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Abstract - Navigating safely and independently in a complex 
environment remains a significant challenge for individuals 
who are blind or visually impaired. Traditional mobility aids 
such as white canes or guide dogs offer basic assistance but 
fall short in providing real-time cognitive and environmental 
awareness. This paper proposes "SensiLens," a functional 
smart assistive eyewear system that leverages computer vision 
and artificial intelligence to enhance mobility. The system 
consists of a lightweight, wearable device equipped with a 
camera, onboard processing unit, and audio output 
capabilities. Using real-time video input, the system employs 
the YOLOv8 algorithm to detect obstacles and hazards in the 
user's immediate path. When an obstacle is identified, the 
system issues a clear audio warning through an integrated 
speaker, enabling users to take timely action. Additionally, the 
eyewear includes an AI-powered assistant that interprets 
visual information and responds to image-based queries, 
providing not only physical navigation support but also 
cognitive assistance.  
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1. INTRODUCTION 

Visual impairment significantly affects an individual's ability 
to interact with their environment, often leading to a 
reliance on others or traditional mobility aids such as white 
canes and guide dogs. According to the World Health 
Organization (WHO), over 285 million people worldwide are 
visually impaired, with 39 million classified as blind. While 
traditional aids like the white cane are inexpensive and 
reliable for detecting ground-level obstacles, they suffer 
from significant limitations. They cannot detect "knee-to-
head" level obstacles (such as hanging branches or 
signboards) or dynamic hazards like moving vehicles. Guide 
dogs, while effective, are expensive to train and maintain. 

In the digital age, the convergence of Computer Vision and 
the Internet of Things (IoT) has paved the way for smart 
assistive technologies (SATs). These technologies aim to act 
as a "digital eye," providing real-time environmental data to 
the user. However, existing smart solutions often rely 
heavily on cloud processing, which introduces latency 
critical risk in navigation scenarios. 

This paper presents "SensiLens," an offline, edge-AI-based 
smart eyewear system. Unlike cloud-dependent alternatives, 
SensiLens integrates a camera, a single-board computer 
(Raspberry Pi), and an audio feedback mechanism to process 
data locally. The system provides real-time object detection 
(using YOLOv8), depth estimation (using DepthAnything V2), 
and auditory alerts, ensuring immediate feedback for safer 
navigation.  

1.1 Motivation 

The core motivation behind this project is to empower 
visually impaired individuals to live more independently. By 
integrating AI-driven computer vision with lightweight 
embedded systems, the proposed solution helps users 
perceive their environment through sound cues, enhancing 
spatial awareness and reaction time. 

2. LITERATURE SURVEY 

Several studies have explored the use of technology to assist 
visually impaired individuals. The evolution of these systems 
has moved from simple sensor-based sticks to complex 
vision-based wearables. 

Jeong et al. (2025) proposed a YOLOv8-based XR Smart 
Glasses system specifically for outdoor walking assistance in 
South Korea. Their system utilized Extended Reality (XR) 
hardware to detect walkways and transportation hazards. 
While highly effective for outdoor navigation, the reliance on 
expensive XR hardware limits its accessibility for the general 
population. 

Okolo et al. (2025) developed a Smart Assistive Navigation 
System that combines ultrasonic sensors with object 
detection models. This multi-modal approach improves 
reliability; however, the integration of multiple sensor types 
increases the hardware bulk and power consumption, 
making it less comfortable for prolonged wear. 

In the domain of low-light assistance, Qazi and Batumalay 
(2025) introduced Smart Night-Vision Glasses utilizing 
LiDAR and IR sensors. This addressed a critical gap for users 
with night blindness. However, LiDAR sensors remain cost-
prohibitive for low-cost consumer devices. 
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Arsalwad et al. (2024) proposed YOLOInsight, an IoT-
enabled device leveraging YOLO for object detection and 
Optical Character Recognition (OCR) for reading text. While 
the inclusion of OCR is beneficial, the system's reliance on 
IoT connectivity for some processing tasks introduces 
potential latency issues in areas with poor network 
coverage. 

Our proposed "SensiLens" builds upon these insights by 
focusing on a cost-effective, edge-computing architecture. By 
optimizing the YOLOv8n model for local processing on 
devices like the Raspberry Pi, we aim to eliminate latency 
issues associated with cloud computing while maintaining 
high detection accuracy for common indoor and outdoor 
obstacles. 

3. SYSTEM DESIGN 

The system architecture consists of three main layers: input, 
processing, and output. The camera captures real-time 
visuals, which are processed by a single-board computer 
running AI models for object detection and scene analysis. 

 
Fig -1: System Architecture 

This figure illustrates the modular data flow of the Sensi Lens 
system, divided into Input, Processing, and Output layers. The 
camera module captures real-time video frames which are 
transmitted to the Single Board Computer (SBC) for AI 
analysis using the YOLOv8 algorithm. The processed data is 
then converted into spatial audio cues and delivered to the 
user via the audio output module, ensuring a seamless 
"Sense-Process-Act" loop. 

3.1 Hardware Infrastructure 

The prototype is constructed using a lightweight eyewear 
frame modified to house the necessary electronics without 
compromising user comfort. 

 Vision Unit: A 5MP CSI (Camera Serial Interface) 
camera is mounted on the nose bridge, aligned with 
the user's central field of view to capture 720p video 
streams. 

 Processing Unit: The core computation is handled 
by a Raspberry Pi Zero 2 W (or distributed 

processing via a local laptop for high-load testing). 
This unit runs the Linux-based OS and executes the 
Python control scripts. 

 Audio Unit: To ensure the user remains aware of 
ambient sounds (traffic, footsteps), we utilize 
earphones. This is crucial for safety, as blocking the 
ear canal with standard earbuds can be dangerous 
for visually impaired users. 

 Power Supply: A portable 2500mAh Li-Po battery 
along with Li-Po rider plus board for charging using 
USB Type-C for a better performance. 

3.2 Software & Algorithms 

The software stack is developed in Python 3.9, leveraging the 
PyTorch framework for model inference. The system 
operates on a continuous "Sense-Process-Act" loop: 

 Object Detection (YOLOv8): We utilize the 
YOLOv8n (Nano) model. This version is optimized 
for edge devices, offering the best trade-off between 
speed and accuracy. The model is pre-trained on the 
COCO dataset to recognize 80 classes of objects, 
including people, cars, chairs, and potted plants. 

 Depth Estimation (DepthAnything V2): 
Monocular depth estimation is performed to gauge 
the distance of detected objects. The DepthAnything 
V2 model generates a depth map from the 2D RGB 
image. By averaging the pixel intensity within the 
bounding box of a detected object, the system 
estimates its relative distance from the user. 

 Audio Feedback Logic: The system uses a Text-to-
Speech (TTS) engine (pyttsx3) to generate voice 
alerts. To prevent information overload, alerts are 
prioritized based on proximity. 

1. Information alert (Person Approaching, 
etc.) 

2. Auditory Distance feedback-3types of 
beeps based on distance and speed of 
approaching object. 

 

Fig -2: Prototype model 
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This figure displays the fully assembled SensiLens prototype, 
featuring a high-resolution camera mounted centrally on the 
eyewear bridge to align with the user's field of view. The 
Raspberry Pi processing unit is securely attached to the 
temple arm, ensuring the device remains portable and 
wearable. The design integrates these components with the 
audio system while maintaining a lightweight form factor for 
user comfort. 

4. SYSTEM TESTING AND ANALYSIS 

Testing is a critical phase in the development of the 
SensiLens system, ensuring that each functional module 
performs reliably under real-time conditions. The testing 
process involved both unit testing of individual components 
(camera, processing unit, audio output) and integration 
testing of the complete system. The primary objectives were 
to validate the accuracy of the YOLOv8 object detection 
model, verify the precision of the DepthAnything V2 distance 
estimation, and ensure that audio latency remained below 
the safety threshold of 1 second. All tests were conducted in 
controlled indoor environments, such as computer labs and 
corridors, under varying lighting conditions to mimic real-
world usage.  

4.1 Performance Analysis  

The performance of the SensiLens system was evaluated 
based on Frame Rate (FPS), Detection Confidence, and 
System Latency. The prototype was tested using a 
continuous video stream to measure the responsiveness of 
the YOLOv8n model running on the edge hardware. 

 Frame Rate (FPS): During real-time testing, the 
system achieved a frame rate fluctuating between 
2.06 FPS and 3.38 FPS depending on the scene 
complexity. While this frame rate is lower than 
standard video (30 FPS), it was found to be 
sufficient for assisting a visually impaired user at 
walking speeds, providing updates approximately 
every 300-500 milliseconds. 

 Detection Accuracy: The system successfully 
identified multiple object classes simultaneously. 
Experimental data showed high confidence scores 
for common obstacles: 

o Persons: Detected with confidence scores 
ranging from 85-100%. 

o Chairs: Detected with confidence scores 
between 85-100%. 

o Laptops/Tables: Detected with scores 
around 85-100%. 

 The depth estimation algorithm was tested against 
measured distances. For objects within a 2-meter 
range, the system provided distance calculations 

with an error margin of approximately ±12 cm. This 
accuracy is adequate for generating "Near" vs. "Far" 
audio warnings. 

4.2 Unit Testing 

Unit testing focused on verifying the functionality of specific 
modules in isolation. A summary of the key test cases and 
their outcomes is presented below: 

 Camera Initialization (Case IC-01): The webcam 
module was tested for startup latency and 
connection stability. The module successfully 
initialized and began streaming video without 
errors, earning a "Pass" status. 

 Single & Multiple Object Detection (Case OD-01, 
OD-02): The system was fed frames containing 
single and multiple obstacles. It accurately 
generated bounding boxes and labels for all clearly 
visible objects. However, small distant objects 
occasionally resulted in lower confidence scores, 
marking the multiple object test as "Partially Pass". 

 Audio Alert Trigger (Case AO-01): This test 
verified if the audio feedback system triggered 
immediately when an object breached the 
threshold. The system successfully prioritized 
proximity, triggering an immediate alert. 

 Directional Audio (Case AO-02): Objects 
appearing on the left side of the frame successfully 
triggered left-channel dominant audio, confirming 
the spatial awareness logic. 

 Battery Runtime (Case PM-01): The system was 
subjected to continuous operation to test power 
efficiency. The prototype lasted approximately 2.8 
hours on a single charge, slightly under the 3-hour 
target, indicating a need for future power 
optimization. 

5. RESULTS 

The SensiLens system was deployed and tested in real-world 
scenarios, specifically within the college campus, including 
computer laboratories and corridors. The primary goal was 
to verify the system's ability to detect static and dynamic 
obstacles in real-time and provide accurate bounding box 
visualizations. 

5.1 Visual Object Detection 

The YOLOv8 model demonstrated robust detection 
capabilities across different environments. Fig -3 illustrates 
the system's output as seen on the debug monitor. 
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 Scenario A (Computer Lab): In a complex indoor 
setting with multiple objects, the system 
successfully detected "chairs," "laptops," and 
"persons" simultaneously. As shown in the 
snapshots, the confidence scores for these 
detections remained high (e.g., 0.81 for chairs and 
0.59 for laptops), indicating reliable classification 
even in cluttered backgrounds. 

 Scenario B (Corridor Navigation): In a corridor 
environment, the system successfully tracked a 
moving "person." The bounding box remained 
stable as the subject moved, with confidence scores 
improving as the subject approached the camera 
(0.85 confidence at closer range). 

 Frame Rate Stability: The real-time processing 
speed was monitored during these trials. The 
system maintained an average frame rate between 
2.06 FPS and 3.38 FPS on the tested hardware 
configuration. While this frame rate is lower than 
standard video, it proved sufficient for identifying 
stationary and slow-moving obstacles. 

 

Fig -3: Real-time Object Detection Results 

These snapshots demonstrate the system's performance in 
real-world indoor scenarios, such as computer labs and 
corridors. The images show the YOLOv8 model successfully 
identifying multiple objects (persons, chairs, laptops) 
simultaneously, with bounding boxes indicating the detected 
area. Each detection includes a confidence score (e.g., 0.81) 

and a distance estimate, verifying the system's accuracy in 
complex environments. 

5.2 Audio Feedback Output 

The visual data was successfully translated into auditory 
feedback. When the system detected a "Person" in the centre 
of the frame at less than 2 meters, the Text-to-Speech (TTS) 
engine triggered the specific alert: "Person Approaching" 
Similarly, peripheral obstacles like "Chairs" triggered 
directional beeps, validating the system's spatial awareness 
logic. 

6. CONCLUSION AND FUTURE SCOPE 

The SensiLens system successfully demonstrates the 
feasibility and potential of an IoT-enabled smart assistive 
eyewear device for visually impaired individuals. By 
integrating a high-resolution camera with the YOLOv8 object 
detection algorithm and a Raspberry Pi processing unit, the 
system provides real-time, accurate identification of 
obstacles such as persons, chairs, and electronic devices. The 
implementation of Edge AI ensures that all data processing 
occurs locally on the device, eliminating the latency and 
connectivity issues often associated with cloud-based 
solutions. Furthermore, the integration of a DepthAnything 
V2 model allows for precise distance estimation, enabling 
the system to provide prioritized audio feedback based on 
the proximity of hazards. 

The system effectively bridges the gap between traditional 
mobility aids (like white canes) and modern intelligent 
technology, offering users not just physical safety but also a 
level of cognitive awareness about their surroundings. 

Future Scope  

While the current prototype serves as a functional proof-of-
concept, several enhancements are planned for future 
iterations to make the device market ready: 

 GPS Integration: Future versions will incorporate a 
GPS module to provide outdoor navigation to 
specific destinations. 

 Multi-Sensor Fusion: To improve accuracy in low-
light or transparent glass environments, we plan to 
integrate LiDAR or Infrared (IR) sensors to 
complement the optical camera. 

 Power Optimization: We aim to transition to more 
power-efficient hardware (such as the NVIDIA 
Jetson Nano or custom FPGA) to extend battery life 
beyond the current 3-hour limit. 
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 Multilingual Support: The audio feedback system 
will be upgraded to support regional languages, 
making the device accessible to a broader 
demographic in India. 

 Cloud Connectivity: An optional smartphone 
companion app will be developed to allow for Over-
the-Air (OTA) model updates and emergency SOS 
features. 
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