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Abstract— With the advancement of technology, it has been made possible for humans to
interact with the system. Artificial intelligence has made it possible for the humans to do so.
Voice assistants are an amazing breakthrough in artificial intelligence. Earlier voice assistants
were only limited to smartphones and desktops nut now they have diverse configurations of
smart home automation and speakers. Voice assistants can perform a variety of tasks including
opening applications, reading out content, playing music etc. Google assistants, Siri, Cortana
and Alexa are some of the examples of personal assistants which work on speech recognition
and text to speech module.[4]

These assistants are constantly evolving and are being integrated into various sectors such as
healthcare, education, customer service, and automobiles. With the help of machine learning,
they can now understand user behaviour and provide personalized suggestions. The integration
of voice assistants with IoT (Internet of Things) devices has made it easier to control smart
devices using simple voice commands. Moreover, improvements in natural language processing
(NLP) and neural networks have significantly enhanced the accuracy and efficiency of these
systems, making human-computer interaction more seamless and efficient.

Index Terms— Artificial Intelligence, Speech recognition, Speech-to-Text, Wake-word, Desktop
Assistant.

1. MOTIVATION

In an age of rapid digital transformation, voice-controlled systems are becoming essential for simplifying daily
tasks. This project aims to develop a virtual assistant, Justin, that empowers desktop users to perform actions
through simple voice commands—enhancing productivity, accessibility, and user convenience. By integrating
speech recognition, natural language processing, and automation, Justin demonstrates the potential of Python in
creating intelligent, user-friendly solutions. It also lays the foundation for future integration with Al and IoT for
a smarter digital environment.

II. OBJECTIVES

» To develop a Python-based voice assistant capable of executing desktop tasks such as opening applications,
browsing websites, playing media, and taking screenshots through voice commands.

» To implement speech recognition and natural language processing (NLP) for seamless human-computer
interaction using wake-word activation and context-aware responses.
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» To enhance user accessibility and automation by offering a hands-free interface for routine operations,
particularly benefiting elderly or physically challenged users.

III. INTRODUCTION

Voice assistants have become an unavoidable feature in electronic devices. Their task is to ease the work of
humans and saving time by performing variety of tasks like taking notes, opening apps, playing music, reading
out content, performing to simple to even complex calculations and many more. Smart home automation has
been made possible by the personal assistants. Assistants run on the user’s commands and removes the effort of
typing long texts, searching over a wide range of data etc. It behaves as if we are conversing with some other
individual. Working in an unfamiliar environment makes it difficult for a person to search for applications
specially the old aged. With the use of virtual assistant, it will be of huge help in automating the process. Some
of the popular assistants like Google assistant, Siri, Alexa are the popular examples of voice enabled personal
assistants. This paper describes the usage of voice assistants and how it can help the individual to get the work
done. On just a voice command. Additionally, voice assistants offer multilingual support, making them
accessible to users around the world regardless of language barriers. They are also increasingly being developed
with emotion detection and sentiment analysis capabilities, aiming to provide a more empathetic and context-
aware response. As security remains a growing concern, advancements in voice biometrics and user
authentication are being integrated to ensure safer and more personalized interactions. Ongoing research is
making hands-free, intelligent voice systems the norm. With the continuous evolution of artificial intelligence
and machine learning, voice assistants are becoming smarter, more intuitive, and capable of handling
increasingly complex tasks. Integration with APIs has further expanded their functionality, allowing them to
fetch real-time data like weather updates, news, and traffic conditions. Moreover, with improved contextual
understanding, these systems are beginning to anticipate user needs rather than just respond to commands. The
flexibility of developing voice assistants using open-source tools like Python makes it accessible to a wide range
of developers and researchers. This democratization fosters innovation, leading to personalized and localized
assistants that cater to specific user communities. As the reliance on digital interfaces grows, voice assistants are
poised to become a central element of future human-computer interaction.

IV. LITERATURE SURVEY

Recent advancements in Python-based virtual assistants have leveraged speech recognition, natural language
processing (NLP), and text-to-speech (TTS) technologies to build interactive and intelligent systems capable of
understanding and responding to voice commands. One foundational study developed a virtual assistant using
Python libraries such as Speech Recognition, pyttsx3/gTTS, NLTK, spaCy, and the Wikipedia API to perform
tasks like web searches, opening applications, and answering queries through natural language interaction [1]. A
systematic review explored Al-based virtual assistants, focusing on architectures, commonly used tools, and
integration of machine learning techniques and APIs like Dialog flow and Wolfram Alpha to enhance
conversational abilities and task automation [2]. Several implementations target desktop environments, creating
voice-controlled assistants capable of opening applications, searching the internet, fetching real-time
information, and automating routine tasks. These often employ modules like os for system commands and tkinter
for graphical user interfaces [3][6]. For example, the assistant named "Friday" engages users conversationally,
responding to voice commands for retrieving information and controlling applications [5]. Another personal
assistant integrated Wolfram Alpha API with NLP toolkits to provide computational question answering and
GUI support [6]. Wake word detection, as seen in “SARA,” enables hands-free activation to control systems and
retrieve information via voice commands [7]. Some assistants apply Al and machine learning with advanced
NLP libraries to offer personalized, context-aware responses, improving interaction accuracy and user
satisfaction [8]. The “COBRA” desktop assistant emphasizes accessibility by enabling voice-based control of
system settings and managing reminders, supporting visually impaired users [9].

Finally, multiple projects describe intelligent voice assistants that effectively recognize spoken commands,
retrieve information from the web, and automate system tasks. These solutions showcase the broad potential of
Python’s ecosystem, leveraging speech libraries, NLP frameworks, and various APIs to build comprehensive,
voice-interactive assistants suitable for diverse use cases [4][10]. Together, this body of work underscores a
common architectural pattern involving voice input processing, NLP-based command interpretation, external
API integration, and speech output, forming the foundation for the continued evolution of intelligent virtual
assistants.
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TABLE I. LITERATURE SURVEY

TITLE OF PAPER TECHNOLOGY USED Summary Of Paper YEAR
Virtual assistance using | Python, SpeechRecognition, | A Python-based virtual assistant that processes voice
python pyttsx3/gTTS, NLTK/spaCy, | commands to perform tasks like web search, opening
Wikipedia API, webbrowser, | apps, and answering queries. It uses NLP and speech | 2024
pyaudio, tkinter libraries to provide an interactive experience.
Al-based virtual assistant | Python, SpeechRecognition, | Reviews Python-based Al virtual assistants,
using python: a | pyttsx3/gTTS, NLP libraries | highlighting trends, common architectures, and tools | 2023
systematic review (NLTK, spaCy), machine | used for speech interaction, NLP, and task
learning (optional), Dialogflow, | automation.
APIs (Wikipedia,
WolframAlpha), tkinter
Desktop's Virtual | Python, SpeechRecognition, | This paper presents a Python-based desktop virtual
Assistant Using Python pyttsx3, pyaudio, os module, | assistant that executes voice commands to open | 2023
datetime, webbrowser, Wikipedia | applications, search the web, fetch data, and automate
API, tkinter (optional GUI) routine desktop tasks.
Voice Assistant Using | Python, Speech Recognition, | A Python-based voice assistant that uses speech
Python pyttsx3/gTTS, pyaudio, | recognition and NLP to interpret voice commands
NLTK/spaCy, webbrowser and execute tasks like web searches, file access, or | 2022
basic automation.
Virtual Voice Assistant | Python, SpeechRecognition, | Develops a virtual assistant named "Friday" capable
in Python (Friday) pyttsx3, webbrowser, os, | of responding to voice commands, retrieving | 2022
datetime, Wikipedia API information, opening applications, and interacting
with users in a conversational manner.
The Voice-Enabled | Python, SpeechRecognition, | A personal assistant application designed for desktop
Personal Assistant for | pyttsx3, pyaudio, tkinter, | environments, supporting voice input, text-to-speech | 2022
PC Using Python WolframAlpha API, NLP toolkit response, GUI integration, and computational
question answering.
From opening a certain file on the computer to | 2022
SARA: A Voice | Speech  Recognition, Python | browsing the web to obtain information on the desired
Assistant Using Python Backend, Text-to-Speech, API | subject, the virtual assistant developed here
Calls, Content Extraction, NLP, | accomplishes nearly all the user asks it to. They have
Artificial Intelligence used Python and its many libraries to tackle the
challenge in a straightforward manner. The user may
use the wake keyword "SARA" to activate the virtual
assistant, which can then be used to control the system
with spoken instructions.
Voice Assistant Using | Python, AI algorithms (ML/DL | Combines Python and Al techniques to create an | 2022
Python and Al optional), NLP libraries (spaCy, | intelligent voice assistant that adapts responses using
transformers), NLP, offering improved accuracy, personalized
SpeechRecognition, gTTS, APIs | interaction, and context-aware actions.
(e.g., Wikipedia, news, weather)
Desktop Assistant Python, SpeechRecognition, | Proposes "COBRA", a desktop virtual assistant that
pyttsx3, pyautogui, webbrowser, | performs voice-based commands such as web | 2021
Wikipedia API searches, opening applications, controlling
volume/brightness, and managing reminders. It aims
to assist users—especially the visually impaired—via
voice interaction.
Design and Development | Python, SpeechRecognition, | Describes the development of a Python-based
of Intelligent Voice | pyttsx3, webbrowser, Wikipedia | intelligent voice assistant capable of recognizing user | 2021
Personal Assistant Using | API, datetime commands, retrieving information from the web, and
Python automating basic system tasks via speech.

V. PROPOSED APPROACH

The proposed system is a voice-activated virtual assistant that operates on a keyword-based activation model and
performs a variety of predefined tasks upon receiving voice commands. It enhances user interaction by enabling
seamless, hands-free control through natural voice input. The working of the system is detailed below and
illustrated in the flowchart Figure 1.

A. Start and Initial Voice Listening

The assistant remains in a passive listening state, continuously monitoring ambient speech to detect any voice
input. It uses a speech-to-text engine to convert the captured voice into textual form.
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B. Keyword Detection ("Justin")

The converted text is then checked for the keyword "Justin". This keyword acts as a trigger or wake word for the

assistant.

» If the keyword does not match, the assistant loops back and continues listening (as shown by the "NO"
branch in the flowchart).

» If the keyword matches, the assistant proceeds to the next stage.

C. Command Listening and Processing

After activation, the assistant prompts the user to speak a command. The spoken command is again converted
into text using the voice recognition system.

D. Command Matching

The assistant then matches the converted command against a predefined set of valid commands such as:
» Playing music

» Opening specific applications or websites

» Reading news

» Taking screenshots

If the command matches, the assistant proceeds to execution. If not, it provides an error response.

E. Command Execution or Error Response

» If the command is recognized, the assistant executes the command and speaks the output back to the user.
» If the command is not recognized, the assistant replies with a default message: "I don’t get that".

F. Session Handling & Privacy Control

To enhance user privacy, the assistant is designed to allow only a limited number of activations per session.
After reaching this limit, it requires reactivation using the keyword "Justin".

G. Voice Output Customization

The assistant uses a male voice by default, but users have the option to customize the voice settings as per
preference.
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Figure 1. Flowchart of the keyword-based voice assistant system.
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VI. SYSTEM ARCHITECTURE

When a user requests their personal assistant to execute a task, the application converts the natural language
audio signal into a potential command, analyses it, and then compares it to the software library to find the most

appropriate response.
SPEECH
’) RECOGINITION
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Voice Input

API CALLS

CONTENT EXTRACTION

v A SYSTEM CALLS
TEXT TO SPEECH MODULE

VOICE OUTUT

Figure 2. System architecture of the proposed voice assistant using python modules

» Speech Recognition: Speech itself is, of course, the first component of speech recognition. With the use of a
microphone and an analog-to-digital converter, speech should be converted from physical sound to an
electrical signal and subsequently to digital data. Many models can be used to convert the audio to text after
it has been digitised.

» Python Backend: The speech recognition module in Python, which is used to write the entire programme,
works to receive output in exchange for user-provided voice input.

» API Call: Application Programming Interface is the term used. The API is only a software- based interface
that aids in connecting two distinct systems that are located in various places. An API is sometimes
described as the messenger who transmits your request to the source location and then delivers the result to
you.

» Content Extraction: Context extraction (CE) is the process of autonomously extracting structured data from
unstructured and/or semi-structured machine-readable texts or webpages. This task often entails using
natural language processing (NLP) to process documents written in human languages.

» System Calls: An application on a computer can request a service from the kernel of the operating system it
is running on by using a programming method called a system call. This may entail interacting with
hardware-related services, process scheduling, and the creation and execution of new processes, among
other essential kernel functions.

VII. RESULTS

The increasing popularity of virtual assistants such as Siri, Alexa, and Google has led to a growing interest in the
development of similar technologies. The current research is aimed to investigate the feasibility of developing a
virtual assistant (solely for desktop users) using Python, a widely-used programming language known for its
simplicity and flexibility.

This study aimed to answer the question of whether a virtual assistant made for the desktop or personal
computers can perform various tasks as efficiently as other pre-existing virtual assistants.

When the assistant is moved into use for the first time it responds with a greeting message and also asks the user
about the task he/she wants to perform as shown in the screenshot below:
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F‘ import datetime

fron time import ctime # get time details

import webbrowser # open browser

import pyaudio, struct, pvporcupine # for wake-word

7
8

Warning: Powershell detected that you might be using a screen reader and has disabled PSReadli
t-Module PSReadLine’,

PS E:\python> python -u “e:\python\mini project\basic virtual assistant\virtual asis.py"
justin: Good Morning, its 12:04 AN
justin: Hey I am justin your personal assistant
justin: Do you need any helping hand boss
justin: what can I do
Figure 3. Assistant greeting the user

Succeeding this, for the user to access the assistant they need to activate the voice assistant using the wake-
word: “justin’ and give their command or actions which they would like to execute.

A. Opening Google Chrome

If the user asks the assistant to open Google Chrome, it will open it immediately. And also, it will speak that it
opens the application.

Figure 4. Output showing the voice assistant opening Google Chrome based on user command
B. Searching products on Amazon

The voice assistant can perform product searches on platforms like Amazon based on user commands.
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Figure 5. Output showing the voice assistant searching products on Amazon based on user command.
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C. Taking Screenshots/Opening Screenshots folder

If the user asks the assistant to take a screenshot, it will immediately take a screenshot and save it in the
screenshots folder

Figure 6. Screenshot showing the voice assistant executing the "take screenshot" command

VIII. CONCLUSION

In this paper, we covered a voice-operated assistant named Justin, which is primarily developed for personal
computers using Python and its extensive libraries. This assistant can perform a variety of tasks like opening
different websites and applications, taking screenshots, playing music, searching for information, and many
more. It is a basic version of a voice assistant that helps users complete routine tasks with simple voice
commands.

In the future, we aim to integrate artificial intelligence into Justin, which would significantly enhance its ability
to understand natural language and respond more contextually. With Al and Natural Language Processing
(NLP), the assistant could engage in more meaningful conversations, learn user preferences over time, and offer
personalized suggestions. Furthermore, combining it with Internet of Things (IoT) capabilities would allow
Justin to control smart devices at home or in the office. This would elevate its utility to the level of mainstream
voice assistants like Alexa, Siri, and Google Assistant. Such advancements would make Justin not only more
intelligent but also a central part of a smart, connected lifestyle.

Additionally, enhancing speech recognition accuracy and enabling multilingual support could expand its
accessibility to a wider user base. We also plan to incorporate features like calendar scheduling, email
automation, and real-time weather and traffic updates. Security and privacy considerations will be prioritized
through voice authentication and encrypted data handling. Overall, Justin aims to evolve into a reliable virtual
assistant that seamlessly integrates into users' daily routines, boosting productivity and convenience. With
continuous improvements, it has the potential to become an open-source platform for experimentation and
innovation in voice assistant technology.

REFERENCES

[1] Garg, Mehak, and Sahil Verma. "Virtual assistance using Python." 2024 IEEE Ist Karachi Section Humanitarian
Technology Conference (KHI-HTC). IEEE, 2024.

[2] Manojkumar, P. K., et al. "Al-based virtual assistant using python: a systematic review." International Journal for
Research in Applied Science & Engineering Technology (IJRASET) 11 (2023): 814-818.

[3] Umapathi, N., et al. "DESKTOP’S VIRTUAL ASSISTANT USING PYTHON”.

[4] Kumar, Aabhas, Damandep Kaur, and Abhishek Kumar Pathak. "Voice assistant using python." 2022 International
Conference on Cyber Resilience (ICCR). IEEE, 2022.

[5] Uke, Shailaja, et al. "Virtual Voice Assistant In Python (Friday)." 2022 IEEE 4th International Conference on
Cybernetics, Cognition and Machine Learning Applications (ICCCMLA). IEEE, 2022.[7] M. Young, The Technical
Writer's Handbook. Mill Valley, CA: University Science, 1989.

[6] Geetha, V., et al. "The voice enabled personal assistant for Pc using python." International Journal of Engineering and
Advanced Technology 10.4 (2021): 162-165.

2134



[7]1 Chinchane, Ayush, et al. "SARA: A Voice Assistant Using Python." International Journal for Research in Applied
Science and Engineering Technology 10.6 (2022): 3567-3582.

[8] Pandey, Divisha, et al. "Voice Assistant Using Python and AL." International Research Journal of Engineering and
Technology 9.05 (2022): 832-838.

[9] Janani, N., R. Janet Jessica, and M. S. Vinmathi. "Desktop Assistant."

[10] Appalaraju, Vadaboyina, et al. "Design and development of intelligent voice personal assistant using python." 2021
3rd International Conference on Advances in Computing, Communication Control and Networking (ICAC3N). IEEE,
2021.

2135



