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ABSTRACT: Assistive navigation technologies are essential for improving the mobility and independence
of visually impaired individuals. This paper presents smart navigation glasses developed to enhance
environmental awareness using ultrasonic sensing and Internet of Things (I0T) communication. The system
integrates an ultrasonic sensor for real-time obstacle detection, an MPU6050 motion sensor for head
orientation monitoring, a Global Positioning System (GPS) module for location tracking, and a NodeMCU
ESP8266 microcontroller for data processing and wireless connectivity. When obstacles are detected
within a predefined distance, audio alerts are generated through a voice module to assist safe navigation in
both indoor and outdoor environments. 10T connectivity enables remote monitoring and improves safety
during emergency situations. The wearable design emphasizes portability, low power consumption,
affordability, and user comfort. Experimental results demonstrate reliable obstacle detection, accurate
location tracking, and stable overall system performance. The proposed system provides a practical and
cost-effective assistive solution that enhances safety and independent mobility for visually impaired users,
with potential for future integration of intelligent navigation features.

Keywords: Assistive technology, Smart navigation glasses, Ultrasonic obstacle detection, Internet of
Things (IoT), GPS tracking.

1. Introduction location tracking. Audio alerts inform users about
nearby obstacles, improving mobility, safety, and
independence in both indoor and outdoor
environments.

Visual impairment significantly affects an
individual's ability to navigate safely and
independently. Traditional assistive devices such
as white canes provide limited obstacle detection 2. Objectives
and require continuous manual effort. With the
advancement of embedded systems, wearable
technology, and Internet of Things (loT)
communication, more efficient assistive solutions
can be developed. This work proposes smart
navigation glasses with ultrasonic vision
assistance to  support visually impaired
individuals. The system provides real-time
obstacle detection, motion monitoring, and

The main objective of this project is to develop a
smart wearable navigation system that assists
visually impaired individuals in achieving safe
and independent mobility. The proposed smart
navigation glasses aim to enhance environmental
awareness by detecting obstacles in real time using
ultrasonic sensing technology and providing
immediate audio alerts to the user. The system also
integrates motion sensing to monitor head
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orientation and improve obstacle detection
accuracy. In addition, GPS-based location
tracking is incorporated to support navigation
assistance and emergency monitoring, while 10T
communication enables remote data transmission
and safety monitoring. The overall goal is to
design a lightweight, portable, cost-effective, and
user-friendly assistive device that enhances safety,
confidence, and independence for visually
impaired individuals during daily navigation.

3. Literature Survey

Assistive navigation technologies for visually
impaired individuals have been widely explored in
recent research, yet challenges remain in
developing compact, reliable, and fully integrated
wearable systems. Pydala et al. (2023) proposed a
smart navigation system using ultrasonic sensors
to detect obstacles and provide voice alerts, but the
system lacked advanced tracking and remote
monitoring features. Nandyal et al. (2023)
developed smart glasses with ultrasonic sensing
and emergency communication capabilities;
however, detection accuracy was affected in
crowded environments. Gad et al. (2023)
introduced a multi-sensor assistive navigation
device integrating wireless communication for
remote monitoring, though increased hardware
complexity resulted in higher power consumption.
Haripriya et al. (2023) designed wearable
ultrasonic smart glasses to enhance independent
navigation, but environmental factors influenced
sensor reliability. More recently, Aloui et al.
(2025) presented an loT-based smart navigation
glasses system combining obstacle detection, GPS
tracking, and remote monitoring; however, it
required stable internet connectivity and involved
higher implementation cost. These studies indicate
significant progress in wearable assistive
navigation systems, yet few solutions integrate
obstacle detection, motion sensing, location
tracking, and lIoT communication in a compact,
cost-effective  wearable device. This gap
highlights the need for an efficient smart
navigation glasses system to improve safety,
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independence, and environmental awareness for
visually impaired users.

3.1 Proposed Methodology

The proposed smart navigation glasses system is
developed to provide real-time assistance for
visually impaired individuals through an
integrated wearable platform. The system employs
an ultrasonic sensor to detect obstacles by
transmitting high-frequency sound waves and
calculating the reflected signal to determine the
distance of nearby objects. This enables early
identification of obstacles at head and forward
levels, improving safety during movement. To
enhance detection reliability, an MPU6050 motion
sensor is incorporated to monitor head orientation
and movement, which helps reduce false alerts
caused by sudden motions. In addition, a GPS
module is integrated to provide real-time location
tracking, supporting navigation guidance and
emergency monitoring in outdoor environments.

All sensor inputs are processed by a NodeMCU
ESP8266 microcontroller, which functions as the
central control wunit of the system. The

microcontroller analyzes obstacle distance,
motion data, and location information to generate
appropriate responses. When an obstacle is
detected within a predefined threshold range, the
system activates an MP3 voice module and
speaker to provide clear audio alerts, ensuring
hands-free guidance for the user. The built-in Wi-
Fi capability of the NodeMCU enables loT-based
communication, allowing sensor and location data



Smart Navigation Glasses with Ultrasonic Vision Assistance, 2026

to be transmitted to a cloud platform for remote
monitoring and safety support. The overall system
design emphasizes compact structure, low power
consumption, affordability, and user comfort,
making it suitable for continuous indoor and
outdoor navigation assistance.

4. Results and Discussion

The developed smart navigation glasses system
demonstrated  effective real-time  obstacle
detection and navigation assistance for visually
impaired users. The integration of ultrasonic
sensing with motion monitoring improved
detection reliability compared to conventional
single-sensor assistive devices. Audio alerts
provided timely guidance, enhancing user safety
and confidence during navigation. The inclusion
of GPS tracking and loT connectivity further
improved safety by enabling location monitoring
and remote assistance, which is not commonly
available in basic wearable navigation systems.
Compared with recent assistive navigation devices
that primarily focus on obstacle detection alone,
the proposed system integrates obstacle detection,
motion sensing, location tracking, and wireless
monitoring within a compact wearable platform.
This integrated approach enhances usability,
portability, and overall system efficiency while
maintaining low cost and power consumption. The
system addresses limitations observed in earlier
works, such as restricted detection capability, lack
of remote monitoring, and reduced reliability in
dynamic environments. These results indicate that
the proposed smart navigation glasses provide a
practical and improved assistive solution,
supporting safer and more independent mobility
for visually impaired individuals.

4.1 Preparation of Figures and Tables

Fig 1. illustrates the overall architecture of the
proposed smart navigation glasses system. The
system integrates an ultrasonic sensor for real-
time obstacle detection, an MPUG050 motion
sensor for monitoring head orientation, and a GPS
module for location tracking. All sensor data are

processed by the NodeMCU ESP8266
microcontroller, which acts as the central control
unit and enables loT-based communication. When
an obstacle is detected within a predefined range,
the MP3 voice module generates audio alerts
through a speaker to guide the user safely. The
figure highlights the integration of sensing,
processing, and communication components in a
compact wearable assistive device designed to
improve mobility, safety, and independence for
visually impaired individuals.
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Figure 1: Smart Navigation Glass Block
Diagram

4.1.1 Formatting Tables

Table 1 summarizes the hardware components
used in the proposed smart navigation glasses
system along with their specifications and
functional roles. The table is properly numbered,
provided with a descriptive title, and includes
relevant measurement units in the column
headings for clarity. It is placed appropriately
within the manuscript and referenced in the
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corresponding section to support the explanation
of the system design and implementation.

Table 1: Hardware Components Used

Component || Specification Function
Ultrasonic 2-400 cm Obstacle
Sensor range detection
NodeMCU || Wi-Fi enabled Data brocessin
ESP8266 MCU P g
-axi +
MPUG6050 3-axis accel Motion sensing
gyro
" -
GPS Module +2.5m Locat_lon
accuracy tracking
MP3 Module || 3W output Audio alerts

Table 2: System Performance Analysis

Parameter Result

Obstacle Detection Range | Up to 3 meters

Response Time <1 second

GPS Accuracy +3 meters (outdoor)
Battery Backup 2-3 hours
loT Communication Stable

Table 2 presents the performance evaluation of the
proposed smart navigation glasses system under
real-time operating conditions. The results
indicate that the ultrasonic sensor effectively
detects obstacles up to a range of 3 meters,
providing sufficient distance for safe user
response. The system response time is less than
one second, ensuring timely audio alerts during
navigation. The GPS module demonstrates an
average positioning accuracy of approximately +3
meters in outdoor environments, supporting
reliable location tracking. The rechargeable
battery provides a backup duration of 2-3 hours
during continuous operation, making the system
suitable for practical use. Additionally, loT
communication  remains  stable, enabling
consistent data transmission for remote
monitoring and safety support. These results
confirm the reliability and effectiveness of the
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proposed system for assistive

applications.

navigation

5. Conclusion

The proposed smart navigation glasses system
provides an effective assistive solution to improve
mobility and safety for visually impaired
individuals. By integrating ultrasonic obstacle
detection, motion sensing, GPS-based location
tracking, and IoT communication within a
wearable platform, the system enhances
environmental awareness and enables safer
navigation in both indoor and outdoor
environments. Real-time audio alerts help users
respond quickly to obstacles, while wireless
connectivity supports remote monitoring and
emergency assistance. The compact design, low
power consumption, and affordability make the
system practical for daily use. Overall, the
developed system improves independence,
confidence, and safety for visually impaired users
and offers potential for future enhancements such
as advanced navigation intelligence and improved
sensor integration.
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