SceneGen User’s Guide

SceneGen is a program that enables rapid develdppheomplex terrain-based
environments for engineering simulations. It imeegs CAD-generated solid models
with sampled soil data and other geometricallyrsdiobjects into a single environment.
From this environment, different geometries cameXx@orted for mesh generation, line of
sight calculation, visualization, etc.

SceneGen has been designed to be multiplatformad written with ANSI
compliant C++ and uses the Qt interface libratyhals been compiled and runs on
Windows XP, SUSE Linux, and Mac OS X.

While SceneGen deals with CAD objects, it is nbilaCAD system itself.
Instead, it is a simple object orientation and @haent tool. This is to simplify the
interface for users who just want to design a singgkene from existing designed or
sampled objects. Currently, it exports data fer@micron program, developed at
ERDC-ITL, and for ERDC-EL’s vegetation program.

Supported Formats

SceneGen works with its own file format, the OS(@bject-based Scene
Description Language). This file format is a teximat that stores the names and
orientations of CAD models, heightfield data, atldeo geometries (plants, buildings,
etc.) It can import data from some FEM models (©@on and Veg models, at present).
It can export code for POV-Ray and Wavefront OBekffor visualization.

Supported CAD Models for Input
« 2DM (BYU 2D data)
 3DM (BYU 3D data)
 STH (HYSSOP directed poly format)
* Poly (ADH standard polygon format)
* PTS (points file)
o TXT (points file)
* OBJ (Wavefront OBJ file)

The Scene Generation Process

Import Surface -> Define Areas of Interest -> Intpg0bjects -> Arrange Objects

The typical definition of a scene to be meshedamaarea of interest for meshing
based on a surface location. The surface itspHrsg¢es the soil from all other materials,



gaseous or liquid. Multiple layers can define eliint material strata, but the primary
surface is the soil boundary. In most cases, tbgdst on or below that boundary.

We use this natural definition of a scene to defhlre user methods for creating a
scene in SceneGen. The image shows a flowchadesfinteraction to create a scene.

OSDL: The Object-based Scene Description Language

The Object-based Scene Description Languageilis Bofmat used for storing a
scene description. In version 1.1, the OSDL dpsion looks like this:

OsDL
{

version 1.1

% Om cron_I nput nttest.out.txt

%/eg_| nput smooth_snmal | _m nes_veg. out . t xt

% m cron_CQut put nttest. out 2.t xt

%/eg_CQut put smooth_smal |l _m nes_veg. out 2. t xt
%POVRay_Qut put nttest. pov

%M\avefront _Qut put nttest _wavefront. obj

The OSDL language is a tag based language, antevitiigrated to XML in
future versions, and stand alone from input fornfi@t®ther programs. In the file format
as it now stands, data are defined by the Omidterniput and the Veg model input of
Jerry Ballard.

The data outputs are also defined in the OSDL ditel each possible output is
defined in the example above.

OSDL Orientations

A key point to note is that OSDL uses a right leahdoordinate system with up
being along the positive Z direction. The positi/eirection is to the right in the image
and the positive Y axis goes into the page.

Objects combined with the scene are expectedaahis coordinate system. An
additional caveat is that the Objects must be ddfinith their “front” facing along the
positive X axis.



SceneGen User Interface
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Figure 1. User Interface at startup

The SceneGen user interface takes data input Vi@SL file and allows objects
to be added and/or reoriented in the scene. Fihstews the screen when SceneGen
starts. The screen has a menu and the rest dediuto two areas, the Region Area and
the Visualization Area.

The Region Area shows the possible types of datemtly handled by
SceneGen. The primary surface is the surface leetseil and another medium.
Secondary surfaces define the strata of soils blernlea primary surface, and other media
above the surface. Secondary surfaces are naj hairdled right now by Omicron.

Tesselated Objects are objects that have beeredre@h a CADD program.
These objects have a triangulated surface thabseslan interior volume, and is
therefore capable of being meshed. These objaotbe used by Omicron.

Oriented Tesselated Objects are tessellated olijeattare always oriented the
same way vertically. This means that the top eftdssellated object always points up.
While these can be used in Omicron, they are npli@tty defined by the Omicron file
format.

Occluders are triangulated objects which do noekavinterior volume, and as
such are not capable of being meshed themselvesy dre used primarily as methods of
determining “visibility” between objects, such &g tsun and the ground in a raytracing
application. They can also provide 2D face cooddis for 3D elements. At the present,
these are not used by either Omicron or Veg.



Oriented Occluders aligned vertically in the sanag/ &s Oriented Tesselated
Objects. Plant models used in Veg modeling armédeéfas oriented occluders. This
makes sense because plants always grow skywardnt@t Occluders are used by the
Veg model.

The File Menu
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Figure 2. The File Menu

The file menu at present looks a lot like a staddale menu. It allows for
opening files, flushing for a new project, and egdihe program. But for SceneGen, the
Open OSDL button allows the user to select an O8BLwhich is defined by Omicron
and Veg input files and requires various incidefitas such as surface LIDAR data and
object definition files. When an OSDL file is ogeh these files must be positioned
correctly relative to their specification in théet files. It is intended that Future
versions of SceneGen will be able to collect tH#ss. Future versions of SceneGen
may not be reliant on Omicron and Veg, either. sTheans that future versions of the
OSDL file will be able to be exported.

The Export and Exit option tells SceneGen thatoiputs specified in the OSDL
file need to be written out. Each format is wnttgith the filename specified in the
OSDL file.

Figure 3 shows a scene that has been loaded fmddS®L file. In this file, there
was a primary surface, four tessellated objectegagh one would really be classified as
an occluder - but it is read from an Omicron fikjp oriented occluders (plants), and an
area of interest. The region area tree has bedategh with the additions.



mscenecen =i

Fle Edt View Import

Fegons | MaiD | RETATERERUY
- primary suface
i secondary sufaces
- tesselated ohjscts
i oriented tessobj
i occhuder
oriented occluder

Figure 3. After opening an OSDL file

The Region Area

Figure 4 shows a fully expanded Region tree. topeof the tree shows the type
of objects in the file. Each lower level item isa&ctual object or boundary in the scene.
For Omicron and Veg files, the object name is thmea of the file containing the object
geometry. If an item is selectable for orientiegisitioning, then a checkbox starts its
entry in the tree structure. If it is possibleagsign a base material ID to an item, then its
material ID appears in the MatID column.
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Figure 4. Expanding the Region tree

It is possible to select items from the RegionaAr&imply check the checkbox
next to its entry in the tree, as seen in Figurd@ Be item selected is highlighted in the
Visualization Area to confirm the selection.
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Figure 5. Selecting from the Region Area

The Edit Menu

When items are selected, either from the Regigrar the Visualization Area,
those items can be edited. The Edit Menu provadiesv options for editing objects.

From this menu, the user can select the Base MatBriof an object, scale an object, or
delete it from a scene entirely.
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Figure 6. The Edit Menu

Because future versions of SceneGen will work witfect that can possibly have two or
more material types in their description, it wasided that rather than define each
material ID individually, it would be better to &ys a base material ID and each
subsequent ID would be consecutively numberedaremented internally. This would
simplify the material assignment process. Theodiah Figure 7 shows how the base
material is assigned. Choosing Accept from thadadj assigns the shown material Base
ID to all selected objects. At this time, neitldnicron nor Veg use this feature.

Il Set Base Material ID d B
Baze material 1D Iﬁ 5‘

Accept LCancel |

Figure 7. The Base Material Dialog

In a similar fashion, it is possible to scale aplected object. Choosing
“Scale...” from the edit menu displays the dialog Istwown in Figure 8. The scale
shown in the dialog is the scale of the objectmaathis menu item being chosen. In
other words, if the scale is set to 1.0 then tbeng will stay the size they were before the

menu item was chosen. Accepting any other valakesthe object. This option is
available for either Omicron or Veg.
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Figure 8. The Scale Object Dialog

It is also possible to delete objects from a seer&ceneGen. When the menu
option is selected or the Delete button pressedect®el objects in the scene are removed.
This option works for Omicron but because of can$liwith the Veg format, may cause
errors with the Veg file output.

The View Menu

The View Menu provides several powerful visuali@atoptions for the user. The
user can choose whether to view the Scene consipite entire extents of the surface
data (Figure 10) or primarily focusing on the anéaterest (Figure 9).
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Figure 9. The View Menu
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Figure 10. Viewing full surface extents

If a user knows the specific camera position amehtation that he would like to
view the model from (though not very likely), hencanter the coordinates from the “Set
Camera View” dialog, from the “Set Camera...” menti@p

# location: Im 5‘
* lacation: I 0.00 5‘

Z location: 0.00 =
Heading: 0.00 =
Pt Q.00 =
aw: 0.00 =
Accept LCancel |

Figure 11. Set Camera Position and Orientation Dialg

If the user has an interesting camera view thavted like to save for viewing
again, he can choose the “Capture Camera” menaropfihis option only stores one



view at a time, so its usefulness is rather limit€thoosing “Restore Camera” restores
the captured camera position and orientation.

The “Image Capture” menu option performs a bitroapture of the scene in the
Visualization Area. All extraneous overlays amnoeed. A file dialog appears for
selection of the bitmap file name.

The “Process Camera Script” menu option allowsuser to capture a sequence
of images given a script file. These images areedtin the Microsoft BMP format for
lossless compression. The script file is a tdgtiiith an extension of “.spt”. The first
line in the script file has a string that is thefp« for all the output bitmap filenames. For
instance, if the prefix is “scap”, the resultahe fnames would be “scap0000.bmp”,
“scap0001.bmp”, etc. The second line containsxgeyer which is the number of camera
positions and orientations to capture. There rhasit least that number of lines
following with camera positions and orientatiorisach camera position and orientation
line has six floating point values — the X locatidhlocation, Z location, Heading angle,
Pitch angle, and Yaw angle for the camera. Eacgewill be captured in the same
fashion as the “Image Capture” menu option — saeslays.

The Import Menu

The Import Menu is a new addition to the SceneMedeler. The options allow
the user to add new items to a scene, and prouitie snformation for the input object.
These options are included at present, but aremtokly compatible with either Omicron
or Veg. Importing surfaces, for instance, doescoomply with either program.

Importing surfaces is as easy as selecting ddiilenport. At present, these
surfaces are brought in and offset so that thedowaue corner is at the origin. There is
no scale or other deformation applied. Future waitkallow us to deform, scale, and
translate our surfaces, as well as define the mhtér beneath the surface.
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Figure 12. The Import Menu

Objects can be imported at any time. Importedsélesed Objects are added to
the Omicron file. Because of file problems withgy@nported objects are not added to
the Vegq files at this time.

Objects are added to the Scene using the ImpgecODbialog in figure x. The
same approach is used whether the object is mesbabh occluder or capable of any
orientation. First a file is selected by choodiing “Search” button. This button opens a
file dialog which can be used to locate the impibftke.

When a file has been selected, the scale factonpoit must be taken into
account. It is assumed that the objects have defmed elsewhere in their own
coordinate system using a standard system of uhits.to be placed in a coordinate
system based on the surface coordinates (usuaitinesters). By selecting the correct
radio button in Input for the Input Object and intPut for the Scene, a correctly sized
object can be imported into the scene.

It is also possible to specify the initial positiof the object in the scene with the
three inputs in the “Position” section of the d@loThis is handy if a specified position is
already known for the object, although the origotamay need to be fixed in SceneGen.
If the initial position is not known, these cooraias can be left at zero and the object
found later.

The Base Material Section allows the user to $pednat the base material for
the input object is on import. These values can Bk set after the fact in the Edit Menu.

Some models are not defined in the same coordgyatem used by SceneGen,
with a right handed coordinate system with up bémiipe positive Z direction. For
models that use a right handed coordinate systéimpasitive Y being up, choosing the
“Convert from Y to Z as up” rotates the object tomply with the SceneGen standard.
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Figure 13. The Import Object Dialog

The Visualization Area

Most of the control for SceneGen occurs in theudization Area. There are
different modes that affect the different thingsiyan do in the Visualization Area.

Visual Modes

At the lower left corner of the Visual Editor sextiis the
menu to select what visual mode that SceneGerrisrdly operating
under. The current mode determines how the enviemims viewed
as well as what operations can be performed owmiéve and the items
in the environment.

Sl

There are four possible modes available to the user
"Perspective” mode is the starting mode, and dwadlthe user free reign for viewing the
environment, and some selection tools. Perspentivaation is discussed further in the
next section of this user's guide.

The other three modes available to the user ar&atteographic” modes. These
modes display with a parallel projection, withoetgpective foreshortening. In these
modes, selected items can be moved and rotatée ienvironment. How these
orientations and placements are changed is distussiee Ortho Controls section of this
user's guide, but it should be noted that firss &piecified on the option is always
positive to the right and the second axis is alway&tive in an upward direction, and



moving an item happens in those directions. Rataticcurs about the axis transverse to
the other axes.

In other words, if the "XY Ortho" option was selkedt by clicking on it, then positive X
would be to the right, positive Y would be up, anthtion would be about the Z axis.

Another thing to note is the type of item that &ng moved. Oriented items cannot be
rotated about any axis but the Z axiseeause the top must always point upwards. They
can be moved in any direction, but are fixed fratating about the X or Y axis.
Independent items do not have this restriction.

Perspective Navigation

The Perspective Navigation tool has been desigméé intuitive, but as
with all interfaces, intuitive is in the eye of theholder. The tool has
three main areas - the "reset" circle at the cettiermovement mode
option buttons, and the navigation buttons (drastriangles around the
"reset"” circle).

Reset Circle

It is possible with SceneGen perspective navigatdmecome lost, and not know
how to find your way back to a useful view of yaata. This will be especially apparent
as the different modes of navigation are discussdaolv. In order to keep the user from
becoming frustrated, the reset circle was cre&édking the mouse inside the "reset"
circle resets the camera position to where it begahe beginning, looking directly
down from above and with the positive X axis to tight. This also resets the center of
rotation for the "rotate about" mode.

Movement Mode

The movement mode option buttons are in the threkes surrounding the
navigation controls. These modes affect how theetans oriented, and how it is moved.
There are three modes:

] “Rotate About" is the default mode of orienting tteenera to view the

’ environment. It places the user's vantage poirat sphere centered about a point a
fixed distance from the viewer. This fixed distameset as the distance from the initial
viewer position to the center of the environmenickCdragging the mouse causes the
viewer position to change about the data the saayethat rolling a ball under your hand
will change the contact point of your hand to tlad firy it and see). This is the default
mode because it tends to keep the environmentiarisa of focus, although using the
navigation buttons can change this.
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Figure 14. Rotate About Mode

] "Select" mode is not actually an orientation mdule¢,a mode for selecting objects
" in an environment to modify. Because SceneGen wsigded to be used with a
mouse and still be cross-platform compatible, thegee no guarantees about the number
of mouse buttons available to the user. For tlasan, the interface was designed to
work with a single mouse button but still functiith multiple mouse buttons. This
influenced the "select" mode. If the left buttortiicked and released when in the Visual
Editor section and over a selectable object, theobls marked selected. If the mouse
has a "right" button, it behaves the same asnktite in the "Rotate About” mode.
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Figure 15. Select Mode

@ "Drive" mode is perhaps the easiest mode to uraedsin this mode, the viewer
position is fixed, but the direction and orientatiaf the view is changed by click-

dragging the mouse. For example, if you want td lop, click-drag the mouse in the
upward direction.
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Figure 16. Drive Mode
Navigation Buttons

The Navigation buttons are arranged like arrowhéadsiow the direction of
panning that they allow. The top and bottom buttmes'e the point of view upwards and
downwards, respectively, the left and right buttpass the point of view to the left and
right, and the buttons that overlap the reseteipeln forward and backwards. To pan,
simply click and hold the mouse when over the appate button. The viewpoint will
move slowly at first and accelerate until it reachdop velocity. This allows the user
some precision of movement.

NOTE: In "rotate about" mode, the point of rotatraoves with the point of view. This
means that the viewpoint will not rotate aboutdbkater of the area of interest for an
environment.

Orthographic Navigation

The orthographic menu overlay is similar to thespective menu overlay, but
it has no navigation elements except zoom featuaently. It is composed
of modes on the left and operations on the riggyt.selecting the appropriate
mode, changes can be made to the orientation asitigmoof objects, but only
in the orthographic plane selected. The operdiidgtons allow useful
operations that only need to occur once when tf®is pressed.




Zoom Mode

|'ﬂ\ Zoom mode allows the user to drag out a regiozéaming into. While Zoom

= A

L) mode is enabled, click-dragging with the left moba&ton will show a
highlighted region to be zoomed. The extents efztomed region will be expanded to
fit the aspect of the visualization area. Multipeoms will zoom into smaller and
smaller regions.
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Figure 17. Zoom Mode - before zoom
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Figure 18. Zoom Mode - selecting the zoom region
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Figure 19. Zoom Mode — zoomed

Select Mode



Select mode operates quite the same as Zoom maodptdRat, instead of
L zooming, objects are selected with the click-drpgration. In this way, multiple
objects can be selected at once. The only objeatsannot be chosen this way are
surfaces. Objects in the click-dragged regionteggled from selected to deselected and
vice versa.
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Figure 20. Select Mode
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Figure 21. Select Mode - selected area
Il
Eile Edit Wiew Import
Regiors | MatiD |
- primary surface

e suiface

- gecondary sufaces
[=}- teszelated objects
[ Objectim...
[ MObjectic...
[ MObjectim...
ADbject\st. .
- oriented tessobj
- ocohuder

- oniented oocluder
WPlanthem... 0
MPlantham... 0

oo o~

<12.795939,5.154459>

Figure 22. Select Mode - objects toggled

Rotate Mode



In Rotate Mode, the user can rotate selected abgriut a specified axis. The

L axis is specified when the user presses the leftsebutton, and is active until
the user releases the button. The axis is trass\erthe viewing plane (for example, in
XY Ortho mode, the selected axis is along the Zdioate), and items are rotated about
the axis relative to their original position andeotation prior to the button press. The
angle of rotation follows the position of the mouséhe axis, with zero degrees being
directly up in the Viewing Area. A compass is diggged at the current axis and the
degrees of rotation are displayed at the bottothefcreen. Note that rotating an object
can affect its position as well. If the mouselisked on an unselected object, then it is
selected and rotated also, and deselected aftendhee is released.
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Figure 23. Rotate Mode
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Figure 24. Rotate Mode - rotating
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Figure 25. Rotate Mode - finished position and orietation

Translate Mode



Translate Mode uses the click-drag method of mos#igcted objects. When the
2 left mouse button is pressed, an offset pointtald#ished, and objects are offset
by the same amount as the mouse is offset frororig@al point. The coordinates are
displayed at the bottom of the screen. While {etimgy, the display of coordinates shows
not only the original location of the mouse bubaise new location and the delta
distance between them so the user can know howbfacts are offset from their original
position. Releasing the mouse locks the itembeait hew location. Orientation is not
affected by this transformation. If the mouselisked on an unselected object, then it is
selected and translated also, and deselectedfadtenouse is released.
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Figure 26. Translate Mode
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Figure 27. Translate Mode - moving objects
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Figure 28. Rotate Mode - Finished Position




Zoom Out Operation

Clicking this button causes the Orthographic viewbé displayed at full extents, as
specified by the user (i.e. surface extents, af@a@rest extents, etc.). In this way,

the user can zoom out to view the data.

Snap to Surface Operation

23] Clicking this button projects any selected itemgh®primary surface. It does this

by finding the closest point in the LIDAR or suréadata to the current X and Y
location of each object and setting the Z transiatf the object to that point’'s Z
coordinate. Notice that this is all relative te trigin of the selected object. If the origin
of the object is the center of the object, the ctjéll be embedded in the surface. If the
origin is outside of the object, the object may tweich the surface at all.
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Figure 29. Before snapping to surface
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Figure 30. After snapping to surface

Center Operation

This operation takes any selected objects and gsofeem to the center of the
current extents. In this way, lost objects camtmight to an area where they can

be selected and manipulated again.
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Figure 32. After the center operation



A note on surface visualization

LiDAR data is stored as a set of points in spd€atlier versions of SceneGen
attempted to visualize this data as a point sbéerd were several reasons why this was
not desirable.

The first reason that this was not desirable Wwasthe point sets coming from
LiDAR could be very large. Data samples could béected at 4mm resolution. Some
of the data sets we were presented with had upndlidn points, and larger data sets
were planned.

The second reason for not dealing directly withpbints was that the LIDAR
data could be very noisy. Any minute obstructicould create a false surface point,
from plants to animals. We were only interestedurface data, so these false data points
would need to be averaged out.

The third reason that a point set was not ussftiiat points by themselves do not
reveal the curvature of the ground. For computaplgics, in order to light something,
there must be a surface normal, and points doanat b surface normal. Lighting is
important to distinguish the direction of a surfate point on that surface.

Because of these three reasons, it was decidedi¢haeeded to implement an
algorithm to determine a heightfield surface frdma LIiDAR data. The heightfield
surface would need to be based local averagesmdled data at any point, so that noise
could be minimized. The surface also needed tirbplified, using the least amount of
triangles possible for fast visualization. Finatlye surface needed to maintain areas of
high curvature, so that pertinent details coularaentained.

Surface Definition and Simplification

The first step in surface definition is to attertgptreate a surface from the cloud
of points provided by the undeformed or deformedAR data. The surface scans that
we have dealt with have been high resolution (<1éomy altitude LIDAR scans of
ground surfaces. See Figui&). As such, there was random noise caused by ground
cover such as vegetation. We need to represenddtasas a ground surface that could be
described with a mathematical function, i.e. a hefgeld. In order to remove ground
clutter, we re-sample the data with a specifiethdise between samples that would
capture the relevant details that could impactsmlution. Despite being used for height
fields, this work could be extended using patcloesgrfanifolds.

In order to minimize the sampling memory footprintaccordance with
McGuiresthe samples are taken on a grid. Each adjacenisroffset by half the step
size from the previous row and the step size ikdday the cosine of 30 degrees in the
row dimension to maintain an isometric grid, whwebuld provide quality meshing
before simplification of the surface. Sampling witiis grid meant that we only needed to
store a two dimensional array with Z values, armdXhand Y values could be derived
from the offset of the grid cell.
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Figure 33. An isometric grid from 2D array

The heights are sampled by taking any LIDAR val#hkin the step size radius
cylinder from the center of the grid cell and aggng their heights. At present, these
values are weighted equally, though future work $eg a distance weighting applied.
By averaging the values, we minimize the effeagr@iund clutter and restore the
properties of a height field to our data. For grdls that have no LIDAR data within
their cylinder of influence, either due to shadavsome other reason, we apply a flag
value (typically INFINITY) and deal with these vakiin the next step of the process.

At this point we can create a mesh from the grith wach cell center being
connected to six other cell centers, except omthside edges. See Figutgb) and (c).
Grid cells that have no data would be represergatistontinuities. From this mesh, we
can simplify our data.

There are several methods for simplifying mesh geombut given the
hexagonal gridded nature of our data, a point reshesheme seemed warranted. After
the points were removed, the surface could be stnated from the remaining points.
The goals for removing points would be to eliminadents with low curvature. A
measure of curvature at any point could be estaddi$y comparing the differences
between a point and the three sets of lines betweryhbors that pass through that point.
Of course, this holds true only for height-fieldala

In order to keep track of points that were to betlend those which were to be
removed, a “distance grid” was formed. This distagad would hold the maximum
distance of a point from the line connecting itgghbors or infinity for points that must
be kept or zero for points that must be removed.

For each grid cell, the following procedure wasf@aned. If the elevation of the
grid cell was INFINITY, then the cell was flaggear femoval in the distance grid.

Then, each of the grid cells neighbors is checKexhy neighbor does not exist, then the
current grid cell is flagged to be kept. In thisrmar, the external borders and the borders
of any internal holes can be kept.

If a grid cell has not been flagged by the othey tmethods, then its maximum
curvature along the three opposing sets of grid ceimeasured and stored in the



distance grid. In order to measure the curvatute@turrent grid cell against a set of
opposing neighbors, the line segment between thesipg neighbors is computed and
then the shortest distance from the current girid@eation to the line segment is found.
This test is also performed for the other two sétspposing neighbor points. The
maximum of the three results is then stored indis&ance grid.

After this has procedure has been performed fdn gad cell in the array, the
points are culled from the array. The culling isé&on a specified cut off value. Grid
cells with corresponding values in the distancayathat are less than the cut off value
are culled. The un-culled points are stored famigulation of the surface.

For our purposes, we set the cut off value baseti®sine of a specified angle
and the step size distance between points. Morg9uwill be removed with greater
angles. There is a possibility that gradual cumesticould result in larger errors over
long regions, but varying the cutoff angle can rdynthese situations.

After we have a final set of high curvature points, project these points onto the
XY plane. These projected points are then run thincaconstrained Delaunay
triangulation algorithm (in our case Johnathan Steuk’s Triangle code) to provide a
surface triangulation. The two dimensional poinestaen mapped back to the original
three dimensional point set to create the surfdbk(ffiangulated irregular network). See
Figures5(d) and (e).

Some consideration was given to other mesh sirogtibn techniques. Most of
these techniques were based on edge removal. Waege is removed, its nodes must
be collapsed to a single point and choosing thattpan have a bearing on the quality of
the resulting mes#iThis can have a large influence in mesh shapeuosampled data.
There are also many different quadric error measiinat could be applied to determine
edge removal. Some advantages of these other nmeglifisation techniques is their
ability to deal with more than just TINS, and usotfer error measures than just
curvature. For future work, we intend to exploresth other methods.
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