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Distance Measurement and Obstacle Avoidance System based on 2D
LiDAR-Monocular Camera for Safe Walking of Visually Impaired People

Ju-Young Kim*!, Ji-Hong Park*?, and Gun-Woo Kim**
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Abstract

Ensuring safe and independent mobility for visually impaired individuals is essential for safeguarding their
fundamental rights. This paper proposes a Sensor Fusion Autonomous Emergency Braking(AEB) system to achieve
this goal. By calibrating a 2D LiDAR and a monocular camera, the system measures distance information from
camera images, enabling obstacle detection and avoidance during navigation. Experiments were conducted to validate
the system's accuracy and safety, including clustering, calibration, and distance measurement, as well as obstacle
collision tests during autonomous navigation. Calibration results showed a reprojection error of 4.86 pixels, and the
system ensured safe navigation without collisions. These findings confirm that the proposed system effectively
supports safe and independent mobility for visually impaired individuals.
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Table 1. Evaluation of clustering execution time

DBSCAN | HDBSCAN | OPTICS
Minimum  time(s) 0.016 0.097 1.750
Average time(s) 0.021 0.112 1.867
Maximum time(s) 0.028 0.129 2.156
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Fig. 8. Box plot of clustering execution times
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Table 2. Evaluation of clustering quality

DBSCAN | HDBSCAN | OPTICS

Silhouette score 0.695 0.684 0.198

Davie bouldin index 1.707 2202 1.385

Calinski harabasz 608.05 586,54 4148

index
Noise ratio 0.025 0.0259 0.272
Num clusters 249 272 84.8
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Fig. 10. Experimental environment map configuration and
path planning
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Table 4. Experiment on obstacle collision during walking
for the visually impaired

Walking time | Collision status
Wall follow 1:45.44 0
Proposal wall follow 1:52.23 X
FGM 1:06.13 0
Proposal FGM 1:015.34 X
Pure pursuit 1:00.41 )
Proposal pure pursuit 1:1057 X
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