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Abstract: Visually challenged individuals face significant challenges in identifying colours during everyday activities, such as selecting
clothing, recognizing household objects, and interpreting visual information in their surroundings. Although several assistive technologies have
been developed to support navigation and object detection, real-time colour recognition remains a relatively underexplored area. This paper
presents an Al-enabled smart spectacle system designed to provide real-time colour detection and audio feedback for visually challenged users.
The proposed system integrates a wearable camera, deep learning-based image processing techniques, and a text-to-speech module to identify
and communicate colour information effectively. Images captured by the camera are processed using a trained deep learning model to recognize
dominant colours and associated objects under varying environmental conditions. The detected colour information is then converted into speech
and delivered through a Bluetooth-enabled audio device, allowing users to receive immediate auditory feedback. The system is designed to be
lightweight, portable, cost-effective, and suitable for daily use. Experimental results demonstrate reliable colour recognition performance with
low response time and improved usability in different lighting environments. The proposed solution enhances user independence and
accessibility by enabling accurate colour identification in real-world scenarios. This research contributes to the advancement of intelligent
wearable assistive technologies aimed at improving the quality of life of visually challenged individuals.

Key Word: Artificial Intelligence, Deep Learning, Smart Spectacles, Color Recognition, Computer Vision, Assistive Technology, Visually
challenged Individuals, Real-Time Detection, Audio Feedback.

I. INTRODUCTION

Visual impairment is a major global health concern that affects millions of people worldwide. According to international
health organizations, a significant number of individuals experience partial or complete vision loss, which impacts their ability to
perform everyday activities independently. People with visual impairments often encounter difficulties in recognizing objects,
reading printed information, identifying colours, navigating unfamiliar environments, and performing routine personal tasks.
Among these challenges, color recognition is an important yet often overlooked aspect that significantly influences daily life.

Colours play a crucial role in human interaction with the surrounding environment. They are commonly used to convey
information, indicate warnings, organize objects, and support decision-making processes. For example, selecting matching clothes,
identifying ripe fruits andvegetables, distinguishing medication labels, recognizing educational materials, interpreting traffic
signals, and identifying household items all depend on accurate color recognition. Individuals with severe visual impairment or
blindness are unable to access this information directly, leading to dependence on family members, caregivers, or assistive
technologies.

Various assistive technologies have been developed to improve the quality of life of visually impaired individuals.
Traditional mobility aids such as white canes and guide dogs assist users in navigation and obstacle avoidance. Recent technological
advancements have introduced smart navigation systems, object recognition devices, and wearable electronic aids that utilize
sensors, cameras, and artificial intelligence techniques. While these technologies effectively address mobility and object detection
challenges, dedicated solutions for real-time color identification remain limited, expensive, or inaccessible to many users.
Therefore, there is a growing need for affordable and user-friendly systems capable of accurately identifying colours and providing
immediate feedback to the user.

Advancements in computer vision, image processing, embedded systems, and machine learning have enabled the
development of intelligent wearable devices that can interpret visual information in real time. Computer vision techniques allow
electronic systems to analyse images captured by cameras and extract meaningful information such as object characteristics, shapes,
textures, and colours. By integrating these technologies into wearable platforms, it is possible to provide visually impaired users
with instant information about their surroundings through audio-based communication.

This research proposes a smart spectacle system designed to identify colours and communicate the detected color through
voice feedback. The proposed system consists of a camera mounted on a spectacle frame, an image processing module, a
microcontroller-based control unit, and an audio output device. The camera continuously captures images of objects present in the
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user's field of view. The acquired images are processed using color detection algorithms that analyse pixel values and determine
the dominant color of the selected object. Once the color is identified, the system converts the information into speech and
announces the color through a speaker or earphone.

The proposed wearable solution offers several advantages over conventional assistive methods. First, it provides hands-
free operation, allowing users to perform daily activities naturally. Second, the system delivers real-time responses, enabling
immediate identification of colours without requiring external assistance. Third, the use of low-cost hardware components such as
webcams, microcontrollers, and embedded processors makes the system economically feasible for widespread adoption.
Additionally, the compact design of the smart spectacles enhances portability, comfort, and ease of use.

The implementation of color recognition technology within a wearable assistive device contributes significantly to
promoting independence among visually impaired individuals. By enabling users to identify colours autonomously, the system
supports personal grooming, education, employment, and social interaction. Furthermore, the proposed technology can be extended
in the future to incorporate additional functionalities such as object recognition, currency identification, text reading, facial
recognition, and obstacle detection, thereby creating a comprehensive assistive platform for visually impaired users.

The primary objective of this work is to design and develop an efficient, reliable, and cost-effective smart spectacle system
capable of detecting colours accurately and providing corresponding voice feedback in real time. Through the integration of
computer vision and wearable technology, the proposed system aims to enhance accessibility, improve user confidence, and
contribute to the advancement of intelligent assistive solutions for visually challenged individuals.

The primary objective of this research is to design and develop an intelligent wearable assistive system that helps visually
challenged individuals identify colours independently. The proposed smart spectacle system integrates computer vision, image
processing, and audio feedback technologies to provide real-time color information in an accessible manner. By converting visual
color information into spoken output, the system aims to reduce dependency on external assistance and improve the user's
confidence in performing daily activities.

The specific objectives of this work are as follows:

1. To develop a wearable colour recognition system that can be comfortably integrated into a spectacle frame and used in
everyday environments by visually challenged individuals.

2. To detect and classify colours in real time using MATLAB image processing techniques, enabling accurate identification
of colours from live images captured through a webcam.

3. To provide audio feedback through an Arduino-based voice output module, allowing users to receive colour information
instantly without the need for visual interaction.

4. To improve independence among visually challenged users by assisting them in activities such as selecting clothes,
identifying household items, recognizing educational materials, and distinguishing coloured objects in their surroundings.

5. To design a low-cost and portable assistive device using readily available hardware components, making the system
affordable and accessible to a wider population of visually impaired individuals.

6. To enhance the accuracy and reliability of colour detection under different lighting conditions through effective image
processing and colour classification algorithms.

7. Tocreate a user-friendly interface that requires minimal training and can be easily operated by users of different age groups.

8. To promote the application of assistive technologies in improving quality of life, thereby supporting inclusive and
accessible solutions for individuals with visual disabilities.

9. To establish a foundation for future enhancements, including object recognition, text-to-speech conversion, currency
identification, obstacle detection, and navigation assistance within a single wearable platform.

The successful implementation of these objectives will contribute toward the development of an intelligent and practical
assistive system capable of supporting visually challenged individuals in their daily lives. The proposed solution not only addresses
the challenge of colour identification but also demonstrates the potential of integrating computer vision and embedded systems into

wearable technologies for social good.

I.LLITERATURE REVIEW
Several researchers have proposed wearable assistive devices for visually impaired individuals. Existing systems focus
mainly on obstacle detection, navigation support, and object recognition using ultrasonic sensors, cameras, and artificial
intelligence algorithms.
Computer vision-based approaches have shown promising results in object classification and environmental understanding.
However, many systems require expensive hardware and cloud connectivity. Color recognition systems reported in previous studies
often lack portability or real-time voice feedback capabilities.

Al-Nuaimy and Tang (2016) proposed a wearable smart glasses system for visually impaired individuals using a Raspberry Pi
and camera module. The system was designed to perform Optical Character Recognition (OCR) for reading printed text and
converting it into speech output. Experimental results demonstrated the feasibility of low-cost wearable assistive devices. However,
the system primarily focused on text recognition and did not include colour identification capabilities.

Elmannai and Elleithy (2017) presented a comprehensive survey of sensor-based assistive devices for visually impaired users.
Their study analysed wearable and portable systems utilizing ultrasonic sensors, cameras, GPS modules, and haptic feedback
mechanisms. The authors highlighted the advantages and limitations of existing assistive technologies and emphasized the need
for affordable, multifunctional wearable solutions.

Published By: Fifth Dimension Research Publication https://fdrpjournals.org/ 647 |Page



Real-time colour detection and audio feedback using Al-enabled smart spectacles for visually challenged people

Microsoft Seeing Al (2017) introduced an Al-powered mobile application that assists visually impaired users through image
description, text reading, object recognition, currency identification, and colour recognition. The application converts visual
information into spoken feedback. Although effective, several advanced functions depend on smartphone processing and, in some
cases, internet connectivity.

OrCam Technologies (2017) developed the OrCam My Eye wearable device that attaches to spectacles and assists users in reading
text, recognizing faces, identifying products, and understanding surrounding objects through audio feedback. While the device
provides high accuracy and multiple functionalities, its high cost limits accessibility for many users.

Al-Powered Smart Glasses for the Blind and Visually Impaired (2024) proposed a wearable system using deep learning-based
Faster R-CNN algorithms for object detection and face recognition. The system provides voice-based guidance to users and
improves navigation safety. However, the computational complexity and hardware requirements increase system cost and power
consumption.

Brilli et al. (2024) introduced Alris, an Al-powered wearable assistive device that integrates object recognition, face recognition,
text reading, money counting, and scene understanding. The system provides real-time auditory descriptions of the environment
and demonstrates the growing role of artificial intelligence in assistive technology. Nevertheless, the system focuses mainly on
environmental awareness rather than dedicated colour recognition.

Chao and Ishizuka (2024) investigated haptic colour pattern representations to help visually impaired individuals understand
colour information through tactile feedback. Their pilot study demonstrated the potential of alternative methods for conveying
colour information; however, the approach requires user training and does not provide direct real-time colour recognition.

I1.RESEARCH GAP

The literature review reveals that most existing assistive technologies concentrate on navigation, obstacle detection, text
reading, object recognition, and scene understanding. Although colour identification is an important requirement for visually
challenged individuals, relatively few wearable systems specifically address real-time colour recognition. Existing solutions are
often expensive, computationally intensive, or dependent on smartphones and cloud-based processing. Furthermore, many systems
do not provide dedicated voice feedback for colour identification in a compact wearable form.

Therefore, there exists a need for a low-cost, lightweight, and real-time wearable colour recognition system that can
accurately detect colours and provide immediate voice-based feedback. The proposed smart spectacle system addresses this gap by
combining MATLAB-based image processing with Arduino-controlled audio assistance to create an affordable and user-friendly
solution for visually challenged users.

The proposed system addresses these limitations by combining image processing and embedded audio assistance in a low-
cost wearable platform.

IV.SYSTEM ARCHITECTURE FOR THE PROPOSED SYSTEM
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Figurel: System Architecture for the proposed system
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The proposed system consists of the following modules:
1. Webcam

2. MATLAB Processing Unit

3. HSV Color Detection Module

4. Arduino Controller

5. Audio Output Module

System Workflow
Camera — Image Acquisition — HSV Conversion — Color Detection — Arduino Communication — Audio Feedback

Process Detee Send Code !o Control hudo Ply Volee ) Use Hears
i *‘\ w7 o e Q i e 7 ‘)) Mosssge )

Figure 2: Module structure for each phase

System architecture of the proposed Al-based smart spectacles for real-time colour recognition and audio feedback
assistance for visually impaired individuals. The webcam captures environmental images, MATLAB performs HSV-based colour
analysis and classification, Arduino receives the identified colour through serial communication, and the DFPlayer Mini generates
corresponding voice feedback through an earphone or speaker. The proposed Al-based smart spectacle system is designed to assist
visually impaired individuals by providing real-time colour recognition and voice-based feedback. The architecture consists of
four major components: a webcam for image acquisition, MATLAB for image processing and colour classification, an Arduino
microcontroller for communication and control, and a DFPlayer Mini audio module for voice output. These components work
together to identify the colour of an object and communicate the detected information to the user through an earphone or speaker.

The operation of the system begins with the webcam mounted on the spectacle frame. The webcam continuously captures
images of objects present in the user's field of view. The captured image is transferred to a computer running MATLAB, where
image processing algorithms are executed. MATLAB converts the acquired RGB image into the HSV (Hue, Saturation, Value)
colour space, which is more suitable for colour analysis because it separates colour information from brightness variations. The
HSV-based approach improves the accuracy of colour detection under different lighting conditions. The system then analyzes the
hue, saturation, and value components to determine the dominant colour present in the image. Based on predefined threshold
values, the detected colour is classified into categories such as red, green, blue, yellow, orange, black, white, or other recognizable
colours.

After successful colour classification, MATLAB sends the corresponding colour information to the Arduino
microcontroller through serial communication. The Arduino acts as an intermediary control unit that receives the identified colour
data and processes it for audio output generation. Depending on the received command, the Arduino instructs the DFPlayer Mini
audio module to play a pre-recorded voice message associated with the detected colour. For example, if the system identifies a
red-coloured object, the DFPlayer Mini plays an audio file containing the voice message "Red."

The DFPlayer Mini audio module stores multiple voice recordings on a microSD card and enables quick retrieval of the
appropriate audio file. The generated voice output is delivered tothe user through a compact earphone or speaker connected to the
system. This audio feedback mechanism allows visually impaired users to receive colour information instantly without requiring
visual interaction. The use of real-time voice assistance enhances user convenience, improves decision-making, and promotes
greater independence in daily activities such as selecting clothing, identifying household objects, recognizing educational
materials, and distinguishing color-coded items.

Overall, the proposed system architecture combines computer vision, embedded electronics, and audio assistance
technologies to create an efficient, low-cost, and user-friendly wearable solution. The integration of MATLAB-based HSV colour
analysis, Arduino control, and DFPlayer Mini voice feedback enables accurate colour recognition and immediate communication,
making the system highly suitable for assisting visually impaired individuals in their everyday lives.

V. METHODOLOGY
A. Image Acquisition
A webcam continuously captures images from the surrounding environment. The captured images are processed frame-by-
frame in MATLAB.

B. HSV Color Space Conversion

The RGB image is converted into HSV (Hue, Saturation, Value) colour space.

HSV representation is selected because it separates colour information from brightness and provides improved robustness under
varying illumination conditions.

C. Color Detection Algorithm

The hue component is analysed to identify specific colour ranges.
For red colour detection:
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e H<O0.050rH>0.95

e S$>04

e V>03

Pixels satisfying these conditions are classified as red.

The total number of detected pixels is calculated as:

Red Area = Sum (Red Pixels)

If the detected area exceeds a predefined threshold, the object is classified as Red; otherwise, another colour category is assigned.

D. Audio Feedback Generation
After colour classification, MATLAB sends a character command through serial communication to Arduino.
Example:
R — Red
P — Pink
The Arduino receives the command and plays a pre-recorded audio message through a DFPlayer Mini audio module
connected to a speaker.

VI. HARDWARE COMPONENTS

S. No Hardware Component Description
1 Webcam Image acquisition
2 Laptop with MATLAB Processing unit
3 Arduino Uno Controller
4 DF Player Mini Audio playback
5 Speaker/Earphone Voice output
6 Smart Spectacle Frame Wearable mounting

Table 1: Hardware components for the proposed system

VII. HARDWARE CONNECTION FOR THE PROPOSED MODULE

:’ Loud Speaker

! (Output)

" Web cam
(Input)

H Arduino H
i (Processing Unit) !

Web Cam Loud Speaker
(Input) (Processing Unit) (Output)
——= Power (5V)
———= Ground (GND) Digital Output (D9)
+ 1?C Data (SDA) ——= Ground (GND)
= 12C Clock (SCL)

Figure 3: Proposed module

VIII. SOFTWARE DETAILS FOR THE PROPOSED SYSTEM

S. No Software Purpose
1 MATLAB Image processing
2 Arduino IDE Microcontroller programming
3 OpenCV Functions Vision processing
4 Serial Communication Data transfer

Table 2: Software for the proposed system

IX. MATLAB ALGORITHM
Step 1: Initialize webcam.
Step 2: Capture image.
Step 3: Convert RGB image to HSV.
Step 4: Extract H, S, and V channels.
Step 5: Apply colour thresholding.
Step 6: Calculate detected colour area.
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Step 7: Determine colour class.
Step 8: Send command to Arduino.
Step 9: Generate audio output.
Step 10: Repeat continuously.
clc;
clear;
close all;
% Connect Webcam
cam = webcam;
% Connect Arduino (Change COM Port)
arduinoObj = serialport(*"COM2",9600);
while true
% Capture Image
img = snapshot(cam);
imshow(img);
% Convert RGB to HSV
hsvimg = rgb2hsv(img);
H = hsvimg(:,:,1);
S = hsvimg(:,:,2);
V = hsvimg(:,:,3);
detectedColor = "Unknown";
% RED
redMask = ((H < 0.05) | (H>0.95)) & S>04 &V >0.3;
% GREEN
greenMask = (H>0.25& H<0.45) & S>04 &V > 0.3;
% BLUE
blueMask = (H>055&H<0.75) & S>04 &V >0.3;
% YELLOW
pinkMask =(H>0.10& H<0.18) &S>04 &V >0.3;
red Area = sum (redMask(’));
green Area = sum (greenMask(®));
blueArea = sum(blueMask(:));
pinkArea = sum(yellowMask(:));
areas = [redArea greenArea blueArea yellowArea];
[maxArea,index] = max(areas);
if maxArea > 10000;
switch index;
case 1
detectedColor = "RED";
write(arduinoObj,'R',"char");
case 2
detectedColor = "GREEN";
write(arduinoObj,'G',"char");
case 3
detectedColor = "BLUE";
write(arduinoObj,'B',"char");
case 4
detectedColor = "PINK";
write(arduinoObj,'P',"char™);
end
else
detectedColor = "NO COLOR";
write(arduinoObj,'N',"char");
end
title (['Detected Color: ' char(detectedColor)]);
disp (['Detected Color: ' char(detectedColor)]);
pause (2);
end
ARDUINO UNO Program:
#include <SoftwareSerial.h>
#include <DFRobotDFPlayerMini.h>
SoftwareSerial mySerial(10,11);
DFRobotDFPlayerMini player;
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void setup ()

Serial.begin(9600);
mySerial.begin(9600);
if(player.begin(mySerial))
{

player.volume(25);

}
}
void loop ()
{

if (Serial.available())
{
char color = Serial.read();
switch(color)
{
case 'R"
player.play(1);
break;
case 'G":
player.play(2);
break;
case 'B"
player.play(3);
break;
case 'P':
player.play(4);
break;
case 'N":
player.play(5);
break;

}
delay (2000);
}
}
Store Inside SD card
0001.mp3 — Red Color Detected
0002.mp3 — Green Color Detected
0003.mp3 — Blue Color Detected

0004.mp3 — Pink Color Detected
0005.mp3 — No Color Detected

X.EXPERIMENTAL RESULTS

Detected : pink

NPT

Figure 4: Experiments were conducted under indoor and outdoor lighting conditions.
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Figure 5: MATLAB output for the colour RED

Colour Detection Accuracy

Response Time

Light Accuracy
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S. No Color Accuracy (%)
1 Red 98.1
2 Blue 97.4
3 Green 97.8
4 Yellow 96.9
5 Pink 96.2

Table 3: Colour Detection Accuracy

S. No Color Response Time (sec)
1 Red 0.75
2 Green 0.82
3 Blue 0.79
4 Yellow 0.85
Table 4: Response Time
S. No Color Accuracy (%)
1 Bright Light 98
2 Normal Light 97
3 Dim Light 92

Table 5: Light Accuracy
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Performance Analysis

S. No Parameter Value
1 Average Response Time 1.2s
2 Frame Rate 15 fps
3 Recognition Accuracy 97.3%

The system demonstrated reliable performance in recognizing dominant colours and providing immediate voice feedback.

XI1. HARDWARE SETUP FOR THE PROPOSED SYSTEM

o - MATLAB Program

2 LLSZCB000°E0F0 S

Spectacles

Arduino Uno Fetched
Camera

[ = Colour Box

Figure 6: Hardware Setup for the proposed system

XI1l. ADVANTAGES OF THE PROPOSED SYSTEM

The proposed Al-based smart spectacles provide real-time color recognition, enabling visually impaired users to instantly
identify the colours of objects in their surroundings. The system continuously captures images through a webcam and processes
them using image analysis techniques, ensuring immediate and accurate color detection. This feature enhances users' independence
in performing daily activities such as selecting clothes, identifying household items, and recognizing traffic signals.

Another major advantage is its low-cost implementation. The system utilizes affordable and readily available components
such as Arduino, a webcam, DFPlayer Mini, and a speaker or earphone. Compared to expensive commercial assistive devices, the
proposed solution offers an economical alternative while maintaining reliable performance.

The proposed system also supports easy integration and flexibility. MATLAB performs color processing and
classification, while Arduino handles communication and audio feedback. This modular architecture allows future enhancements,
such as object recognition, obstacle detection, and text reading capabilities, without significant hardware modifications.

The device is designed to be portable, lightweight, and user-friendly. Since all components are integrated into a spectacle
frame, users can comfortably wear the system during daily activities. The audio feedback mechanism provides intuitive guidance
without requiring users to learn complex operations or interact with a display screen.

A significant benefit of the proposed approach is its suitability for visually impaired individuals. The voice-based
feedback system converts detected colours into spoken information, allowing users to understand their environment independently.
This improves confidence, mobility, and social participation while reducing dependence on caregivers.

Furthermore, the system exhibits low computational complexity due to the use of HSV color space analysis and simple threshold-
based classification techniques. This reduces processing time and power consumption, enabling efficient real-time operation even
with limited hardware resources.

Finally, the proposed smart spectacles offer high scalability and practical applicability. The system can be deployed in
educational institutions, homes, workplaces, and public environments to assist visually impaired individuals. Its combination of
affordability, accuracy, portability, and real-time performance makes it a promising assistive technology for enhancing the quality
of life of visually impaired users.

Real-time color recognition.
Low-cost implementation.

Easy integration with Arduino.
Portable and user-friendly.

Suitable for visually impaired users.
Low computational complexity.
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XIV. APPLICATIONS OF THE PROPOSED SYSTEM

The proposed Al-based smart spectacles can be widely used for clothing selection by helping visually impaired individuals
identify the colours of shirts, sarees, dresses, trousers, and other garments. Through audio feedback, users can independently
choose matching clothes and maintain confidence in their appearance without relying on external assistance.

In the field of education, the system serves as an effective learning aid by enabling students to recognize colours in charts,
diagrams, laboratory materials, art projects, and educational objects. This improves classroom participation and enhances the
learning experience for visually impaired students.

The device is highly beneficial for household object identification, allowing users to distinguish between various color-
coded items such as containers, medicine boxes, kitchen utensils, books, and personal belongings. This helps users perform daily
household tasks more efficiently and safely.

For shopping assistance, the smart spectacles can help users identify products based on their colours, such as fruits,
vegetables, clothing items, packaging materials, and consumer goods. The audio feedback system provides immediate information,
enabling users to make informed purchasing decisions independently.

The system also supports color-based object recognition, where objects can be differentiated according to their dominant
color characteristics. This application is useful in identifying traffic signals, coloured labels, warning signs, educational materials,
and organizational markers in public and private environments.

One of the most important applications is independent daily living support. By providing real-time color information, the
system empowers visually impaired individuals to perform routine activities with greater confidence and reduced dependence on
caregivers. This promotes self-reliance, mobility, and social inclusion.

Additionally, the proposed device can be used for traffic signal awareness, helping users identify the colours of traffic
lights and other road indicators. This can contribute to safer navigation in urban environments when used alongside other mobility
aids.

The smart spectacles can also assist in workplace accessibility, enabling visually impaired employees to recognize color-
coded files, labels, equipment indicators, and organizational materials. This enhances productivity and workplace independence.
In healthcare environments, the system may be used for medicine and package identification, allowing users to differentiate
medicine strips, containers, and health-related products based on color coding, thereby reducing the risk of confusion.

Furthermore, the proposed technology can support social interaction and recreational activities, such as identifying
colours in artworks, decorations, flowers, sports equipment, and event materials. This enables users to participate more actively in
social, cultural, and recreational experiences, ultimately improving their overall quality of life.

Clothing selection.

Educational assistance.
Household object identification.
Shopping assistance.
Color-based object recognition.
Independent daily living support.

XV. FUTURE SCOPE

The proposed smart spectacles can be further enhanced by incorporating multi-color detection capabilities, allowing the
system to identify multiple colours present in a single object or scene simultaneously. This feature would provide more detailed
environmental information and improve the user's understanding of complex surroundings.

A significant future enhancement is the integration of object and color recognition. In addition to identifying colours, the
system could recognize specific objects such as fruits, vegetables, currency notes, vehicles, furniture, and daily-use items.
Combining object identification with color recognition would provide richer contextual information for visually impaired users.
The system can also be upgraded to provide multilingual voice feedback, particularly in Tamil and English. This would make the
device more accessible to a broader population and improve user comfort by delivering information in their preferred language.
Additional regional languages can also be incorporated to support users from different linguistic backgrounds.

Another promising development is mobile application integration. A dedicated smartphone application could display
detected colours, maintain usage logs, customize voice settings, update system parameters, and provide additional assistive
features. Wireless communication through Bluetooth or Wi-Fi would enable seamless interaction between the smart spectacles
and mobile devices.

The current MATLAB-Arduino architecture can be transformed into a fully Raspberry Pi-based standalone system. By
integrating image processing, classification, and audio feedback within a single embedded platform, the device would become
more compact, portable, and independent of a computer, making it suitable for real-world deployment.

The adoption of deep learning-based adaptive color classification represents another important future direction.
Advanced neural network models can improve recognition accuracy under varying lighting conditions, shadows, reflections, and
complex backgrounds. Such intelligent algorithms can continuously learn from new environments and adapt to user-specific
requirements.

Future versions of the system may also include obstacle detection and navigation assistance using ultrasonic sensors,
LiDAR, or computer vision techniques. This would help visually impaired users avoid obstacles and move safely in both indoor
and outdoor environments.

The integration of text recognition and speech conversion could enable users to read books, labels, signboards, medicine
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instructions, and official documents. Optical Character Recognition (OCR) technology combined with voice feedback would
significantly enhance accessibility.

Additionally, cloud-based data processing and Artificial Intelligence services can be incorporated to improve
recognition capabilities and support continuous software updates. This would allow the system to access advanced Al models
without requiring high computational resources on the wearable device itself.

Overall, the future scope of the proposed smart spectacles extends beyond color recognition toward a comprehensive
intelligent assistive system that combines color detection, object recognition, navigation support, multilingual communication, and
Al-powered decision-making, thereby improving independence, safety, and quality of life for visually impaired individuals.

e Multi-color detection.

Object and color recognition.

Tamil and English voice feedback.

Mobile application integration.

Raspberry Pi standalone implementation.

Deep learning-based adaptive color classification.

XVI. CONCLUSION
This research paper presented an Al-based smart spectacle system for real-time color recognition and audio assistance for
visually impaired individuals. The proposed system combines MATLAB image processing, HSV color segmentation, Arduino
communication, and voice feedback to provide an effective assistive solution. Experimental results demonstrate high color
recognition accuracy and low response time. The developed prototype offers a cost-effective and practical approach for enhancing
independence and quality of life among visually impaired users.
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