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ABSTRACT- 

A revised "ray-tracing" package which is a superset of the geometry specifications of the radiation 
transport codes MORSE, MASH (GIFT Versions 4 and 3, HETC, and TORT has been developed by 
ORNL. Two additional CAD-based formats are also included as part of the superset: the native 
format of the BF2L-CAD system - MGED, and the solid constructive geometry subset of the IGES 
specification. As part of this upgrade effort, ORNL has designed an Xwindows-based utility 
(ORIGAMI) to facilitate the construction, manipulation, and display of the geometric models required 
by the MASH code. Since the primary design criterion for this effort was that the utility "see" the 
geometric model exactly as the radiation transport code does, ORIGAMI is designed to utilize the 
same "ray-tracing" package as the revised version of MASH. ORIGAMI incorporates the 
functionality of two previously developed graphical utilities, CGVIEW and ORGBUG, into a single 
consistent interface. 

I. INTRODUCTION 

In the past, the geometric models required by the Monte Carlo shielding and transport codes such 
as MORSE', MASH2, and HETC3 were translated tiom blueprints or other descriptions into 
combinatorial geometries by specifying both the fundamental objects (spheres, cylinders, cones, etc.) 
as well as the Boolean operations required (AND, OR, and NOT) to combine the objects into 
meaningful assemblies. While this procedure was initially adequate, two trends are rapidly increasing 
the difficulty of generating the models required for these code systems. For even simplified models, 
the number of fundamental objects and the number of Boolean specifications can easily number in the 
hundreds or thousands. Both the number of objects and the complexity of the combinations tends to 
mitigate against the successful construction (and verification) of the required geometric models based 
on this manual technique. 

Fortunately, many of the objects to be analyzed (shields, vehicles, etc.) are currently being 
modeled using various computer-aided design (CAD) tools, typically resulting in the system 
description or model existing primarily in electronic form. Clearly, a mechanism for importing the 
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various geometry and material parameters directly from such CAD/CAM applications for use in the 
various radiation transport codes would be extremely useful. The availability of the CAD/CAM 
models is somewhat of a mixed blessing, however. While the CAD/CAM systems obviously quire 
much of the same information relative to the geometry (Le., dimensions, materials, etc.) as do the 
transport codes, the manner in which solid objects are modeled represents a somewhat Merent 
philosophy from the standard combinatorial geometry viewpoint. 

ordinary combinatorial geometry (more precisely termed constructive solid geometry) focuses 
primarily on the volumes of the solids being modeled (Le., the primitives specify a specific volume of 
space). The volumes are then refined through various Boolean interactions with other primitives. 
Many of the widely used CAD systems however, are primarily based on a non-Boolean representation 
of the solids in question. They typically utilize an alternate representation in which the solids are 
defined solely in terms of the surfaces which comprise the boundary of the object. In such a 
boundary representation (or B-rep) defmition, the surfaces are typically comprised of B-splines 
coupled with a set of trimming curves which define the included (or excluded) portions of the surface. 
The "interior" of the collection of such trimmed surfaces then comprises the object. To achieve the 
goal of directly importing geometric and material parameters from current CAD/CAM systems, some 
provision for handling these B-rep solids is mandatory. 

11. DEVELOPMENT 

As part of the upgrade of the MASH code, ORNL has developed a revised ray-tracing (RT) 
package with enhanced capabilities. In contrast to the design of previous transport codes, the 
geometry handling and ray-tracing routines have been implemented as a separate function library 
rather than as an integral part of the transport code itself. Communication between MASH and the RT 
Library consists of a sets of function calls which permit the import of geometry information as well as 
the standard ray-tracing queries. The separation of the geometry handling functions from the 
"physics-handling" transport code serves a variety of purposes. First, it should function as a 
common set of geometry manipulation routines for various radiation transport codes. Although the 
RT library was developed for MASH, it is anticipated that future versions of other radiation transport 
codes such as MORSE, HETC, and possibly TORT will also utilize the library routines. Secondly, 
enhancements to the RT library such as the provision to utilize CAD/CAM information will 
automatically be reflected in any code which utilizes the library. Finally, such a separation facilitates 
the development of various utility codes which use the geometric models for other purposes such as 
visualization. 

ORNL has designed an Xwindows-based utility (ORIGAMI) to facilitate the construction, 
manipulation, and display of the geometric models required by the transport codes as part of the 
MASH upgrade effort. Since the primary design criterion for this effort was that the utility "see" the 
geometric model exactly as the radiation transport code does, ORIGAMI is designed to utilize the 
same "ray-tracing" routines as does the revised version of MASH. The incorporation of the geometry 
handling routines into a function library greatly facilitates this design goal since both ORIGAMI and 
MASH utilize the same subroutines. ORIGAMI, in conjunction with the RT library, is designed to be 
used as both a geometry pre-processor to construct, modify, and debug geometric models, as well as 
a visualization tool that can post-process the results of the transport calculation. One example of this 



type of post-processing is a "vulnerability" map4 in which the results of a MASH calculation axe 
combined with a forward discrete ordinates calculation and the results "plotted" on a three- 
dimensional representation of the geometry. The anticipated interaction of the RT library, ORIGAMI, 
and the radiation transport code is illustrated by Figure 1. ORIGAMI also serves to incorporate the 
functionality of two previously developed graphical utilities, CGVIEW' and ORGBUG6, into a single 
consistent interface. 

Figure 1. Anticipated Information Flow for 
Transport Analysis 

The common RT library developed by 
ORNL represents a significant increase in 
geometric flexibility relative to the previous 
geometric constraints of the MASH code. The 
library currently handles the superset of 
objects defined by the geometry specifications 
of the radiation transport codes MASH (GIFT 
Versions 4 and 3, MORSE, HETC, and 
TORT7. It thus permits the import of 
geometry information previously formatted for 
these radiation transport codes. Two 
additional CAD-based formats are supported 
as well: MGED - the native format of the 
BRL-CAD system', and the solid constructive 
geometry subset of the IGES9 specification. 
Inclusion of MGED and IGES data into the 
application required the generalization of the 
geometric analysis routines that were 
previously employed. For example, the 
IGES-defied primitives such as the Solid of 
Rotation (Type 162) and the Solid of Linear 
Extrusion (Type 164), required that the current 
coding be generalized from the special cases of 
each primitive currently handled. 
Additionally, both MGED and IGES do not 
restrict the operand of a Boolean operation to 
be a primitive. Thus, the programming was 
also modified to handle the case where the 
operand of a Boolean operation could be an 
object defied by another Boolean operation. 
In terms of the Monte Carlo codes such as 
MORSE and MASH, this is equivalent to a 
Boolean defrntion of a zone referencing of 
another zone. 

Additionally, provisions have been included as part of the RT library development to handle the 
B-rep objects typically utilized by CAD programs. Two fundamental approaches were considered. In 
the first, the B-rep objects are approximated using existing combinatorial objects, typically polyhedra. 



The trimmed surfaces of the B-rep objects can be tessellated into a collection of polygons (usually 
triangles). These approximated surfaces can then be combined into the desired polyhedra. It should 
be noted however that the radiation transport codes rarely require the degree of surface detail inherent 
in a general B-rep solid since the primary concern is with the track length within the solid rather than 
the exact location of the entry and exit points. The use of approximations for the B-rep objects does 
have the potential for greatly increasing the amount of computation required for the ray tracing. 
Consider the unrealistic example of a sphere approximated by an n-sided polyhedron (where n is 
determined by the accuracy desired of the approximation). Clearly the determination of an intersection 
of an arbitrary ray with the polyhedron requires a much greater amount of computation than does the 
original spherical surface. Additionally, the memory required to store such a polyhedron greatly 
exceeds that required for the original sphere. 

A second approach was to extend the capabilities of the RT library to handle the B-rep solids 
directly. In such an approach, the basic ray-object intersection algorithms must be generalized to 
handle arbitrary trimmed surfaces. This does however, mate an additional burden on the analysis 
routines. The requirement becomes not only determining whether a ray intersects a given (possibly 
high-order) surface but additionally whether the intersection is within the region or regions included 
by the trimming curves. Although this approach results in a higher computational requirement than 
does the approximation route, this approach was chosen for the RT library. It preserves the 
maximum degree of flexibility for handling the typical B-rep objects utilized by the CAD systems. 

111. THE ORIGAMI INTERFACE 

ORIGAMI consists primarily of five interrelated modules, the names of which serve as the main 
menu for the interface. The first is a File module whose purpose is to read geometry data from a 
variety of f o m t s  and convert it to a common database via the import functions of the RT library. 
This module currently can import files formatted for MORSE, GIFT4, GIFTS, TORT, and MGED 
(Version 3). Additionally it also has the capability of importing the Constructive Solid Geometry 
(CSG) objects defined by the Interim Graphics Exchange Specification (IGES V4). 

The Edit module permits the user to construct or modify the various geometric entities used to 
model the specific assembly. For standard combinatorial geometries, the lowest level of entity is a 
geometry primitive (e.g., a sphere, cone, parallelepiped, etc.). These primitives can then be 
combined via Boolean operations (AND, OR, and NOT) to produce more complex objects. As 
indicated above, the revised RT library also allows the operands of the Boolean operations to be any 
defined object in the model - including other Boolean objects. The methodology for interactively 
treating B-rep objects has not yet been determined. Additionally, this module allows the user to 
modify the zone identitication for any of the objects which comprise the model. The zone 
identification is used to track the properties assigned to an object. 

The Property module permits the user to define, delete, or modify the properties associated with 
each zone of the geometry. Typical properties, some of which are pre-defined, include a material 
identification code, a fractional density, and an importance identification. However, any "property" 
which the user wishes to associate with specific zones can be defined. This module permits the user 
to define new properties, modify existing property values, and to delete unneeded properties. This 



module also incorporates a property "inspector" function which can be used in conjunction with a 
displayed image to identify the properties associated with a particular zone via the image cursor. 

The View Module of ORIGAMI permits the user to specify the various view-related parameters 
via four primary dialog boxes that control the location and orientation of the viewpoint and the 
visibility options. Figure 2 depicts the geometry of the view parameters used by the module. Here a 
reference 

Figure 2. Viewport Geometry Used in ORIGAMI 

point is defmed and using this as the origin, a set of axes parallel to those of the model space is 
constructed. The orientation of the viewplane is defined by the polar and azimuthal angles and by the 
distance between the viewplane and the reference point. The viewpoint itself is placed on a line 
emanating from the reference point and perpendicular to the viewplane. 

Figure 3 illustrates the Viewport dialog box that is principally concerned with the view parameters 
depicted by Figure 2. As indicated be the figure, two types of views are selectable, a single point 
perspective (as depicted by Figure 2) or an orthographic view. Here, the default orientation and view 
type are shown - an isometric view of the front, right, and top sides of the geometric model. An 
Autosize option is provided to automatically adjust the view parameters to encompass those portions 
of the geometry which have not been flagged as invisible. If the autosize option is disabled, the user 
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can arbitrarily adjust the position and size of the viewplane. The previous restriction (in CGVIEW) 
that the viewplane must lie outside the geometry has been eliminated. Hence, it is possible to 
construct a view inside the model. The remainder of the parameters control the resolution desired 
(i.e., the number of pixels represented by the viewplane). The Viewport dialog box also provides 
links (pushbuttons) to access the other three dialog boxes concerned with view specification. The 
Reference dialog box allows the user to modify the reference point the view module uses for 
orientation. The default is the centroid of the geometry but optionally the origin of the model space or 
an arbitrarily chosen reference point can be selected. Using the Visibility dialog box, the user can flag 
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Figure 3. ORIGAMI Viewpoint Dialog Box. 

specific zones as "invisible" (Le., not displayed). This selective invisibility feature can be activated 
directly by specifying the zone number(s) or indirectly by specifj4ng one or more of the properties 
associated with the zones (e.g., all zones containing material 27 can be flagged as invisible). Further, 
the option of defining "cutaways" (i.e., objects to be cut away from the geometry), is provided via the 
Cutaway dialog box. The cutaway option provides an alternative mechanism to the selective 
invisibility feature for viewing internal (and hence not normally visible) details. 



In order to facilitate the selection of the various view parameters (Viewport, Visibility, Cutaway, 
etc.) the various View dialog boxes include a provision for generating a rapid "thumbnail" sketch of 
the model based on the currently selected parameters (Preview). An example is shown in the upper 
right hand corner of Figure 3. The property "inspector" is also available based on the "thumbnail" 
image for identification purposes. The user has the option of generating the actual view either 
interactively or as a background process. ORIGAMI permits multiple views to be active for a given 
geometry. 

The Image module of ORIGAMI permits the user to specify the parameters to be used to display a 
specific view on the screen. It permits both monochrome (wireframe) and, if the hardware permits, 
color images of a specific view to be drawn. If a color image is selected, the user has the option of 
mapping zones to specific colors either directly by zone number or indirectly by property values. This 
module also permits the user to customize the colors to be used in the mapping if the default colors are 
unacceptable. Additionally this module permits the overlay of the results of the radiation transport 
calculations onto an image of the geometry itself, i.e., a vulnerability plot. ORIGAMI permits 
multiple images to be active for a given view. The displayed image can be output in PostScript format 
to a compatible printer or to a fde. 

ORIGAMI is expected to greatly facilitate the construction and debugging of the geometry models 
required by the ORNL radiation transport codes. In addition, it is currently being used as a graphical 
testbed to develop and extend the revised ray-tracing package which will be incorporated into many of 
the ORNL radiation transport codes in the future. 
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