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Abstract— This project is designed to empower visually
impaired individuals with safe and independent kitchen
navigation through the integration of advanced hardware and
software technologies. The hardware module, utilizing an
ESP32 microcontroller, incorporates multiple safety-oriented
components. A temperature sensor monitors the heat of food or
cooking elements, providing voice-based alerts on their
suitability for consumption. A gas sensor ensures safety by
detecting leaks and automatically triggering a cylinder knob
shutoff mechanism. Fire detection is managed by a dedicated
sensor that activates a buzzer in emergencies. Load cells are
used to measure the weight of items, and when the weight drops
below a predefined threshold, the system generates a voice
prompt to notify users to refill. These features collectively
ensure a secure and accessible cooking environment tailored to
the needs of visually impaired users. On the software side, the
system employs advanced Al-driven technologies to assist users
further. Image-to-text technology allows for the recognition and
vocalization of ingredient names labeled on packaging,
eliminating the need for visual identification. Additionally, a
YOLOv5-based object detection algorithm identifies various
kitchen ingredients, vegetables, and fruits, providing real-time
voice feedback to enhance usability. The combination of
intelligent sensors and machine learning algorithms creates a
robust and user-friendly solution, fostering greater
independence and safety. This innovative system bridges the gap
between accessibility and technology, enabling users to navigate
kitchen tasks with ease and confidence.

Keywords: Accessibility, ESP32, Al-driven kitchen assistance,
temperature detection, gas sensor, fire detection, load cells, image-
to-text, YOLOV5, object detection, voice output, visually impaired
support, real-time assistance, smart kitchen, safety monitoring.

I. INTRODUCTION

The study of Al accessible Kitchen environments for
individuals with visual impairments poses unique challenges,

particularly in dynamic and potentially hazardous settings like
kitchens. Limited sensory inputs and the absence of visual
feedback increase the risk of accidents and reduce
independence. While various assistive technologies have been
developed, many lack comprehensive solutions that integrate
safety, usability, and adaptability to address the specific needs
of visually impaired users. Recent advancements in embedded
systems, sensor technology, and artificial intelligence have
opened new possibilities for designing smart, user-friendly
solutions that cater to these challenges.

This project explores a novel approach to assist visually
impaired individuals in managing kitchen tasks safely and
independently by integrating hardware modules and Al-
powered software systems. Using an ESP32 microcontroller,
the hardware module incorporates a range of sensors to
monitor environmental and contextual factors. Temperature
sensors assess the heat of cooking elements to provide voice
feedback on their safety. Gas sensors detect potential leaks
and automatically trigger safety mechanisms, such as turning
off the cylinder knob. Fire detection sensors alert users
through an emergency buzzer, while load cells monitor
weight and issue voice prompts when items need refilling. On
the software side, image-to-text technology aids in ingredient
identification by reading labeled packages aloud, while a
YOLOvV5-based object detection algorithm identifies kitchen
ingredients, vegetables, and fruits in real time. Voice output
facilitates seamless interaction and enhances usability for
non-visual users.

The objectives of this project are twofold: first, to design a
comprehensive system that integrates hardware and software
to create a safe and accessible kitchen environment for
visually impaired users; second, to implement and evaluate
the performance of these integrated technologies in real-
world scenarios. The system leverages cutting-edge sensor
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technology and machine learning models to provide a
robust, reliable, and user-friendly solution.

This paper is structured as follows: Section Il reviews
existing research on assistive technologies for visually
impaired individuals and highlights the limitations of
traditional systems. Section Ill details the design and
implementation of the hardware module, including its
components and functionalities. Section IV discusses the
software architecture, focusing on Al-driven tools such as
image-to-text conversion and object detection algorithms.
Section V presents the integration process, testing
environment, and experimental results. Section VI evaluates
the system's performance and outlines its potential
applications. Finally, Section VII concludes the paper with
key findings and future research directions.

Il. LITERATURE REVIEW

Assistive technologies for visually impaired individuals have
been a focus of research in recent years, particularly in
creating safe and accessible environments. Various studies
have addressed challenges such as real-time hazard detection,
object recognition, and user interaction. The integration of
sensor-based systems, like temperature and gas sensors for
safety monitoring, has been explored in works like Sharma et
al., 2020. Load cell applications for weight monitoring in
domestic settings have been discussed by Patel et al., 2022.
Voice-enabled systems, a cornerstone for accessibility, have
been enhanced using natural language processing and text-to-
speech frameworks Singh et al., 2019.

A. B. Abdel-Rahman [1] reported A Smart Blind Stick
with Object Detection, Obstacle Avoidance, and loT
Monitoring for Enhanced Navigation and Safety. This paper
suggests that an advanced smart blind stick that leverages
object detection, obstacle avoidance, and 10T technology to
enhance navigation for visually impaired individuals. The
device integrates sensors for detecting nearby objects and
potential obstacles, offering real-time audio feedback to help
users avoid hazards. Additionally, it has 10T capabilities that
allow remote monitoring, where data from the stick can be
accessed through an app or other interface by family
members, ensuring the user’s safety. The innovation targets
mobility challenges for visually impaired users, especially in
environments with complex layouts, like kitchens, improving
accessibility and independence.

K. Jivrajani [2] reported A loT-Based Smart Stick for
Visually Impaired Person. This paper suggests that an A loT
(Al and 10oT) smart stick system that aids visually impaired
individuals in navigating their environment. The stick is
equipped with various 10T sensors to identify obstacles in real
time and provide audio feedback via Bluetooth-enabled
earphones. The stick continuously monitors the user’s
surroundings, alerting them to obstacles like furniture or steps
in real time. It is designed for both indoor and outdoor use,
and the Al component helps improve obstacle detection
accuracy, allowing the user to move with greater confidence
and safety.

R. Ghatkamble [3] reported Computer Vision and loT-
Based Smart System for Visually Impaired People. This
paper suggests a computer vision and l0T-based smart system
that assists visually impaired users with tasks in daily life,
especially in kitchen settings. The system uses cameras and
sensors to detect and identify objects like cooking utensils,
ingredients, and appliances. The user receives audio feedback
that informs them of the item’s identity and its relative
position, which allows them to carry out kitchen tasks safely.

This real-time object recognition system enhances the ability
of visually impaired individuals to work independently and
safely in the kitchen.

S. Chaple [4] reported Atrtificial Intelligence on Visually
Impaired People. This paper suggests the various Al-based
assistive solutions, such as smart voice assistants, object
recognition, and wearable devices designed to empower
visually impaired individuals. These solutions are tailored to
help users perform routine tasks independently by providing
real-time feedback on their environment. The study focuses
on kitchen applications where Al-driven systems identify and
describe objects, detect hazards, and guide users in handling
appliances, improving autonomy and safety.

S. SusilaSakthy [5] reported An adaptable smart and 10T -
based solution to assist handicapped and Elderly persons with
kitchen-related tasks. This paper suggests a smart kitchen
prototype that combines 10T sensors and computer vision
technology. The system helps visually impaired users
identify ingredients, follow recipes, and monitor cooking
progress using voice-guided instructions and feedback. The
loT components provide environmental awareness, while the
computer vision algorithms ensure ingredient and appliance
recognition. This system is designed to make the kitchen
environment safer and more accessible.

M. P. Arakeri [6] reported Assistive Technology for the
Visually Impaired Using Computer Vision. This paper
suggests that a computer vision techniques to create assistive
technologies that aid visually impaired people in identifying
objects and navigating their environment. It highlights the use
of object recognition algorithms that enable users to identify
items like food products, utensils, and appliances. Real-time
feedback is provided via voice output, which empowers users
to perform tasks without visual support, particularly in the
kitchen.

F. Ahammed [7] reported Development of an loT-Based
Intelligent Guide Stick to Provide Improved Navigation
Skills to Blind People. This paper suggests that an 1oT-based
system designed to assist visually impaired individuals in
indoor navigation. Using a series of sensors and an app
interface, the system helps users detect obstacles, receive
real-time voice guidance, and navigate safely. It is
particularly useful in complex indoor settings, like kitchens,
where it prevents collisions with appliances or furniture and
assists with spatial orientation.

P. Mohanraj [8] reported Wearable Device for Visually
Impaired People Using Deep Learning. This paper suggests
that a wearable device that assists visually impaired
individuals by identifying objects through image recognition
and delivering voice feedback. The device can help users
locate and handle kitchen items, ingredients, or utensils,
enabling more independent meal preparation. The real time
feedback also helps users avoid accidents by notifying them
of hot surfaces or sharp objects.

Y. Muhammad [9] reported A Deep Learning-Based
Assistive Technology for Visually Impaired People. This
paper suggests that a deep learning algorithms to develop
assistive technology aimed at enhancing environmental
awareness for visually impaired users. It primarily focuses on
object recognition, where the deep learning model identifies
and describes objects in real time, aiding in activities such as
cooking by recognizing ingredients, appliances, and potential
hazards.

M. Arunkumar [10] reported loT-Based Navigation
Assistance for Visually Impaired People. This paper suggests
that an Al and loT-enabled smart glasses that can recognize
and describe objects to visually impaired users. The glasses
provide audio feedback, which helps users safely navigate
their environment, particularly in spaces like kitchens, where
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identifying cookware,
essential.

S. Vaidya [11] reported Real-Time Object Detection for
Visually Challenged People. This paper presents a real-time
object detection system powered by deep learning for visually
impaired users. By utilizing convolutional neural networks
(CNNs), the system can accurately identify and classify
objects in the user’s environment. Designed with kitchen
safety in mind, it detects items like cooking utensils,
ingredients, and appliances, providing instant voice feedback.
The system enhances user autonomy by allowing visually
impaired individuals to interact with and navigate their
surroundings confidently, reducing dependency on others .

ingredients, and appliances is

Al-powered image recognition has gained traction, with
convolutional neural networks (CNNs) demonstrating high
accuracy in object detection tasks, as shown by Khan et al.,
2021. Studies like Gupta et al., 2022, have utilized YOLOV5
for real-time identification of objects, including Kitchen
items, highlighting its robustness and speed. Optical
character recognition (OCR) systems for reading text labels
have been implemented successfully in projects focused on
accessibility tools (Mehta et al., 2020). Moreover, the role of
microcontrollers like ESP32 in smart systems has been
reviewed extensively by Kumar et al., 2023, emphasizing
their versatility in integrating sensors and Al modules.

Comprehensive reviews, such as those by Roy et al., 2021,
and practical applications demonstrated by Das et al., 2022,
underline the need for cohesive frameworks that merge
hardware safety features with software intelligence. These
studies highlight the significance of real-time data
processing, user-friendly interaction, and adaptive systems to
cater to the unique needs of visually impaired users. The
literature consistently points to the importance of developing
integrated solutions that address safety, efficiency, and
usability in assistive technologies.

I11. PROPOSED SYSTEM

The proposed system leverages advanced hardware and Al-
driven software technologies to create a safe and accessible
kitchen environment tailored for visually impaired
individuals. Unlike traditional assistive tools that are often
limited in scope, this system integrates multiple safety
mechanisms and real-time Al features to address a wide range
of kitchen challenges effectively.

The hardware module, powered by the ESP32
microcontroller, includes sensors for temperature detection,
gas leakage monitoring, fire detection, and weight
measurement. These sensors ensure a secure cooking
environment by providing voice-based alerts for potential
hazards, such as overheating, gas leaks, or low ingredient
levels. The system also automates safety measures like
shutting off the cylinder knob in case of gas leaks and alerts
users to refill items when thresholds are breached.

On the software side, the system employs Optical Character
Recognition (OCR) technology to read labeled ingredient
packages and provide voice outputs, eliminating reliance on
visual identification. Additionally, a YOLOv5-based object
detection algorithm identifies kitchen ingredients, vegetables,
and fruits in real time, offering instant feedback via voice. By
combining these hardware and software features, the system
ensures a comprehensive, user-friendly solution that

empowers visually impaired individuals to navigate kitchen
tasks safely and independently.

Main Controller (ESP32)

Servo Control

Voice Output

Fig. 1. Block diagram of the complete system .

A. Hardware Module:

Fig. 2. Hardware setup with all necessary components

e Temperature Detection System:

o Continuously monitors cooking surface and
ingredient temperatures using calibrated
Sensors.

o Converts temperature readings into voice alerts
when thresholds are exceeded.

o Provides real-time feedback about food
safety temperatures.

o  Gas Safety System:

o Monitors ambient air for gas leakage using
MQ series sensors.

o  Triggers automatic cylinder shutoff via servo
mechanism when gas levels exceed safety
threshold.

o Generates immediate voice alerts and
emergency notifications.

e Fire Detection System:

o Uses infrared sensors to detect flame and
smoke presence.

o Activates high-decibel buzzer alarm system.

o Integrates with gas shutoff mechanism for
comprehensive safety.
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e Weight Monitoring System:

o Employs load cells for continuous inventory
tracking.

o Converts weight measurements to digital
signals for ESP32 processing.

Generates voice alerts when supplies fall
below preset thresholds.

B. Software Module:

Fig. 3. Software set with webcam and ingredients

. Computer Vision System:

o Implements YOLOVS5 architecture for real-
time object detection.

o Processes camera feed to identify kitchen
items and ingredients.

o Achieves >90% accuracy in ingredient
classification.

e OCR Integration:

o Converts ingredient label

machine-readable text.

images to

o Processes packaging information for

allergen warnings.

o Provides immediate voice feedback of text
content.

e Voice Output System:

o Converts all system alerts into clear voice

messages.

o Provides real-time feedback for user
actions.

o Supports  multiple  languages  for
accessibility.

C. Central Control System:
e ESP32 Microcontroller:

o Coordinates all sensor inputs and system
responses.

o Manages data flow between hardware and
software modules.

o Controls servo mechanisms and output
devices.

o Maintains system stability and real-time
operations.

IV. METHODLOGY

The methodology for the Al-Enabled Kitchen Accessibility
System encompasses a comprehensive approach to hardware
integration and software development. The system's core
hardware implementation centers around the ESP32
microcontroller, which interfaces with multiple sensors for
environmental monitoring. Temperature sensors are
calibrated to detect heat levels from cooking surfaces and
ingredients, providing crucial safety information. The gas
detection system utilizes MQ-6 sensors calibrated to detect
LPG concentrations, triggering automated safety protocols
through servo-controlled valve mechanisms when dangerous
levels are detected. Load cells integrated with HX711
amplifiers enable precise weight measurements of Kkitchen
ingredients and supplies, facilitating inventory management.

The software architecture implements a sophisticated
computer vision system using YOLOVS5, trained on a custom
dataset of kitchen items. This dataset includes over 1000
labeled images of common kitchen ingredients, utensils, and
packaging. The model achieves high accuracy in real-time
object detection, enabling the system to identify and
communicate item information to users through voice
feedback. The OCR implementation using the Tesseract
engine allows the system to read and interpret text on
packaging, providing critical information about ingredients
and potential allergens. Voice output is optimized using the
pyttsx3 library, ensuring clear and timely communication of
all system alerts and information.

Safety protocols are embedded throughout the system's
operation, with gas detection thresholds set at 10% LEL and
temperature warnings triggering at 60°C. The emergency
response system incorporates fail-safe mechanisms and
automated shutdown procedures when dangerous conditions
are detected. All components are integrated through a robust
communication protocol between the ESP32 and the main
processing unit, ensuring real-time response capabilities with
latency under 2 seconds. System reliability is maintained
through comprehensive error handling and backup power
systems, achieving over 99% uptime. Performance metrics
demonstrate object detection accuracy exceeding 90%,
temperature measurement precision within +2°C, and weight
measurements accurate to +5g, ensuring reliable assistance
for visually impaired users in kitchen environments.

‘ LCD Display ‘ ‘ Temperature Sensor

Q}Iay Information ‘/Tempevature[ma/sarte‘al?gﬁbaa\
|

ngma\ "/Cyhmier Control _| Servo Knob

Y
Load Cell > ESP32 <~ (Cylinder Control)
A NG

\

Gas Sensor

_—"Sensor Data Integration Fire Detection Data \we Alert
| \
1 N

Image Capture n
Camera Fire Sensor Buzzer

Al Module
(Object Detection)

[Text/Voice Output

Text/Voice Output

Fig. 4. A complete operation Methodology of the system
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1. Requirement Analysis 3. Hardware Integration

e Objective Definition: To design and develop a e ESP32 Microcontroller Setup:
kitchen system that assists visually impaired
individuals by providing real-time feedback and o Program the ESP32 for sensor data
alerts through voice outputs and text-to-speech acquisition  and  communication  with

mechanisms. peripherals.
o Interface the LCD display for visual feedback.
e Sensor Integration:

o Connect the temperature sensor, gas sensor,
fire sensor, and load cell to the ESP32.

e Actuators and Alarm Setup:

o Attach the servo motor for gas cylinder
control.

o Configure the buzzer for fire alerts.

Fig. 5. A Real- time object detection

e Component Identification: Determine the required 4, Software Development

sensors, microcontrollers, and Al algorithms for e Sensor Data Processing:
achieving the desired functionality. The major
components include: o Write Python scripts to preprocess and

analyze data from the sensors in real-time.
o Sensors: Temperature sensor, gas sensor, fire
sensor, and load cell. o Set thresholds for temperature, weight, and
gas levels to trigger appropriate actions.
o Hardware: ESP32 microcontroller, camera,
servo motors, buzzer, and LCD display. e  Object Detection:

o Software: Object detection using YOLOV5, o Implement YOLOV5 for detecting kitchen

OCR for text-to-voice conversion, and text-
based outputs.

2. System Design

Hardware Design:

o The ESP32 microcontroller acts as the central
hub, integrating data from various sensors and
controlling actuators.

o Sensors are deployed to monitor environmental
conditions:

Temperature Sensor: Monitors the temperature of
recipes or heating elements.

Gas Sensor: Detects gas leaks and ensures safety by
triggering the servo motor to turn off the gas supply.

Fire Sensor: Detects fire hazards and alerts the user
via a buzzer.

Load Cell: Measures the weight of ingredients or
objects.

o Camera-based object detection for ingredient
identification using YOLOV5.

Software Design:

o The system is powered by Python-based Al and
machine learning algorithms for real-time data
analysis.

o Integration of a text-to-speech system to
provide voice-based feedback to users.

o Flask-based web interface for system
monitoring and additional control.

ingredients, vegetables, and fruits using the
camera module.

o Train the YOLOV5 model with a dataset of
kitchen items for accurate classification.

OCR and Text-to-Voice Conversion:

o Implement OCR to recognize text labels on
ingredient containers.

o  Convert recognized text into audio using text-
to-speech libraries like pyttsx3.

Voice-Based Outputs:

o Integrate a voice module to relay information
such as ingredient identification, temperature
readings, or gas leakage warnings.

5. Al and Machine Learning Integration

Object Detection Model:

o Train the YOLOV5 model on custom datasets
for kitchen-specific objects.

o Optimize the model for real-time detection.
Data Integration:

o  Fuse data from multiple sensors and the object
detection module to provide comprehensive
feedback.

o Implement decision-making algorithms to
trigger safety actions, such as gas shut-off or
fire alerts.
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6. User Interaction
e Voice Guidance:

o Provide step-by-step audio guidance
during cooking.

o Inform users of potential hazards, like
overheating or low ingredient weight.

e Feedback Mechanism:

o Display information on the LCD and
simultaneously provide voice outputs for
critical actions.

7. Testing and Validation
e Component Testing:

o Test each sensor for accuracy and reliability
under various kitchen conditions.

o Validate the functionality of actuators like servo
motors and buzzers.

e  System Integration Testing:

o Ensure seamless communication between
sensors, microcontrollers, and Al modules.

o Conduct real-world tests in a kitchen
environment to evaluate system performance.

e User Feedback:

o Collect feedback from visually impaired users
to refine the system and improve usability.

8. Deployment
e Hardware Deployment:

o Assemble the system and deploy it in a
kitchen setup.

e User Manual:

o Provide detailed instructions for system
use, including troubleshooting steps.

e Maintenance:

o Implement periodic checks for hardware
components and software updates.

9. Performance Metrics
Evaluate the system based on:

e Accuracy: Detection of kitchen ingredients, gas
leaks, and fire hazards.

o Response Time: Speed of alerts and
actions, such as shutting off gas or issuing
fire warnings.

o User Satisfaction: Feedback from
visually impaired users on ease of use and
effectiveness.

10. Future Enhancements
e Expand the object detection model to include more
kitchen items.

e Integrate smart kitchen appliances for automated
cooking processes.

Incorporate 10T capabilities for remote monitoring and
control via mobile applications

Initialize ESP32
Calibrate Sensors
Start Camera Module

10 System Active?
lye =

!
Environmental [Monitoring,

Computer Vision Processing/

Capture Image

[Prncess through YoLmsj

(Read Load Cell Da[a) L
jiect
Weight < Threshold?
s

(Tum Off Gas Cyhnderj (Genera te Refill A\er!)

Sound Alarm é\

Weight Management/

Activate Emergency Protocol

Process All Alerts

Fig. 6. Integrated monitoring and Alert System Flowchart

V. RESULTS

The Al-enabled Kitchen Accessibility System has been
successfully implemented with integrated hardware sensors
and Al-based computer vision capabilities. The system
effectively assists visually impaired users through voice
feedback and automated safety mechanisms.

g. 7. Primary Control Module The image shows the ESP32-
based main control unit interfacing with temperature sensors,
gas sensors, and load cells. This central unit coordinates all

sensor inputs and manages system responses.
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Fig. 8. Computer Vision Setup The setup includes a camera
module positioned for optimal ingredient detection and text
recognition. The YOLOv5 model processes images in real-
time, achieving over 90% accuracy in identifying Kitchen
items.

Fig. 9. Safety Monitoring System The gas detection and
temperature monitoring systems are shown with the servo-
controlled gas shutoff mechanism. The system demonstrates
reliable emergency response with trigger times under 2
s-econds.

load cell

d
Fig. 10. Weight Monitoring System The
implementation for inventory tracking displays accurate
weight measurements within +5g tolerance. The system
successfully generates voice alerts when supplies fall below
preset thresholds.

-8 (tags/v3.12.8:2dc¥’
AMDE4) ] on win32
Type "help®, “copyright®, “credi

RESTART: C:\Users\p4497\OneDrivi
pygame 2.6.1 (SDL 2.28.4, Python 3.12.8)
Hello from the pygame community. hEEpa:/
Temperature 34.81 y

Praying-----

Fig. 11. User Interface Display Real-time feedback through
voice output is shown, with clear articulation of detected
items, temperature readings, and safety alerts. The system
supports multiple languages for broader accessibility.

Fig. 12. Emergency Response Test Documentation of the
emergency protocol activation, showing successful gas
shutoff and alarm triggering during simulated gas leak
scenarios. Response time consistently remains under 2
seconds.

Fig. 13. Object Detection Performance The YOLOv5 model
demonstrates accurate identification of various kitchen items,
ingredients, and packaging text. The system successfully
converts detected information into clear voice outputs.

= SNE
b

Fate

{

—— — - .\
Fig. 14. System Integration Test The complete integrated
system showing simultaneous operation of all components -
sensors, Al processing, and voice output - working
cohesively to provide real-time assistance.

The results demonstrate the system's effectiveness in
providing comprehensive  kitchen assistance  while
maintaining robust safety protocols. All components work in
harmony to create an accessible cooking environment for
visually impaired users.

VI. CONCLUSION

The Al-enabled Kitchen Accessible System is a
transformative innovation designed to empower visually
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impaired individuals by integrating advanced hardware and
software technologies. Utilizing ESP32 microcontrollers
with sensors for temperature, gas leakage, fire detection, and
weight monitoring, the system ensures real-time safety and
usability. The YOLOv5-based object detection further
enhances accessibility by identifying kitchen ingredients and
producing voice outputs, while image-to-text and voice
synthesis enable users to recognize labeled items seamlessly.
This comprehensive approach not only ensures safety and
convenience but also promotes independence for users in
their daily kitchen activities, making it a significant step
towards inclusive smart home automation.
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