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Abstract
and unsafe paths; traditional aids like white canes offer limited awareness and no remote emergency support. In 
overcoming this, there is a d
real
and triggers a buzzer alert. All components in
battery for safe and efficient operation. The system further integrates an ESP32 Wi
through the BlynkIoT app, hence enabling wireless monitoring. In this
shoes, and pressing this button will trigger instant notifications with precision latitude and longitude values captured from
the NEO
location. These coordinates, when keyed into Google Maps, trace the person in distress accurately. Testing confirmed 
reliable obstacle detection and consistent wet surface sensing with successful live GPS
lightweight design and low power usage, Pathfinder is a practical wearable assistive solution to greater independence.
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Visually impaired people cannot reliably detect obstacles, wet surfaces, or sudden hazards and thus have persistent 
challenges in moving through everyday environments. These limitations reduce independence and increase the risk of 
collisions, sli
for example, canes have only short
dogs require expensive an
technologies now provide new mobility aids with active sensing, intelligent alerts, and remote assistance, which will make 
navigation safer and more reliable. In t
intelligent mobility solution tailored for visually impaired users.Instead of depending on a single detection methodology, 
the system implements multiple technologies:an ultrason
detecting wet or slippery surfaces, and a NEO
in emergencies. All modules are controlled by an Arduino Uno, which processes 
feedback through a vibration motor and a buzzer. Unlike conventional mobility aids, Pathfinder allows users to detect 
hidden hazards before physical contact and access remote help instantly when needed.
is not only that of technological improvement but the enhancement of safety, confidence, and daily usability. Power supply 
for the shoe is rechargeable, while a buck converter ensures stable voltage for sensitive components on board i
long
notifications with true latitude and longitude to a trusted contact, assuring timely assistance.
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Abstract: Visually impaired individuals face major mobility challenges due to difficulty in sensing obstacles, wet surfaces, 
and unsafe paths; traditional aids like white canes offer limited awareness and no remote emergency support. In 
overcoming this, there is a d
real-time detection of obstacles with vibration motor feedback and a soil moisture sensor that recognizes water surfaces 
and triggers a buzzer alert. All components in
battery for safe and efficient operation. The system further integrates an ESP32 Wi
through the BlynkIoT app, hence enabling wireless monitoring. In this
shoes, and pressing this button will trigger instant notifications with precision latitude and longitude values captured from
the NEO-6M GPS module. This way, users receive notifications through the applic
location. These coordinates, when keyed into Google Maps, trace the person in distress accurately. Testing confirmed 
reliable obstacle detection and consistent wet surface sensing with successful live GPS
lightweight design and low power usage, Pathfinder is a practical wearable assistive solution to greater independence.
Keywords: Smart
Wifi modules 

Visually impaired people cannot reliably detect obstacles, wet surfaces, or sudden hazards and thus have persistent 
challenges in moving through everyday environments. These limitations reduce independence and increase the risk of 
collisions, slips, and confusion. While white canes and guide dogs are helpful traditional aids, each has intrinsic limitations: 
for example, canes have only short
dogs require expensive an
technologies now provide new mobility aids with active sensing, intelligent alerts, and remote assistance, which will make 
navigation safer and more reliable. In t
intelligent mobility solution tailored for visually impaired users.Instead of depending on a single detection methodology, 
the system implements multiple technologies:an ultrason
detecting wet or slippery surfaces, and a NEO
in emergencies. All modules are controlled by an Arduino Uno, which processes 
feedback through a vibration motor and a buzzer. Unlike conventional mobility aids, Pathfinder allows users to detect 
hidden hazards before physical contact and access remote help instantly when needed.
is not only that of technological improvement but the enhancement of safety, confidence, and daily usability. Power supply 
for the shoe is rechargeable, while a buck converter ensures stable voltage for sensitive components on board i
long-duration outdoor usage. A separately embedded SOS 
notifications with true latitude and longitude to a trusted contact, assuring timely assistance.
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Visually impaired individuals face major mobility challenges due to difficulty in sensing obstacles, wet surfaces, 
and unsafe paths; traditional aids like white canes offer limited awareness and no remote emergency support. In 
overcoming this, there is a d

time detection of obstacles with vibration motor feedback and a soil moisture sensor that recognizes water surfaces 
and triggers a buzzer alert. All components in
battery for safe and efficient operation. The system further integrates an ESP32 Wi
through the BlynkIoT app, hence enabling wireless monitoring. In this
shoes, and pressing this button will trigger instant notifications with precision latitude and longitude values captured from

6M GPS module. This way, users receive notifications through the applic
location. These coordinates, when keyed into Google Maps, trace the person in distress accurately. Testing confirmed 
reliable obstacle detection and consistent wet surface sensing with successful live GPS
lightweight design and low power usage, Pathfinder is a practical wearable assistive solution to greater independence.

Smart shoes, Obstacle
 

Visually impaired people cannot reliably detect obstacles, wet surfaces, or sudden hazards and thus have persistent 
challenges in moving through everyday environments. These limitations reduce independence and increase the risk of 

ps, and confusion. While white canes and guide dogs are helpful traditional aids, each has intrinsic limitations: 
for example, canes have only short
dogs require expensive and long
technologies now provide new mobility aids with active sensing, intelligent alerts, and remote assistance, which will make 
navigation safer and more reliable. In t
intelligent mobility solution tailored for visually impaired users.Instead of depending on a single detection methodology, 
the system implements multiple technologies:an ultrason
detecting wet or slippery surfaces, and a NEO
in emergencies. All modules are controlled by an Arduino Uno, which processes 
feedback through a vibration motor and a buzzer. Unlike conventional mobility aids, Pathfinder allows users to detect 
hidden hazards before physical contact and access remote help instantly when needed.
is not only that of technological improvement but the enhancement of safety, confidence, and daily usability. Power supply 
for the shoe is rechargeable, while a buck converter ensures stable voltage for sensitive components on board i

duration outdoor usage. A separately embedded SOS 
notifications with true latitude and longitude to a trusted contact, assuring timely assistance.
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Visually impaired individuals face major mobility challenges due to difficulty in sensing obstacles, wet surfaces, 
and unsafe paths; traditional aids like white canes offer limited awareness and no remote emergency support. In 
overcoming this, there is a development of a smart shoe system named Pathfinder. It uses an ultrasonic sensor for the 

time detection of obstacles with vibration motor feedback and a soil moisture sensor that recognizes water surfaces 
and triggers a buzzer alert. All components in
battery for safe and efficient operation. The system further integrates an ESP32 Wi
through the BlynkIoT app, hence enabling wireless monitoring. In this
shoes, and pressing this button will trigger instant notifications with precision latitude and longitude values captured from

6M GPS module. This way, users receive notifications through the applic
location. These coordinates, when keyed into Google Maps, trace the person in distress accurately. Testing confirmed 
reliable obstacle detection and consistent wet surface sensing with successful live GPS
lightweight design and low power usage, Pathfinder is a practical wearable assistive solution to greater independence.

Obstacle detection

Visually impaired people cannot reliably detect obstacles, wet surfaces, or sudden hazards and thus have persistent 
challenges in moving through everyday environments. These limitations reduce independence and increase the risk of 

ps, and confusion. While white canes and guide dogs are helpful traditional aids, each has intrinsic limitations: 
for example, canes have only short-range physical feedback and must be continuously swept to detect dangers, whereas 

d long-term training and maintenance. Increased capabilities in wearable electronics and IoT 
technologies now provide new mobility aids with active sensing, intelligent alerts, and remote assistance, which will make 
navigation safer and more reliable. In this context, the pro
intelligent mobility solution tailored for visually impaired users.Instead of depending on a single detection methodology, 
the system implements multiple technologies:an ultrason
detecting wet or slippery surfaces, and a NEO
in emergencies. All modules are controlled by an Arduino Uno, which processes 
feedback through a vibration motor and a buzzer. Unlike conventional mobility aids, Pathfinder allows users to detect 
hidden hazards before physical contact and access remote help instantly when needed.
is not only that of technological improvement but the enhancement of safety, confidence, and daily usability. Power supply 
for the shoe is rechargeable, while a buck converter ensures stable voltage for sensitive components on board i

duration outdoor usage. A separately embedded SOS 
notifications with true latitude and longitude to a trusted contact, assuring timely assistance.
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Visually impaired individuals face major mobility challenges due to difficulty in sensing obstacles, wet surfaces, 
and unsafe paths; traditional aids like white canes offer limited awareness and no remote emergency support. In 

evelopment of a smart shoe system named Pathfinder. It uses an ultrasonic sensor for the 
time detection of obstacles with vibration motor feedback and a soil moisture sensor that recognizes water surfaces 

and triggers a buzzer alert. All components in the system are controlled by an Arduino Uno and powered through a 
battery for safe and efficient operation. The system further integrates an ESP32 Wi
through the BlynkIoT app, hence enabling wireless monitoring. In this
shoes, and pressing this button will trigger instant notifications with precision latitude and longitude values captured from

6M GPS module. This way, users receive notifications through the applic
location. These coordinates, when keyed into Google Maps, trace the person in distress accurately. Testing confirmed 
reliable obstacle detection and consistent wet surface sensing with successful live GPS
lightweight design and low power usage, Pathfinder is a practical wearable assistive solution to greater independence.

detection, Blind and

I. INT
Visually impaired people cannot reliably detect obstacles, wet surfaces, or sudden hazards and thus have persistent 
challenges in moving through everyday environments. These limitations reduce independence and increase the risk of 

ps, and confusion. While white canes and guide dogs are helpful traditional aids, each has intrinsic limitations: 
range physical feedback and must be continuously swept to detect dangers, whereas 

term training and maintenance. Increased capabilities in wearable electronics and IoT 
technologies now provide new mobility aids with active sensing, intelligent alerts, and remote assistance, which will make 

his context, the pro
intelligent mobility solution tailored for visually impaired users.Instead of depending on a single detection methodology, 
the system implements multiple technologies:an ultrason
detecting wet or slippery surfaces, and a NEO-6M GPS module paired with an ESP32 for the purpose of location sharing 
in emergencies. All modules are controlled by an Arduino Uno, which processes 
feedback through a vibration motor and a buzzer. Unlike conventional mobility aids, Pathfinder allows users to detect 
hidden hazards before physical contact and access remote help instantly when needed.
is not only that of technological improvement but the enhancement of safety, confidence, and daily usability. Power supply 
for the shoe is rechargeable, while a buck converter ensures stable voltage for sensitive components on board i

duration outdoor usage. A separately embedded SOS 
notifications with true latitude and longitude to a trusted contact, assuring timely assistance.
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Visually impaired individuals face major mobility challenges due to difficulty in sensing obstacles, wet surfaces, 
and unsafe paths; traditional aids like white canes offer limited awareness and no remote emergency support. In 

evelopment of a smart shoe system named Pathfinder. It uses an ultrasonic sensor for the 
time detection of obstacles with vibration motor feedback and a soil moisture sensor that recognizes water surfaces 

the system are controlled by an Arduino Uno and powered through a 
battery for safe and efficient operation. The system further integrates an ESP32 Wi
through the BlynkIoT app, hence enabling wireless monitoring. In this
shoes, and pressing this button will trigger instant notifications with precision latitude and longitude values captured from

6M GPS module. This way, users receive notifications through the applic
location. These coordinates, when keyed into Google Maps, trace the person in distress accurately. Testing confirmed 
reliable obstacle detection and consistent wet surface sensing with successful live GPS
lightweight design and low power usage, Pathfinder is a practical wearable assistive solution to greater independence.

Blind and visually 

INTRODUCTION
Visually impaired people cannot reliably detect obstacles, wet surfaces, or sudden hazards and thus have persistent 
challenges in moving through everyday environments. These limitations reduce independence and increase the risk of 

ps, and confusion. While white canes and guide dogs are helpful traditional aids, each has intrinsic limitations: 
range physical feedback and must be continuously swept to detect dangers, whereas 

term training and maintenance. Increased capabilities in wearable electronics and IoT 
technologies now provide new mobility aids with active sensing, intelligent alerts, and remote assistance, which will make 

his context, the proposed Pathfinder Smart Shoe 
intelligent mobility solution tailored for visually impaired users.Instead of depending on a single detection methodology, 
the system implements multiple technologies:an ultrasonic sensor for obstacle detection, a soil moisture sensor for 

6M GPS module paired with an ESP32 for the purpose of location sharing 
in emergencies. All modules are controlled by an Arduino Uno, which processes 
feedback through a vibration motor and a buzzer. Unlike conventional mobility aids, Pathfinder allows users to detect 
hidden hazards before physical contact and access remote help instantly when needed.
is not only that of technological improvement but the enhancement of safety, confidence, and daily usability. Power supply 
for the shoe is rechargeable, while a buck converter ensures stable voltage for sensitive components on board i

duration outdoor usage. A separately embedded SOS button triggers the ESP32
notifications with true latitude and longitude to a trusted contact, assuring timely assistance.
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Visually impaired individuals face major mobility challenges due to difficulty in sensing obstacles, wet surfaces, 
and unsafe paths; traditional aids like white canes offer limited awareness and no remote emergency support. In 

evelopment of a smart shoe system named Pathfinder. It uses an ultrasonic sensor for the 
time detection of obstacles with vibration motor feedback and a soil moisture sensor that recognizes water surfaces 

the system are controlled by an Arduino Uno and powered through a 
battery for safe and efficient operation. The system further integrates an ESP32 Wi
through the BlynkIoT app, hence enabling wireless monitoring. In this regard, an SOS button will be embedded within the 
shoes, and pressing this button will trigger instant notifications with precision latitude and longitude values captured from

6M GPS module. This way, users receive notifications through the applic
location. These coordinates, when keyed into Google Maps, trace the person in distress accurately. Testing confirmed 
reliable obstacle detection and consistent wet surface sensing with successful live GPS
lightweight design and low power usage, Pathfinder is a practical wearable assistive solution to greater independence.

 impaired people,

RODUCTION 
Visually impaired people cannot reliably detect obstacles, wet surfaces, or sudden hazards and thus have persistent 
challenges in moving through everyday environments. These limitations reduce independence and increase the risk of 

ps, and confusion. While white canes and guide dogs are helpful traditional aids, each has intrinsic limitations: 
range physical feedback and must be continuously swept to detect dangers, whereas 

term training and maintenance. Increased capabilities in wearable electronics and IoT 
technologies now provide new mobility aids with active sensing, intelligent alerts, and remote assistance, which will make 

posed Pathfinder Smart Shoe 
intelligent mobility solution tailored for visually impaired users.Instead of depending on a single detection methodology, 

ic sensor for obstacle detection, a soil moisture sensor for 
6M GPS module paired with an ESP32 for the purpose of location sharing 

in emergencies. All modules are controlled by an Arduino Uno, which processes 
feedback through a vibration motor and a buzzer. Unlike conventional mobility aids, Pathfinder allows users to detect 
hidden hazards before physical contact and access remote help instantly when needed.
is not only that of technological improvement but the enhancement of safety, confidence, and daily usability. Power supply 
for the shoe is rechargeable, while a buck converter ensures stable voltage for sensitive components on board i

button triggers the ESP32
notifications with true latitude and longitude to a trusted contact, assuring timely assistance.
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Visually impaired individuals face major mobility challenges due to difficulty in sensing obstacles, wet surfaces, 
and unsafe paths; traditional aids like white canes offer limited awareness and no remote emergency support. In 

evelopment of a smart shoe system named Pathfinder. It uses an ultrasonic sensor for the 
time detection of obstacles with vibration motor feedback and a soil moisture sensor that recognizes water surfaces 

the system are controlled by an Arduino Uno and powered through a 
battery for safe and efficient operation. The system further integrates an ESP32 Wi-Fi module connected to a smartphone 

regard, an SOS button will be embedded within the 
shoes, and pressing this button will trigger instant notifications with precision latitude and longitude values captured from

6M GPS module. This way, users receive notifications through the application and receive an email with the 
location. These coordinates, when keyed into Google Maps, trace the person in distress accurately. Testing confirmed 
reliable obstacle detection and consistent wet surface sensing with successful live GPS-based SOS trans
lightweight design and low power usage, Pathfinder is a practical wearable assistive solution to greater independence.

people, Assistive

Visually impaired people cannot reliably detect obstacles, wet surfaces, or sudden hazards and thus have persistent 
challenges in moving through everyday environments. These limitations reduce independence and increase the risk of 

ps, and confusion. While white canes and guide dogs are helpful traditional aids, each has intrinsic limitations: 
range physical feedback and must be continuously swept to detect dangers, whereas 

term training and maintenance. Increased capabilities in wearable electronics and IoT 
technologies now provide new mobility aids with active sensing, intelligent alerts, and remote assistance, which will make 

posed Pathfinder Smart Shoe would provide a practical and 
intelligent mobility solution tailored for visually impaired users.Instead of depending on a single detection methodology, 

ic sensor for obstacle detection, a soil moisture sensor for 
6M GPS module paired with an ESP32 for the purpose of location sharing 

in emergencies. All modules are controlled by an Arduino Uno, which processes sensor data and provides immediate user 
feedback through a vibration motor and a buzzer. Unlike conventional mobility aids, Pathfinder allows users to detect 
hidden hazards before physical contact and access remote help instantly when needed. The motivatio
is not only that of technological improvement but the enhancement of safety, confidence, and daily usability. Power supply 
for the shoe is rechargeable, while a buck converter ensures stable voltage for sensitive components on board i

button triggers the ESP32–Blynk
notifications with true latitude and longitude to a trusted contact, assuring timely assistance. 
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Visually impaired individuals face major mobility challenges due to difficulty in sensing obstacles, wet surfaces, 
and unsafe paths; traditional aids like white canes offer limited awareness and no remote emergency support. In 

evelopment of a smart shoe system named Pathfinder. It uses an ultrasonic sensor for the 
time detection of obstacles with vibration motor feedback and a soil moisture sensor that recognizes water surfaces 

the system are controlled by an Arduino Uno and powered through a 
Fi module connected to a smartphone 

regard, an SOS button will be embedded within the 
shoes, and pressing this button will trigger instant notifications with precision latitude and longitude values captured from

ation and receive an email with the 
location. These coordinates, when keyed into Google Maps, trace the person in distress accurately. Testing confirmed 

based SOS transmission. With its 
lightweight design and low power usage, Pathfinder is a practical wearable assistive solution to greater independence.

Assistive Technology,

Visually impaired people cannot reliably detect obstacles, wet surfaces, or sudden hazards and thus have persistent 
challenges in moving through everyday environments. These limitations reduce independence and increase the risk of 

ps, and confusion. While white canes and guide dogs are helpful traditional aids, each has intrinsic limitations: 
range physical feedback and must be continuously swept to detect dangers, whereas 

term training and maintenance. Increased capabilities in wearable electronics and IoT 
technologies now provide new mobility aids with active sensing, intelligent alerts, and remote assistance, which will make 

would provide a practical and 
intelligent mobility solution tailored for visually impaired users.Instead of depending on a single detection methodology, 

ic sensor for obstacle detection, a soil moisture sensor for 
6M GPS module paired with an ESP32 for the purpose of location sharing 

sensor data and provides immediate user 
feedback through a vibration motor and a buzzer. Unlike conventional mobility aids, Pathfinder allows users to detect 

The motivation behind this project 
is not only that of technological improvement but the enhancement of safety, confidence, and daily usability. Power supply 
for the shoe is rechargeable, while a buck converter ensures stable voltage for sensitive components on board i

BlynkIoT system for real
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Visually impaired individuals face major mobility challenges due to difficulty in sensing obstacles, wet surfaces, 
and unsafe paths; traditional aids like white canes offer limited awareness and no remote emergency support. In 

evelopment of a smart shoe system named Pathfinder. It uses an ultrasonic sensor for the 
time detection of obstacles with vibration motor feedback and a soil moisture sensor that recognizes water surfaces 

the system are controlled by an Arduino Uno and powered through a 
Fi module connected to a smartphone 

regard, an SOS button will be embedded within the 
shoes, and pressing this button will trigger instant notifications with precision latitude and longitude values captured from

ation and receive an email with the 
location. These coordinates, when keyed into Google Maps, trace the person in distress accurately. Testing confirmed 

mission. With its 
lightweight design and low power usage, Pathfinder is a practical wearable assistive solution to greater independence. 

Technology, Audio Alerts,

Visually impaired people cannot reliably detect obstacles, wet surfaces, or sudden hazards and thus have persistent 
challenges in moving through everyday environments. These limitations reduce independence and increase the risk of 

ps, and confusion. While white canes and guide dogs are helpful traditional aids, each has intrinsic limitations: 
range physical feedback and must be continuously swept to detect dangers, whereas 

term training and maintenance. Increased capabilities in wearable electronics and IoT 
technologies now provide new mobility aids with active sensing, intelligent alerts, and remote assistance, which will make 

would provide a practical and 
intelligent mobility solution tailored for visually impaired users.Instead of depending on a single detection methodology, 

ic sensor for obstacle detection, a soil moisture sensor for 
6M GPS module paired with an ESP32 for the purpose of location sharing 

sensor data and provides immediate user 
feedback through a vibration motor and a buzzer. Unlike conventional mobility aids, Pathfinder allows users to detect 

n behind this project 
is not only that of technological improvement but the enhancement of safety, confidence, and daily usability. Power supply 
for the shoe is rechargeable, while a buck converter ensures stable voltage for sensitive components on board in case of 
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For enhancement in personal safety, an SOS button has been incorporated with the GPS-GSM module that can send real-
time positional information of the user in case of falls, accidents, or any kind of distress to an emergency contact 
previously registered. The entire proposed system is controlled by an Arduino microcontroller that analyzes sensor data 
and assures fast decision-making with negligible delay. 
 

AneeqaRamzan et al. [5] proposed an intelligent assistive shoe system, specifically designed for the blind and visually 
impaired with a view to reducing dependency on expensive clinical and technical support. The proposed prototype, SSVIP, 
combined various sensors for real-time obstacle, wet surface, and ground vibration detection. Once a hazard is detected, 
the controller sends a signal for the buzzer and vibration motor to initiate both audio and vibrotactional warnings to 
users for safe and independent navigation. The authors first calibrated the sensors using optimal values; for water and 
ultrasonic sensors, the threshold was fixed at 650 and 20 units, respectively. Then they performed 20 iterations of 
experiments, which resulted in output accuracies of 87% in the case of the ultrasonic sensor, 80% in the case of the water 
sensor, and 83% in the case of the vibration sensor.  
 

AnwaralyYasmine Begum et al.[6]A comprehensive smart footwear system for the enhanced navigation, mobility, and 
safety of visually impaired individuals by offering advanced multisensory integration and IoT connectivity. This system 
consists of ultrasonic sensors for obstacle detection, piezoelectric sensors for identification of ground contact, and 
accelerometers for motion tracking. An Arduino Uno microcontroller acts as the control unit, which processes the inputs 
of all sensors and triggers real-time feedback mechanisms with the help of vibration motors and buzzers. This system also 
enables voice alerts to be transferred to an Android application through Bluetooth connectivity, thus providing speech-
based guidance to users. Real-time localization, remote monitoring, and communication are also enabled in this model 
through GPS and NodeMCU modules by utilizing the IoT. 
 

Arthi R et al. [7] developed the concept for a real-time assistive footwear system, comprising wearable prototypes with 
multiple sensors and IoT connectivity, aimed at improving safe navigation and independent mobility among the visually 
impaired. The design of the smart shoe includes three pairs of ultrasonic sensors for the detection of obstacles, pits, 
human presence, and wet surfaces in the path of its user; it also uses PIR, infrared, and moisture sensors. Such conditions 
are relayed to the user through buzzers, which create different sound patterns and durations that tactically let him/her 
know about the environment. The system detects not only obstacles at ground level but also those at head height, 
ensuring multi-directional hazard awareness. A fall detection feature is implemented by including a gyroscope; upon 
detection of an incident, this prototype initiates an automated response through NodeMCU to send the location and alert 
message. 
 

Vijay Kumar Burugari et al. [8] proposed an IoT-enabled smart shoe system, which enhances obstacle detection and 
navigation for the visually impaired by incorporating ultrasonic sensing, gyroscope-based orientation detection, and 
Arduino-based processing in a wearable platform. The authors indicated that conventional mobility solutions, such as 
sticks or guide dogs, feature a very limited range and cannot detect fast-moving or faraway obstacles, especially in urban 
areas. Their suggested smart shoe overcomes these limitations with the use of ultrasonic sensors to estimate distance to 
nearby obstacles and acoustic warnings to the user using audio notifications. A gyroscope assists in the fall or tilt 
detection in order to provide users with knowledge of a sudden loss of balance or change in direction, enhancing 
personal safety.  
 

Pratik Bhongade et al. [9] proposed a complete Smart Shoe system to enhance independent mobility, safety, and daily 
usability for visually impaired people by integrating obstacle detection, health monitoring, pothole identification, and 
emergency communication into a wearable IoT-based solution. According to the authors, conventional mobility solutions 
like canes or sticks offer very limited support and are not able to identify environmental hazards such as potholes, 
slippery surfaces, or moving obstacles. The proposed model consists of multiple sensors interfaced with an Arduino 
microcontroller board for real-time obstacle, wet surface, high-temperature object, or uneven ground detection. When 
any kind of hazard is detected, the shoe sends data via Bluetooth to the dedicated Android application developed in this 
context, which will generate voice-based alerts to help users avoid accidents. 
 

P. EbbyDarney et al. [10] proposed the IoT-based Smart Shoe system for better navigation, safety, and emergency 
assistance for the visually impaired in India, where a significant percentage of the disabled population suffers due to vision-
related impairments. The authors emphasize that in spite of plans and strategies by the government, blind people continue 
to have problems in identifying obstacles, sensing hazardous surfaces, and finding a safe path during travel. They developed 
a wearable smart shoe with multiple sensing modules, which included an ultrasonic sensor for obstacle detection, flame 
sensor for fire identification, and soil-moisture sensor for detecting puddles. All sensors interface with an Arduino 
microcontroller, thus providing real-time environmental analysis and voicing the guidance for user. 
 

III. EXISTING RESEARCH 
While most conventional smart shoes depend on a single ultrasonic or infrared sensor for obstacle detection, Pathfinder 
introduces an advanced, multi-sensor architecture that improves the safety and situational awareness of users. This 
includes an ultrasonic sensor for obstacle detection, a soil moisture sensor to detect wet or slippery surfaces, and a GPS-
based SOS alert system through the ESP32 and NEO-6M GPS module. Instead of mere vibration feedback, the system 
provides a multi-layered alert mechanism, including vibration via a motor, audio warnings through a buzzer, and mobile-
based emergency notifications via the BlynkIoT application in case of the activation of an SOS button. 
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Equipped with all modules integrated into an Arduino Uno controller, Pathfinder offers real-time monitoring of the 
surroundings and delivers speedy, clear, and reliable feedback to the user. Unlike previous designs, which either suffer 
from inadequate battery performance or acquire unstable sensor readings, Pathfinder utilizes a buck converter to 
maintain steady voltage and protect sensitive electronics in the case of extended outdoor usage. This allows for the 
smooth operationof the ESP32, GPS module, and other circuitry as the battery level decreases. It also overcomes one of 
the major weaknesses of past solutions thus far: although most offer the ability to provide simple navigation, they fail to 
support their users in case of an emergency—be it due to a fall, disorientation, or unexpected danger. Upon a single push 
of the SOS switch, Pathfinder sends the user's live coordinates out to the connected smartphone via the BlynkIoT, making 
Pathfinder not just another GPS wearable device but truly safety-focused. 
Limitations of existing research: 
 Many smart mobility devices struggle to work correctly in outdoor environments where harsh lighting, noise, or 

reflective surfaces interfere with sensor accuracy. 
 Some designs are bulky or uncomfortable to wear for long durations, making them impractical for daily use. 
 Several systems face communication delays or disconnections when users walk through underground areas, crowded 

markets, or buildings with poor signal coverage. 
 Frequent power consumption by sensors and communication modules results in short battery life, forcing users to 

charge the device often. 
 Most existing prototypes only provide basic obstacle alerts and do not guide users around obstacles or suggest safer 

paths. 
IV. HARDWARE DESCRIPTION 

The Pathfinder smart shoe has multiple electronic components and sensing technologies that enable smooth operation 
and effective functionality. The main controller of this system is the Arduino Uno, which takes input from all sensors and 
provides immediate feedback to the user. For obstacle detection, it uses an ultrasonic sensor, which sends sound waves 
and then measures the echo coming back to calculate the distance between the object and itself. By interpreting this data, 
the shoe recognizes obstacles in the way and reacts immediately with appropriate feedback. 
 

ArduinoUno: It serves as the main microcontroller of the Pathfinder system, receiving data from the ultrasonic sensor, 
soil moisture sensor, and SOS components; it then processes these readings to decide which feedback mechanism should 
activate. It controls the vibration motor, buzzer alerts, and communicates important triggers to the ESP32 in real time. Its 
high reliability and fast response enable it to be used for continuous wearable operation. 
 

Ultrasonic Sensor:  It detects obstacles ahead of the user using an ultrasonic sensor that sends out ultrasonic waves and 
calculates the distance by determining the time it takes for echoes to bounce back. This will help in identifying objects 
even before the user comes into contact with them. The sensor provides accurate detection over a safe walking range, 
thus enabling timely alerts. 
 

Soil Moisture Sensor: The soil moisture sensor detects wet or slippery surfaces. It works by continuously monitoring 
changes in the ground's moisture levels and sending real-time data to the Arduino. When water is detected, the device 
triggers an alert that warns the user of the presence of water. It helps prevent slipping accidents in risky environments. 
 

Vibration Motors: Embedding vibration motors inside the shoe provides tactile alerts. The motors vibrate upon detecting 
obstacles or hazards. The intensity of the vibration may be varied depending on the distance or degree of the obstacle. 
This ensures that the user receives silent but clear feedback without needing visual cues. 
 

Buzzer Feedback: The buzzer is used to emit audible alerts to a user in dangerous situations. It only turns on upon the 
shoe detecting a wet surface or an emergency. The buzzer gives a clear sound signal, which a user can hear very well even 
in very noisy environments. This adds a layer of safety where vibration alone may not be sufficient. 
 

GPS Module: The GPS module locates the user's geographical position in real time. It provides exact latitude and 
longitude values, which are quite essential during emergencies. When the SOS is triggered, the NEO-6M module sends 
the coordinates to the connected mobile device, allowing for the quick identification of the location. 
 

ESP32 Module: The ESP32 is connected to the BlynkIoT platform, which sends SOS notifications through Wi-Fi. After 
pressing the SOS button, it sends the GPS coordinates to the user's registered account on Blynk, which then triggers 
notifications and an e-mail alert. This removes GSM requirements, increases speeds of communication, and ensures 
messages during such an emergency are instant. 
 

SOS Button: The SOS button is the built-in emergency switch in the smart shoe. Upon activation, Arduino and ESP32 will 
immediately send a distress alert along with its live location, read from the GPS module, via BlynkIoT. This allows the user 
to call for help instantaneously with no need to access a phone, adding an essential layer of safety for independent 
mobility. This project proposes an IoT-enabled, advanced smart shoe, Pathfinder, which integrates multi-sensor-based 
hazard detection, vibration, and audio feedback and emergency communication for facilitating visually impaired people to 
move safely within their environment. The system is designed to detect obstacles, slippery surfaces, and emergency 
situations in real time and provide immediate alerts for enhanced user safety, mobility, and independence. 
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Fig2: System Working 

 
V. PROPOSED METHODOLOGY 

The proposed methodology is described as follows: 
 

1. Multi-Sensor Hazard Detection 
The Pathfinder shoe has incorporated an ultrasonic sensor for detecting obstacles ahead and a soil moisture sensor that 
detects the wet or slippery condition of the surface.All these sensors constantly scan the walking path and send real-time 
readings to the Arduino Uno board. 
2. Microcontroller Processing & Wireless Communication: The Arduino Uno will process all sensor data, analyzing input 
values and triggering the correct output response. In the case of emergency communication, an ESP32 Wi-Fi module 
paired with the NEO-6M GPS module replaces a conventional GSM-based alert mechanism. Upon pressing the SOS 
button, the ESP32 will instantly send the user's live GPS coordinates to the BlynkIoT application for fast and reliable 
notification on the registered mobile device or email. 
3. Real-Time Feedback & Alerts: The shoe is designed to provide dual-mode alerts for maximum safety: a vibration motor 
that provides tactile feedback in the case of obstacle detection and a buzzer that sounds an audio warning upon sensing 
wet surfaces from the soil moisture sensor. During emergencies, the SOS button activates the GPS and ESP32 to send the 
live location to caregivers using BlynkIoT. 
 

 
Fig 3: Proposed System 

Algorithms: 
1. Ultrasonic Sensor Algorithm: 
The Algorithm used in the smart shoe project facilitates obstacle detection by leveraging ultrasonic technology. This 
process begins with the sensor emitting a burst of high- frequency sound waves into the environment. These sound waves 
travel outward until they encounter an object, at which point they bounce back toward the sensor. The sensor measures 
the time interval between sending out the sound waves and receiving theire choes. This time measurement is crucial for 
calculating the distance to the obstacle. The distance is determined using the formula: 
Distance=(Time*speedofsound)/2Thedivisionby2is necessarybecausethemeasuredtimeincludestheround-trip travel of the 
sound waves. 
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When the calculated distance falls belowapredefinedthreshold—indicatingthatanobstacleiswithin a certain range—the 
system triggers an alert. The Arduino Nano processes this data and sends a signal via Bluetooth to a companion web app. 
This real-time communicationensuresthatusersreceivetimelyinformation, enhancing their ability to maneuver safely in 
various environments.TheworkingofUltrasonicDistance Sensoris shown in figure 4. 

 
Fig4: Ultrasonic Distance Sensor Working 

2. Moisture Sensor-Based Water Detection Algorithm 
Wet or slippery ground surfaces that are hazardous to the visually impaired user can be detected using the Moisture 
Sensor Algorithm. This continuously measures the conductivity or resistance of the ground beneath the shoe using the 
soil-moisture sensor. Dry surfaces result in high resistance values, while a wet surface demonstrates lower resistance 
because of the water on the surface. This microcontroller will read from sensors the value and compare it to the set 
threshold of moisture levels. When the detected value falls below this value, the system recognizes the surface to be wet 
or slippery. Arduino Uno gives a response by triggering a warning mechanism in the form of a buzzer alert or a vibration 
pulse that notifies users of potential danger. Detection of water patches beforehand by the algorithm will help in avoiding 
slips or accidental falls, thus making real-time navigation safer and more dependable. 
3. GPS-GSM SOS Alert Algorithm 
The GPS–IoT SOS Alert Algorithm allows emergency communication at times when the user is in danger or unable to 
continue navigation. Upon triggering the SOS, Arduino Uno turns on the NEO-6M GPS module to get the latitude and 
longitude of the user's current location. Once valid coordinates for the location are obtained, the system will format 
these into a readable data packet. This information, once received by the ESP32, sends it using the BlynkIoT platform via 
the Wi-Fi connectivity of the ESP32, directly onto the user's registered mobile as an instant app notification and an 
automated email alert with the user's live location. Such a message would include the exact GPS coordinates, hence the 
location, along with a predefined SOS request specifying that immediate help is necessary. Following the detection of an 
SOS input, the whole process would be automatically executed without any further interaction. 

VI. METHODOLOGY 
The system design of the Pathfinder smart shoe is compartmentalized into sequential stages for smooth functioning, 
accurate sensing, and safety of the user.  

 
Fig 5: System Architecture 
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Hardware integration primarily includes assembling the Arduino Uno, ultrasonic sensor, soil moisture sensor, ESP32 Wi-
Fi module, NEO-6M GPS module, vibration motor, buzzer, rechargeable battery and the SOS switch. An ultrasonic sensor 
is fitted on the front of the shoe to detect obstacles using transmitted ultrasonic waves that measure time to receive the 
echoes. Based on this reading, the system calculates the distance of obstacles in real time. Likewise, a soil moisture sensor 
is embedded on the bottom of the shoe to detect wet or slippery surfaces along a user's path. When moisture or water 
is detected, the Arduino Uno processes the sensor readings and instantly turns the buzzer on to alert the user of the 
unsafe surface. 
 

The vibration motor and buzzer serve as the main feedback mechanisms, ensuring that the user receives both haptic and 
audio warnings for clear notice in any environment. In emergency situations, the SOS button triggers the Arduino to turn 
the GPS module on, which captures the user's current coordinates. The data is then sent to the ESP32, which sends the 
live location to registered contacts through the BlynkIoT application and thus allows for timely assistance in critical 
situations. The system is designed for real-time responsiveness, providing all alerts instantaneously with no perceivable 
delay. Based on this methodology, precise sensing, fast processing, and dual-mode feedback will ensure maximum safety 
for visually impaired users. Instantaneous vibration and audio alerts for obstacle and water detection will continuously 
help the user be aware of the environment, whereas SOS allows automated location sharing during emergencies. Efficient 
power management provided allows long operating time and stable performance of the entire smart shoe system. 
 

 
Fig 5: System Architecture 

VII. RESULT ANALYSIS 
 
The Pathfinder Smart Shoe provides more functionality, cost-effectiveness, and user-oriented design compared to 
available smart shoe solutions in the market. Most smart shoes in the present market rely basically on either fitness 
tracking or a single sensor for obstacle detection. Pathfinder combines multiple sensing modules: an ultrasonic sensor for 
obstacle detection, a soil moisture sensor for detecting wet surfaces, and an IoT-based SOS alert system through the 
ESP32 and NEO-6M GPS module. This multi-sensor architecture provides a more complete assistive solution specifically 
tailored for visually impaired users.  

Table1: Performance Analysis 
Aspect Proposed Smart Shoes Existing Smart 

Shoes 
 White Cane Guide Dogs 

Accuracyof Object Detection 96% 85% 70% 95% 
Real-Time Response 92% 80% 60% 90% 
Emergency Handling 95% 90% N.A. N.A. 

Wet Surface Detection 93% 70% 50% 90% 
Power & Efficiency 90% 80% No Power N.A. 

Environmental Adaptability 88% 75% 60% 95% 
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and operational life. While the Pathfinder Smart Shoe already solves many of the shortcomings of existing assistive 
footwear, this is not the end of its development. Future work should emphasize improving sensor accuracy and power 
usage along with offering personalize
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fledged mobility assistant for guiding users through routes they don't know. Improvements in 

aspects such as battery management, lightweight hardware, and ergonomic design would further enhance user comfort 
While the Pathfinder Smart Shoe already solves many of the shortcomings of existing assistive 

footwear, this is not the end of its development. Future work should emphasize improving sensor accuracy and power 
usage along with offering personalized feedback settings. With continued development, it has the potential to establish a 
dependable, intelligent, and user-friendly companion that will help visibly impaired people to improve their mobility, 
safety, and quality of life substantially. 
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