


Often obtained by scanning 

 for example, X-ray CT  





aneurism broken jaw 

carotid arteries Which do you prefer: 2D or 3D 





Estimate sample values via interpolation   



𝑓𝑣 = 𝑓1(1 − 𝑝)(1 − 𝑞)(1 − 𝑟) + 𝑓2 𝑝 1 − 𝑞 1 − 𝑟 + 

          𝑓3(𝑝)(𝑞)(1 − 𝑟) + 𝑓4 1 − 𝑝 𝑞 1 − 𝑟 + 

𝑓5 1 − 𝑝 1 − 𝑞 𝑟 + 𝑓6 𝑝 1 − 𝑞 𝑟 + 
𝑓7 𝑝 𝑞 𝑟 + 𝑓8(1 − 𝑝)(𝑞)(𝑟) 
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Here is what it looks like in 2D for bi-linear interpolation 

weights  interpolation result within one cell  



We learned about RGB 

 

There is one more channel – opacity (A) 

 gives RGBA color 

 opacity (A) = 1 – transparency (T) 

 range [0.0 … 1.0]  

 

Opacity (A) multiplied by RGB creates a weighting effect 
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Front-to-back rendering Back-to-front rendering 



Determines what color & opacity a sample value should have   

 input: an interpolated density value 

 output: a color and opacity (RGBA) 

transfer function 

rendering 











Why is front-to-back rendering better? 

 early ray termination – terminate a ray when A>0.90 

 

 

 

 

 empty-space skipping – jump across empty space quickly  

 

 

 













When hitting a surface set A< 1.0 

 ray marches on  

 inner structures can be seen 
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Transfer Functions: Multi-Dimensional 

gradient 
magnitude 

data (CT) value 
Boundaries in volume create 
arches in (value,gradient) 
domain [Kindlmann 98]  

Arches guide placement of 
opacity to emphasize material 

interfaces [Kniss 01]  
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Transfer Functions: Multi-Dimensional 

• Boundaries can be 
described in terms of: 
– maximum in 1st 
derivative 
– zero-crossing in 2nd 
derivative 

• Semi-automatic 
classification possible 
in clean data 
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Transfer Functions: Multi-Dimensional 

Dual-domain 

interaction: 
[Kniss 01] 

Changes to 

transfer 

function 

New 

Rendering 
Actions in 

spatial 

domain 

New 

transfer 

function 

Make features 

opaque by 

pointing at them 
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Multi-Dimensional Transfer Functions 



IEEE Visualization 2006 IEEE Visualization 2006 

Multi-Dimensional Transfer Functions 



IEEE Visualization 2006 IEEE Visualization 2006 Tutorial 2 

Transfer Functions: Clinical Practice 

A single slider bar is most appreciated [Rezk-Salama Vis06] 

 

 

 

 

 

 

Enables doctors to quickly fine-tune the transfer function for 
specific objects 

• works since in CT usually only small deviations exist 

• but these require complex interactions in the transfer 
function domain 
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Parameter Mapping Approach (1) 

Typical transfer function parameterization: 

 

 

 

Datasets typically only deviate modestly from this 

• but in complex ways  

• meaning, lots of tweaking is required 
                                                                                                              [Rezk-Salama Vis06] 
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Parameter Mapping Approach (2) 

We can learn these deviations by 
observing a few datasets  

• encode the parameters into an N-
D vector 

• find the principal component of the 
vectors (the main Eigenvector) 

• project all other vectors onto this 
Eigenvector 

• the min and max then represent 
the min and max of the slider 

[Rezk-Salama Vis06] 


