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Objective - ~ Grid: Advantages / Disadvantages (" Node: )
e N e o N Earth Model Representation: » Composed of components defining domain geometry (/Node objects) and topology ot Ciob N oo | Boundary Memor S¢ « Defines a geometrical point in the Grid Node
evelop an Earth model system capable of representing most Earth model structures in use . ) - . . . . . rd ~ype oba wi-resoTution omt searc cpresentation emory Storage « Uses a Cartesian vector representation originating at
today and extend that system to incorporate a broader range of local to global scale variable * Define one or more Grid Ob.] ects that serve to g (C_ell Obj ects e and Edge, Fa.ce Ob-] CC'.[S h dynamlc gnds Only? _ highly constrained the Earth’s center v=<v,Vv,Vv> 3D Vector
resolution models. partition the physical domain into discretized [ Dat \ * Primary function: Perform point containment searching and grid component adjacency il e or | Exceptional: requ « May be defined as a GeoVector which defines ’
ata: . very simple globally planar (or xceptional: requires
Introducti volume elements « Base class container of node and/or cell based model discovery ]S)iiéhsmcmred in Lat, Lon, o o isr;ﬁgﬁit\g;iyn;as . ;%};flr&:‘;‘il;})le“) Ztn"lr;ge for model attributes the point vector as a unit vector with an e (PP or
ntroduction * Associate Data objects defined on Grid nodes > attribute data or interpolatory metadata 4 ) . 1 P— associated magnitude (radius) 0 ( x )y * GeoVector
‘ _ . o . . - « Concrete derived types are specifically designed for o Catecorize arbitrarv orid representations into 4 different model tvpes includine: oD b « Contains an optional Data object which maps model u=(r,v/r
Mod.els of geophysically important properties of the Earth, ‘such as seismic V§10C1t}{, Q anq . ?‘nd/ or cells containing the model attributes or various Interpolator | Grid combinations g . ye _ p , M g (laf/locn) point (i(.):. el attributes or interpolatory metadata to the nodes
density, can become large and complex when those properties vary in three dimensions within 1nterp01at0ry meta-data L ) o SSS: Structured latitude/ longltude/ depth . search witha 1D | represent closed Good: requires storage for position
the model. We have developed an efficient, extensible, object oriented software framework » Define one or more Interpolator objects used » SSL: Structured geographic surface grid decoupled from an arbitrary layer depth | | JJidiben | wo . e otamesy | profe mformaton N /
that can accommodate a wide range of local to global scale 3D Earth models with grid . . cq s Ve ~ proﬁle ) - ~
resolutions that can vary widely throughout the model. In this paper, we describe some of the to 1nterpolate model attributes within volume Interpolator: _ _ o . ] i . . ﬂ‘;ﬁ‘ﬁ;‘;ﬁf‘;ﬁ?r Cell:
important characteristics, limitations and advantages of several types of grid topologies that clements > * Various .concrete implementations exist including * UUL: Unstructured geograph1cal surface gnd decoupled from an arb1trary layer arbitrary resolution | Memory intensive: requires * Defines the local physical topology of the grid 3D /
might be used to represent geophysical properties within and Earth model. « Serve as the implementation for a Model : Eﬁfriﬁ)mial depth profile vl c ; UUL: Unstructured in D cell walk with f:;fe(sleitt?jgg © Zgﬁfif;];r;:fg;g fﬁes’ * Each cell maitains the nodes from which the cell is 4
. . s - ° UUU Unstructure VO umetric artesian I‘i geographic surface a 1D separable contour interior topology, and depth profile constructed and a list of ad_] acent cells that share
Within a model, the surface of the Earth can be represented by a sphere, an ellipsoid or the mt.erface used by Predictor and Op timizer * Sp!lge & & y dimensions; Layered in Depth | yes yes Layer search volumes) information > common cell faces
topographic/bathymetric surface. In our representation geophysical properties are defined on a objects . Kr1g1.ng Memory intensive: requires « Contains and optional Data object which maps Tetrahedron e Flexahedron
grid of nodes which are connected into a 3D topology in one of four fundamental ways. In - J * Moving Least Squares :?rﬁfi gogm:;lgeimfﬁes’ model attributes or interpolatory metadata to the cell D
fully structured models, grid nodes coincide with equally spaced lines of constant latitude, E * Etec. topI:ology, ar;gd cell orrynode
longitude and depth. Slightly more complex are models which are structured in the geographic  Utilizes Data objects for additional metadata storage UUU: Totally Unstructured yes yes 3D cell walk Fully general based layer identifier
dimensions but layered in the radial direction. Considerable flexibility is gained with layered or interpolation process information when required > \ g Triangle Quadrilateral
models that are unstructured in the horizontal dimensions. These models may be comprised of * Intgrpolates nc?de or cell based model attributes at S =
triangles or quadrilaterals that tessellate the surface of Earth and allow resolution to vary in the 9 arbitrary locations ) \
horizontal dimensions. In the most general case, a fully unstructured 3D grid of nodes is 4 N O N )
tessellated using tetrahedrons, hexahedrons or other simple polyhedra. These models allow the . | UUU::
o O ) - . SSL: UUL: .. : : ..
most flexibility in terms of internal property variability and model resolution. o ) . _r » Explicit Geometry Specification (every node position is defined)
\_ J » Implicit geographic surface geometry > Ulnimelmise! geogieying seiies vemkbon » Local Topology Definition (cell and node maintain grid adjacency
n 1ol ) n - ~ specification (Lat/Lon boundary extent » Geographic surface grid nodes associated information)
Earth Model UML Diagram (Subset) SSS: and spacing imply geographic surface with an array of layer depths : :
.. : L » The most general grid ... any 3D mesh can be represented this way
» Implicit geographic surface geometry node position)
specification (Lat/Lon boundary extent « Layer depth varies at each geographic Examples
and spacing imply geographic surface surface grid position Example L
% . o Unstructured Tetrahedral Grid as illustrated
10418 PRI Grid Definition i s GNEMRE Regional Phase Model (SLBM) by Menke in his RavTrace3D cod
» Layer depth varies at each geographic ) : o y Vienke 1 Qs Ray racesL) code
surface grid position SERLENTE arbltrary « Uses an unstructured subdivided 2D Tessellation to
depth prOﬁleS at describe the geographic surface variation. .
e Grid Definition & / / geographic surface T * Begins with a coarse regular Icosahedron of 20 z Arbltrary Unstructured
contains equally - 7 grid position : glarlllgtlss' e is subdivided inio 4 trianales until i /J.\ Tetrahﬁdral l\c/lleshf(as
. . . . £ ol » Each triangle is subdivided into 4 triangles until the tvpicallv used in finite
spaced sphencal Typlcfal radial > desired resolution is attained ’ ' }llp ty licati
shell profiles velocity profile * Not necessary to subdivide all triangles > element applications)
deﬁning layer : » Variable resolution is attained by subdividing
- T vy oo regions of interest only
;?undarlei Example « Transition triangles are used to close triangles Layere d hexahedral
xampie . subdivided beyond an adjacent neighbor’s )
P LANL/LLNL 3D Unified Model level : representation converted to an
Typical structured grid used in _  Aradial depth profile is used to define the model el i unstructured tetrahedral grid
¢ h in De Kools Fast velocity similar to that defined for the SSL grid e
omogfap Yy Oor i DC KNOOIS ras - Point searching o
Marching Method (FMM) code « Performed using a triangle walk in the original i,
coarse grid e . .
« Subdivided child depth search is performed to e Any arbltrary 3D gl‘ld
find the innermost subdivided triangle > generated by 3rd party
containing the point o meshing software (.e.g. The
* The Earths surface is deeled as a GRS80 ellipsoid Sandia CUBIT Geom etry -
* Depth profiles from various local or global models are ) : ()
mapped into the ellipsoid and Mesh Generation = sy ol
Toolkit) el (e R kit
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