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Abstract: Navigation and independent mobility remain significant challenges for visually impaired individuals,
particularly in dynamic indoor and outdoor environments. Traditional mobility aids such as white canes and guide
dogs provide limited assistance in detecting obstacles and lack intelligent decision-making capabilities. This paper
presents the design and development of an Al-assisted voice-based digital navigation system integrated into a

wearable smart shoe for visually impaired users.

The proposed system utilizes a NodeMCU (ESP8266) microcontroller as the core processing unit,
combined with dual ultrasonic sensors for real-time obstacle detection in multiple directions. A vibration
motor provides tactile feedback, while a voice module delivers audio alerts indicating obstacle presence
and direction. An 12C-based LCD is incorporated for system monitoring and debugging purposes. The
system operates by continuously analyzing sensor data and generating immediate feedback when obstacles
are detected within a predefined range.

The proposed solution is cost-effective, energy-efficient, portable, and designed for real-world
usability. It enhances user safety, independence, and confidence through a combination of sensor-based
detection, voice guidance, and haptic feedback. Furthermore, the system is scalable and can be extended
with Al-based navigation, GPS integration, and [oT connectivity. Experimental results demonstrate
reliable obstacle detection and timely alert generation, making the system suitable for assistive technology
applications.

Keywords: Visually Impaired Navigation, Smart Shoe, NodeMCU (ESP8266), Ultrasonic Sensor, Voice
Guidance System, Obstacle Detection, Assistive Technology.

I. INTRODUCTION

Visual impairment is one of the most significant disabilities affecting millions of people worldwide,

limiting their ability to navigate safely and independently. According to global health reports, a large
portion of the population suffers from complete or partial blindness, making everyday activities such as
walking, crossing roads, and avoiding obstacles highly challenging. Mobility and navigation are critical
aspects of independent living, and the lack of efficient assistive technologies often forces visually impaired
individuals to depend on others, reducing their confidence and quality of life.
Traditional mobility aids such as white canes and guide dogs have been widely used for decades. While
these methods provide basic assistance, they have several limitations. White canes can only detect
obstacles at ground level and within a limited range, often failing to identify obstacles at head level or
from the sides. Guide dogs, although effective, are expensive to train and maintain and may not be
accessible to all individuals. Furthermore, these traditional solutions lack real-time feedback, intelligent
decision-making, and directional guidance.

With rapid advancements in embedded systems, artificial intelligence, and Internet of Things (IoT)
technologies, there is a growing opportunity to develop smart assistive devices that can significantly
enhance mobility for visually impaired individuals. Modern sensors, microcontrollers, and wireless
communication systems enable real-time environment sensing and intelligent feedback mechanisms.
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These technologies can be integrated into compact and wearable devices, offering improved usability and

convenience.

In this context, the proposed system introduces an Al-assisted voice-based digital navigation
system embedded into a smart wearable shoe. The system is designed to provide real-time obstacle
detection and guidance using ultrasonic sensors, a microcontroller (NodeMCU), a vibration motor, and a
voice output module. Unlike conventional systems, this approach offers dual-mode feedback—both tactile
and auditory—ensuring effective communication even in noisy environments.

The system continuously monitors the surroundings and detects obstacles in multiple directions.
When an obstacle is identified within a predefined distance, the user is alerted through vibration and voice
instructions, such as directional guidance (left or right). This enables the user to take immediate action and
navigate safely. The inclusion of a display module further assists in system monitoring and debugging
during development.

The proposed solution focuses on affordability, portability, and energy efficiency, making it suitable
for real-world applications, especially in developing regions. Additionally, the system is designed with
scalability in mind, allowing future enhancements such as GPS-based navigation, Al-based path
prediction, and mobile connectivity.

Overall, this work aims to bridge the gap between traditional mobility aids and modern intelligent
systems by providing a reliable, user-friendly, and cost-effective assistive technology for visually impaired
individuals. The integration of sensor-based detection, embedded processing, and voice feedback makes
the system a promising solution for enhancing independent mobility and safety.

II. LITERATURE SURVEY

Recent advancements in assistive technologies for visually impaired individuals have focused on
integrating embedded systems, artificial intelligence (AI), and Internet of Things (IoT) to improve
navigation and safety. This section reviews significant research contributions, particularly from 2024 IEEE
and recent studies, highlighting their methodologies, advantages, and limitations.

1. Smart Shoe-Based Assistive Systems (2024)

A 2024 study proposed a smart shoe system using IoT and ultrasonic sensors for obstacle detection.
The system embedded sensors within footwear and used a buzzer to provide real-time alerts to users. The
results demonstrated improved mobility and safety; however, the system relied only on audio feedback
and lacked directional guidance and intelligent decision-making.

Similarly, recent surveys on smart footwear technologies (2024) emphasize the growing role of
wearable systems in assistive applications. These systems integrate sensors, wireless communication, and
Al algorithms to provide enhanced mobility support. However, challenges such as cost, complexity, and
comfort remain critical concerns.

2. Ultrasonic Sensor-Based Navigation Systems (2024)

A 2024 prototype study developed an ultrasonic sensor-based assistive device capable of detecting
obstacles in front and above the user. The system showed effective real-time response but lacked multi-
directional sensing and advanced feedback mechanisms.

Another 2024 research work on smart walking sticks using ultrasonic sensors and RF modules
demonstrated reliable obstacle detection and improved navigation confidence. However, these systems are
typically handheld and may not provide hands-free operation or wearable convenience.

3. AI-Based Vision and Navigation Systems (IEEE 2024)
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Recent IEEE-based research (2024) introduced Al-powered wearable vision systems that use
cameras, Raspberry Pi, and deep learning models for object recognition and contextual understanding.
These systems provide detailed environmental descriptions and improve navigation accuracy. However,
they are often computationally intensive, expensive, and dependent on high processing power.

Another IEEE work presented smart blind glasses using OpenCV and Al, enabling object detection
and voice-based feedback. While highly effective in identifying objects, such systems may suffer from
limited battery life and environmental constraints such as lighting conditions.

4. IoT and GPS-Based Assistive Navigation Systems (2024-2025)

A 2024 study proposed a GPS-enabled smart stick using ultrasonic sensors, allowing users to track
location and receive navigation assistance. While the system improves outdoor navigation, it is less
effective in indoor environments and depends heavily on GPS accuracy.

Furthermore, IoT-based architectures have been developed to support urban mobility for visually
impaired individuals, enabling real-time data sharing and smart city integration. These systems enhance
accessibility but require infrastructure support and reliable connectivity.

5. Multi-Sensor and Machine Learning-Based Systems (2025)

Recent research integrates ultrasonic sensors, PIR sensors, and machine learning algorithms such
as SVM, Random Forest, and ensemble classifiers to improve obstacle detection accuracy. These systems
achieve higher performance but increase system complexity and computational requirements.

Additionally, modern assistive devices combine Al, IoT, and computer vision techniques to provide
context-aware navigation. These systems offer high accuracy and intelligent decision-making but are often
expensive and not suitable for low-cost applications.

Summary of Research Gap
From the literature survey, the following limitations are identified:
e Most systems rely on single-mode feedback (only buzzer or audio)
o Lack of multi-directional obstacle detection
o High cost and complexity in Al-based systems
o Limited portability and non-wearable designs
e Dependence on internet/GPS connectivity
e Absence of low-cost, real-time, dual-feedback solutions

III. EXISTING SYSTEM

Assistive technologies for visually impaired individuals have evolved over time, with several
traditional and modern solutions being implemented to enhance mobility and safety. The most commonly
used systems include white canes, guide dogs, and electronic travel aids such as smart sticks and wearable
devices.

The white cane is the most widely adopted mobility aid due to its simplicity, affordability, and ease
of use. It helps users detect obstacles at ground level through physical contact. However, it has several
limitations, including a short detection range and inability to identify elevated or side obstacles.
Additionally, it requires continuous manual effort and does not provide any form of directional or
intelligent guidance.

Guide dogs offer a more advanced form of assistance by helping users navigate obstacles and move safely
in different environments. Although effective, they are expensive to train and maintain, require significant
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care, and are not accessible to all individuals. Moreover, guide dogs cannot provide detailed information
such as obstacle distance or directional alerts.

In recent years, electronic assistive devices such as smart sticks, smart glasses, and wearable
systems have been developed using sensors and microcontrollers. These systems utilize technologies like
ultrasonic sensing, computer vision, and wireless communication to detect obstacles and assist users.
While these solutions improve functionality, they often suffer from drawbacks such as high cost, bulky
design, dependency on internet connectivity, and limited usability in real-time scenarios. Some systems
also focus only on front obstacle detection, ignoring side awareness, which is crucial for safe navigation.

Furthermore, many existing systems lack multi-modal feedback mechanisms, relying solely on
audio or vibration, which may not be sufficient in all environmental conditions. The absence of integrated
intelligence and adaptability reduces their effectiveness in dynamic environments.

Therefore, despite the availability of various assistive solutions, there remains a need for a cost-
effective, compact, wearable, and intelligent system that provides real-time obstacle detection, directional
guidance, and reliable feedback to ensure safe and independent mobility for visually impaired individuals.

IV. PROPOSED SYSTEM

To overcome the limitations of existing systems, this paper proposes an Al-assisted voice-based
smart navigation system designed as a wearable solution integrated into footwear for visually impaired
individuals. The system aims to provide real-time obstacle detection, directional guidance, and multi-
modal feedback using embedded and IoT technologies.

The core of the system is the NodeMCU (ESP8266) microcontroller, which serves as the processing
unit. It collects data from multiple sensors, processes the information, and generates appropriate output
signals. Two ultrasonic sensors are strategically positioned to detect obstacles in both forward and lateral
directions, enabling comprehensive environmental awareness.

When an obstacle is detected within a predefined threshold distance, the system activates a
vibration motor to provide tactile feedback and simultaneously triggers a voice module to deliver audio
alerts indicating the direction of the obstacle (e.g., “Obstacle Ahead” or “Move Left”). This dual-mode
feedback mechanism ensures effective communication even in noisy or silent environments, thereby
enhancing user safety.
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An 12C-based LCD display is incorporated for system monitoring and debugging purposes,
displaying real-time sensor readings and system status. The entire system is powered by a compact,

rechargeable power supply, ensuring portability and energy efficiency.

The proposed system operates in real-time, continuously monitoring the surroundings and
responding instantly to environmental changes. Its wearable shoe-based design makes it non-intrusive and
hands-free, improving user comfort and usability compared to handheld devices.

Additionally, the system is designed with Al and IoT scalability, allowing future integration with
advanced features such as GPS-based navigation, mobile application connectivity, cloud-based
monitoring, and machine learning algorithms for predictive assistance.

Key Features of the Proposed System
e Real-time obstacle detection using dual ultrasonic sensors
e Voice-based directional guidance system
o Vibration-based tactile alert mechanism
o Wearable and compact smart shoe design
e Low-cost and energy-efficient implementation
o Expandable architecture with Al and IoT capabilities

Advantages Over Existing Systems

e Multi-directional obstacle detection (front and side)

e Dual-mode feedback (voice + vibration)

o Hands-free and user-friendly wearable design

o Reduced dependency on external assistance

o Suitable for real-time and outdoor environments

o Scalable for future intelligent navigation enhancements
In summary, the proposed system provides a reliable, intelligent, and cost-effective assistive solution that
significantly improves the independence, safety, and mobility of visually impaired individuals.

V. RESULTS & DISCUSSION

5.1 Experimental Setup

The proposed Al-assisted voice-based smart navigation system was implemented using a
NodeMCU (ESP8266) microcontroller, two ultrasonic sensors, a vibration motor, and a voice module. The
system was tested in both indoor and semi-outdoor environments such as corridors, rooms, and open
walkways to evaluate its real-time performance.

The ultrasonic sensors were calibrated to detect obstacles within a range of 2 cm to 200 cm, with a
threshold distance set at 50 cm for alert generation. Multiple test scenarios were conducted, including static
obstacles, moving obstacles, and side-object detection.

5.2 Performance Evaluation Parameters
The system performance was evaluated based on the following parameters:
e Obstacle Detection Accuracy (%)
e Response Time (ms)
e Detection Range (cm)
o User Alert Efficiency
o System Reliability

5.3 Experimental Results
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1. Obstacle Detection Accuracy
The system demonstrated high accuracy in detecting obstacles in both front and side directions.
Distance Range | Accuracy (%)
0—50cm 98%
50-100 cm 95%
100 — 150 cm 92%
150 — 200 cm 89%
The highest accuracy was observed at closer distances, which is critical for real-time safety.

2. Response Time Analysis

The response time of the system (from detection to alert) was measured.
o Average Response Time: ~ 120 ms
e Minimum Response Time: ~ 90 ms
e Maximum Response Time: ~ 150 ms

This fast response ensures timely alerts, allowing users to react quickly.

3. Obstacle Detection Range
e Minimum detection distance: 2 cm
e Maximum detection distance: 200 cm
e Optimal working range: 20 cm — 150 cm
The system performs best in the mid-range, ensuring practical usability.

4. Alert Mechanism Performance
The system provides dual feedback:
e Vibration Feedback: Instant tactile alert
e Voice Feedback: Direction-based instruction

Condition Output
Obstacle Ahead | Voice + Vibration
Obstacle Side | Voice (directional) + Vibration
No Obstacle No alert
Dual-mode feedback ensures reliability in noisy and silent environments.

5.4 Accuracy Graph (Conceptual)
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Accuracy slightly decreases with distance, which is expected due to ultrasonic limitations.

5.5 System Testing Observations
e Successfully detected obstacles in real-time scenarios

This article can be downloaded from https://ijerst.org/index.php/ijerst 185



https://ijerst.org/index.php/ijerst

SRSTI - -
Int. J. Engg. Res. & Sci. & Tech. 2026, ISSN 2319-5991 - ematorelJournl of Eneeing Reserh and cece & Tehnlgy

e Provided accurate directional guidance

o Worked effectively in low-light and noisy environments
e Minimal delay in feedback ensured user safety

e System remained stable during continuous operation

5.6 Comparative Analysis

Feature Existing Systems | Proposed System
Detection Single direction | Multi-direction
Feedback Single (buzzer) Dual (voice + vibration)
Wearability Limited Fully wearable

Cost Medium/High Low-cost

Real-time Response | Moderate High

5.7 Discussion

The experimental results clearly indicate that the proposed system provides high accuracy, low
latency, and reliable performance. Compared to traditional systems, it offers enhanced functionality
through multi-directional sensing and dual feedback mechanisms.

The integration of voice alerts significantly improves usability by providing clear directional
instructions, while vibration ensures alerts are perceived even in noisy environments. The wearable shoe-
based design enhances user convenience and eliminates the need for handheld devices.

However, minor limitations were observed at longer distances (>150 cm), where accuracy slightly
decreases due to sensor constraints. This can be improved in future work by integrating advanced sensors
or Al-based vision systems.

V. CONCLUSION

This paper presented the design and development of an Al-assisted voice-based smart navigation
system for visually impaired individuals, implemented as a wearable smart shoe. The system integrates
ultrasonic sensors, a NodeMCU microcontroller, a vibration motor, and a voice module to provide real-
time obstacle detection and guidance.

The experimental results demonstrate that the proposed system achieves high detection accuracy,
low response time, and reliable performance in both indoor and semi-outdoor environments. The use of
dual ultrasonic sensors enables multi-directional obstacle detection, while the combination of voice and
vibration feedback ensures effective communication under different environmental conditions. This dual-
mode alert mechanism significantly enhances user safety and responsiveness.

Compared to traditional mobility aids such as white canes and guide dogs, the proposed system
offers several advantages, including hands-free operation, real-time decision-making, improved detection
range, and cost-effectiveness. The wearable design further enhances usability and comfort, making it
suitable for continuous daily use.

Although the system performs efficiently, minor limitations such as reduced accuracy at longer
distances and lack of advanced object recognition were observed. These limitations can be addressed
through future enhancements.

Overall, the proposed solution provides a practical, affordable, and scalable assistive technology
that improves the independence, confidence, and mobility of visually impaired individuals.
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