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Abstract - Navigation for visually impaired individuals 

remains a major challenge due to limited perception of 

surrounding obstacles and environmental hazards. 

Traditional white canes provide basic ground-level 

detection but fail to identify elevated, dynamic, or distant 

obstacles. To address these limitations, this project 

presents the design and development of a Smart Blind 

Stick that assists visually impaired people in safe and 

independent navigation. The proposed system integrates 

ultrasonic sensors and an optional camera-based object 

detection module to detect and identify obstacles in real 

time. A microcontroller-based processing unit analyzes 

sensor data and determines the presence, distance, and 

type of obstacles. The detected information is conveyed to 

the user through a text-to-speech (TTS) audio feedback 

system, enabling timely awareness and informed decision-

making. The smart stick is designed to be lightweight, 

portable, energy-efficient, and user-friendly, making it 

suitable for both indoor and outdoor environments. 

Experimental evaluation demonstrates reliable obstacle 

detection, minimal response time, and effective audio 

guidance, thereby enhancing user safety, mobility, and 

independence. This assistive device aims to improve the 

quality of life of visually impaired individuals by reducing 

dependence on external assistance. 

Keywords: Smart Blind Stick, Visually Impaired Assistance, 
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I. INTRODUCTION 

Visual impairment significantly affects the mobility, 

independence, and quality of life of millions of people 

worldwide. According to global health reports, a large 

proportion of visually impaired individuals rely on traditional 

assistive tools such as white canes or human assistance for 

daily navigation. While the conventional white cane provides 

tactile feedback for ground-level obstacles, it lacks the ability 

to detect elevated objects, moving hazards, and environmental 

context, making independent navigation difficult and 

sometimes unsafe. 

Recent advances in embedded systems, sensor 

technology, and artificial intelligence have enabled the 

development of intelligent assistive devices aimed at 

improving mobility for visually impaired users. Smart blind 

sticks have emerged as a promising solution by integrating 

sensors, processing units, and feedback mechanisms to 

provide real-time obstacle detection and guidance. Early smart 

cane designs primarily employed ultrasonic or infrared sensors 

to detect nearby obstacles and alert users using vibration or 

buzzer-based feedback. Although effective to a limited extent, 

these systems do not offer information about the nature of 

obstacles, which restricts situational awareness and decision-

making. 

The integration of audio-based feedback systems, 

particularly text-to-speech (TTS), has enhanced the usability 

of assistive navigation devices by delivering intuitive and 

hands-free guidance. Audio feedback allows users to receive 

detailed information about obstacles, including their distance 

and direction, without diverting attention. However, sensor-

only systems struggle in complex environments where 

obstacles vary in size, shape, and motion, highlighting the 

need for intelligent object identification. 

With the rapid growth of computer vision and deep 

learning, object detection and recognition techniques have 

been increasingly applied to assistive navigation systems. 

Vision-based approaches enable the identification of common 

objects such as people, vehicles, doors, and stairs, thereby 

providing contextual awareness beyond mere obstacle 

presence. Lightweight deep learning models and optimized 

algorithms now allow real-time object detection on embedded 

platforms, making such technologies feasible for portable 

devices like smart blind sticks. 

Despite these advancements, several challenges persist in 

existing systems, including high computational requirements, 
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limited battery life, increased cost, and lack of ergonomic 

design. Additionally, many proposed solutions are either too 

complex for daily use or lack robustness in diverse indoor and 

outdoor environments. There remains a need for a compact, 

energy-efficient, and user-friendly smart blind stick that 

integrates reliable obstacle detection, intelligent object 

identification, and clear audio guidance. 

In this paper, we propose a smart blind stick for 

visually impaired individuals that combine obstacle 

detection and object identification with a text-to-speech 

notification system. The proposed system aims to enhance 

independent navigation by providing real-time, meaningful 

audio feedback about detected objects, thereby improving 

safety and confidence for users. The design focuses on 

practicality, affordability, and ease of use, making it suitable 

for everyday deployment. The remainder of this paper 

discusses the system architecture, methodologies, 

experimental results, and performance evaluation of the 

proposed solution. 

II. LITERATURE REVIEW 

Recent advancements in assistive technologies for 

visually impaired individuals highlight an evolving integration 

of computer vision, sensor fusion, and IoT for enriched 

navigation support: 

 In “ViT Cane: Visual Assistant for the Visually 

Impaired” (2021), Bhavesh Kumar proposed a vision 

transformer–based cane using a Raspberry Pi and camera 

module, demonstrating improved obstacle detection 

performance over CNN models on COCO datasets and 

effective indoor obstacle avoidance.  

 The “IoT Enabled Intelligent Stick for Visually Impaired 

People for Obstacle Recognition” (2022) by Farooq MS, 

Shafi I, Khan H, Díez IT, Breñosa J, Espinosa JCM, and 

Ashraf I, published in Sensors, presented a smart stick 

leveraging ultrasonic and camera sensors, offering audio 

and haptic feedback, water-puddle detection, live 

location sharing, and a panic SMS function.  

 Sangam Malla et al. (2023) delivered “Obstacle 

Detection and Assistance for Visually Impaired 

Individuals Using an IoT-Enabled Smart Blind Stick” in 

IIETA journal, featuring a prototype using Arduino 

UNO, Viola–Jones algorithm, ultrasonic and water 

sensors. It delivered autonomous obstacle and hazard 

detection through headset alerts, catering to uneven 

surfaces and staircase navigation.  

 A comparative evaluation by researchers in 2023 titled 

“Design and evaluation of two obstacle detection devices 

for visually impaired people” in Journal of Engineering 

Research highlighted both a smart belt and a smart stick 

built on Raspberry Pi. They confirmed the smart stick’s 

greater user-friendliness and its strong usability profile 

compared to traditional canes.  

 In “An effective obstacle detection system using deep 

learning advantages to aid blind and visually impaired 

navigation” (2024), published in Ain Shams Engineering 

Journal, the authors used a modified YOLOv5 network 

to detect indoor and outdoor landmarks with embedded-

device efficiency—employing quantization and pruning 

to ensure lightweight implementation.  

 The conference paper “A Smart Blind Stick with Object 

Detection, Obstacle Avoidance, and IoT Monitoring for 

Enhanced Navigation and Safety” (2023, JAC-ECC), by 

Basheer Abdulrahman Abdelrahman et al., introduced a 

deep learning–powered stick with IoT telemetry, 

ultrasonic-based obstacle avoidance, object recognition, 

health tracking, and location monitoring—reporting high 

accuracy and favorable user satisfaction.  

 In early 2024, Raghu N’s study “Design and 

Implementation of Smart Blind Stick for Obstacle 

Detection and Navigation System” in Journal of 

Electrical Systems described a dual-mode smart stick: 

one offering speech feedback upon object recognition, 

and the other providing haptic alerts via vibration 

motors—all achieved via ultrasonic sensors, water 

sensing, and voice output.  

 The 2024 conference chapter “Blind-Aid: Depth 

Prediction Using Object Detection to Facilitate 

Navigation for the Visually Impaired” (ISDIA 2024) 

showcased a YOLO-based system with depth estimation 

and speech output via pyttsx3 to identify multiple 

simultaneous objects and warn users with both object 

name and distance—the visual approach offering better 

accuracy than ultrasonic sensors.  

 Most recently (August 2025), Chandra, Sharma, and 

Khilnani presented “A Computer Vision and Depth 

Sensor-Powered Smart Cane for Real-Time Obstacle 

Detection and Navigation Assistance for the Visually 

Impaired” (ArXiv). Their "IoT Cane" prototype merges 

RT-DETRv3-R50 transformer-based detection with Intel 

RealSense depth sensing, achieving mAP 53.4% and 

sub-150 ms latency. Feedback is delivered through 

vibration and audio, with future directions including 

mobile integration and design optimization.  

 A broader overview, “Enhancing Mobility for the 

Visually Impaired: A Review of Smart Blind Stick 

Technologies” (2025, IJERT), by Yash Verma et al., 

surveyed the evolution of smart sticks, noting trendlines 

in lightweight ergonomic design, sensor combinations 

(ultrasonic, infrared), Bluetooth/GPS tracking, voice 

guidance, and water hazard detection—underscoring 

autonomy and safety benefits.  
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These contributions collectively emphasize an iterative 

shift toward vision-based, low-latency, feedback-rich, and 

IoT-enabled smart sticks—balancing detection accuracy, 

user comfort, autonomy, and real-time alerts to markedly 

enhance independent mobility for visually impaired users. 

III. GAP ANALYSIS 

Despite significant advancements in assistive 

technologies for visually impaired individuals, existing smart 

blind stick systems still face several limitations. Most studies 

between 2020 and 2025 primarily focus on ultrasonic or 

infrared sensor-based obstacle detection, which performs 

adequately for nearby static objects but struggles to identify 

dynamic or elevated obstacles such as vehicles, stairs, or 

hanging objects. Vision-based systems using deep learning, 

such as YOLO or CNN models, have shown improved 

detection accuracy but often demand high computational 

resources and constant power supply, making them less 

suitable for portable and low-cost devices. Additionally, 

current designs lack context-aware audio feedback, where 

users are informed about the nature and direction of the 

obstacle in real time. 

Moreover, only a few studies have addressed user 

comfort, ergonomic design, and real-time usability in 

diverse environments. Many prototypes remain bulky or 

power-intensive, limiting daily practicality. Integration of 

multi-sensor fusion, energy efficiency, and localized speech 

output is still underdeveloped in most models. Hence, there 

exists a clear gap for a compact, low-power, intelligent 

smart blind stick that combines accurate obstacle detection, 

effective text-to-speech guidance, and real-time 

performance—enabling visually impaired individuals to 

navigate safely and independently in both indoor and outdoor 

settings. 

IV. METHODOLOGY 

The methodology of the proposed smart blind stick 

focuses on integrating sensing, processing, object 

identification, and audio feedback to assist visually impaired 

individuals in safe navigation. The overall workflow is 

designed to ensure real-time operation, accuracy, and user 

convenience while maintaining low power consumption and 

portability. 

System Architecture 

The smart blind stick consists of sensing units, a 

processing unit, and an output feedback module. Ultrasonic 

sensors are mounted at appropriate positions on the stick to 

detect obstacles within a predefined range. An optional camera 

module is used for object detection and identification. A 

microcontroller or embedded processor serves as the central 

processing unit, responsible for acquiring sensor data, 

processing inputs, and controlling output responses. 

Obstacle Detection 

Ultrasonic sensors emit high-frequency sound waves and 

measure the time taken for the echo to return after hitting an 

obstacle. The distance to the obstacle is calculated using the 

time-of-flight principle. This method enables reliable detection 

of static and dynamic obstacles within the user’s walking path. 

Threshold values are predefined to classify obstacles as near 

or far, enabling timely alerts. 

Object Detection and Identification 

For enhanced environmental awareness, a camera-based 

object detection module is integrated into the system. 

Captured images are processed using a lightweight deep 

learning model trained to recognize common objects such as 

people, vehicles, doors, stairs, and obstacles at head or chest 

level. The identified object class and its relative position are 

forwarded to the processing unit for decision-making. The use 

of optimized models ensures real-time inference on resource-

constrained embedded platforms. 

Decision and Control Logic 

The processing unit fuses data from the ultrasonic sensors 

and the object detection module to determine the presence, 

type, and urgency of obstacles. Priority is given to close-range 

obstacles to ensure immediate safety. Based on the analysis, 

the system generates appropriate alert messages corresponding 

to obstacle distance and object type. 

Text-to-Speech Audio Feedback 

A text-to-speech (TTS) module converts the processed 

information into clear voice messages. The audio output is 

delivered through a speaker or earphones, informing the user 

about detected obstacles and their nature. Voice feedback is 

designed to be concise and intuitive to minimize cognitive 

load on the user. 

Power Management 

The system is powered by a rechargeable battery with 

voltage regulation circuitry to ensure stable operation. Energy-

efficient components and optimized processing techniques are 

employed to extend battery life and support continuous usage. 



International Research Journal of Innovations in Engineering and Technology (IRJIET) 

ISSN (online): 2581-3048 

Volume 10, Issue 6, pp 187-192, June-2026 

https://doi.org/10.47001/IRJIET/2026.106023   

© 2026 IRJIET All Rights Reserved                            www.irjiet.com                                        190                                                                    
 

Overall, the proposed methodology emphasizes accuracy, 

responsiveness, and user-centric design, making the smart 

blind stick a practical and effective assistive navigation 

solution. 

V. SYSTEM DESIGN 

 

Figure 1: Block Diagram 

The smart blind stick is designed to assist visually 

impaired individuals in detecting obstacles and navigating 

safely by combining sensor-based inputs with deep learning–

based object detection. The system architecture is centered 

around the Raspberry Pi 3, which acts as the main processing 

unit. 

1. Input Capture 

o The camera module attached to the Raspberry Pi 

continuously captures live video frames of the 

surrounding environment. 

o Additional sensors like the HC-SR04 ultrasonic 

sensor, IR sensor, and ADXL accelerometer 

provide distance measurement, object proximity, and 

tilt/fall detection data. 

2. Object Detection using YOLOv5 

o The captured video frames are processed by the 

YOLOv5 (You Only Look Once v5) deep learning 

model deployed on the Raspberry Pi. 

o YOLOv5 is a real-time object detection algorithm 

capable of detecting multiple objects simultaneously 

with high accuracy. 

o It identifies objects such as vehicles, pedestrians, 

poles, stairs, or any barriers in front of the user. 

3. Decision Processing 

o Once an object or obstacle is detected, the Raspberry 

Pi analyzes both the YOLOv5 output and sensor 

data. 

o If the object is within a dangerous proximity, the 

system prioritizes issuing an alert. 

o The ADXL accelerometer is used for fall detection or 

sudden tilt, which can trigger emergency alerts. 

4. User Alerts and Feedback 

o The processed information is communicated to the 

user through multiple feedback modes: 

 Audio Output (Text-to-Speech): The Raspberry Pi 

uses TTS software to announce the type of 

detected object (e.g., ―Car ahead at 2 meters‖). 

 LED Indication: LEDs provide a visual status 

indicator (optional for partially sighted users or 

caregivers). 

 Buzzer Alerts: A buzzer generates sound warnings 

in case of immediate or close obstacles. 

5. Power Management 

o The entire system is powered by a rechargeable 

power source. The Raspberry Pi efficiently manages 

peripheral devices to reduce power consumption and 

ensure longer usage. 

This real-time obstacle detection and notification system 

allows visually impaired individuals to walk independently, 

with YOLOv5 ensuring object recognition accuracy while 

the sensors enhance reliability for short-range and depth 

detection. 

VI. RESULT AND DISCUSSIONS 

 

Figure 2: Proposed Hardware 

The proposed smart blind stick was successfully 

designed, implemented, and tested under controlled indoor and 

outdoor conditions to evaluate its performance in real-time 

navigation assistance. The hardware setup (Fig. 2) illustrates 

the integrated system comprising ultrasonic sensors, a camera 

module, a processing unit, power supply, and an audio output 

device mounted on the blind stick. The compact and 

lightweight assembly confirms the practicality of the design 

for daily use. 

Experimental results show that the ultrasonic sensors 

reliably detected obstacles within a range of approximately 20 

cm to 300 cm. During testing, common obstacles such as 
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walls, furniture, poles, and pedestrians were accurately 

detected. The system responded within a short time interval, 

ensuring timely alerts to the user. The detection accuracy was 

observed to be high for both static and slow-moving obstacles, 

demonstrating the effectiveness of ultrasonic sensing for 

proximity-based hazard detection. 

The result snapshot (Fig. 3) demonstrates the output of 

the object detection module, where objects such as people, 

doors, and vehicles were correctly identified. The camera-

based detection system provided meaningful semantic 

information rather than simple proximity alerts. This enhanced 

the user’s situational awareness by informing not only the 

presence of an obstacle but also its type. The detection 

accuracy remained satisfactory under normal lighting 

conditions, although performance slightly decreased in low-

light environments, which is a known limitation of vision-

based systems. 

The text-to-speech (TTS) module successfully converted 

detected object information into clear and understandable 

voice alerts. The audio feedback was found to be intuitive and 

easy to interpret, allowing users to respond quickly to 

obstacles without confusion. The delay between detection and 

voice output was minimal, making the system suitable for 

real-time navigation. User trials indicated that audio-based 

alerts were more informative and user-friendly compared to 

vibration-only feedback systems. 

The combined operation of ultrasonic sensing and object 

detection improved overall system reliability. When vision-

based detection faced limitations due to lighting or occlusion, 

ultrasonic sensors continued to provide basic obstacle alerts. 

This sensor fusion approach enhanced safety and robustness. 

The hardware setup remained stable during extended 

operation, and power consumption was within acceptable 

limits for portable usage. 

The experimental results validate that the proposed smart 

blind stick effectively enhances independent navigation for 

visually impaired individuals. Compared to traditional white 

canes and basic sensor-based systems, the inclusion of object 

identification and text-to-speech feedback significantly 

improves environmental awareness. However, limitations such 

as reduced performance in poor lighting conditions and 

dependency on battery capacity remain. These challenges can 

be addressed in future work by incorporating infrared cameras, 

GPS-based navigation, and further optimization of power 

management. 

Overall, the results confirm that the proposed system is a 

practical, reliable, and efficient assistive navigation solution, 

offering improved safety, confidence, and independence to 

visually impaired users. 

 

Figure 3: Result of Hardware 

VII. CONCLUSION 

This paper presented the design and development of a 

smart blind stick for visually impaired individuals aimed at 

improving safe and independent navigation. By integrating 

obstacle detection and object identification with a text-to-

speech (TTS) audio feedback system, the proposed solution 

addresses the limitations of conventional white canes that 

provide only basic tactile information. The system enables 

users to receive real-time auditory alerts about surrounding 

obstacles, thereby enhancing situational awareness and 

reducing the risk of accidents in both indoor and outdoor 

environments. 

The proposed smart blind stick demonstrates that the 

combination of sensor-based detection and intelligent object 

recognition can significantly improve mobility assistance for 

visually impaired users. Experimental observations indicate 

reliable obstacle detection, timely audio responses, and user-

friendly operation, making the system practical for daily use. 

Emphasis on affordability, portability, and energy efficiency 

further strengthens the feasibility of deploying the device in 

real-world scenarios. 

Despite the promising performance, certain limitations 

remain, such as dependency on environmental conditions and 

computational constraints of embedded platforms. Future 

enhancements may include GPS-based navigation, emergency 

communication features, and further optimization of 

lightweight deep learning models to improve detection 

accuracy and battery life. Overall, the proposed system 

represents a meaningful step toward intelligent assistive 

technology, contributing to enhanced independence, 

confidence, and quality of life for visually impaired 

individuals. 
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