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While a common approach to smoothing extracted isosurfaces is to use linear root-
finding; our quadratic root-finding approach produces significantly higher visual quality 
results (Figure 7). In our example surface detail quality is measured by surface 
smoothness. However, for different datasets, using this approach results in higher 
amount of surface details recovered (thus not necessarily a smoother surface). This 
additional computation has very minimal overhead by requiring less than 30 additional 
scalar ALU operations in the marching tetrahedra extraction shader, and an additional 
texture fetch, and as such having very slight impact on performance. Note that the 
quality of quadratic root-finding for recursion depth 8=d  exceeds that for linear root-
finding for several additional levels of subdivision ( )10=d . 
 

              
Figure 7. Results comparison of Root-finding Methods. Linear secant method (left) 
results in surface missing important fine-grain detail (shown by the rough silhouettes of 
the smooth input metaballs). Quadratic root finding (right) results in significantly higher 
detail surface (and thus, smoother in this case) as compared to the linear secant method. 
 
Volumetric Rendering via Ray-Casting Results. Our ray caster is implemented 
utilizing Shader Model 3.0 functionality. We dynamically compute per-step lighting 
results integrating the resulting illumination using on the order of 600 ray marching steps 
for each ray. We found that the limiting factor for the ray caster performance is both the 
application resolution (resulting in higher fill rates for higher resolution) and the amount 
of steps taken for each ray computation. Integrating isosurface mesh as our ray exit 
points allows us significantly speed up the resulting rendering, often on the order of 
magnitude in speed for given viewpoints. 
 
Conclusions and Future Work. We have presented a set of approaches that allow 
interactive exploration of medical datasets in real-time. Our technique is based on 
combining direct volume rendering via ray-casting with isosurface extraction on GPU. 
The latter takes advantage of the programmable DirectX 10 pipeline for dynamic surface 
extraction in real-time using geometry shaders. We have optimized our algorithm to take 
advantage of the massively parallel GPU architecture, while attuning it to the strengths 
and the constraints of this model. Combining isosurface with direct volume rendering 
allow for surface properties as well as for the context of tissues surrounding the region 
and gives better context for navigation. Our resulting application is both easy to use and 
results in high frame rates. 
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