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Abstract: This study develops a YOLO (You Only Look Once)-based 3D perception algorithm for

UVMS (Underwater Vehicle-Manipulator Systems) for precise object detection and localization,

crucial for enhanced grasping tasks. The object detection algorithm, YOLOv5s-CS, integrates an

enhanced YOLOv5s model with C3SE attention and SPPFCSPC feature fusion, optimized for pre-

cise detection and two-dimensional localization in underwater environments with sparse features.

Distance measurement is further improved by refining the SGBM (Semi-Global Block Matching) algo-

rithm with Census transform and subpixel interpolation. Ablation studies highlight the YOLOv5s-CS

model’s enhanced performance, with a 3.5% increase in mAP and a 6.4% rise in F1 score over the base

YOLOv5s, and a 2.1% mAP improvement with 15% faster execution than YOLOv8s. Implemented on

a UVMS, the algorithm successfully conducted pool grasping experiments, proving its applicability

for autonomous underwater robotics.
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1. Introduction

In the maritime sector, the strategic shift towards automation, particularly emphasized
in the context of harvesting high-value seafood, holds paramount significance. The de-
ployment of Underwater Vehicle-Manipulator Systems (UVMS) in these contexts not only
yields significant economic benefits but also substantially mitigates operational risks [1].
Central to the operational efficacy of UVMS in autonomous fishing is the advancement
of underwater sensing technology. The optimization of perception performance and the
broadening of its applicative spectrum stand as essential factors for the strategic realization
and effectiveness of UVMS [2].

For UVMS to perform autonomous grasping, obtaining target orientation and dis-
tance for 3D detection is crucial, yet the adoption of autonomous detection in underwater
robotics faces challenges: (1) Low contrast and texture differentiation in turbid underwater
environments hinder accurate detection [3,4]; (2) Above-water distance sensors perform
poorly underwater, thereby failing to provide essential distance information for grasp-
ing [5]; (3) The difficulty in achieving a balance between detection accuracy and real-time
processing for computationally limited UVMS platforms. Therefore, the development of a
3D perception framework tailored for autonomous marine biota grasping tasks by UVMS
represents a significant research imperative, aiming to overcome the aforementioned obsta-
cles. This endeavor necessitates innovative approaches to enable small-target recognition
within complex scenes featuring weak textures, adapt distance sensing technologies for
underwater applications, and refine detection algorithms to achieve an optimal balance
between precision and computational efficiency.

Three-dimensional perception of underwater targets is categorically divided into two
sub-tasks: object detection and distance measurement [6]. Deep learning has significantly
advanced object detection, with YOLOv5 standing out for its efficiency and speed, mak-
ing it ideal for UVMS. Its architectural improvements ensure a balanced performance in
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