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Abstract—Visually impaired individuals often face
significant challenges in mobility and navigation due to
limited environmental awareness. Traditional mobility
aids such as white canes provide only short-range
detection and require physical contact with obstacles,
reducing safety and confidence. Existing smart assistive
devices are often complex, expensive, or inaccessible for
everyday use.

This paper introduces Echo Vision, a low-cost, Al-
powered smart glasses system designed to assist visually
impaired users with real-time obstacle detection. The
system uses an ultrasonic sensor to measure the distance
of nearby objects and provides audio or haptic feedback
based on proximity. The device operates on a lightweight
microcontroller platform and is designed to be portable,
energy-efficient, and comfortable for daily use. The
scalable design enables future integration of Al and
machine learning for object recognition and indoor
navigation. Testing demonstrates that the device
effectively alerts users about nearby obstacles,
improving independence and safety.

I.  INTRODUCTION

Mobility and navigation remain major challenges for
visually impaired individuals, who often rely on white
canes or trained guide dogs for movement. Although
effective to some extent, these solutions come with
limitations. White canes can detect obstacles only after
physical contact, while guide dogs are expensive to
train and maintain. Modern technologies such as smart
navigation devices exist, but most are too costly or
require advanced training.

Recent advancements in embedded systems and
machine learning have enabled the development of
affordable assistive wearables. Smart glasses equipped
with sensors and microcontrollers can provide real-
time feedback and improve user safety.
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EchoVision aims to bridge the gap by providing a
simple, low-cost, reliable solution for daily mobility
support. The glasses use ultrasonic sensing for
obstacle detection and notify the user through
vibrations or audio signals. The device is intended for
environments such as homes, campuses, and public
walkways.

II. MATERIALS AND METHODS

A. System Architecture

The EchoVision smart glasses consist of the following
modules:

1. Sensor Module

Ultrasonic sensor mounted on the glasses frame
Measures distance to obstacles in front of the user
Provides high accuracy and wide detection range

2. Processing Module

Microcontroller (Arduino/ESP-based board)

Converts raw distance measurements into actionable
output

Low latency decision-making for real-time safety

3. Feedback Module

Buzzer or vibration motor for alerts

Feedback intensity increases as the object gets closer
Ensures easy interpretation for visually impaired users

4. Power Module
Rechargeable battery
Lightweight, energy-efficient design

5. Expansion Module (Future Scope)
AI/ML-based object detection
Indoor navigation

Hazard classification
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B. Tools and Technologies

Ultrasonic ~ Sensor  (HC-SR04) —  Distance
measurement

Microcontroller Board — Arduino/ESP platform
Arduino IDE — Firmware development and testing
Buzzer / Vibration Motor — Output alerts
Rechargeable Lithium Battery — Power supply
3D-printed / Lightweight Frame — Hardware housing
AI/ML Tools (Future) — Object recognition (YOLO,
MobileNet)

C. Working Principle and Algorithm

The operational flow of the EchoVision system is as
follows:

1. Ultrasonic sensor emits sound waves toward the
environment.

2. Reflected sound waves are received and converted
to distance.

3. The microcontroller processes the measured
distance in real time.

4. Based on the distance, the system classifies
proximity levels:

Distance (cm)  System Response

> 100 cm No alert

50-100 cm Low-intensity vibration / soft beep
20-50 cm Medium-intensity feedback

<20 cm Strong vibration / continuous alert

5. Continuous monitoring ensures real-time obstacle
avoidance.

6. The system can later be upgraded to include Al-
based visual processing.

III. RESULTS AND DISCUSSION
The EchoVision smart glasses were tested in different
indoor and outdoor environments to evaluate obstacle
detection performance. The system successfully
detected objects at varying distances and provided
timely alerts to the user.

Performance Analysis

Detection Accuracy: Highly accurate for frontal
obstacles within 2 meters.
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Response Time: Alerts triggered almost instantly
(<150 ms).

Ease of Use: Lightweight and comfortable for
extended wear.

Safety Improvement: Users receive early warnings
before physical contact.

Strengths

Low cost compared to commercial smart assistive
devices

Easy to operate with minimal training

Portable and lightweight

Scalable design for Al and IoT features

Observed Limitations

Ultrasonic sensor detects only frontal obstacles
Outdoors performance affected slightly by wind noise
Battery requires periodic charging

No object classification in current version

Overall, the proposed system provides reliable
navigation assistance and can significantly improve
daily mobility for visually impaired individuals.

IV. HELPFUL HINTS

Mount the ultrasonic sensor at eye level for accurate
front-range detection.

Use a lightweight frame to avoid discomfort during
long-term wear.

Calibrate the distance thresholds for different
environments.

Add haptic feedback for noisy locations where audio
alerts may be missed.

Regularly check battery health and ensure proper
power management.

Consider adding side sensors for 180° environmental
coverage.

Future upgrades: integrate camera sensors and ML
models for object recognition.

V. CONCLUSION

This research presents Echo Vision, an affordable,
lightweight smart glasses system designed to assist
visually impaired individuals in navigating their
surroundings safely. By using an ultrasonic sensor and
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simple audio/haptic feedback, the device provides
reliable real-time obstacle detection. The system
improves user independence and reduces collision
risks.

Its scalable architecture allows easy integration of Al-
based object recognition and IoT-based monitoring in
future versions. EchoVision demonstrates that
effective assistive technologies can be developed at
low cost, making them accessible to a broader
population.
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