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Shallow-water bathymetric data are important in a wide range of
applications. In river systems, these data are important in management and
research applications such as river hydrodynamic modeling and investigation
of bank erosion and morphological change. In coastal settings, these data are
important to the study and management of coral reefs and estuarine ecosystems
because .water depth distribution governs the physical and biological
characteristics (e.g, flows, waves, and benthic habitats). However, in
shallow water areas such as river channels and coral reefs, there is no perfect
method for exhaustive bathymetric mapping. Conventional ship sounding 1is
constrained by ship access. Single-beam echo-sounding from boat is time
consuming to survey a wide area. Airborne light detection and ranging (LiDAR)
is too costly to a wide area.

Tol supplement these approaches, the UAV-based photogrammetry using
Structure from Motion (S{M) and Multi-View Stereo (MVS) has recently been
proposed. This technique greatly reduces the level of expertise and ability
required to extract high resolution bathvmetric data, using cheap consumer—
grade digital cameras mounted on small UAVs (e.g drones). Howe?er, the
applicability of this technique is limited by refraction/reflection of light
at the water surface. The refraction of the viewing line caused water depths
in the submerged area to be estimated shallower than the reality. In addition,
the reflection of sunlight and skylight hinders the matching between images
and makes the pointmcioud density and accﬁracy insufficient. Therefore, the
methods to correct these effects are required.

The primary objective of this study was to develop the practical methods

to remove the water-surface refraction/reflection effects for UAV-based.

shallow-water photogrammetry. In the first part of this studvy, an empirical




method was presented to correct for the effect of refraction after the usual
SIM-MVS processing. The presented method utilizes the empirical relation
between the measured real-scale depth and the estimated apparent depth at
nmultiple submerged points. Specifically, an empirical correction factor is
derived by least-squares method and is used to convert the apparent water
depth into a refraction—corrected (real-scale) water depth. To cxaﬁine its
effectiveness, this method was applied to two river sites. At each site, the
RMS errors in the corrected bottom elevations were compared with those obtained
by three existing methods. The result shows that the presenied method is more
accurate than the two existing methods: The method without applying correction |
factor and the method that utilizes the refractive index of water (L. 34) as
correction factor. In comparison with the remaining existing method, which
used the additive term (offset) as well as the multiplicative correction
factor, the presented method performs better in Site 2 and worse in Site L.
Overall, the accuracy of the method depends on various factors such as the
locations, image acquisition and GPS measurement conditions. The most
effective method in each situation should be selected by using statistical
selection (e. g leave-one—out cross validation). |
In the second part of this study, a new imaging technique was presented
to suppress the effect of the sun/sky reflections at the water surface in the
imagery. In this technique, first, the drone was ordered {o take a short video
instead of a still picture at each waypoint. Second, the effects of the
displacement and rotation of the camera, caused by the movement of the UAV |
during the recording, was removed from each video. Third, a lemporal minimum
filter (a filter that extracts the smallest RGB value for each pixel from the
available video frames) was applied to the video in order to obtain an image
with reduced intensity of reflections. Finally, the resulted images were used
| as an input for the SIM-MVS procedure.
In order to assess the effectiveness of this technique, it was tested in
three experiments in river and coastal sites. The density, accuracy and

precision of point-cloud as well as the accuracy and precision of bathvmetric




map generated by this technique were compared with those generated from a
randomly chosen frame. The results showed that by applying the presented
technique, the density of point cloud increased by factor of 3.6, 1.8, and
3.2 at Site 1, 2, and 3, respectively. This improvement in the point density
is caused by increasing the number of matching points between images in the
MVS algorithm.

The results also showed that the presented technique increased the accuracy
and precision in estimating the water bottom elevation of submerged points.
In addition, the error statistics of the bathymetric map show that the RMS
error decreased by factor of 3.8 2.9, and 2.5 at Site I, 2 and 3
respectively, upon application of the presented technique. In summary, the
presented technique improvés the point cloud density, accuracy and precision
of UAV-based shallow-water photogrammetry by reducing the effects of sun/sky

reflections at the water surface.
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