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ABSTRACT

The goal of this internship project was to create Tara, a voice-activated,
multilingual personal assistant robot that can automate both digital and
manual duties. The objective was to create a single, real-time system
that included robotic motion control, speech recognition, and multilingual
support. Email scheduling, weather and news updates, photo and video
capture, document creation and summarization, and five-language support
are some of the main features. Using an ESP32 microcontroller for mo-
tion and sensor control through the MD10C R3 driver and ultrasonic sen-
sors, Tara is powered by a Jetson Nano for AI computation. REST APIs,
UART/Bluetooth connection, and modular Python scripts were used in
the system’s construction. Tara is able to obey oral instructions such as
”come here” or ”go forward”. This project demonstrates useful AI and
embedded system skills, producing a fully functional prototype for assis-
tive technology, smart homes, and education.
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Chapter 1

Introduction

Tara is a clever personal assistant robot that can be controlled by voice
commands to carry out both digital and manual activities. In addition to
responding in several languages and automating over 22 tasks including
snapping pictures, reading news, writing emails, and summarizing docu-
ments, it integrates AI, speech recognition, and embedded devices to com-
prehend users in real-time.

The system makes use of an ESP32 to operate motors and sensors and
a Jetson Nano for AI computation. Whisper for voice input, gTTS for
speech output, and REST APIs for online and mobile interaction are all
part of its modular architecture. With the use of motor drivers and distance
sensors, Tara can move robots in real time and can be controlled by voice,
app, or dashboard. Tara is essentially a sophisticated, multilingual, voice-
activated personal assistant for daily usage that connects hardware control
and software intelligence.

1.1 Background of the Project

Intelligent systems that can help users in both digital and physical sur-
roundings are becoming more and more necessary in today’s technologically
advanced world. Robots may now be designed to listen to voice commands
and carry out a range of automated tasks thanks to developments in arti-
ficial intelligence, embedded systems, and natural language processing.

The goal of developing a voice-activated, intelligent robot that could auto-
mate repetitive tasks, communicate with users in different languages, and
offer support in both virtual and real-world environments gave rise to the
concept for the personal assistant robot Tara.
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Tara is a fully functional AI-driven personal assistant robot that can per-
form a range of tasks in real time because to its integration of speech
recognition, integrated control, and AI models.

1.2 Objectives

This project’s main goal is to create a multilingual personal assistant robot
that may:

• Recognizes and processes voice commands in real-time using AI.

• Performs a wide range of digital tasks such as:

1. Email scheduling

2. Media capture (photos, videos, audio)

3. Information retrieval (news, weather, document summaries)

4. Voice-based reminders

• Responds using text-to-speech across various languages (English, Hindi,
Kannada).

• Interacts with physical components for robotic movement based on
commands:

1. “Come here”

2. “Go back”

3. “Turn left”

4. “Stop”

5. Sensor-based obstacle avoidance

• Offers mobile and web-based control interfaces for enhanced accessi-
bility via APIs.

• Ensures modular, scalable architecture so that new features can be
added easily.

12



1.3 Scope of Work

The scope of this project includes the integration of software and hardware
components to develop a fully functional personal assistant robot.

Software Scope :-

• Speech Recognition: Jetson Nano runs Whisper model to transcribe
voice commands in multiple languages.

• Text-to-Speech (TTS): Responses are generated using gTTS and played
via Pygame.

• Command Routing: Transcribed commands are parsed and routed to
the appropriate feature modules.

• Feature Modules: Modular system with 22+ features such as:

1. Capturing photos and videos

2. Playing music

3. Scheduling emails

4. Reading news and weather

5. Generating salary slips

6. Summarizing documents

• API Layer: REST API + Webhook support for mobile and external
device communication.

• UI Layer: Mobile app (Flutter or React Native) and web dashboard
for real-time interaction.

Hardware Scope :-

• Jetson Nano:

1. Handles core AI functionalities (speech recognition, TTS, lan-
guage processing).

2. Sends control signals to ESP32 for robotic actions.

• ESP32 Microcontroller:
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1. Manages motor control and sensor responses.

2. Executes real-world movement based on AI commands from Jet-
son Nano.

• Motor Driver (MD10C R3):

1. Controls robot movement — forward, backward, left, right, stop.

• Sensors:

1. Ultrasonic distance sensors enable obstacle detection and collision
avoidance.

• Communication:

1. Jetson Nano communicates with ESP32 over UART or Bluetooth,
providing flexible deployment.

• Robotic Actions Supported

1. ”Go forward”

2. ”Come here”

3. ”Turn left”

4. ”Turn right”

5. ”Stop”

6. Dynamic obstacle avoidance via sensor input

1.4 Problem Statement

Voice-based solutions that provide natural, hands-free engagement for rou-
tine digital chores are becoming more and more popular. In order to ensure
seamless and real-time interaction using speech recognition and text-to-
speech technologies, this project intends to create an intuitive English-
speaking voice assistant that can comprehend voice commands and carry
out tasks like taking screenshots, responding to inquiries, and more.
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Chapter 2

Literature Survey

A number of recent studies have combined automation, natural language
processing, and speech recognition to further the development of voice-
based intelligent systems. While Prerna Wadikar et al. improved system
accessibility by providing voice automation in Hindi, Yash Mittal et al. pre-
sented an affordable Smart Home Automation System using Arduino and
voice commands. Chen-Yen Peng used a Raspberry Pi and Google Voice
to demonstrate voice-activated smart socket control. Abhishek Singh cre-
ated a continuous on-device listening architecture in order to overcome the
drawback of wake-word dependence. Po-Sheng Chiu created an emotion-
ally intelligent campus assistant with enhanced semantic comprehension,
while Youngmoon Jung concentrated on robust speaker verification in loud
circumstances using deep learning. Vinayak Iyer developed a voice assis-
tant for the blind and visually handicapped that uses BERT-based sum-
marization to automate web interactions. Together, these pieces show how
voice assistants are growing more sophisticated, contextually aware, and
approachable. This serves as inspiration for the suggested system, which
uses Python, speech recognition, and BERT to build a desktop voice as-
sistant that can do tasks, summarize information, and send out reminders.
[1]

Deep neural networks (DNNs) have replaced conventional Gaussian Mix-
ture Models (GMMs) in Hidden Markov Model (HMM) frameworks for
acoustic modeling, leading to notable advancements in speech recognition
during the last ten years. A collaborative review by four top research
groups—University of Toronto, Microsoft, IBM, and Google—that inves-
tigated the application of DNNs with multiple hidden layers trained via
generative pretraining and discriminative fine-tuning is presented in the
publication by Hinton et al. In contrast to GMMs, which have trouble
adequately modeling non-linear data manifolds, DNNs greatly increase
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recognition accuracy by successfully capturing intricate patterns in expan-
sive acoustic environments. Significant improvements in word error rates
(WERs) on benchmark datasets like TIMIT, Switchboard, and Google
Voice Search have been made possible by the advent of Deep Belief Net-
works (DBNs), Restricted Boltzmann Machines (RBMs), and discrimina-
tive training methods like Maximum Mutual Information in particular.
The basis for hybrid DNN-HMM systems that perform better than tradi-
tional models on a range of large vocabulary speech recognition tasks has
been established by these developments.[2]

Recent developments in voice recognition have placed a greater emphasis on
generalization across tasks and languages, scalability, and resilience. Even
when they are accurate in-domain, traditional supervised models have trou-
ble adapting to multilingual environments and distribution adjustments.
By using 680,000 hours of weakly supervised internet-scale audio-text pairs
in 96 different languages for training, the Whisper model put forth by
Radford et al. presents a novel method. In contrast to traditional models
that necessitate domain-specific fine-tuning, Whisper performs competi-
tively in zero-shot scenarios without the need for extra oversight. In order
to overcome the drawbacks of previous unsupervised techniques, such as
Wav2Vec 2.0, this study incorporates a robust decoder into a multitask,
multilingual Transformer framework. Scaling weak supervision can be a
potent substitute for supervised training in automatic speech recognition,
as demonstrated by the model’s strong resilience to noise, ability to handle
long-form transcription, translation, and even match or exceed human-level
accuracy on multiple datasets.[3]

Natural language processing pre-training techniques have advanced dra-
matically, with models like as BERT and GPT introducing left-to-right
generation and masked language modeling, respectively. Building on these,
Lewis et al.’s BART model uses a sequence-to-sequence Transformer archi-
tecture as a denoising autoencoder framework to combine the advantages
of both methods. Token masking, deletion, infilling, sentence permutation,
document rotation, and other noising techniques are used to corrupt input
text before BART reconstructs the original content. Its adaptable approach
enables it to generalize to a variety of downstream tasks. BART produces
state-of-the-art results on a variety of benchmarks, such as conversation
production (ConvAI2), question answering (SQuAD, ELI5), and summa-
rization (CNN/DM, XSum). It matches strong baselines on classification
tasks and performs better, especially on generation tasks. It is a significant
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development in pre-trained language models since its architecture enables
a more cohesive and reliable model that supports both understanding and
creation.[4]

Because of its cost, adaptability, and capacity to foster experiential learn-
ing, open-source hardware (OSHW) incorporation into educational settings
has drawn a lot of interest. By allowing students to interact with real-
world scientific and engineering topics, technologies such as Arduino and
Raspberry Pi have been essential in fostering creativity and technological
fluency. The usage of OSHW has been studied in the past in a variety
of knowledge domains, including electronics, programming, and automa-
tion, as well as in a range of educational levels, from K–12 to university.
However, the majority of the literature now in publication consists of ex-
periential narratives and solution suggestions, with comparatively little
empirical analyses evaluating the efficacy of education. This reveals a sig-
nificant gap and indicates that more rigorous approaches and solid proof
of educational impact are needed in future study. The reviewed work does
a thorough systematic mapping assessment of 676 publications, providing
insightful information on the development of the subject, current trends,
and areas that need more research.[5]

The advantages of expanding model and data sizes to enhance performance
across a range of natural language tasks have been highlighted by recent
developments in large language models (LLMs). Models like GPT-3, Go-
pher, and PaLM have historically depended on confidential or proprietary
datasets, which has limited their reproducibility and transparency among
the scientific community. However, a number of initiatives, such as OPT,
GPT-NeoX, and BLOOM, have concentrated on open-source methods, fre-
quently failing to achieve state-of-the-art results. By showing that com-
petitive foundation models (with parameters ranging from 7B to 65B) can
be trained using only publically available datasets, the LLaMA models,
which are presented in this study, fill this gap. LLaMA models surpass
or perform on par with larger proprietary counterparts like GPT-3 and
Chinchilla on a variety of benchmarks by utilizing effective architecture
and training optimizations and taking inspiration from Chinchilla scaling
laws. The viability and importance of transparent, repeatable large-scale
language model development are highlighted by this work.[6]

17



Chapter 3

Methodology

The multilingual AI voice assistant Tara was developed using a human-
centered, modular methodology. Across the seven Indian languages—English,
Hindi, Kannada, Tamil, Telugu, Marathi, and Gujarati—accuracy, real-
time performance, and organic engagement were therefore guaranteed.

For speech-to-text transcription, Tara used OpenAI’s Whisper model be-
cause of its sophisticated multilingual recognition and noise resilience. It
employs Google Text-to-Speech (gTTS) for voice answers, with pyttsx3
acting as a backup offline.

In order to mimic human behavior, Tara goes into sleep mode after a
minute of inactivity and can be roused by sayings like ”Hello Tara” or ”Hi
Tara.” A wide range of users can utilize the system because it is designed
in Python, suited for edge devices like the Jetson Orin Nano 8GB, and can
be controlled via voice, text, or a mobile user interface.

3.1 Tools and Technologies Used :-

• ESP32 Microcontroller: The hardware control interface was the ESP32.
It was in charge of carrying out robot movements, reading data from
ultrasonic sensors, and receiving commands through Bluetooth and
UART. Future scalability was also made easier by the microcontroller’s
integrated Bluetooth and Wi-Fi capabilities.

• Jetson Nano: The central processing unit was this edge-AI comput-
ing platform. It managed voice recognition, decision-making logic,
and interaction workflows and facilitated the deployment of high-
performance AI models. The processing power required for on-device
real-time inference was supplied by Jetson Nano.
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Figure 3.1: Illustration of NVMe storage on the Jetson Orin Nano.

• MD10C R3 Motor Driver: The robot’s two-wheel drive system, which
allowed for left, right, forward, and backward movements, was con-
trolled by this motor driver. It converted the ESP32’s PWM and
direction signals into motion that was controlled by power.

• HC-SR04 Ultrasonic Sensor: Used to prevent collisions and detect
obstacles. The ESP32 was able to react to changing surroundings
thanks to the sensor data, stopping or rerouting movement as needed.

• OpenAI Whisper: Multilingual voice-to-text transcription was done
using Whisper. Tara Bot was able to serve as a multilingual voice
assistant due to its capacity to handle a variety of accents and lan-
guages.

• gTTS (Google Text-to-Speech): Used for generating spoken responses
in different languages. This enhanced Tara’s human-like interaction
capability.

• Arduino IDE: Utilized for programming the ESP32 microcontroller.
It facilitated code deployment and debugging during hardware inter-
action development.
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3.2 Development Process :-

1. Requirement Analysis: The goal of this phase was to determine which
functionalities Tara should provide. Cross-platform communication,
sensor feedback, physical robot movement, and AI-based speech in-
teraction were important topics.

2. System Architecture Design: There were two logical layers to the sys-
tem. The ESP32 microcontroller managed real-world robotic move-
ments, while the Jetson Nano managed advanced AI and voice func-
tions. Asynchronous command handling and communication were
made possible by the system design.

3. Voice Interaction and AI Integration:

• Whisper was integrated to provide accurate real-time transcrip-
tion.

• A command mapping logic was developed to associate spoken
phrases with robot actions.

• gTTS converted textual outputs into audible feedback.

• A fallback mechanism was added to handle misunderstood or un-
supported commands.

4. Hardware Control and Integration:

• ESP32 was programmed to interpret commands from Jetson Nano.

• Motor direction and speed were controlled using PWM logic and
MD10C R3 motor driver.

• Ultrasonic sensor input triggered stop or redirection actions to
prevent collisions.

5. Feature Module Development:

• A total of 22 task-specific modules were created. These included
photo capture, video recording, alarm setup, email scheduling,
salary computation, document summarization, and news/weather
updates.

• Each module operated independently and was triggered via a uni-
fied command routing logic.

6. Testing and Iteration:
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Figure 3.2: Launching 6.2 Jetpack on Jetson Orin Nano.

• Software modules were tested in isolation and then in combina-
tion.

• Multilingual voice command testing ensured functional speech in-
teraction across five languages.

3.3 Tara’s Capabilities

Figure 3.3: Testing Features
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• speech recognition.py

– Uses OpenAI Whisper to convert real-time speech to text.

– Handles noise filtering, audio recording, and transcribing voice
commands in multiple languages.

– Central to understanding user input and enabling natural inter-
action.

• tts output.py

– Converts text responses into human-like speech using gTTS (Google
Text-to-Speech).

– Plays audio via gTTS for fast response.

• language selector.py

– Prompts the user to choose a language (English, Hindi, Kannada,
etc.).

– Remembers and sets the interaction language globally.

– Ensures Tara speaks and understands the user in their preferred
language.

• command router.py

– Main logic that matches spoken commands to feature modules.

– Imports all available features and routes commands accordingly.

– Uses fuzzy matching and keyword identification to handle varia-
tion in phrasing.

• feedback.py

– Handles unclear or invalid user input.

– Provides helpful suggestions, confirmation prompts, or fallback
responses.

– Improves Tara’s interactivity and user guidance.

• snap.py

– Takes pictures using OpenCV.

– Can also display the latest photo.
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– Triggered with commands like “Take a snap” or “Show the last
photo”.

• video.py

– Records video using OpenCV and webcam.

– Can also play or show the latest video clip.

– Integrates with cv2 for media capture.

• audio.py

– Records audio or plays audio clips.

– Useful for tasks like voice memos.

• weather.py

– Gets real-time weather and 5-day forecast using OpenWeatherMap
API.

– Supports fuzzy city name matching via city.list.json.

– Uses voice interaction to confirm city names and deliver audio
reports.

• news.py

– Fetches top headlines from news APIs like NewsAPI.

– Can summarize news and speak it out loud.

• email.py

– Handles sending and reading emails via voice.

– Integrates Gmail login, Google People API for contact lookup,
and email scheduling.

• navigation.py

– (Optional placeholder for GPS-based or map-related services).

– Can be integrated with Google Maps or similar services for direction-
related queries.

• task automation.py

– Automates tasks like setting reminders, alarms, and scheduling
meetings.
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– Responds to voice prompts to define the task content and time.

• salary generator.py

– Calculates monthly/yearly salary from spoken input (e.g., “I earn
30 thousand rupees”).

– Supports Hindi, Kannada, and English.

– Parses salary phrases including lakhs, crores, and paisa.

• document summary.py

– Summarizes the content of uploaded or dictated documents.

– Uses NLP to extract and simplify important information.

– Ideal for reading long reports, legal documents, etc.
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Chapter 4

Results and Discussions

Figure 4.1: Interactive Service Robot Integrated with Tara AI Assistant

When it came to responding promptly in English and managing voice
commands, the Tara assistant functioned admirably. A seamless user ex-
perience was facilitated by its comprehension of natural speech, accuracy
in task execution, and human-like response. Under various test condi-
tions, essential capabilities like wake word detection, photo/video man-
agement, and screenshot capture operated dependably. High transcription
and speech quality were guaranteed with the usage of gTTS and Whis-
per. All things considered, the assistant achieved its design objectives and
demonstrated itself to be a productive, amiable, and interactive voice-based
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system for routine digital chores.

4.1 Result

Several voice-driven tasks in English were successfully tested and deployed
using the Tara assistant. Smooth interaction flow and dependable real-
time performance were displayed by the system. When Tara first started
up, it gave users voice-based instructions and greeted them contextually
according to the time of day. Whisper was used to accurately identify
voice instructions, and Google Text-to-Speech was used to provide a nice,
human-sounding response.

Figure 4.2: Tara Assistant’s Boot Sequence

4.2 Discussion

A voice-driven interface can greatly enhance the way consumers inter-
act with digital systems, as demonstrated by the creation and testing of
the English-language Tara assistant. High-accuracy transcriptions were
produced by integrating OpenAI’s Whisper model for speech recognition,
which made it appropriate even in rather loud settings. Likewise, Google
Text-to-Speech made sure Tara’s answers were understandable, cordial,
and human-like, which helped to facilitate a seamless dialogue.

The assistant’s reactivity is among its most noteworthy features. By low-
ering idle resource utilization and guaranteeing Tara was always prepared
to react promptly when called upon, the wake word detection and sleep
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mode implementation improved system performance. Fuzzy matching al-
lowed the assistant to comprehend different command phrasings, which
increased the system’s adaptability and user-friendliness.
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Chapter 5

Conclusion

Voice-driven systems have the ability to improve and streamline consumer
contact with technology, as the Tara assistant effectively illustrates. Tara
offers English-speaking customers a responsive and amiable experience by
combining real-time speech detection with Whisper and natural voice an-
swers with gTTS. Essential features like command recognition, wake word
detection, and modular feature execution were successfully implemented.
The architecture is made for easy scalability, thus even though this version
only supports English, it is ready for future multilingual and multimodal
improvements. All things considered, Tara represents a major advance-
ment in the development of intelligent, user-focused voice assistants.
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