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Abstract

This study designed an Al-based undersea drone capable of autonomously detecting and harvesting
undersea plants. The proposed system actively compensates for changes in water depth through variable
buoyancy control and utilizes a YOLOv8 based plant recognition algorithm to detect target plants in real

time.The robot arm and electric gripper perform collecting movements based on Al recognition results, and
the location movement is implemented using the Undersea Positioning System to enable tracking of the
drone’s location even in environments where there is no undersea GPS communication network. As a
result of the simulation, the design is predicted to achieve a harvest success rate of about 70~80%, a
position error of less than 0.5m, and a recognition accuracy of more than 85%. The main contribution of
this study is to present an integrated design framework for Al perception, buoyancy control, robotic arm
control and an undersea autonomous harvesting system.

Key words : Undersea drones, Autonomous harvesting, Variable buoyancy control, Al-Based plant recognition,
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[Fig. 1] Overall architecture of proposed Al-based undersea plant harvesting drone, including perception,
buoyancy control, navigation and manipulation modules.
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Average Inference

Plant Types Precision(%) Recall(%) mAP@0.5(%) mAP@0.5:0.95(%) fime(ms)
Kelp 93.4 89.2 91.2 78.5 28
Wakame 88.1 83.5 85.7 74.3 26
Sargassum 86.3 82.1 84.1 72.8 27
Average 89.3 84.9 87.3 75.2 27
<Table 2> Buoyancy Control and Position Accuracy
Evaluation Items Measurements Unit  Target Value Remarks
Depth Control Accuracy(RMSE) + 0.43 m + 0.5 Average error compared to target depth
Depth Reaching Time(5—15m) 18.5 s <20 Based on pump flow rate of 150 ml/s
Horizontal Position Error(RMSE) + 0.38 m + 0.5 DVL/IMU Convergence Navigation
Steady State Drift 0.12 m/min <02 Current 0.3 m/s environment
Buoyancy Adjustment Response Time 23 s <3 + Im Water depth change
Energy Consumption Rate 0.78 Wh/min < 1.0  Buoyancy control + Propulsion + Sensors
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<Table 3> Collection Success Rate by Plant Type and Conditions

Plant Types Ove;illlte(s(;;cess I;zzzg:;;:%l Access Success(%) Pickup Success(%) Avera%;leo(z)e ration
Kelp 78.5 91.2 93.1 924 423
Wakame 73.2 85.7 91.5 93.2 38.7
Sargassum 71.8 84.1 89.7 95.1 352
Average 74.5 87.0 914 93.6 38.7
<Table 4> Performance Comparison with Existing Systems
Comparison Items This Study(Proposal) Manuaolpesrljt)ir(r)l:rsible Semi—/ﬁl(t)o\l/lomous Al?{l/t((l)il;r;(;ize)
Collection Success Rate 74.5% 60-65% 50-60% -
Worlzgfcgggemy 85-90 40-50 55-65 ;
Depth Control Accuracy +0.43 m +1-2 m +0.8-1.5 m +0.3-0.5 m
Operating Depth 1-20 m 5-20 m 10-200 m 10-500 m
Auonomy Full autonomy Manual Semi-autonomous Full autonomy
Manpower Dependency Low High Middle Low
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