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Figure 3. Palette colors for indexed 3D image, sorted by brightness. White curve shows the 

frequency for each palette color in dataset. 

 

3.2 Tri-linear interpolation 

Trilinear 3D texture filtering allows for fast trilinear interpolation between voxels; this ability is 
widely used in DVR algorithms for rendering scalar density fields, i.e. CT scans in medicine. Post-
classification scheme (Mora, 2002) [19] produces much smoother surfaces than pre-classification 
scheme, which is also called 3D texture mapping (Huang, 2000) [18]. In the high precision cryo-
imaging we have precise RGB input dataset and DVR-algorithm must use pre-classification 
technique only, which interpolates source colors. 

However, indexation scheme does not allow for automated 3D texture filtering since our texture 
contains color indexes. We also can interpolate indexes: if we sort the colors in the color table by 
their brightness as shown on Fig.3, in this case we can minimize artifacts. Still the resulting image 
differs considerably from rendering of the original RGB dataset (PSNR=30.2). Furthermore, if 
color dataset will contain big areas with blue or green colors then the difference would be even 
greater, so we decided to interpolate colors via inside shader-program.  

  

Figure 4. Rendering quantized dataset, with programmable color trilinear filtering (left); with 
hardware index trilinear filtering (right). 







 

Figure 6. Normalized hystograms of Fat, Skin, Bones on the background of palette 

 

The procedure for checking the visibility of a current voxel with this type of "tissue key" can not 
be limited to sampling and testing the value of only its one. To make a decision, a representative 
neighborhood of the current voxel must be selected. As such a neighborhood, we may study 
neighborhoods in the form of a cube (or smoothed cube) with the size of the edge: 5, 7, 9. As a 
criterion for making a decision, we use the scalar product of the "tissue key" by the vector of the 
normalized histogram of the neighborhood of the current voxel (that like the action of a 
perceptron). The images of the tissue keys and the size of the threshold for decision making must 
be studied. Some results of such study we may see on the Fig.7 and Fig.8. From Fig.7 we see, that: 
1) at t = 0.3 more than 90% of fat was removed, but there remained small single-color areas 
corresponding to the colors of fat, but only in one of the spectral components of the "key"; 2) 
decreasing of t from 0.3 to 0.2 leads to the fat residue significantly decreased; 3) an increase in the 
size of the rib of the cubic tested area from only 5 to 7 leads to complete removal of fat on all area. 
The most rational implementation of the procedure is as preprocessing with the possibility of 
accumulating the result in the form of 3D masks turn-on (add) and turn-off (subtract) voxels.  The 
next example of the study is the visualization of only a given organ (tissue), also specified by the 
"key"-spectrum of quantized colors. The dependence of the result on the array of values of two 
parameters is investigated: the length of the edge of the sample cube (e); threshold value (t). The 
results are shown on Fig. 8. You may see here that the inner part of the lungs is successfully 
selected in using a cube with an edge 5 and a cube with an edge 9, but the cube "9" more 
successfully segments the boundary tissues. The number of defects at the boundary decreases 
along with the decrease in the threshold and is minimized at t = 0.1. The result of segmentation 
and visualization is well controlled by parameters. Small areas of muscle with dark coloration are 
also segmented (erroneously) as lung tissue. To eliminate this error, the muscles may be pre-
segmented and then excluded from consideration by the appropriate mask. 
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