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Abstract

Marine robots are used in the construction and maintenance of underwater structures. Since these
marine robots are operated in a harsh environment, they are usualy driven by remote operations.
However, remote operations are difficult due to the limitations of sensors used in marine robots. In order
to overcome these difficulties, research is being conducted on enhancing the remote operation using a
digital twin corresponding to an actual robot [1]. Thedigital twin of the real marine robot in the virtual
environment must be able to accurately predict the behavior of the real marine robot, and at the same
time, perform in real-time due to the interaction with the physical twin. Therefore, a real-time multi-
body dynamics model of marinerobotsisrequired for the digital twin. In thispaper, adigital twin model
of the marine robot was devel oped by applying the recursive subsystem synthesis method [2].

The marine robot, in which we are interested, for the digit twin is shown in Fig. 1. It consists of a
manipulator arm with atool plate, a cabin, a base frame, four suspension linkage subsystems, and four
track subsystems. The manipulator is driven with four hydraulic motors and two hydraulic cylinder units.
The tool plate which is located at the end of the manipulator is also operated by a hydraulic motor. The
cabin can swivel with respect to the base frame. Four suspension linkage subsystems are attached to the
base frame and each of them is actuated by two hydraulic cylinders. The track subsystem which is
composed of a sprocket, a pulley, and a rubber track, can be rotated relative to the suspension link to
make the track negotiate rough terrain. The track sprocket is also driven by a hydraulic motor.
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Figure 1: A digital twin of the marine robot (underwater construction robot)

The left picture of Figure 2 shows the topological diagram of the multibody model of the marine robot.
A node represents a body and an edge denotes a joint that allows relative motion between connected
bodies. It consists of 49 bodies and 62 joints. Thus, the total DOF is 30 (base frame-6, cabin-1,
manipulator arm-6, tool plate-1, suspensions 4*3, tracks 4*1).
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Figure 2: Topology of digital twin and subsystem definitions

To apply the recursive subsystem synthesis method, the cabin-manipulator-tool plate system can be
divided into 4 subsystems and the suspension-track system also can be decomposed into three
subsystems as shown in the right picture of Fig. 2. For acceleration analysis of the cabin-manipulator-
tool plate system, dynamic effects of each subsystem are computed and transferred to the adjacent
subsystem recursively from the Sub4-subsystem to the base frame to form the reduced equations of
motion for the base frame. Once the base frame translational and rotational accelerations are obtained,
then joint accelerations in each subsystem are computed in the recursive fashion from the base frame to
the Sub4-subsystem. Similarly, joint accelerations of the suspension-track system can be obtained. Thus,
the digital twin model with the recursive subsystem synthesis method is much more efficient than that
with the conventional joint coordinate formulation, since several small-sized equations of motion are
solved in the recursive subsystem synthesis method.

Figure 3 shows the real-time performance of the developed digital twin model of the marine robot
with different numbers of threads of CPU processors in paralel computation. OpenMP-based parallel
processing [3] has been realized in PC with Ryzen54500U (6 core— 6 threed), maximum dock speed: 4.0GHz,
OS Linux (Ubuntu verdon 20.04)). AsshowninHg. 3, itisredized 39 timesfagter then red-timein using 5 threeds for
the 20-sscond bump run Smulation of themarinerobot.
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Figure 3: Real-time performance of the developed digital twin model
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