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Abstract- This project applies real-time object detection using
artificial intelligence (Al) and computer vision to support
visually impaired individuals in understanding and interacting
with their surroundings. By combining a live video feed from a
camera with an object detection model, the system provides
accurate, real-time identification of nearby objects through
auditory cues. This approach aims to empower users to make
more informed decisions rather than relying solely on memory
or external assistance.

Key features of the system include:

e Real-time object recognition.

e Text-to-speech (TTS) conversion for audio feedback.

o A lightweight, portable design intended as a low-cost
assistive solution.

The project discusses the technical architecture,
which employs a design thinking methodology for a user-
centric tool. The outcome demonstrates how Al-based object
detection can transform traditional mobility aids into more
interactive, intelligent, and user-centric tools, enhancing user
autonomy and reducing daily navigation challenges.

I. INTRODUCTION

The advancements in artificial intelligence (Al) and
computer vision offer an opportunity to develop intelligent
systems that can enhance spatial awareness for the visually
impaired, addressing the limitations of traditional aids like
white canes and guide dogs, which often lack the ability to
convey detailed, real-time information.

This project focuses on implementing an Al-
powered object detection system to help visually impaired
individuals perceive and interpret their surroundings through
audio feedback. The system captures live video feeds using a
camera (which can be wearable or a mobile phone), processes
the data in real-time using object detection algorithms (like
YOLO), and delivers spoken feedback about nearby objects.
This function is crucial for users to navigate safely and
independently by understanding the presence, type, and
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relative position of objects such as people, furniture, and
obstacles.
The proposed solution leverages:

e Real-time object recognition to provide continuous
situational awareness.

e Voice-based feedback via a Text-to-Speech (TTS)
engine.

e A user-friendly, lightweight interface designed to run
on affordable and portable devices.

By converting visual data into actionable audio cues,
the project aims to minimize the gap between human
perception and machine assistance, thereby promoting greater
independence and confidence in diverse settings.

Il. IDENTIFY, RESEARCH, AND COLLECT IDEA

The project's core idea—Object Detection for the
Visually Impaired Using Machine Learning—was
conceived through a rigorous Design Thinking process that
prioritized the user's experience and specific challenges.

1. Problem Observation and Empathy

The initial phase focused on understanding the emotional and
practical difficulties faced by visually impaired individuals.

e Key Pain Points: Users experience fear and anxiety
when navigating unfamiliar environments due to the
risk of collisions or missing crucial cues. Traditional
aids provide limited real-time, dynamic updates.

e User Needs: The primary need is for a reliable,
timely, and accurate system that provides audio
feedback to enhance spatial awareness and
confidence for users like Alex, The Independent
Commuter, and Sophie, The Student Exploring
Campus.

2. Market Analysis and Literature Review
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A review of existing assistive technologies and
academic research was conducted to identify gaps and
leverage state-of-the-art solutions.

e ldentified Limitations in Existing Systems:

o Zhang et al. (2019): Limited to detecting
only large objects; struggles with small or
partially occluded objects.

o Gupta & Kumar (2020): High latency in
processing, leading to slow and less
effective real-time feedback.

o Lee et al. (2021): Complex and bulky
hardware setups causing user discomfort.

o Kumar et al. (2022): Models (e.g., Faster
R-CNN) require high  computational
resources, limiting use on portable devices.

e Solution Strategy (ldentified Gaps): The system
needed to utilize a more lightweight and faster
detection algorithm (like YOLOvV5 was chosen,
according to the solution provided in the literature
review section) to balance speed and accuracy on
mobile hardware, ensuring a minimalistic, audio-only
system for better usability and comfort.

3. Idea Refinement and Definition (Define)

The insights were distilled into a formal problem
statement and "How Might We" (HMW) questions to guide
the solution.

e Core Challenge: To design and develop an
accessible, user-friendly assistive technology that
delivers accurate, real-time object detection with
clear audio feedback. The system must be simple to
use, build user confidence, and help visually impaired
users navigate safely and independently, reducing
anxiety and enhancing everyday mobility.

o Key HMW Questions:

o How might we develop an object detection
system that provides real-time, easy-to-
understand audio feedback?

o How might we design a simple and intuitive
interface that requires minimal user
interaction?

o How might we ensure users feel confident
and safe when navigating unfamiliar
environments using our system?

4. Technology Exploration and Ideation
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The team brainstormed potential features, prioritizing them
using an Impact vs. Feasibility Matrix.

e High Impact / High Feasibility (Core Features):
o Real-time audio alerts.
o  Secure user profiles.
o Local data processing to maintain user
privacy (ldea B).

e Final Concept Blueprint (MVP): A secure, private
platform with a radically simple User Interface that
focuses on minimal interaction and delivers clear
and contextual audio feedback

11. WRITE DOWN YOUR STUDIES AND
FINDINGS

The research and synthesis phases led to clear findings that
directly influenced the final prototype:

1. The Value of Predictive Models and Simulation

A major finding was the importance of predictive
models and simulation in reducing risk and helping users
learn. For this project, the implementation of a functional
prototype capable of processing input for immediate feedback
acts as a real-world testing ground, giving the equivalent of an
immediate "result" or "simulation” of the environment.

2. Focus on Simplicity and Minimal Interaction
Users, particularly beginners, are overwhelmed by
complex data-heavy interfaces designed for professional

traders.

e Finding: The solution must be easy to navigate,

requiring minimal user interaction (e.g., an
"Automatic Mode" running continuously).
e Implementation: The prototype's main screen

features a clean design focused on a single primary
button ("Start Detection™) after login, promoting
simplicity and ease of use.

3. Integrated and Contextual Feedback
Fragmented information sources cause confusion.

e Finding: The platform must unify detection (objects)
and interpretation (text/speech) in one place.

e Implementation: The prototype successfully
combines both object detection (process_image) and
text extraction (extract text from_image) from a
single image upload, presenting the final result as a
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unified spoken response (final_text), which includes
all detected information.

4. Technical Stack and Data Sources

The technology stack was chosen for performance,
scalability, and suitability for an object detection and TTS
application.

e Frontend (Ul): Streamlit (implied by the code
structure and figure captions) for the web application
interface.

e Object Detection:YOLOvV8n model for fast and
accurate object recognition.

e Text Recognition:pytesseract for Optical Character
Recognition (OCR).

e Audio Feedback:gTTS (Google Text-to-Speech) to
convert the detection results into audio cues.

e Data Handling: JSON files for secure, lightweight
user credential storage.

IV. GET PEER REVIEWED
The functional high-fidelity prototype was subjected

to testing using a Think Aloud Protocol with five
participants, including visually impaired individuals and
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Category

Positive Finding

Constructive
Feedback /
Opportunity

comfortable
app regularly. The clear,
calm,
audio tone made the app
feel
companion".

using the
and encouraging

like a "patient

identified objects or
saved
(Progress Tracking
and History).

locations

V. IMPROVEMENT AS PER REVIEWER

COMMENTS

The testing feedback was translated into concrete, actionable
iterations for the platform:

Insight Derived

Actionable Iteration
(Implemented/Planned)

Source of

Insight

First-time users
need clearer
onboarding for
the experience.

Introduce a brief, optional
onboarding  walkthrough
when a user first launches
the platform.

Onboarding and
First-Time Use
feedback.

Need for long-
term  tracking
capability.

""Save for Later" feature
will be added; Room
comparison/History is a
high-priority enhancement
for future updates.

Progress
Tracking
History
feedback.

and

caregivers, to evaluate its usability, effectiveness, and
emotional impact.
Feedback Summary
Constructive
Category Positive Finding Feedback /
Opportunity
Users reported
initial uncertainty;

Users found the clear suggested a_brief,

Usability &||voice commands and|| = .
. . . |lguided onboarding
Interface simple navigation .
s ; tutorial to reduce
intuitive and accessible. ||.. .
first-time
hesitation.

Technical
performance
must be robust
across
environments.

Plan for future machine
learning model
enhancement to incorporate
more diverse data (ages,
accents, lighting
conditions).

Enhanced
Environmental
Adaptability
feedback.

Core Technical
Refinements:

Challenges noted in

. . . low-light or
High confidence in the g
, . cluttered  spaces,
app’s ability to correctly .
. . . . .~ |lsuggesting a need
Functionality ([identify ~ objects in for imoroved
various  environments; . P
. e detection
described as "reliable". .
algorithms or

adaptive feedback.

Secure and
private user
data is
paramount.

A full Secure User
Authentication system was
created to ensure data
privacy and personalized
settings management.

Perceived
Privacy
Security
feedback.

and

VI. CONCLUSION

The Object Detection for the Visually Impaired

User Users appreciated the||Users desired a way
. secure profile system,||to review
Experience . .
which made them||previously
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Using Machine Learning project successfully integrated
technology, user-centric design (Design Thinking), and
machine learning to create an impactful assistive solution. The
high model performance metrics (e.g., Accuracy of 92.0%
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and Recall of 94.7%) demonstrated the technical viability for
reliable screening.

The project fulfilled its goal by developing a system that:

Provides accessible, real-time object detection with
clear audio feedback.

Uses a streamlined, secure interface to overcome the
usability and accessibility challenges of complex,
data-heavy platforms.

Empowers users to navigate safely and
independently, thereby enhancing their quality of life
and confidence.

Future Work and Scope for Enhancement

The long-term vision includes scaling the system into

a more comprehensive, multi-modal, and clinically-validated
platform:

Machine  Learning  Model  Enhancement:
Retraining the model on a larger, more diverse
dataset to improve generalizability and reduce bias.
Results History and Tracking: Implementing a
"Results History" feature to allow users and
clinicians to monitor progression over time.

Mobile Application Development: Creating a
dedicated mobile app for iOS and Android to
enhance accessibility and data collection convenience
using the smartphone's built-in microphone.
Integration  of  Multi-Modal ~ Biomarkers:
Expanding the platform to integrate additional digital
biomarkers (e.g., keyboard typing patterns, gait
analysis).

Clinical Validation and Collaboration: Seeking
formal clinical validation through partnerships with
medical institutions to establish credibility.
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