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Improved Localization of Unmanned Underwater Vehicle via Cooperative Navigation of
Unmanned Surface Vehicle Equipped with Ultrashort Baseline

Seunghyuk Choi', Youngchol Choi’, and Jongdae Jung"*

Abstract

Accurate positioning is essential for unmanned underwater vehicle (UUV) operations, particularly for long-term survey missions. To
reduce the inherent positioning errors from the inertial navigation systems of UUVs, or dead reckoning, underwater terrain observations
from sonar sensors are typically exploited. Within the framework of pose-graph optimization, we can generate submaps of the seafloor
and use them to add loop-closure constraints to the pose graph by determining the best match between the submaps. However, this
approach results in error accumulation in long-term operations because the quality of local submaps depends on the dead reckoning,
Hence, we can adopt external acoustic positioning systems, such as an ultrashort baseline (USBL), to add global constraints to the exist-
ing pose graph. We assume that the acoustic transponder is installed on a UUV and that the acoustic transceiver is equipped in an
unmanned surface vehicle trailing the UUV to maintain an acoustic connection between the vehicles. We simulate the terrain and USBL
measurements as well as evaluate the performance of the UUV’s pose estimation via online pose-graph optimization.
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Fig. 1. Overall framework of UUV pose graph optimization.
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Fig. 3. (a) UUV and USV in our Stonefish simulator. (b) Sonar sens-
ing simulation.

Fig. 4. Terrain model used in our simulator. East Sea area was
cropped from the GEBCO data.
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Fig. 5. Mission generation result using IquaView software for
SPARUSII survey.
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Table 1. Noise parameters of navigation sensors used in the simulation.
*STD: standard deviation

sensor parameter low-cost high-cost
STD - orientation (rad) 0.002  0.0001745
STD - angular velocity (rad/s) 0.002 0.001
AHRS
STD - linear acceleration (m/s”) 0.01  0.00004
yaw drift (rad/s) 0.00015 0.000015
percent noise in linear velocity 1.01 0.1
DVL STD - linear velocity (m/s)  0.0001  0.00001
STD - altitude (m) 0.001 0.001
STD - range (m) 0.67 0.01
USBL STD - horizontal angle (rad) 0.00175 0.000175
STD - vertical angle (rad) 0.00175 0.000175
max. range (m) 300 300
GNSS STD - position (m) 0.0362
Depth sensor STD - depth (m) 0.2

A A7V a7 o' vro] 7 E A4 = AHRS, DVL,
USBLo|™ 7A417¢] AlA Al Ed o)A elrelE= Table 13} 7+
th. GNSS¢}F A &A1¢] 790l = A7 H oM % 213 H5S 8

BE 5 Q1o BUH 232 AT,

3.3 02|E oiefo|E M

MBES A 2.3 A3}l = PCL (point cloud library)ol| 4 A&
3} GICP (generalized ICP)[7]7} A} & E o e gL
HA 3= g2o gl HHE[13]E 7V E A AT A EY
Ao} gz A3t 25 ROS #H0A AA7Ee R A E

Table 2. Parameters used in the submap registration and graph opti-
mization. Values in parenthesis are used for high-cost sen-

sor scenario.
Process Parameter Value  High cost
Submap assemble duration (s) 60 0.00004
box filter size (m) 1.5
RANSAC iteration 10 4.9e-3
1 ICP iteration 50 3
kNN neighbors for normal est. 30
update size 14
batch size 14
LC search radius (m) 80
20 INS info value for translation 0.3 (1)
INS info value for rotation 1 (10)
ICP info value for translation 1
ICP info value for rotation 1
USBL info value for translation 5
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Fig. 7. Resulting INS trajectories from the different sensor configurations. (a) Ground truth (no noise). (b) High-cost sensors. (c) Low-cost sen-
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Fig. 8. Real-time cooperative navigation results. Red lines represent loop closing constraints. Solid lines in other colors represent trajectory of
the UUV (yellow: INS, grey: ground truth, green: factor graph SLAM).

Fig. 9. Example of MBES submap registration using ICP.
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Table 5. Performance evaluation of different navigation systems.

High-cost sensor scenario Low-cost sensor scenario

Navigation
algorithm Mean percent ~ ATE ~ Mean percent  ATE
error (%) (m) error (%) (m)
INS 0.239 2.07 8.08 0.668
Submap 0.229 1.99 434 0422
matching
Cooperative 7 0.42 0.74 0.156
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