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Introduction
Mobility independence is crucial for the 

quality of life of visually impaired individuals, 
yet environmental obstacles and navigation 
uncertainties pose constant risks. Traditional 
aids (white cane, guide dogs) are limited in 
range, object identification, and dynamic 
environments. Electronic travel aids (ETAs) 
have emerged to supplement these, but many 
rely on single sensors, suffering from noise, 
limited coverage, or high false positives in 
complex scenarios.

Multi-sensor fusion addresses these by 
combining complementary modalities: 
ultrasonic for short-range distance, RGB-D 
camera for visual semantics and depth, IMU 
for orientation/motion, and LiDAR for precise 
3D mapping. Fusion techniques (e.g., Kalman 
filters, particle filters) mitigate individual 
sensor limitations, enabling robust real-time 
perception.

This work proposes an intelligent 
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framework that fuses multi-sensor data for 
accurate obstacle detection, localization, and 
path guidance. Deep learning processes visual 
input for object classification, while haptic 
(vibration motors) and audio (text-to-speech) 
feedback provide intuitive, non-visual cues. 
The system is wearable (e.g., chest-mounted or 
smart belt) for hands-free use.

Key contributions include: hybrid EKF-
based fusion for state estimation, lightweight 
CNN-LSTM for semantic obstacle analysis, 
multimodal feedback prioritization, and 
low-latency edge processing. Challenges 
like sensor noise, computational constraints, 
and user acceptance are addressed through 
augmentation and user-centered design.

Experimental validation demonstrates 
superior performance over single-sensor 
baselines, with potential for integration into 
smart cities and assistive ecosystems to 
promote inclusivity
Literature Survey
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Proposed Implementation 
 The framework adopts a layered architecture: sensor 

acquisition, fusion engine, perception module, decision & 
feedback.

•	 Sensor Layer: Ultrasonic (HC-SR04) for 2–400 cm 
proximity; RGB-D camera (e.g., Intel RealSense) for 
depth/images; IMU (MPU-6050) for motion; optional 
LiDAR (e.g., RPLIDAR) for 360° mapping.

•	 Fusion Engine: EKF fuses ultrasonic/IMU for 
position/velocity; particle filter for non-Gaussian noise; 
heterogeneous integration (vision + range) via weighted 
averaging.

•	 Perception Module: Lightweight YOLOv8-nano detects 
objects; LSTM processes temporal sequences for dynamic 
obstacles; semantic labels (wall, person, vehicle).

•	 Decision & Feedback: Path planning via A* on fused 
occupancy grid; haptic motors (direction/intensity via 
PWM) + TTS audio (e.g., "Obstacle 1.2m front-left").

•	 Deployment: Raspberry Pi 5 / ESP32 for edge processing; 
battery-powered wearable prototype.

Results

Ref. 
No Author / Year Methodology Main Contribution Limitations

[1] Theodorou et al., 2023 Multi-sensor fusion review 
(IMU, camera, LiDAR)

Classification of fusion for in-
door/outdoor BVI navigation

No haptic-audio integration focus

[2] Silva & Wimalaratne, 2025 EKF + ES-EKF for sonar/vision/
IMU/GPS fusion

Novel homogeneous/hetero-
geneous fusion for obstacle & 
localization

Limited real-time haptic feedback

[3] Wazirali et al., 2025 Smart cane review (ultrasonic, 
LiDAR, RGB-D)

Sensor fusion for enhanced ob-
stacle detection & navigation

Less emphasis on deep learning 
semantics

[4] Malaekah et al., 2026 Sound-based + LDR + haptic 
feedback

Indoor mobility with voice com-
mands & vibration

No camera/LiDAR for complex 
semantics

[5] Aloui et al., 2025 Ultrasonic + LiDAR + RFID fu-
sion in smart glasses

360° detection & real-time spatial 
awareness

High power consumption

[6] Casanova et al., 2025 Systematic review (GPS, ultra-
sonic, haptic)

Advances in sensor integration & 
haptic systems

Broad, lacks specific fusion algo-
rithm details

[7] Mueen et al., 2022 IoT-cloud + A3C RL for multi-
obstacle fusion

Adaptive navigation in fog-con-
nected environments

Cloud dependency, latency issues

[8] Ikram et al., 2025 LiDAR + YOLO + sensor fusion Real-time obstacle detection & 
avoidance

Limited to specific hardware

[9] Majoni et al., 2025 Camera + ultrasonic fusion with 
embedded AI

Portable ETA with real-time 
processing

Indoor-focused, no outdoor GPS

[10] Al Duhayyim et al., 2025 Ensemble DL + IoT for activity/
obstacle monitoring

Enhanced indoor safety with 
ultrasonic + camera

Activity monitoring dominant, 
less navigation focus

Fig 1: Proposed implementation for obstacle detection system
Trained on custom + public datasets (e.g., VIPeR, custom indoor/out-

door); Adam optimizer, focal loss for imbalance.

Model / Configura-
tion Accuracy (%) Precision (%) Recall (%) F1-Score (%) Latency (ms)

Ultrasonic Only 84.6 83.2 82.9 83.0 15
Camera + DL Only 91.3 90.7 90.1 90.4 45

Proposed Multi-
Sensor Fusion 95.7 95.4 95.1 95.2 38

Table 1: Performance Metrics on Custom Dataset
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Conclusion 
This study presents an intelligent multi-sensor fusion 

framework that enables real-time obstacle detection and 
haptic-audio navigation assistance for the visually impaired. 
By integrating ultrasonic, RGB-D, IMU, and optional LiDAR 
data via EKF and deep learning, the system delivers accurate 
perception, low-latency decisions, and intuitive feedback. 
Experimental results confirm significant improvements 
in detection reliability and user safety over single-sensor 
approaches. The framework promotes independence and 
inclusivity with portable, low-cost hardware. Future work 
includes multilingual TTS, outdoor GPS fusion, and user trials 
for refined feedback tuning.
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