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Abstract

4-D reconstruction of wave overtopping by synchronized UAV's

lkemoto Kazuma

Wave overtopping caused by typhoons and storm surges leads to severe damage around
ports and fishing harbors, including vessel capsizing and coastal flooding. Current
countermeasures involve estimating overtopping heights based on topography or historical
observations and installing offshore breakwaters or wave-dissipating blocks. However,
appropriate measures are not yet implemented on all vulnerable coasts. While increasing the
size of breakwaters or the volume of armor units can mitigate damage, excessive scaling leads
to rising construction costs and degradation of the coastal landscape. Therefore, it is essential
to design countermeasures proportional to the anticipated scale of overtopping.

To understand the overtopping structure, a method was employed using multiple UAVs to
analyze water mass behavior via stereo vision. While the ultimate target is the large-scale
overtopping (approximately 30 meters high) reported at the Aki Fishing Harbor offshore
breakwater in Kochi Prefecture, this study develops the measurement method targeting 10-
meter-class overtopping around the detached breakwater east of Kochi Port.

Three UAVs captured 4K video of the overtopping for approximately 15 minutes. Temporal
synchronization was achieved by filming a clock prior to flight, allowing the footage to be split
into approximately 30,000 sets of simultaneous frame images. Although the UAVs record
GNSS data for still images, the extracted video frames lack the metadata for camera position
and attitude—which fluctuate minutely due to strong winds—required for stereo vision.
Therefore, these parameters had to be estimated.

In the stereo vision analysis, while the goal is to estimate the 3D positions of dynamic targets
(water masses), this study first estimated the frame-by-frame camera positions and attitudes
using fixed control points. These fixed points were established based on a detailed DEM
created via prior photogrammetry of the target area. Based on these determined camera
parameters, the shapes of the dynamic waves and overtopping were reconstructed. A
comparison of the estimated camera positions with the UAV flight logs confirmed sufficient
accuracy.

In estimating the overtopping shape, it was found that factors such as spatial resolution in

feature matching, point cloud quality control, and the number of UAVs are critical. The



analysis used Agisoft Metashape Professional, where feature search parameters can be set as
alignment accuracy, and point cloud quality control can be managed via the spatial scale
allowing changes in depth maps. The process was automated using Python scripts for
continuous multi-step analysis.

Regarding the number of UAVs, reducing the unit count to two significantly lowered
accuracy and increased blind spots, demonstrating the superiority of using three or more
UAVs. Furthermore, under a ground resolution of approximately 2 cm/pix, it was confirmed
that setting the feature processing scale to 2x2 or 4x4 pixels (equivalent to 4-8 cm on the
ground) yielded a larger number of reconstructed points and captured the internal structure
in greater detail than the finest 1x1 pixel setting. Thus, the optimal spatial scale for SfM/MVS
analysis of 10-meter-class overtopping was estimated.

In conclusion, this method enables the visualization of the internal structure of wave

overtopping using video captured by UAVs from three or more viewpoints.

Key words Wave overtopping, UAV, Stereo vision, 4-D measurement, Camera pose

estimation, Spatial resolution



