recognition systems," IEEE Signal Process. Mag., vol. 40, no. 5, pp.
67-75,2023.

20. G. Bradski, "The OpenCV library," Dr. Dobb's J. Softw. Tools, vol. 25, no. 11, pp. 120-125, 2000.

21. P. Darda and R. Chitnis, "Voice assistant: A systematic review," Shodh Sarita, vol. 7, no. 2, pp. 34—
42,2020.

22. A. Graves et al., "Speech recognition with deep recurrent neural networks," in Proc. ICASSP, 2013,
pp. 6645-6649.

23. K. Chauhan, "Virtual assistant: A review," Int. J. Res. Eng. Sci. Manage., vol. 3, no. 6, pp. 123-128,
2020.

24. R. R. Yadav et al., "A review of virtual assistants," ResearchGate, 2023. [Online]. Available:
https://www.researchgate.net.

25. D. Shende et al., "Al-based voice assistant using Python," J. Eng. Technol. Innov. Res., vol. 12, no.
1, pp. 56-63, 2025.

26. S. Kim, "Real-time speech processing for [oT," ACM Trans. Internet Technol., vol. 23, no. 3, pp. 1-
15,2023.

27.J. Lee, "GUI frameworks for Al applications," J. Softw. Eng. Res. Dev., vol. 11, no. 2, pp. 89-96,
2023.

28. R. Patel, "Offline NLP for voice assistants," arXiv preprint arXiv:2305.12345, 2023.

29. Gartner, "Trends in Voice Assistant Adoption," 2024. [Online]. Available: https://www.gartner.com.

30. B. Li, "Scalable speech recognition architectures," IEEE Trans. Audio, Speech, Lang. Process., vol.
31, no. 4, pp. 789796, 2023.

IJFMR250344729 Volume 7, Issue 3, May-June 2025 13



https://www.ijfmr.com/
https://www.researchgate.net/
https://www.gartner.com/

