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Abstract

A visual-servo type remotely operated vehicle (ROV) system with binocular wide-angle lens was developed to survey
submarine resources, decontaminate radiation from mud in dam lake and so on. This paper explores the experiments
on regulator performance and underwater docking of the robot system utilizing Genetic Algorithm (GA) for real-time
recognition of the robot’s relative position and posture through 3D marker. The visual servoing performances have been
verified as follows; (1) The stability performances of the proposed regulator system have been evaluated by exerting abrupt
distrubane force while the ROV is controlled by visual servoing. (2) The proposed system can track time-variant desired
target position in x-axis (front-back direction of the robot). (3) The underwater docking can be completed by switching
visual servoing and docking modes based on the error threshold, and by giving time-varying desired target position and
orientation to the controller as a desired pose.
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Fig. 1 Control logic for the proposexystem
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Fig. 2 Overview of RV (a)Front view (b)Side view (c)Top view (d)Back view

Table 1 Specification of ROV

Maximum operating depth 50m
Dimension 280 mm (W)x 380 mm (L) x 310 mm (H)
Dry weight 15 kg
Number of Thrusters 2 (Horizontal), 1 (Vertical), 1 (faverse)
Number of Cameras | 2 (Front, fixed), 2 (Downard, fixed), 1 (Tilting and zooming
Number of LED lights 2(5.8W)
Number of Line lasers 2 (2 mWw)
Tether cable 50 m
Structial materials Aluminum alloy and acrylate resin
Maximum thrust force 9.8 N (horizontal), 4.9 N (verticallraverse)
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Fig. 3 Layout of underwaterxperimental devices
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Table 2 Parameters fGA

Target variables calculated IGA Positions x mm,y mm,zmm), Postureg, deg)
Number of genes 60
Length of gene 72 bit
Selection rate 0.6
Crossover two-point crossover
Mutation rate 0.1
Search area (as centering the taigehis area) {xy,z}={4400 mm,+400 mm,£200 mm}
Control period (same as video input r&®@ ms/frame) 33ms
Number of GA evolution irthe control period 9
——

=g . B2 DEEE
i aflﬁaﬁrﬁ

- EEEICRISNT
BUER oz

YES
BEOBROD
M om . weEmn

Fig. 5 Flowchart of GA
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Fig. 6 Coordinate system providedunderwater experiment
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Fig. 7 Initial characteristics of thrust aridrque control voltage and adjusted ones by removing dead-band and
linearization: (@)initial characteristics in z-axis direction, (b)characteristics removing dead-band (solid
line) and adjusted one (broken line) in z-axis direction, (c)(d) characteristics in x-axis direction and (e)(f)
characteristics around z-axis
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Fig. 10 Additional disturbance direction for Baator performance test: (a)disturbance in x-axis direction,
(b)disturbance in y-axis direction and (c) disturbance in z-axis direction
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Fig. 11 Regulator performance with disturbarece-axis direction: (a)fitness value, (b)error in y-axis direction,
(c)error in y-axis direction(enlarged view from 105 s to 110 s) and (d)thrust in y-axis direction
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Fig. 18 Docking experiment result (stgsbsition of underwater vehicle: left side of pool against 3D marker,
position (b) in Fig.15): (a)snapshot of docking experiment, (b)fitness value, (c)position in x-axis direction,
(d)thrust in x-axis direction, (e)position in y-axis direction, (f)thrust in y-axis direction, (g)position in
z-axis direction, (h)thrust in z-axis direction, (i)angle around z-axis and (j)torque around z-axis
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Fig. 19 Docking experiment result (stgyosition of underwater vehicle: right side of pool against 3D marker,
position (c) in Fig.15): (a)snapshot of docking experiment, (b)fithess value, (c)position in x-axis direction,
(d)thrust in x-axis direction, (e)position in y-axis direction, (f)thrust in y-axis direction, (g)position in
z-axis direction, (h)thrust in z-axis direction, (i)angle around z-axis and (j)torque around z-axis
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