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Abstract:
The focus of this thesis is the development of a visualization module (Sera3d) for the Simulated
Environment for Radiotherapy Applications (SERA) software package, under development at Montana
State University and the Idaho National Engineering and Environmental Laboratories.

In 1997, a highly efficient particle tracking method was developed to speed the Monte Carlo transport
calculations, which simulate the neutron/boron interactions in the anatomical geometry. The new
particle tracking method required a uniform volume element (univel) description of the geometry. The
uniformity allowed for fast tracking through highly efficient indexing schemes and integer-based
arithmetic operations. The adoption of the univel descriptions resulted in the restructuring of the
software package.

With the restructuring of the older software package into SERA, and the advances in computer
graphics hardware, the addition of a visualization module was undertaken to provide a visual
understanding of all aspects of the proposed treatment plan.

The three dimensional rendering in Sera3d is built on the OpenGL graphics library, while all of the
user interfaces and components were developed using the Motif toolkit in an X11 window
environment.

The univel geometry description provides great storage flexibility; virtually any anatomical structure
can be represented. Sera3d is constructed with this flexibility mind, allowing the three dimensional
reconstruction of any region stored with this univel description.

Sera3d also provides various tools for further examination of the region reconstruction. Multiple
rendering windows, each through a different camera, as well as full model rotation capabilities provide
views from any angle. Two clipping planes are provided along each of the three major orthogonal axes,
offering a direct look into the interior of the geometry. Likewise, varying the values of region
transparency allow views into the inner regions. Through the use of texture mapping, an image slice
can be inlaid in any arbitrary direction within the reconstruction. This inclusion of the original data
allows further confirmation of the surface geometry. Additionally, a camera view along the beam line
is provided, as well as image slices perpendicular to the beam line.

One of the unique elements of this system is that the same surface rendering methods used to display
the reconstructed anatomical objects are used to display the isodose contours. This provides for a
striking presentation of the radiation dose data and also provides a useful tool for the clinician in
developing an efficacious treatment plan.

A second method for displaying the dose data is colorwashing the medical image volume with the
isodoses.



This thesis includes the visual results of the applied techniques, as well as visions for the further
integration of Sera3d into the SERA software package. 
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