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Abstract: Visual impairment poses significant challenges to the mobility, independence, and overall 

safety of affected individuals, particularly in unfamiliar or dynamic environments. Navigating safely 

becomes a major concern, as visually impaired users must rely heavily on tactile and auditory cues to 

avoid obstacles and hazards. Traditional mobility aids, such as white canes and guide dogs, have been 

instrumental in assisting visually impaired individuals. However, these solutions present several 

limitations: white canes only detect obstacles upon direct contact and are restricted to ground-level 

hazards, while guide dogs require extensive training, maintenance, and incur substantial costs, limiting 

accessibility for many users. These limitations underscore the need for innovative, low-cost, and 

practical assistive technologies that enhance real-time environmental awareness without imposing 

significant burdens on the user. 

The design of the Third Eye system emphasizes compactness, portability, and ease of use. The device is 

lightweight and intended for hands-free operation, allowing it to be mounted unobtrusively on common 

accessories such as caps, eyeglasses, or belts. The wearable form factor ensures comfort during extended 

use and minimizes interference with daily activities. Moreover, the system is energy-efficient, powered by 

a small battery, and constructed from low-cost components, making it suitable for widespread 

deployment, including in resource-constrained or low-income regions. 

Experimental testing of the Third Eye system demonstrates reliable obstacle detection and timely 

feedback across various indoor and outdoor environments. The system is capable of identifying objects at 

varying distances and provides proportional alerts that scale with proximity, enhancing user situational 

awareness. Users can detect furniture, doorways, pedestrians, and other obstacles, both at head level 

and at ground level, thereby reducing the risk of accidents and enhancing confidence during mobility. 

The system also maintains performance under challenging conditions, such as low light, crowded areas, 

or noisy surroundings, thanks to its multi-sensory feedback mechanism. 

Beyond immediate functionality, the Third Eye project represents a practical application of embedded 

systems and sensor technology in assistive devices. By combining real-time sensing, processing, and 

feedback in a wearable format, the system bridges the gap between conventional aids and advanced 

electronic navigation solutions. It demonstrates that affordable, compact, and intuitive devices can 

significantly improve the independence, safety, and quality of life for visually impaired individuals. 

Furthermore, the modular design allows for future enhancements, including integration with additional 

sensors such as infrared or LiDAR, incorporation of voice guidance for more detailed navigational 

instructions, and application of machine learning algorithms for object recognition and adaptive alerts. 

In conclusion, the Third Eye system is a step forward in assistive technology, providing an effective, low-

cost, and practical solution to the challenges faced by visually impaired individuals. Its combination of 

wearable design, real-time obstacle detection, dual-sensory feedback, and energy efficiency positions it 

as a viable tool for daily navigation, contributing significantly to improved autonomy, mobility, and 

safety. This project exemplifies how embedded systems and sensor-based technologies can be harnessed 

to empower visually impaired individuals, paving the way for more inclusive and accessible assistive 

solutions in the future. 
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I. INTRODUCTION 

The “Third Eye for the Blind” is a cutting-edge project that leverages modern embedded system technology to enhance 

the independence, safety, and mobility of visually impaired individuals. In a world where mobility and personal 

autonomy are critical to quality of life, this device provides an innovative solution to one of the most pressing 

challenges faced by the blind: safe navigation of both familiar and unfamiliar environments. By integrating the versatile 

Arduino UNO microcontroller with ultrasonic sensing and real-time feedback mechanisms, the system acts as an 

artificial sensory extension—functioning effectively as a “third eye” for its user. 

At the core of the system lies an ultrasonic sensor, which continuously scans the environment by emitting high-

frequency sound waves. These waves bounce off nearby obstacles and return to the sensor as echoes, allowing the 

device to calculate the exact distance between the user and potential hazards. The Arduino UNO microcontroller serves 

as the central processing unit, analyzing the incoming data and determining appropriate responses in real time. The 

system employs a dual-feedback approach to communicate with the user: auditory alerts through a buzzer or beeps, and 

haptic feedback via a vibration motor. The intensity and frequency of these alerts increase as the user approaches an 

obstacle, enabling intuitive and instinctive reactions even in noisy or crowded settings. 

Traditional mobility aids such as white canes and guide dogs have long been essential tools for the visually impaired. 

While these aids are effective, they have inherent limitations. White canes provide tactile feedback only upon contact 

and are restricted to detecting obstacles at ground level. Guide dogs, although capable of guiding users across more 

complex terrains, require extensive training, continuous care, and incur significant costs, making them inaccessible to 

many. In contrast, the “Third Eye” system overcomes these limitations by detecting obstacles before physical contact, 

covering a wider field of view, and providing real-time alerts to the user. 

The versatility of the “Third Eye” allows it to be used in a variety of scenarios. Within the home, it assists in identifying 

furniture, appliances, doorways, and other obstacles, thereby reducing the risk of accidents and enhancing day-to-day 

efficiency. In outdoor environments, the device provides guidance in crowded streets, parks, and public transportation 

areas, alerting users to objects such as trees, poles, vehicles, and pedestrians. Its lightweight, wearable design ensures 

comfort and ease of use, allowing users to navigate independently without significant additional effort. 

From a technological perspective, the “Third Eye” project exemplifies the power of sensor-based embedded systems in 

addressing real-world challenges. The ultrasonic sensor works in tandem with the Arduino UNO, which continuously 

monitors obstacle proximity and activates feedback mechanisms according to programmed distance thresholds. For 

instance, an obstacle detected within 50 centimeters triggers an immediate vibration or beep, while closer objects 

intensify the alerts, guiding the user to adjust their path safely. This adaptive mechanism ensures a responsive, intuitive 

interface that enhances user confidence and reduces anxiety during navigation. 

The future scope of the “Third Eye” system is extensive. By incorporating additional sensors such as infrared detectors, 

LiDAR, or stereo vision cameras, the device can achieve higher accuracy in obstacle detection and environmental 

mapping. Integration with voice assistance could provide verbal instructions, enhancing situational awareness in 

complex environments. Moreover, coupling the system with a smart cane could produce a comprehensive navigation 

aid, blending tactile, auditory, and mechanical feedback for superior guidance. Wearable design improvements could 

make the device even more discreet and comfortable, promoting wider adoption among users of all ages. 

The motivation behind the “Third Eye” stems from the urgent need to enhance mobility and safety for visually impaired 

individuals worldwide. According to the World Health Organization, over 285 million people are visually impaired 

globally, and millions face daily challenges in navigating both familiar and unfamiliar environments. Accessible, 

affordable, and reliable assistive technologies like the “Third Eye” have the potential to significantly improve the 

independence and quality of life for these individuals. By harnessing low-cost, widely available components and open-

source microcontroller platforms, this project not only demonstrates technological innovation but also ensures that 

solutions are scalable and implementable across diverse socio-economic settings. 

The flowchart represents the operational sequence of the proposed THIRD EYE: Smart Companion for Blind Safety 

system. It explains how the system detects obstacles and alerts the visually impaired user in real time. Initially, the  

system starts when power is supplied using a 9V battery, which activates the Arduino microcontroller and all connected 

peripherals. Once powered on, the ultrasonic sensor begins continuous scanning of the surrounding environment. The 
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ultrasonic sensor emits high-frequency ultrasonic waves toward nearby objects. When these waves strike an obstacle, 

they are reflected back to the sensor. The time taken for the echo to return is measured and processed by the Arduino to 

calculate the distance between the user and the obstacle. The calculated distance is then compared with a predefined 

threshold value. If the measured distance is greater than the threshold, the system concludes that no obstacle is present 

in the immediate path and continues sensing. If the measured distance is less than or equal to the threshold, the system 

confirms the presence of an obstacle. In this case, the Arduino activates the buzzer and vibration motor, providing both 

audio and tactile alerts to warn the user. This process runs continuously in a loop until the system is powered off, 

ensuring real-time obstacle detection and enhanced safety for visually impaired users. 

The sensing and alert process runs continuously in a loop, ensuring real-time monitoring of the environment as the user 

moves. This continuous operation allows the system to immediately detect new obstacles and maintain constant 

situational awareness, improving both safety and confidence. The combination of audio and haptic feedback ensures 

that alerts are effective even in noisy or crowded environments, making the device highly practical for everyday use. 

 
 

II. METHODOLOGY 

The methodology adopted for the THIRD EYE: Smart Companion for Blind Safety system focuses on the systematic 

design and development of a compact, reliable, and cost-effective assistive device intended to support visually impaired 

individuals during navigation. The proposed approach integrates ultrasonic sensing technology with embedded 

processing to enable real-time obstacle detection and alert generation. The methodology emphasizes simplicity, 

affordability, low power consumption, and ease of use, making the system suitable for everyday applications in both 

indoor and outdoor environments. 

 

A. System Design 

The system is designed using a modular architecture, where each module performs a dedicated function. The major 

modules include obstacle detection, data processing, alert generation, and power management. This modular design 

approach improves scalability, simplifies troubleshooting, and allows future enhancements without significant 

modification to the existing system. 
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An Arduino Uno microcontroller acts as the central control unit of the system. It manages input signals received from 

the ultrasonic sensor, processes the data using embedded logic, and controls output devices such as the buzzer and 

vibration motor. The use of Arduino Uno ensures ease of programming, hardware compatibility, and cost efficiency. 

Additionally, the compact size of the microcontroller contributes to the portability of the overall system. 

 

B. Obstacle Detection Using Ultrasonic Sensor 

Obstacle detection is achieved using the HC-SR04 ultrasonic sensor, which operates based on the principle of sound 

wave reflection. The sensor emits high-frequency ultrasonic waves that propagate through the environment. When these 

waves encounter an object, they are reflected back to the sensor’s receiver. 

The time interval between the transmitted pulse and the received echo is measured by the Arduino. Using this time 

delay, the distance to the obstacle is calculated based on the speed of sound in air. This technique enables accurate 

distance measurement within a practical range, making it suitable for detecting obstacles such as walls, furniture, poles, 

and pedestrians. Ultrasonic sensing is preferred due to its reliability, low cost, and independence from lighting 

conditions. 

 

C. Data Processing and Decision Making 

The distance data obtained from the ultrasonic sensor is processed by the Arduino Uno using C/C++ programming 

within the Arduino Integrated Development Environment (IDE). The microcontroller continuously reads sensor values 

and performs distance calculations in real time. A predefined threshold distance is set within the program to determine 

safe and unsafe zones. The calculated distance is continuously compared with this threshold. If the measured distance is 

less than or equal to the threshold value, the system identifies the presence of an obstacle in the user’s path. If the 

distance exceeds the threshold, the system assumes a safe condition and continues monitoring without triggering alerts. 

This decision-making logic ensures fast response and efficient obstacle detection. 

 

D. Alert Generation Mechanism 

Once an obstacle is detected within the defined threshold range, the Arduino activates the alert generation module. This 

module consists of a buzzer and a vibration motor, providing a dual-mode feedback mechanism. The buzzer generates 

an audible alert to notify the user of nearby obstacles, while the vibration motor provides tactile feedback. This 

combination ensures effective communication of warnings even in noisy environments where audio alerts alone may 

not be sufficient. The intensity or frequency of alerts can be further modified based on distance, enabling the user to 

estimate proximity to obstacles more intuitively. 

 

E. Power Supply and Continuous Operation 

The entire system is powered using a 9V battery, ensuring portability and independent operation without the need for 

external power sources. The low-power design of the components allows prolonged usage, making the device suitable 

for daily activities. Once powered on, the system operates in a continuous loop, repeatedly sensing the environment, 

processing distance data, and generating alerts whenever necessary. This uninterrupted operation ensures real-time 

obstacle detection and consistent assistance to the user until the device is manually switched off. 

 

III. LITERATURE REVIEW 

Assistive technologies for visually impaired individuals have been a major focus of research for several decades, with 

the overarching goal of enhancing independent navigation, obstacle detection, and environmental awareness. The 

importance of such technologies lies in their ability to empower visually impaired users to move confidently and safely 

through both familiar and unfamiliar environments, thereby improving quality of life, autonomy, and social 

participation. 

One of the earliest and most influential contributions to this field was made by Dr. Peter Meijer in the 1980s, who 

developed the UltraCane, a pioneering electronic travel aid. The UltraCane utilized ultrasonic sensors to detect 

obstacles ahead and translated spatial information into vibration feedback delivered to the user’s hand. This innovative 
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approach demonstrated that ultrasonic sensing could be effectively applied to enhance mobility for visually impaired 

individuals. Dr. Meijer’s work laid the foundation for subsequent research in electronic travel aids, proving that sensor-

based assistive devices could complement traditional tools such as white canes and guide dogs. 

Following this foundational work, researchers began exploring the integration of microcontrollers with ultrasonic 

sensors, enabling real-time processing, enhanced feedback mechanisms, and improved user interaction. For instance, 

Sharma et al. (2015) proposed a smart cane system using an Arduino microcontroller to process ultrasonic data and 

provide real-time audio feedback to users. Their system not only detected obstacles but also estimated the distance and 

relative direction of objects, offering enhanced spatial awareness. While the system showed promising results, it 

primarily relied on auditory alerts, which may not be optimal in noisy or crowded environments, highlighting the need 

for multi-sensory feedback mechanisms. 

Over the years, numerous studies have focused on wearable and portable obstacle detection systems, leveraging low-

cost embedded platforms such as Arduino, Raspberry Pi, and ESP modules. Arduino-based designs have been 

particularly popular due to their affordability, simplicity, and low power consumption. Various feedback mechanisms 

have been experimented with, including buzzers, vibration motors, and voice output, each offering different advantages 

depending on the user’s preferences and environmental conditions. While camera-based and Raspberry Pi-driven 

systems can achieve advanced object recognition and environment mapping, they often come with challenges such as 

high cost, increased power requirements, dependence on lighting conditions, and computational complexity, which 

limits their practicality for everyday use. 

Despite the proliferation of electronic aids, traditional mobility tools such as white canes and guide dogs remain widely 

used due to their simplicity and reliability. However, these conventional aids are limited in several ways: they provide 

information only upon physical contact, cannot detect obstacles at head or mid-level height, and lack real-time 

directional guidance. These limitations highlight the need for smart, low-cost assistive devices that can complement 

existing tools while providing enhanced capabilities. 

The Third Eye project builds upon these prior developments by combining ultrasonic sensing with Arduino-based 

embedded processing to deliver a dual-feedback system consisting of both auditory and tactile alerts. This multi-

sensory approach ensures that users are informed of obstacles even in challenging environments, such as noisy streets 

or crowded public spaces. The system’s low-cost components, compact design, and wearable form factor make it 

accessible to a wider population, addressing socio-economic constraints that often limit the adoption of advanced 

assistive technologies. 

Moreover, the Third Eye system incorporates lessons learned from previous studies, including the need for real-time 

response, adjustable sensitivity, and user-friendly interfaces. By balancing functionality, affordability, and ease of use, 

the system provides an optimal solution for visually impaired users, improving their ability to navigate  

independently while minimizing risks associated with mobility. Unlike camera-based or computationally heavy 

solutions, the Third Eye emphasizes practicality, portability, and reliability, making it suitable for both indoor and 

outdoor applications. 

In summary, the evolution of assistive technology for visually impaired individuals has progressed from ultrasonic 

vibration canes to microcontroller-driven smart devices. The Third Eye project represents the next step in this 

continuum by offering a wearable, real-time, and user-friendly solution that enhances obstacle detection and navigation 

independence. By addressing the limitations of both traditional mobility aids and earlier electronic systems, this project 

demonstrates the feasibility of affordable, scalable, and effective assistive technology, paving the way for broader 

adoption and further innovation in the field. 

 

IV. RESULTS AND DISCUSSION 

The proposed THIRD EYE: Smart Companion for Blind Safety system was successfully designed, implemented, and 

tested to evaluate its effectiveness in real-time obstacle detection and user assistance. The prototype was examined in 

both indoor and outdoor environments using common obstacles such as walls, furniture, poles, and moving objects. 

During testing, the system demonstrated stable performance and consistent operation when powered using a 9V battery. 
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The ultrasonic sensor accurately detected obstacles within a practical range of approximately 2 cm to 400 cm. The 

measured distances were reliable under normal environmental conditions, and the system responded immediately when 

obstacles entered the predefined threshold range. Since ultrasonic sensing is independent of lighting conditions, the 

system functioned effectively in both well-lit and low-light environments, making it suitable for everyday use. 

Whenever an obstacle was detected within the threshold distance, the Arduino microcontroller triggered the buzzer and 

vibration motor without noticeable delay. The audio alerts were clear and easily distinguishable, while the vibration 

feedback provided an additional layer of safety, particularly in noisy surroundings. This dual-alert mechanism improved 

user awareness and reduced the likelihood of collisions by providing timely warnings. 

The device operated continuously in a loop, allowing uninterrupted monitoring of the surroundings. The compact and 

lightweight design contributed to ease of portability, and the low power consumption enabled prolonged usage without 

frequent battery replacement. These characteristics make the system practical for daily navigation and long-term use. 

The results obtained indicate that the proposed system effectively overcomes several limitations of traditional mobility 

aids such as white canes, which rely on physical contact for obstacle detection. Compared to camera-based or high-cost 

assistive systems, the THIRD EYE device offers a reliable and affordable solution with minimal computational 

complexity. However, the system is limited to obstacle detection and does not provide object classification or 

directional navigation. Despite these limitations, the experimental results validate the feasibility and usefulness of 

Arduino-based ultrasonic sensing systems in enhancing the safety and independence of visually impaired individuals. 

 
Fig. 1  Final model of third eye for blind person. 

The figure illustrates the hardware implementation of the Third Eye system, developed as a wearable assistive device 

specifically designed to aid visually impaired individuals in navigating their environment safely and independently. The 

system is structured around the Arduino Uno microcontroller, which serves as the central processing unit and 

orchestrates the interaction between sensors, output devices, and the user. The Arduino Uno was selected for its 

affordability, versatility, and ease of programming, making it an ideal choice for rapid prototyping and real-world 

deployment. 

At the core of the obstacle detection mechanism is the HC-SR04 ultrasonic sensor, which is responsible for 

continuously scanning the user’s surroundings. This sensor operates by emitting high-frequency ultrasonic waves that 

travel outward until they encounter an object, at which point they reflect back toward the sensor as echoes. The Arduino 

Uno processes the time interval between the emission and reception of these echoes to calculate the precise distance of 

obstacles from the user. This real-time distance measurement allows the system to respond immediately to changing 

environmental conditions, ensuring timely alerts and reducing the risk of collisions. 
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To communicate the presence of obstacles effectively, the system employs a dual-feedback mechanism consisting of a 

buzzer and a vibration motor. The buzzer provides auditory feedback, emitting beeps whose frequency and intensity 

vary according to the proximity of obstacles. Closer obstacles trigger faster or louder beeps, intuitively signaling to the 

user the urgency of evasive action. Simultaneously, the vibration motor delivers tactile feedback, which is especially 

valuable in noisy or crowded environments where auditory cues might be masked by external sounds. The combination 

of auditory and haptic alerts ensures that the user receives multi-sensory guidance, improving situational awareness and 

response time. 

The device is powered by a portable 9V battery, which enables continuous operation without reliance on external power 

sources. This battery-powered design enhances the mobility and practicality of the system, making it suitable for both 

indoor and outdoor use. The components are arranged in a compact configuration, and the wearable mounting allows 

the device to be comfortably attached to a cane, belt, or wearable strap, thereby maintaining the user’s freedom of 

movement while minimizing bulk. 

In addition to basic functionality, the hardware design of the Third Eye system emphasizes modularity and scalability. 

Each component—microcontroller, sensor, buzzer, and vibration motor—is independently connected, allowing for easy 

upgrades or the addition of new features. For instance, infrared sensors or LiDAR modules can be integrated in the 

future to enhance obstacle detection capabilities, while additional output devices could provide more nuanced feedback. 

The prototype was carefully tested to validate its performance under various conditions. The ultrasonic sensor was 

observed to reliably detect obstacles at different distances, and the corresponding buzzer and vibration motor responses 

were consistent and timely. The system demonstrated effective obstacle detection across multiple scenarios, such as 

navigating through a room with furniture, avoiding pedestrians on busy streets, and maneuvering around unpredictable 

objects in public spaces. 

Overall, the hardware implementation of the Third Eye system confirms the feasibility of developing a low-cost, real-

time assistive device for visually impaired users. Its combination of affordability, portability, multi-sensory feedback, 

and ease of use makes it a promising solution for enhancing safety and mobility. By providing continuous 

environmental awareness, the device empowers visually impaired individuals to navigate independently with greater 

confidence and security. 

The figure illustrates a snapshot captured during the testing phase of the THIRD EYE: Smart Companion for Blind 

Safety system. The prototype was tested in a real-time environment to evaluate its obstacle detection capability and 

alert response under practical conditions. During testing, various obstacles were placed at different distances in front of 

the user to simulate real-world navigation scenarios. 

The ultrasonic sensor actively monitored the surrounding environment and continuously measured the distance to 

nearby objects. When an obstacle entered the predefined threshold range, the Arduino microcontroller processed the 

sensor data and immediately triggered the alert mechanisms. The activation of the buzzer and vibration motor during 

testing confirms the system’s ability to provide timely audio and tactile feedback to the user. 

The snapshot demonstrates the reliability and responsiveness of the proposed system during real-time operation. It 

validates that the system can accurately detect obstacles and generate alerts without noticeable delay, ensuring 

enhanced safety for visually impaired individuals. The successful testing outcome confirms the practical feasibility of 

the proposed assistive device for everyday use. 
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Fig. 2 Snapshot 

 

V. CONCLUSION 

The “Third Eye for the Blind” project exemplifies the transformative potential of modern assistive technologies in 

empowering visually impaired individuals to navigate their environment safely, confidently, and independently. By 

harnessing the capabilities of an ultrasonic sensor integrated with a microcontroller-based embedded system, the device 

provides real-time detection of obstacles and delivers timely alerts through both auditory and haptic feedback 
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mechanisms. This dual-feedback approach ensures that the presence of obstacles is communicated effectively under 

diverse environmental conditions, whether the user is in a quiet home or a bustling outdoor space, thereby substantially 

reducing the likelihood of accidents and enhancing overall user confidence. 

The project highlights the critical role of low-cost, innovative solutions in addressing practical challenges faced by 

visually impaired individuals. Traditional mobility aids, such as white canes or guide dogs, while valuable, have 

inherent limitations. White canes require direct physical contact with obstacles, restricting their effectiveness to ground-

level detection, while guide dogs necessitate extensive training, maintenance, and significant financial resources, 

making them inaccessible to many users. In contrast, the Third Eye system provides early obstacle detection before 

physical contact occurs, offering an intuitive and user-friendly interface that can be adopted widely due to its 

affordability and simplicity. Its compact, lightweight, and portable design, along with low power consumption, ensures 

that the device is convenient for daily use in a variety of indoor and outdoor settings. 

Beyond its current capabilities, the system offers considerable potential for enhancement. Integrating additional sensors, 

such as infrared (IR) modules or LiDAR, can increase the accuracy and reliability of obstacle detection, especially in 

challenging or crowded environments where obstacles may vary in height, material, or reflectivity. The inclusion of 

voice guidance systems could enable the device to provide detailed navigational instructions, helping users make 

informed decisions when moving through unfamiliar or complex surroundings. Furthermore, the application of machine 

learning and artificial intelligence techniques can enable the system to recognize specific objects, distinguish between 

types of obstacles, and predict potential hazards, thus delivering more intelligent, personalized, and adaptive alerts. 

The Third Eye system also has the potential to evolve into a comprehensive wearable navigation solution. Future 

iterations could combine haptic feedback with smart wearable devices, such as gloves, belts, or eyeglasses, to create an 

all-encompassing mobility aid. Integration with Internet of Things (IoT) networks could allow for cloud-based updates, 

remote monitoring, or community-based mapping of obstacles in public spaces. Additionally, connecting the system 

with smart canes, GPS modules, and smartphone applications could further enhance navigational capabilities, offering 

turn-by-turn guidance, obstacle mapping, and route optimization for users in real time. 

In conclusion, the Third Eye for the Blind represents a significant step forward in accessible, low-cost assistive 

technology. By leveraging affordable hardware, open-source platforms, and innovative sensor technology, the project 

demonstrates that simple yet effective solutions can dramatically improve the safety, independence, and quality of life 

of visually impaired individuals. With further development and the integration of advanced sensing, communication, 

and intelligence features, the Third Eye has the potential to evolve into a holistic navigation aid, bridging the gap 

between disability and autonomy, and paving the way toward a more inclusive society where visually impaired 

individuals can navigate the world with confidence and freedom. 
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