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Real-time Data Enhancement of 3D Underwater Terrain Map
Using Nonlinear Interpolation on Image Sonar

Ingyu Lee', Jason Kim', Sehwan Rho', Kee—Cheol Shin?, Jaejun Lee’, and Son-Cheol Yu""

Abstract

Reconstructing underwater geometry in real time with forward-looking sonar is critical for applications such as localization,

mapping, and path planning. Geometrical data must be repeatedly calculated and overwritten in real time because the reliability
of the acoustic data is affected by various factors. Moreover, scattering of signal data during the coordinate conversion process may
lead to geometrical errors, which lowers the accuracy of the information obtained by the sensor system. In this study, we propose
a three-step data processing method with low computational cost for real-time operation. First, the number of data points to be

interpolated is determined with respect to the distance between each point and the size of the data grid in a Cartesian coordinate
system. Then, the data are processed with a nonlinear interpolation so that they exhibit linear properties in the coordinate system.
Finally, the data are transformed based on variations in the position and orientation of the sonar over time. The results of an eval-
uation of our proposed approach in a simulation show that the nonlinear interpolation operation constructed a continuous under-

water geometry dataset with low geometrical error.

Keywords: Imaging sonar, Forward scan sonar, Sonar data interpolation, Nonlinear interpolation, Underwater 3D recon-

struction
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Fig. 1. Relationship between the geometry reconstruction and the
path planning.
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Fig. 2. Angular data loss of sonar data.
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extension occurs, (c) the critical point when the maximum
highlight extension occurs, (d) after the critical point.
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Fig. 4. Geometry of the forward-looking sonar image. (a) oblique
view of the sonar image, (b) side view of the sonar beam, (c)
top view of the sonar beam, (d) coordinate transformation of
the sonar image.
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Fig. 7. Calculation of the range data for Cartesian coordinate linear
interpolation.
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from multiple sonar images.
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Table 1. Parameters for the simulation.

Symbol Value Unit Description

h, 200 m Depth of the seabed

SPL, 60-80 dB Noise level

X, [0, 0, -50] m Location of the sonar

X [0, 500, -200] m Location of the seamount

h, 150 m Height of the seamount

I 500 m Radius of the seamount

0, -9.4 0 Elevation angle of the sonar

0 1.8 o Beam width of the sonar

" 3 Number of the.transducer in the

¢ elevation angle

O -45 o Lower limit of the sonar bearing angle

Ou 45 o Upper limit of the sonar bearing angle

n, 46 Number of the. transducer in the
bearing angle

d 7.85 m Size of the geometry data grid
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Table 2. Number of data with respect to the interpolation.
Number of data
Without interpolation 368
11269

Condition

With the nonlinear interpolation

Table 3. Height error of sampled data points.

Condition Average height Average height error

difference [m] [%]
Bilinear interpolation 36.87 3.394
Delaunay triangulation 18.51 1.422
Nonlinear interpolation 11.76 1.354
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Fig. 13. 3D reconstruction of the seamount from the simulation data
with nonlinear interpolation, which is proposed in this

paper.
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Fig. 14. 3D reconstruction of the seamount from the simulation data
with nonlinear interpolation, with the ground truth data.
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