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ABSTRACT

Obstacle detection and avoidance in marine environments remains a major challenge
for autonomous underwater vehicles (AUVs) due to adverse lighting conditions, high
noise of acoustic data, and high cost of long-range sonars. In this paper, we present an
integrated acousto-optic framework for obstacle detection and safe path planning,
which is developed based on the fusion of camera data and two consecutive sonar
scans, using deep learning networks and the artificial potential field (APF) algorithm.
In the surface motion phase, real camera images are combined with sonar data, while
in the subsurface motion phase, estimated virtual images of obstacles are combined
with sonar data to maintain detection stability. For obstacle detection, a U-NET
network with a MobileNetV2 encoder and an LSTM network are used to predict the
positions and motion of moving obstacles. In addition, two methods, the wall-
following method (WFM) and the stagnation-following method (SFM), are introduced
to convert the optimal path obtained from the APF into target images suitable for
network training. Experimental results based on real and simulated data show that the
proposed method provides high detection accuracy in both surface and subsurface
phases, such that the safe path detection accuracy with two consecutive sonar scans
using WFM based on the 10U criterion reaches 0.965. In addition, the integration of
camera and sonar data increases the detection range of underwater obstacles by
approximately 15 m compared to using sonar alone and significantly reduces the
steering correction angle.
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