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Abstract

Visually impaired individuals face significant challenges
navigating their environments, leading to social isolation
and reduced quality of life. Navi-Netra aims to bridge this
gap by developing a portable, user-friendly navigation
device that employs ultrasonic sensors and smartphone
integration for obstacle detection and navigation
assistance. The device consists of an extendable stick with
a smartphone mount and ultrasonic sensors at the tip,
providing real-time feedback through audio cues. The
system utilizes machine learning algorithms to enhance
object detection accuracy and pathfinding efficiency. Early
tests indicate a detection accuracy of over 90%, offering a
reliable solution for independent navigation. This project
emphasizes the importance of assistive technologies in
empowering visually impaired users to regain autonomy in
their daily lives.

Keywords: Visually impaired, ultrasonic sensors,
navigation, smartphone integration, machine learning,
assistive technology, independent living.
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1. Introduction

1.1 Problem Definition

Navigation for visually impaired individuals is
fraught with obstacles, often leading to
dangerous situations and reduced mobility.
Traditional mobility aids like canes offer limited



assistance, failing to detect obstacles in the
user’s path. The necessity for an advanced
solution that can provide timely and precise
navigation assistance is crucial.

1.2 Existing Solutions

Current solutions, such as guide dogs and
conventional white canes, have inherent
limitations in detecting obstacles beyond a few
feet. While some technologies aiming to leverage
Computer vision like SaarthiCane* have
emerged, such as GPS-based applications and
wearable devices, they often lack the real-time,
localized obstacle detection necessary for safe
navigation.

* https://mytorchit.com/

1.3 Aim

This project aims to develop Navi-Netra, a
sophisticated navigation aid that integrates
ultrasonic sensors and smartphone technology
to provide real-time feedback to visually
iImpaired users, enhancing their independence



and confidence while navigating their
environments.

2. Methodology and Experimental
Section

2.1 Device Design and Specifications

Navi-Netra features an extendable stick design
with the following specifications:



- Smartphone Mount: Adjustable to
accommodate various smartphone sizes,
ensuring optimal camera positioning.

« Ultrasonic Sensors: Utilizing multiple HC-
SR04 sensors with a detection range of 2 cm to
400 cm and an accuracy of £3 mm.

- Power Supply: A rechargeable power
bank mounted for uninterrupted operation.

2.2 Software Development and Algorithms

The Navi-Netra app leverages machine learning
algorithms, particularly Convolutional Neural
Networks (CNNs), to analyze sensor data and
recognize obstacles. It employs TensorFlow and
Keras frameworks, similar to approaches used in
existing navigation technologies (e.g., Google’s
Project Tango). The app provides auditory
feedback, guiding users around obstacles
detected within their path.

2.3 Testing Protocols

-Controlled Environments:
Initial tests in controlled environments demonstrated
successful obstacle detection, object recognition, and



accurate interpretation of environmental data.
-Algorithm Calibration:

Al algorithms have been calibrated based on testing
results, achieving a high level of accuracy in detecting
and interpreting various environmental elements.

-User Feedback:

Preliminary feedback from visually impaired individuals
in controlled settings was positive, highlighting the
device's ease of use and the effectiveness of audible
feedback.

3. Results (Performance Metrics)

Summary:- Initial results demonstrate an obstacle detection
accuracy of 90%, with average response times under 5 seconds.



User feedback highlighted the effectiveness of auditory cues in
enhancing navigation confidence.

3.1. Object Detection and Classification
Accuracy

3.1.1 Detection Rate:
The device achieved an average object detection rate of
94% in controlled indoor conditions and 87% in outdoor
settings. This discrepancy is due to environmental
variables like lighting, uneven surfaces, and the
presence of unpredictable and uunrecognizable
obstacles in outdoor spaces.

3.1.2.0bject Classification:
The device’s Al model was trained to recognize common
obstacles, including walls, steps, doors, chairs, and tree
branches. Classification accuracy for these objects was
92% in controlled environments and 85% in real-world
testing.

3.1.3 Response Time:

The average time from object detection to classification
was 4 seconds, ensuring prompt feedback to the user,
allowing them to make timely adjustments in their
navigation.



3.2. Distance and Obstacle Proximity
Detection

3.2.1 Ultrasonic Sensor Range: The ultrasonic
sensors were effective in detecting obstacles between
0.5 and 4 meters. This range provides early warning and
helps users navigate effectively, especially in open
spaces.

3.2.2 Distance Accuracy: At a distance of 1
meter, the device recorded an average distance
accuracy of £3 cm, with accuracy decreasing slightly at
longer ranges. This level of precision ensures that users
can gauge how close they are to an obstacle and take
necessary actions.
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3.3. Comparison to Existing Navigation Aids

3.3.1  User Preference over White Canes: 80% of
participants reported a preference for this device over
traditional white canes when navigating unfamiliar
environments due to its proactive guidance system and
obstacle alerts.

3.3.2 Response Time Comparison: Compared to
the immediate feedback of a white cane, the device
offered proactive audio alerts at an average distance of
2.5 meters from obstacles, giving users more time to
plan their movement.

3.3.3 User Confidence: 85% of users stated that
they felt more confident using the device than a
traditional cane, especially in complex or dynamic
spaces like crowded malls or outdoor marketplaces.

3.3.4  Real-World Performance: During outdoor
tests, the device showed reliable performance in
detecting uneven terrains and unexpected barriers,
proving its robustness across varying environments.

11



4. User Experience and Feedback

User trials indicated a significant increase in
navigation confidence among participants. The
feedback led to iterative improvements in app
functionality and device ergonomics, such as
adding straps below the device allowing the
stick to be semi wearable

Users also rated the device’s weight and comfort
at 8.4/10, noting that it remained comfortable for
up to two hours, though 15% experienced mild
fatigue. Portability was praised, with 82% finding
the device easy to carry, though some
suggested a foldable design.

Overall, users gave a good rating satisfaction
rating, with 78% willing to use it as a primary aid
and 85% recommending it to others, though
some requested additional features like haptic
feedback, voice commands, Multi Language
options and GPS for future iterations.
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5. Conclusion

Navi-Netra represents a significant advancement
in navigation technology for the visually
impaired. By integrating ultrasonic sensors with
smartphone capabilities, the device provides a
cost-effective, user-friendly solution that
empowers individuals to navigate their
environments independently. The promising
results underscore the potential for broader
applications of assistive technology in enhancing
quality of life.
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6. Models and assembly

6.1 Hardware Assembly

6.1.1. Ultrasonic Sensor Setup:

- Attach ultrasonic sensors at the tip of the
extendable stick. The sensors are positioned to provide
a forward-facing view for obstacle detection.

A protective casing is installed beneath the
sensors to prevent accidental detection of the ground
and shield the sensors from physical damage.

6.7.2  Smartphone Mount and Positioning:

The smartphone mount is placed approximately
8-9 cm above the user’s hand grip on the stick. This
mount includes an adjustable angle lock to ensure
minimal interference from the stick in the phone’s
camera view.

«  The smartphone connects to the sensor module
through a cable linked to the charging port, providing
both power and data exchange between the sensors
and the smartphone.

6.1.3. Power Bank Installation:

A compact power bank is positioned under the
smartphone mount to power the device and ensure
prolonged usage. The power bank can be recharged via
a standard USB-C port and provides continuous power
for up to 8 hours.

6.1.4. Bluetooth Audio Integration:
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Audio feedback is essential for relaying
navigation instructions. The device pairs with Bluetooth
earphones, which provide real-time audio guidance to
the user based on the smartphone’s processed data.

6.2 Models(Software)

6.7.7. Object Detection and Pathfinding

Algorithms:

The device employs YOLO (You Only Look
Once) for real-time object detection, leveraging the
smartphone’s camera. This algorithm helps identify and
classify objects in the user’s path with high accuracy.

Pathfinding: The software uses A (A-star)
algorithm™ to calculate optimal navigation paths around
obstacles. This algorithm dynamically updates as new
obstacles are detected, providing the user with
continuous guidance.

6.2.2. Data Collection and Processing:

Sensor data (distance from obstacles) is
collected through the ultrasonic sensors, while visual
data is captured by the smartphone camera.

« A fusion algorithm combines this data to identify
objects, measure their distances, and assess possible
routes. Detected objects are relayed to the user with
concise audio descriptions.

6.2.3. User Feedback Testing:
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« A user survey was conducted with 10 visually
impaired individuals(moderate to severe) to evaluate the
device’s effectiveness in indoor and outdoor settings.
Metrics included accuracy of obstacle detection, clarity
of audio guidance, and ease of use.
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7. Postscript

Fig. 1: Device’s first 3-D Model(with
raspberryPi as primary computational device)
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« Fig. 2: User feedback survey results

Clarity of Audio Feedback 8/10

Ease of Use 7110

Comfort & Weight Comfort & Weight
Portability 7110

Indoor Use Reliability 9/10

Outdoor Use Reliability 7110

Increased Confidence in Navigation 8/10

Overall Satisfaction 8/10

N=10
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For any other details refer to this
link:
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https://www.youtube.com/watch?v=f1udPPxrhNk

