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Abstract  Efficiently and quickly measuring shallow waters, islands, reefs, ledges and unreachable waters for
ships, an airborne bathymetric LIDAR system is able to measure deep to 50 meters, covering the entire inshore
region, while the ship-based mobile measurement system is capable of obtaining topographic data of the ocean floor
in inshore shallow sea and fine 3D laser point cloud of islands and reefs. These systems have some complementarity
in the area and range of measurement. In this paper, an improved iterative closest point (ICP) algorithm based on
feature points of curvature is applied to conduct registration and fusion of airborne bathymetric data, multi-beam
data and 3D laser scanning data obtained from the domestic airborne bathymetric LiDAR system and the ship-based
mobile measurement system, as well as comprehensively and accurately describe the terrain of both coastal waters
and inshore areas for a unified criterion. The results show that the registration data from the airborne bathymetric

LiDAR system and the ship-based mobile measurement system can be of great significance in comprehending the
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topography of islands and reefs, as well as detecting and discovering underwater targets.

Key words data registration; curvature feature point; ICP algorithm;airborne bathymetric LIDAR system; ship-

based mobile measurement system
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Table 1  Performance index of ocean module for airborne

dual frequency LiDAR system

Index Parameter
Flight speed /(kme+h™") 150-220
Flight altitude /m 300-1100
Coverage angle /(°) +15
Laser wavelength /nm 532

Scanning mode Oviod scan

Density of point cloud /(pointem ?) 0.03-0.48
Plane positioning accuracy /m 0.105-3.129
Elevation positioning accuracy /m 0.049-5.684
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Table 2 Parameter index of sensor of VSurs-W

Sensor Parameter Value
Distance /m >2.5,<700 (reflectivity>>20%)
R ) 100
3-D laser scanner ange /
Precision /m <0.005 (<150 m)
(Riegl VZ1000) . o
Angular resolution /(%) 0.0005
Sounding resolution /m 0.0125
Beam angle /[ (°) X (*)] 0.5X1@400 kHz, 1 X2@200 kHz
) Width /(%) 10-160
Multibeam echosounder
Wave number 256
(R2Sonic 2024) ) )
Maximum sounding /m 500
Emission frequency /Hz 60
Plane positioning accuracy /m 0.008
POS ¢ postioning v
Elevation positioning accuracy /m 0.015
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_, [ calculating the number of iterations according to the
neighborhood data of the seed point

calculation of initial parameters of surface equation
based on formula (2)

take the point as an inliers and count
the number of inliers

calculation of optimal parameters of surface:
equation based on maximum inliers

the calculation of the first and second basic
quantities according to formulas (4) (5)

according to formula (6) to calculate principal
curvatures (k,, k,)

whether k, and k, are extremes
no

* yes delete

’preserving the point as a curvature feature point‘

curvature extremum greater
than threshold

preserving the curvature feature point to participate
in the final data registration
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Fig. 1 Select the set of curvature feature points
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calculation of the curvature feature point set
O from ship-borne data

calculation of the curvature feature point set
O’ from airborne data

according to the nearest distance principle, we
find the corresponding point of O’ from O

update O’

calculation of registration parameters and
registration variance

registration variance is less
than threshold

yes

output registration parameters
and date after registration

evaluation of registration accuracy

2 EET R R ICP SR AR

Fig. 2 ICP algorithm flow based on curvature feature point
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Fig. 3 Experimental area. (a) Ship-based mobile measurement data; (b) airborne bathymetric LIDAR data
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Fig. 4 Complete data registration. (a), (b) Obvious feature

region under water; (c) near shore local area
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Fig. 5 Truncated data range schematics. (a) Ship-based mobile measurement data; (b) airborne bathymetric LiDAR data
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Fig. 6 Data projection diagram and histogram of elevation residual distribution.

(a) Region a intercepting data projection diagram; (b) region b intercepting data projection diagram;

(¢) region b projection part schematic details; (d) histogram of elevation residual distribution
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