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Vision-Based Obstacle Detection and Autonomous Path

Navigation for Quadrotor UAVs
Student: Ji-Wei Ke Advisor:Yih-Guang Leu

Department of Electrical Engineering

National Taiwan Normal University

ABSTRACT

This study presents the implementation of a quadrotor unmanned
aerial vehicle (UAV) system capable of real-time obstacle avoidance
and autonomous navigation. The system integrates visual perception,
spatial analysis, and path planning techniques to enhance UAV
adaptability in complex environments.

For obstacle detection, the Farneback optical flow method with
flow compensation is applied to enhance moving object detection.
DBSCAN clustering and grid-based segmentation are used to analyze
obstacle areas, which are then mapped into 3D space. A breadth-first
search (BFS) algorithm explores obstacle regions, and a back-
projection method converts 2D image coordinates into 3D positions
for dynamic obstacle avoidance. The Rapidly-exploring Random Tree
Star (RRT*) algorithm generates the initial navigation path. During
the navigation process, real-time images are captured by the onboard
camera to construct an optical flow field for obstacle detection. The
relative relationship between the quadrotor UAV and obstacles is
analyzed in real time, enabling dynamic adjustment and safe obstacle
avoidance.

Experimental results show that the system achieves stable visual
recognition, obstacle avoidance, and navigation performance,
demonstrating strong potential for practical UAV applications.

Keywords: Unmanned aerial vehicle system, dynamic obstacle
avoidance, Breadth-First Search, navigation.
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3.1.2 Image Pyramid ¥ i & F 3%
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3.1.3 DBSCAN # R
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DBSCAN ( Density-Based Spatial Clustering of Applications with Noise ) #g &
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