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Localization Algorithm of Multiple-AUVs Utilizing
Relative 3D Observations
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Abstract: This paper describes a localization algorithm utilizing relative observations for multiple
autonomous underwater vehicles (Multiple-AUVs). In order to maximize the efficiency of operation
and mission accomplishment and to prevent problems such as collision and interference, the locations
and directions of Multiple-AUVs must be precisely estimated. To estimate the locations and directions,
we designed a localization algorithm utilizing relative observations and verified it with simulations
based on sensor data sets acquired through real sea experiments. Also, an optimal combination of
relative observation information for efficient localization is figured out through combining various
relative observations. The proposed method shows improved localization results compared to those
only using the navigation algorithm. The performance of localization is improved up to 58%
depending on the combination of relative observations.
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(1) Project the state ahead (1) Compute the Kalman gain
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(2) Project the error covariance ahead (2) Update estimate with measurement

Py = AP, AT +Q R =R + Kp(zx — HXp)

4 (3) Update the error covariacne

P = (I - KeH)P

| Initial estimaties : % 1, Py |

[Fig. 4] Process of the Kalman Filter
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[Fig. 5] Process of the Extended Kalman Filter thorough relative
observation® (All of the symbols in this figure follow the
notation of [3])
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[Table 1] Relative observations’ set accuracy and referred
sensors to use them

Relative observation | Accuracy | Reference sensor (data)
3D-distance +0.1m GPS, Depth-sensor
Bearing +1.0° GPS, Digital Compass
Heading +1.0° Digital Compass
Elevation +1.0° GPS, Depth-sensor
Pitch +1.0° Digital Compass
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[Table 2] Experimental results of 4 cases

Average of mean distance error of localization [m]

AUV, | AUV, | Average |Improvement rate (%)
Expt1 | 2.0079 | 4.3225 3.1652 -
Expt2 | 1.5383 | 1.5582 1.5483 51.08
Expt3 | 1.3983 | 1.3648 1.3816 56.35
Expt4 | 1.3408 | 1.3139 1.3274 58.06

Expt 1: Without relative observations. (Only navigation)

Expt 2: Using relative 2D-distance, bearing, heading,

Expt 3: Using relative 3D-distance, bearing, heading,

Expt 4: Using relative 3D-distance, bearing, heading, elevation, pitch.
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20 |
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[Fig. 12] Experimental result without relative observations: GT
and estimated route of AUV, and AUV on N-E plane
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[Fig. 13] Experimental result of using relative 2D-distance,
relative bearing, relative heading: GT and estimated route of
AUV, and AUV} on N-E plane
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[Fig. 14] Experimental result of using relative 3D-distance,
relative bearing, relative heading: GT and estimated route of
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