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Convergence of Initial Estimation Error in a Hybrid Underwater
Navigation System with a Range Sonar
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ABSTRACT: Initial alignment and localization are important topics in inertial navigation systems, since misalignment and initial
position error wholly propagate into the navigation systems and deteriorate the performance of the systems. This paper presents the error
convergence characteristics of the hybrid navigation system for underwater vehicles initial position, which is based on an inertial
measurement unit (IMU) accompanying a range sensor. This paper demonstrates the improvement on the navigational performance of
the hybrid system with the range information, especially focused on the convergence of the estimation of underwater vehicles initial
position error. Simulations are performed with experimental data obtained from a rotating arm test with a fish model. The convergence
speed and condition of the initial error removal for random initial position errors are examined with Monte Carlo simulation. In
addition, numerical sinulation is conducted with an AUV model in lawn-mowing survey mode to illustrate the error convergence of the hybrid

navigation system for initial position error.
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Fig. 1 Navigational coordinate of the underwater vehicle with

range measurement.
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Table 1 Sensor model in the IMU-DVL navigation system with
range measurement

Bias Error Random Noise (std.)
Accelerometer 1.0mg 50 mg
Gyro 1.0deg/h 0.3 deg/s
DVL 0.0l m/s 01 m/s
Magnetic Compass 10.0 deg 1.0 deg
Depth-meter 05m 05m
Range Sonar 0.25m 05 m
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Fig. 2 Measured motion data of the fish from the rotating arm
test with 0.5m/s of speed.
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Fig. 3 Simulated range data with two samples per second, of
which the reference station is at (30, -30, -10) meters from
the initial position (0, 0, 0) of the fish model.
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Fig. 4 Estimated position and navigation errors with the IMU-

DVL-RS navigation system.
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Fig. 5 The estimated position error of the fish with the IMU-

DVL-RS navigation system.
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Fig. 9 The estimated results of the IMU-DVL-RS navigation
system with the initial position Ps (-12.0, 24.0, 10.0) over
the reference station (0.0, 0.0, 0.0): the true position of the
fish is (30, -30, 10).
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Fig. 10 The estimated position of the fish of the IMU-DVL-RS
navigation system with the initial position Ps (-15, 0, 10)

over the reference station.
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Fig. 12 Trajectories of the position errors with the IMU-DVL-RS
navigation system when the initial location is (15, -15, 5).
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Fig. 13 Trajectories of the position errors with the IMU-DVL-RS
navigation system when the initial location is (60, -60, 20).
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Fig. 15 Simulation results with the IMU-DVL-RS navigation
system when initial localization error exists.
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