Surface Rendering

The Surface Rendering module is the filefrend.dll . If this DLL exists in the
directory of EIKONA3D when the program starts, ab-snenu calledSurface
Renderingis added under thBlodulesmenu. The menu options of this sub-menu
provide the necessary tools for three-dimensionafase reconstruction using
triangulation and surface rendering. The source dat surface reconstruction is
required in the form of a volume (image sequeniea) has been manually processed
using theColor Contour Followoption (and probably th®anual Frame Alignment
option) under théperationsmenu of EIKONA3D (or any other externally created
image sequence with similar content). The manaaking of the closed contours of
the object surface(s) in each slice (frame) ofvitbleme, gives a different color to the
contours of each object of interest (see the datsani of Build Surface Scripmenu
option below for more details on color selectiostrietions), whereas the background
remains black. If alignment between successive dmars needed, it can be performed
on the source image sequence or on the processast isequence that contains the
colored contours. Usually, the source image sequenntains more information that
can be of help in the alignment and it is preferfed performing the alignment
procedure. In this case, the contour following &fermed directly on the aligned
image sequence. The following menu options thentlwsecontours to construct the
object surface(s) via triangulation (or even jusi[a representation of the contours
only), write it to an industry-standard AutoCAD igtrfile, and produce surface

renderings, which can be optionally saved to disk.

Build Surface Script Through this menu item, the user is first prompiedpecify
the input color volume (which is supposed to cantthe frames of the image
sequence with the colored contours that will beneated to form the object surface)
through theSelect Input Volumdialog box. Then, he is prompted to specify the@a
of the output script file through tHgelect Output Script Fildialog box and, finally,
the interlayer distance (distance between two ssiee layers in proportion to the 2-
D resolution of the frames) through th&erlayer Distancedialog box. Then, the
volume is processed to create an AutoCAD script(tihe default extension iscr ).
During this processing, the user is prompted thinoting Specify Object Connections

dialog to specify possible connections betweeredfiit objects (differently colored)



that cannot be guessed automatically, thus prayidirvay to reconstruct complex
objects (see next paragraph for more details). fitoeluced output script file can
subsequently be used by AutoCAD or other thirdypagplications that support this
format, or be directly displayed using timeractive Renderingnenu option.

Care should be taken in the formation of the inpoiume containing the color
contours in order to avoid unexpected results.vA@les should be followed. First of
all, the background pixels (those that do not bgltm any contour) in each frame
should be black (R=G=B=0). If a contour (in anynfig) does not contain any other
internal contours of different objects, it makes difference if it is filled with the
same color as the contour or with the backgroumar csince the algorithm tracks and
uses only the external boundary of each connectéated shape. For the same
reason, the width of a contour makes no differaiacthe final result. Also for the
same reason, care should be taken so that a camtodifled with the contour color
does not have any discontinuities (holes), in wioake the tracking will continue to
the internal boundary of the contour and repregieas a petal-like shape. Another
important issue is the coloring of the contourse Binoup of contours (in two or more
successive frames) belonging to the same objectidi@ave exactly the same color,
so that the algorithm can automatically conneatithbe form the surface of the object.
Furthermore, the color of an object should be difé than the color of any other
object, in order to avoid unexpected connectiorieden different objects. We define
a 3D object as single, if it has only one contoureach volume frame. In order to
reconstruct a complex object, it should be sepdretéwo or more single objects. A
complex object contains one or more branches. éncse of a branch, we have a
body that splits in two or more branches (the bodg be formed by one or more
successive contours). In such a case, we should dosingle object (with respect to
coloring) that contains the body and one of theantinas and each of the rest branches
should form a new single object (this holds reauls for the case of a branch that
splits in other branches). As the algorithm caradbmatically connect the branches
on the body, the user should specify a connectiothé Specify Object Connections
dialog) for each branch that forms a new objecec8jeally, if the branch occurs in
the direction of increasing (frame index), it should be specified that the éowhain
(that one in the frame with the lower index) of edcanch that forms a new single
object (selected as object A in ti&pecify Object Connectiordialog) is to be
connected on the object that contains the bodye¢tsd as object B in th&pecify



Object Connectionglialog). If the branch occurs in the direction ddcreasingz
(frame index), it should be specified that the upg®in (that one in the frame with
the higher index) of each branch that forms a niewyles object (selected as object A
in the Specify Object Connectiordialog) is to be connected on the object that
contains the body (selected as object B inSpecify Object Connectionsalog). The
selection of an object in tHepecify Object Connectionisalog is leaded by the object
colors, as they are found in the input volume hie dutput surface script, each branch
that forms a new single object remains as a sepalgéct, including also the part of
the surface that connects it on the object thatasos the body. If the surface script is
rendered, in order to view a complex object as aject, it suffices to give all its
component objects the same characteristics (calomaterial, depending on the

application).

Build Lines Script This menu item is similar to the previous one hvite difference
that it produces a 3D representation of the costamithout connecting them to
produce a surface. Thus, it can help for previeviiregyorientation in the 3D space of
the contours that exist in the frames of a volumigable to be processed with the
Build Surface Scripprocedure.

Read Lines Script This menu enables the conversion of a lines séitgpback to a
volume. First, it asks for the name of the inpuidile through theSelect Script File
to Opendialog box, then asks for the output volume thtotigeSelect Output Volume
dialog box, and finally asks for the interlayertdigce (the same interlayer distance

used when creating the lines script must be gisemdrmal results).

Interactive Rendering This menu item enables the visualization of a jogsty
created script file (containing a surface/lines respntation) through surface
rendering. The user needs only to specify the tirgand the name of the script file
from the displaye®pendialog box. In the rendering window the user catate the
3D object by dragging the mouse in any orientatiGhcking once with the right
mouse button in the window resets the viewing anglhe Display Coordinates
option is also available for the content of thisxeow. The following menu options
(Set Object ColorsTake SnapshpMake Movi¢, which are enabled during a surface

rendering operation, provide further useful operadi related to the content of the



surface rendering window. Examples of interacteedering can be seen in Figure 1
and Figure 2.

Figure 1: An example of interactive surface reimdpof a 3D surface representation of a
tooth, produced from an aligned sequence of frazoataining contours. A view of outer

surface is shown.
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Figure 2: An example of interactive surface renageof a 3D surface representation of a
tooth, produced from an aligned sequence of fraznataining contours. A view of root

canals is shown.



Set Object Colors This menu item is enabled during an interactivadeging
procedure of a script file. When it is selectediisiplays theSet Objects Colodialog,
which enables the user to set the RGB values fon @entified object through the
corresponding sliders or edit boxes, or hide/untadg object through thBisplay
Objecttoggle. Any changes are reflected to the rendesiimglow through théJpdate
All andUpdate Currentbuttons. The dialog is closed through @ese button and
can be recalled many times while the renderingqutace is active. It should be noted
that the script files do not encode the color ef dbjects. Thus, the colors assigned to
the objects when an interactive rendering proceduneitialized are not the same as
in the input volume from which the script file wiagilt, but they result from a default
color separation scheme. Through 8et Objects Colodialog the user can assign his

preferred colors to the objects.

Take SnapshotThis menu item is enabled during an interactivedeging procedure
of a script file. It enables the transfer of thereat content of the rendering window
to the first frame of a volume selected through$eéect Output Volumeialog box.

By this way it can be saved to disk with the appiadp File menu options.

Make Movie This menu item is enabled during an interactiveleging procedure of
a script file. It enables the production of a maodigplaying a 360 degrees rotation of
the surface around the vertical axis. The angléemihce between two successive
frames is inversely analogous to the specified remolb movie frames. The user first
specifies the number of movie frames through lheke Moviedialog, and then
selects the output volume where the movie framedabe written into through the
Select Output Volumeialog box. Then, the movie can be saved to désk aormal

volume with the appropriatéile menu options.



