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A Basic Study of Water Basin Experiment for
Underwater Robot with Improving usability
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Abstract: This paper describes a method for tracking attitude and position of underwater robots.
Underwater work with underwater robots is subject to differences in work efficiency depending on the skill
of the operator and the utilization of additional sensors. Therefore, this study developed an underwater
robot that can operate autonomously and maintain a certain attitude when working underwater to
reduce difference of work efficiency. The developed underwater robot uses 8 thrusters to control 6
degrees of freedom motion, IMU (Inertial Measurement Unit), DVL (Doppler Velocity Log) and PS
(Pressure Sensor) to measure attitude and position. In addition, the thruster allocation algorithm was
designed to follow the control desired value using 8 thrusters, and the motion control experiments were
performed in the engineering water basin using the thruster allocation method.
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[Fig. 1] Configuration and coordinate system of MR-1
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[Table 1] Specification of MR-1

Item Model Specification
. 80 kg - in air
Weight i -2 kg - underwater
Dimension (LxWxH) - I.1mx0.8mx04m
Depth rating - 300 m
Attitude accuracy : 0.2°
. (Roll/Pitch)
IMU ; 11:)/&81?{5 g |08° (Yaw
Velocity accuracy : 0.05 m/s
(1o RMS)
DVL NavQuest [Accuracy : 1%+ 1 mm/s
600 Micro |Operating frequency : 600 kHz
Pressure sensor PHP Accuracy : +0.035%FS
Bollard output :
Model 300 |forward 7.7 kgf (m300)
Th
ruster Model 540 |reverse 3.2 kef (m300)
forward&reverse 9.5 kgf (m 540)
Outer Dia: @17.3 mm
Tether cable i Safe working load : 177 kg

Breaking looad : 955 kg
Bending radius : >178 mm
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[Fig. 2] Thruster configuration of MR-1
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[Fig. 3] Fluid flow contour of MR-1 at 1.5 m/s
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[Fig. 4] Pressure housing structural analysis at 30 bar
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[Table 2] Specification of tow carriage

Item Specification
Type Truss & Girder type
Dimension (LxHxD) 2lmx3.7mx49m
X axis velocity max 1.5 m/s
Velocity setting step 1 mm/s or less
Velocity stability + 1 mm/s RMS
Residual acceleration about 5x10"-5 g
Overshoot 5 mm/s or less
Rotation range +180°
Angular velocity 0.2 ~ 25 deg/s
? , IMU angle
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[Fig. 5] IMU yaw angle test : reference tow carriage angle 0°,
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[Fig. 6] DVL velocity test : reference tow carriage velocity X,y

0.3 m/s, distance 5 m, acceleration time 3seconds
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[Fig. 7] Block diagram of MR-1 motion controller

(b) Depth and waypoint control

[Fig. 8] Underwater robot motion control test : a. desired depth 1
m, desired pitch angle -20°, b. desired depth 2 m, 5x5 m way-point
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(b) Position of underwater robot MR-1 : desired depth 1 m
[Fig. 9] Depth and pitch angle motion control test result
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(c) X-Y Trajectory of underwater robot MR-1
[Fig. 10] Depth and way-point control test result
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