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Trajectory Control of Underwater Robot using Time Delay Control
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Abstract

In this paper, the trajectory control problem of an underwater robot is addressed. From the viewpoint of
control engineering, trajectory control of the underwater robot is not an easy task due to its nonlinear
dynamics, which includes various hydraulic forces such as buoyancy forces and hydrodynamic damping, the
difference between the centers of buoyancy and gravity, and disturbances from a tether cable. To solve such
problems, we applied Time Delay Control to the underwater robot. This control law has a very simple
structure not requiring the nonlinear plant dynamics, and was proven to be highly robust against disturbances
and uncertainties. We confirmed its effectiveness through experiments.
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Table 1 Specification of experimental setup

Specification

Dimensions 118x86x84mm(LxWxH)
. anodized aluminum,
Material
polyurethane foam
Underwater Weiaht 280
robot €19 9

Maxon RE10 118391(0.75W) &
Maxon 110308(ratio 4:1) for 2
vertical & 2 horizontal thrusters

Geared
Motor

Vision Camera on Ceiling TMC-7DSP made by PULNiX

Sensors depth and acoustic sensors

= Conirol

. . Inspection
Siation

Camera

Hand held Display
Control 3
Tnit

Fig. 7 Mock-up system of underwater robot developed
for visual inspection of nuclear reactor internals
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Table 2 TDC gains and parameters

Control Object Gains and Parameters
X Position M =004, K =45 K, =081
Y Position M, =004, K, =45 K, =081
Depth M, =0.025, K, =72, K, =144
Angle M, =0.0007, K, =12, K, =036

---- reference traj
— TOC response

® position {crm)
o

Y position {om)
o

---- reference traj.
— TODC response
0 20 40 [=in] 0 20 40 [=in]

tirme [sec) tirme (sec)
90 50

-50
-100

angle {deg)

---- reference traj. 150 ---- reference traj.
— TDC response — TOC response
60 200

0 20 40 =in] 0 20 40 =in]
tirme [sec) tirme [sec)

(a) Control responses
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(b) Errors
Fig. 8 Experimental results of trajectory control by TDC
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