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Abstract—In today’s technologically advanced world,
visually impaired individuals face significant challenges
in navigating their surroundings independently. This
project proposes an Augmented Reality (AR) based
Navigation System designed to assist visually impaired
people by providing real-time obstacle detection and
navigation guidance. The system leverages com- puter
vision techniques, object detection algorithms, and
audio feedback mechanisms to detect obstacles and
convey navigation information. Using a combination of
Android Studio with Kotlin and Unity with C, the
system processes live camera feed to identify objects in
the wuser’s path and provides audio alerts. The
proposed solution is cost-effective, easily accessible, and
eliminates the need for expensive hardware. This
innovation enhances the mobility, safety, and
independence of visually impaired individuals, offering
a step forward toward inclusive technology.

Index Terms—Augmented Reality, Navigation System,
Visually Impaired, Obstacle Detection, Assistive
Technology.

I. INTRODUCTION

The advancement in Augmented Reality (AR) and
Acrtificial Intelligence (Al) technologies has paved
the way for inno- vative applications in assisting
visually impaired individuals. The proposed system,”
Augmented Reality Navigation System for Visually
Impaired People,” aims to empower users with
enhanced mobility and independence. This system
integrates  real-time object recognition, indoor
navigation, obstacle de- tection, public transport
assistance, and SOS emergency fea- tures, offering a
comprehensive  solution for daily navigation
challenges. The application provides audio-based
feedback to ensure seamless user interaction without
the need for visual interfaces. The primary goal is to
create an accessible, reliable, and affordable solution
that can work on standard smartphones without
requiring expensive hardware. The system focuses on
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delivering accurate, real-time assistance while
ensuring low power consumption and offline
functionality.

The need for such a system stems from the increasing
global population of visually impaired individuals
who face daily challenges in mobility and
independence. According

to the World Health Organization (WHO), over 285
million people worldwide are visually impaired, with
39 million being completely blind. Traditional
navigation aids like white canes and guide dogs are
helpful but come with limitations in terms of
availability, cost, and coverage. This project aims to
bridge this gap by utilizing widely available
smartphone technol- ogy combined with advanced
Al and AR techniques. The integration of these
technologies enhances spatial awareness and
navigation capabilities for visually impaired
individuals, providing them with a greater sense of
autonomy.

Il. LITERATURE REVIEW

This chapter provides an overview of existing
solutions

A. Introduction

Recent advancements in augmented reality (AR) and
arti- ficial intelligence (Al) have significantly
contributed to assis- tive technologies for visually
impaired individuals. AR-based navigation systems
leverage deep learning models, LiDAR technology,
and computer vision techniques to enhance spatial
awareness and real-time obstacle detection. Despite
these  advancements, challenges such as
computational efficiency, real-time responsiveness,
and user adaptability remain. This section provides an
overview of existing research on AR-based navigation
systems, focusing on their capabilities, limitations,
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and impact on visually impaired users.

B. Scope and Objectives

This study evaluates recent AR navigation systems
for vi- sually impaired individuals, emphasizing deep
learning-based obstacle detection, LiDAR
integration, and real-time auditory feedback. The
primary objective is to analyze the technological
advancements, challenges, and overall impact of these
systems on mobility and safety. By reviewing state-
of-the-art models, we aim to offer insights for
improving navigation accuracy and user experience.
Additionally, the study explores the intersection of
AR navigation with other Al-driven assistive
technologies.

C. Methodology

The project begins by defining key requirements for
de- veloping an AR-based navigation system,
including real-time obstacle detection, object
recognition, and spatial mapping. The system
integrates a deep learning-based scene under-
standing module and LiDAR technology to enhance
depth perception. The development process involves
implementing a mobile application that provides
real-time auditory feedback and route guidance,
ensuring a user-friendly interface tailored for visually
impaired individuals.

D. Review of Literature

- Paper 1: Pedestrian Lane Detection for Assistive
Naviga- tion of Vision-Impaired People

— Summary of Key Findings and Methodologies:
Deep learning-based models have significantly
improved obstacle detection for visually impaired
users. These models utilize convolutional neural
networks  (CNNs) and  transformer-based
architectures to identify and classify obstacles in
real-time. Despite their high accuracy, they require
substantial computational re- sources, limiting their
deployment on low-power mo- bile devices.
Additionally, training data biases may impact
object recognition performance in diverse
environments

- Paper 2: Disha-Indoor Navigation App

— Summary of Key Findings and Methodologies: Li-
DAR technology enhances AR navigation systems
by providing precise depth perception and real-
time 3D mapping of surroundings. LiDAR-based
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methods outperform traditional camera-based
systems in low- light conditions and dynamic
environments. How- ever, the high cost of LiDAR
sensors and integration challenges in compact
mobile applications remain significant obstacles.
Comparison with Previous Studies and Critical
Anal- ysis: Deep learning-based models excel in
obsta- cle recognition accuracy, while LiDAR-
based sys- tems offer superior spatial awareness.
However, deep learning methods often struggle in
unstructured en- vironments, whereas LiDAR can
be affected by reflective surfaces. A hybrid
approach combining both technologies may
provide an optimal solution, balancing
computational efficiency and real-time ac- curacy
Paper 3: AR-based Navigation Using Hybrid Map
Summary of Key Findings and Methodologies:
AR- based navigation applications employ
auditory feed- back systems to provide real-time
guidance to vi- sually impaired users. These
systems use spatial audio cues and voice prompts
to convey directional and obstacle information.
Although effective in con- trolled environments,
challenges such as latency, background noise
interference, and user adaptability persist.
Comparison with Previous Studies and Critical
Anal- ysis: While traditional navigation aids like
white canes and guide dogs provide tactile
feedback, AR- based auditory systems offer
dynamic and context- aware navigation assistance.
However, the effective- ness of auditory feedback
depends on the user’s cognitive load and the
clarity of audio instructions. Future research
should explore multimodal feedback, integrating
haptic and auditory cues for enhanced usability
Paper 4: Design of Mobile Augmented Reality
Assistant application via Deep Learning and
LIDAR for Visually Impaired

The paper presents an AR-based assistive
navigation system utilizing deep learning and
LiDAR tech- nology. The application enhances
spatial awareness for visually impaired users by
detecting obstacles, recognizing objects, and
providing real-time auditory feedback. It integrates
LiDAR for precise depth perception and deep
learning models for scene un- derstanding. The
study discusses system architecture, data
processing techniques, and challenges such as real-
time performance and computational efficiency.
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Experimental  results  highlight  improved
navigation accuracy and user experience,
contributing to the advancement of assistive
technology for visually impaired individuals.

E. Table

Paper Tide Methodologies Key Findings Limitations

jon | Deey gbased CNN | Improved obstade
and Transformer models uracy

Disha-indoor Navigation | LiDAR technology for 30
App mapping

AR-based Navigation Using | Auditory feedback with
Hybrid Map spatial audio cues

LiDAR and deep learning-
based object recognition

I1l. METHODOLOGY

The system is designed using a combination of Al
models, AR frameworks, and geolocation services.
The development process is divided into several
stages:

A. Data Collection and Model Training:

Large datasets of common objects, indoor
environments, and obstacles are gathered and pre-
processed. TensorFlow Lite models are trained on
these datasets to achieve high object detection
accuracy. Transfer learning techniques are used to
improve  model performance with  minimal
computational requirements. The datasets include
both public repositories and custom image sets
captured under various environmental conditions.

B. User Interface Design:

The Ul is designed with accessibility in mind,
featuring large buttons, voice commands, and
minimal touch navigation. The app also supports
gesture-based input and customizable audio alerts.
Extensive usability testing is conducted with visually
impaired users to ensure the interface meets their
specific needs.

C. Hardware Integration:

The system utilizes smartphone cameras, GPS
sensors, accelerometers, and Bluetooth modules to
gather real-time data. The combination of these
hardware components enables seamless navigation
and obstacle detection. The accelerometer and
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gyroscope data help detect device orientation and
user movement patterns.

D. Algorithm Development:

Custom algorithms are developed for object
recognition, indoor navigation, obstacle detection,
and public transport assistance. Each algorithm is
optimized for low latency and high accuracy. The
object recognition model leverages con- volutional
neural networks (CNNs) for feature extraction and
classification.

E. Testing and Validation:

The system is tested in various environments,
including indoor spaces, outdoor areas, and public
transport stations. User feedback is gathered to
improve functionality and usabil- ity. Performance
metrics such as detection accuracy, response time,
and battery consumption are evaluated.

IV. ALGORITHM OVERVIEW

A. Object Recognition Algorithm:

- Capture camera frame at fixed intervals

- Pre-process image by resizing and normalizing
pixel values

- Apply TensorFlow Lite model for object detection

- Filter detected objects based on confidence
threshold (e.g., 70 percent)

- Convert object labels into audio descriptions using
text- to-speech synthesis

- Announce detected objects aloud with directional
infor- mation (left, right, front)

- Provide offline support for essential object
categories like furniture and vehicles

B. Indoor Navigation Algorithm:

- Scan Wi-Fi and Bluetooth beacon signals at
regular intervals

- Estimate user’s position using trilateration method

- Generate navigation graph with predefined
waypoints

- Calculate shortest path using Dijkstra’s algorithm

- Provide dynamic step-by-step voice guidance

- Detect user deviations and recalculate path
dynamically

- Allow users to select destinations via voice
commands

INTERNATIONAL JOURNAL OF INNOVATIVE RESEARCH IN TECHNOLOGY 3848



© May 2025 | JIRT | Volume 11 Issue 12 | ISSN: 2349-6002

C. Obstacle Detection Algorithm:

- Capture continuous video frames from the camera

- Apply depth estimation model to calculate
distance to objects

- Classify obstacles into static (benches, poles)
and dy- namic (people, vehicles)

- Generate directional vibration feedback based on
obstacle position

- Announce obstacle type and direction via audio
alerts

- Use adaptive thresholding to improve detection in
varying lighting conditions

D. Public Transport Assistance Algorithm:

- Access GPS location and current time

- Query nearby transit stops using Google Transit
API

- Fetch upcoming arrival times and occupancy data

- Announce arrival alerts and seat availability

- Notify user before reaching their destination

- Suggest alternative routes in case of delays

- Cache transit data for offline route suggestions

E. SOS Emergency Algorithm:

- Continuously monitor accelerometer data for shake
ges- tures

- Listen for predefined voice commands like”
Help”

- Confirm emergency trigger with double
confirmation prompt

- Send SMS with live location and emergency
message to predefined contacts

- Activate loud siren and display emergency contact
infor- mation on the screen

- Encrypt sensitive user data for privacy protection

V. SYSTEM ARCHITECTURE

A. User Interface:
Simple, accessible design with voice commands and
gesture support

B. Al Module:
TensorFlow Lite-based object recognition and depth
estima- tion models

C. Navigation Module:

Wi-Fi and Bluetooth beacon-based indoor navigation
system
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D. Geolocation Module:
GPS-based location tracking and Google Transit API
inte- gration

E. Notification Module:
Text-to-speech announcements, haptic feedback, and
visual notifications

F. Emergency Module:
Shake gesture and voice command recognition with
emer- gency SMS alerts

G. Data Storage:
Local storage for offline object detection and
navigation data

H. Power Management:
Battery optimization techniques to ensure prolonged
usage

I. Security Module:
Data encryption and secure APl communications

J. Diagrams
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Fig 1: Flowchart
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Fig 4: Objeét Detected
VII. RESULTS AND ANALYSIS

A. Obiject Detection Accuracy:

The object detection algorithm demonstrated high
accuracy in identifying larger static objects such as
poles, benches, and vehicles. The accuracy was
approximately 85 percent in well- lit environments
and around 78 percent in low-light conditions. The
system performed better with larger objects but faced
challenges in detecting small objects like bottles
or stones. In cluttered environments, small objects
were detected with lower precision, showing a need
for future improvements.

B. Real-Time Performance:

The system processed live video feeds at 15-20
frames per second (FPS), offering near real-time
feedback. Audio alerts were generated within 0.8
seconds of detecting an object, making the system
highly responsive. In complex environ- ments with
multiple objects, the processing speed slightly
decreased, but the system maintained consistent
performance without significant delays.

C. User Feedback:

User testing was conducted with visually impaired
individ- uals to evaluate the system’s ease of use. The
audio feedback was clear and concise, making it easy
for users to understand navigation prompts.
Vibration alerts were highly beneficial in noisy
areas where audio cues might not be noticeable.
The gesture-based interface was praised for its
simplicity, and the SOS emergency feature received
positive feedback for its quick response.

D. Indoor Navigation:
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The indoor navigation system used Wi-Fi and
Bluetooth beacons to estimate the user’s position. It
provided accurate location detection within 2-3
meters. The system recalculated routes dynamically
whenever the user deviated from the path, offering
step-by-step voice guidance. This feature was partic-
ularly useful in large indoor environments such as
shopping malls or train stations.

E. Battery Consumption:

Battery optimization techniques were implemented to
pro- long the system’s usage. Under continuous
operation, the system consumed 8-10 percent battery
per hour during object detection and 6-8 percent per
hour during navigation. The average battery backup
lasted between 6-8 hours on a standard smartphone,
making the system suitable for extended use.

F. Obstacle Detection:

The system effectively classified both static and
dynamic obstacles. It provided directional audio
alerts and vibration feedback based on the obstacle’s
location. Static obstacles like poles and furniture
were detected with high accuracy, while moving
obstacles such as people and vehicles were identified
with slightly lower efficiency. The vibration intensity
varied depending on the distance and direction of the
obstacle.

G. Emergency Features:

The SOS emergency module successfully detected
shake gestures and voice commands to trigger
emergency alerts. The system sent the user’s live
location and emergency messages to predefined
contacts within 10 seconds. The double confir-
mation prompt helped avoid accidental triggers,
ensuring that emergency alerts were only sent
intentionally.

VIIl. CONCLUSION

The Augmented Reality Navigation System for
Visually Impaired People significantly improves the
mobility and in- dependence of visually impaired
individuals. By integrating object recognition, indoor
navigation, obstacle detection, and public transport
assistance, the system provides comprehen- sive
navigation support. The offline functionality and
battery- efficient design make the system suitable for
use in diverse environments without requiring
expensive hardware. The user- friendly interface and
customizable features further enhance the system’s
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accessibility. The security measures implemented
ensure user data privacy and reliability.

The positive results from testing indicate that the
proposed system can serve as a practical solution for
visually impaired individuals, improving their quality
of life and enabling greater participation in society.
Further research and collaboration with assistive
technology communities will help refine the system
and expand its capabilities.

IX. FUTURE SCOPE

A.  Integration of LiDAR sensors for enhanced
depth esti- mation and obstacle detection

B. Development of a wearable device version
(e.g., smart glasses) for hands-free navigation

C.  Expansion of public transport APIs to support
more cities and transport modes

D. Implementation of multilingual support for
global acces- sibility

E. Continuous improvement of Al models
through user feedback and retraining

F.  Battery optimization techniques to extend
operational time

G. Collaboration with smart city infrastructure
to provide seamless navigation across public spaces

H. Addition of cloud-based services for remote
monitoring and data storage

I.  Development of a comprehensive privacy
framework for user data protection

J. Inclusion of voice-based learning modules for
user edu- cation and training
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