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High-precision real-time correction sounding system using MEMS Inertial Measurement Units
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Summary

This paper proposes a high-precision real-time correction sounding system using Micro Electro Mechanical Systems (MEMS)
inertial measurement units, which can correct the effective depth from the sea surface to the seabed in real-time. The advantages of
the proposed system are as follows: (1) The system outperforms a single-beam sounder available on the market in that the range of
depth errors caused by the swing of a research vessel is about 2%: (2) Since the proposed system is small compared to the existing
attitude and heading reference system, it can be employed for unmanned surface vehicle, remotely operated underwater vehicle,
autonomous underwater vehicle, and so on. Experimental results show that an attitude, heading and depth measured by the developed
system are within the acceptable range, and the system can give a stabilized attitude, heading and depth information for a long time.
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Fig. 1 Diagram of the proposed depth correction filter based
on MEMS inertial measurement units.
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Fig. 2 The attitude representation w.r.t. the body axes.
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Fig. 3 Attitude-heading outputs and the reference values
for the dynamic test on the ground. The vertical
axis is the attitude-heading angle of orientation, and
the horizontal axis is the sampling time (msec).
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Fig. 4 The error between attitude-heading outputs and the
reference values for the dynamic test on the ground.
The vertical axis is the attitude-heading angle error of
orientation, and the horizontal axis is the sampling

time (msec).
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Fig. 5 Attitude and heading effects on a single beam depth.

Table 1 Attitude and heading error statistics.

Angle (axis) Mean (deg) Standard deviation
Pitch -0.0070 2.7781
Roll 0.4008 7.7062
Yaw 1.1067 8.4647

Table 2 Roll/Pitch error on the near-vertical beam.

Roll/Pitch Error at Depth (m)
(deg) 5 10 15 20
1 0.00 0.00 0.00 0.01
5 0.04 0.08 0.11 0.15
10 0.15 0.30 0.45 0.59
15 0.32 0.65 0.97 1.30
20 0.55 1.11 1.66 2.22

Table 3 Maximum allowable Roll/Pitch angle to maintain
+0.2m error.

Project Depth (m) Max angle (deg)

5 11.6
10 8.2
15 6.6
20 5.7

Table 4  Statistical results of the sounding under wave

conditions.
Artificial wave height (m)
Statistics Status
0.0 0.2

Non-correction 0.064 m 0.180 m
Maximum

With correction 0.008 m 0.009 m

Non-correction 0.016 m 0.062 m

Mean
With correction 0.004 m 0.003 m
Non-correction 0.022 m 0.043m
SD

With correction 0.003 m 0.002 m
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(@) No estimation of the attitude angles.

(b) Correction hy the estimation of the attitude angles.

Fig. 6 Experimental error distribution values resulting in a test tank by using echo sounder.
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