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Abstract Implementation of object-oriented software for bathymetry data analysis and visualization is described. Our efforts focus on

adaptation, implementation, and integration of differing techniques for visualization and analysis. The toolbox brings together separate
algorithms into a common toolbox, giving users the ability to use different forms of approximation, interpolation, and storage technigues to
analyze and visualize bathymetry surfaces. The strength of the toolbox is that it combines irregular mesh structures with regular grid spaced
structures as well as Irregular grid structures. These structures have the capability to thin dense areas of data where little data i1s needed while
maintaining fidelity in areas of more detail. The toolbox allows for interpolation and analysis of all structures as well as the ability to convert all
structures to a mesh that can be exported and visualized in other software such as Matlab.

change of depth by less than the threshold. This type of reduction allows for deep sea
morphologies to be maintained, but causes sparseness in the shallow water regions. The
second type of reduction (Fig. 3b) constrains the induced error as a percentage of water
depth to be less than a specified threshold level. This type of reduction maintains a denser
grid in shallow water, but results in loss of detail for deeper sea morphologies. To balance
these two behaviors in thinning, a combined threshold approach is used (Fig. 3c) where both
criteria have to be maintained before vertex removal. This approach better maintains point
density for both shallow water and morphological regions. Table I gives the number of
vertices retained after thinning, percentage reduction in data points, and residual error
generated for different thresholds of the various techniques. Also shown is the time In
seconds to perform the reductions on a standalone desktop PC with an Athlon-11 X6 T1090
processor. The combined technique takes the most time as two criteria must check, but the

[1. Right TIN Implementation

A. Background: The current focus of our exercises with the toolbox is directed

toward the RTIN surface. The RTIN structure provides a set of points that are
Interconnected by right triangles and variably spaced by thinning an initially dense
rectilinear grid of points through thresholding criteria. RTINs support the creation of
surfaces whose resolution adapts with seafloor depth and morphology. A rationale for use of
this technique is to provide variable resolution bathymetry surfaces for ocean models. High
resolution is needed to properly render shallow water areas and significant in seafloor
morphologies for numerical accuracy, but low resolution is used in deep flat areas to ease
computational overhead.

Right TINs have a mature theoretical foundation (Evans et al., 2001). The RTIN
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RTIN. In addition, the RTIN is a variable resolution structure, but it is not a multiresolution
structure. One cannot equate two or more grids of differing resolutions with an RTIN
without extremely unlikely conditions. Data at differing resolutions would have to be
Interpolated into a new surface with constant grid spacing, and then placed into an RTIN. To
Implement this structure in operational environments, storage of the data into a file system
such as Hierarchical Data Format 5 (HDF5) file system would be required.
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and modify for future developments and also works for all

olatforms with a C++ compiler B. Thinning: To initialize the structure, the data space is completely filled at every data

point by sampling a Delaunay surface of the initial dense data set. After initial filling, the
RTIN is the equivalent of a grid of equal dimensions, but with connected hypotenuses. To
change this dense RTIN into a variable resolution grid, the data is reduced or thinned based

A. Geometry Classes: Provides the capability to store, analyze
and represent point data. A UML diagram of these classes and
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RTIN to ocean models, assessments are needed regarding the compatibility and
effectiveness of the variable resolution structure with operational ocean models.
Furthermore, research is needed to determine the effect variable bathymetric grid
uncertainties have on models in which the RTIN is used.

functionality to perform vector arithmetic and normalization. When forming
mesh structures, these vectors are used in conjunction with functions that
determine whether a point is on the right or left side of the vector.

Ping: Stores longitude, latitude, depth, and, uncertainties (vertical and
horizontal) of soundings; sorting supported.

Point: X, Y, Z positions and uncertainties in 3d space in meters. When doing
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3a-c show results of thinning exercises on grids extracted from the Naval Oceanographic
Office Digital Bathymetry Database (DBDB), Version 5.2. A grid at 0.5 minutes of
resolution occupies the northeast section. The rest is altimetry data at 2-minute resolution
(see arrows In Fig. 3a). The first reduction technique (Fig. 3a) uses a depth criterion
(Suarez and Plaza, 2009), where a vertex is removed if the resultant error would result in a
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circle reduction and error in shallower water since the distance is a constant, a percentage of change in the depth. This gives a threshold whose literal the previous two methods. If either threshold is broken, the data are not

and the percentage of change in the depth is higher when the value of
the depth is smaller. Arrows: 0.5 and 2 minute grid boundaries. Victoria
Island, Canada located in upper right.

relaxed. This prevents the case were deeper water can experience large
distances of change though the error is still a small percentage. This
method, however, is slower to produce than using one criterion alone.

distance varies based on the depth of the water. This can be useful in
preserving shallow water data while being more lenient on deeper
portions of the data.

C. Structure Classes: Provides classes and methods for creation of grids,

triangular irregular networks (TIN) and right TINS.
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