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Local illumination 
Consider current object only 
O(n) runtime complexity 

Global illumination 
Consider all scene objects 
O(n2) runtime complexity 

Local illumination does 
not allow to incorporate 
shadows and reflections 
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Assume data set is given as an intensity 
function f(x)

Parameters used for illumination 
Position of the current voxel x 
Voxel color as assigned through 
the transfer function 
Current voxel‘s gradient
Position of the light source 

…in a nutshell 

f(x) 0.7

f(x) 0.2

ADVANCED ILLUMINATION TECHNIQUES FOR GPU-BASED VOLUME RAYCASTING 
TIMO ROPINSKI, UNIVERSITY OF MÜNSTER, GERMANY 

Diffuse lighting effects are most 
prominent in volume data 
Light calculation is based on 
Lambert‘s law 

Ratio can be expressed by dot product 
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Specular highlights can add 
realism to certain tissues 
Lighting calculation is view dependent 

Can be expressed as follows 
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Add constant light in shadowed regions 

Drawback: contrast reduction 
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Surface normal is required for diffuse and 
specular illumination 

The gradient is a good approxi- 
mation for a surface normal 
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The gradient vector is the first-order derivative 
of the scalar field 

We can estimate the gradient vector using finite 
differencing schemes 

Forward/backward differences 
Central differences 

partial derivative 
in x-direction 

partial derivative 
in y-direction 

partial derivative 
in z-direction 
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Forward differences 

Backward differences 
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Gradient quality is crucial 
Effects are especially visible when rendering 
binary volumes 



ADVANCED ILLUMINATION TECHNIQUES FOR GPU-BASED VOLUME RAYCASTING 
TIMO ROPINSKI, UNIVERSITY OF MÜNSTER, GERMANY 

Alternatively Sobel operator 
can be used 
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Sobel filter requires 26(!) additional texture 
fetches
Memory access has major performance impact 

Precomputation can help 

(           +1) / 2 

(           +1) / 2 

(           +1) / 2 
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Use ray tracing to add globalism
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To trace rays, we require 
Intersection points 
Gradients at intersection points 
Material properties 

Based on the intersection point and it‘s gradient 
a new ray can be computed 
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Entry parameter texture can be modified for 
tracing higher order rays 
1. Compute first hit point for each 

pixel
2. Calculate new ray at each first 

hit point based on gradient 
3. Generate new exit parameters 
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Compute direction of reflection ray 
as done in Phong model 

R = 2 N cos  - L

Again, gradient quality is crucial 

L
N

R
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The refraction indices of the materials 
have to be known 

By exploiting Snell’s law 
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Intel Core2 6600 (2.4GHz), 2GB RAM and an 
nVidia GeForce 8800GTX 
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Adding interactive shadows to volume graphics 
supports spatial comprehension 

Focus on shadow algorithms 
integration able into GPU-based 
ray casters 

Casting shadow rays 
Shadow mapping 
Deep shadow maps 
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Object-based
object-based shadow algorithms like Crow's shadow 
volumes
require polygonal representation of rendered objects 

Image-based
representation of shadows in an image 
shadow mapping 
opacity shadow maps 
deep shadow maps (allow transparent objects) 
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Similar to shadow rays in ray tracing 
Opaque occluders (similar to first hit raycasting) 
Alpha raycasting (full volume rendering integral) 
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Shadow map saves depth values of first hit 
points as seen from the light source 

Depth comparison during rendering gives binary 
decision for shadowing 
Shadow threshold marks intensity limit 
Supports opaque 
occluders only 
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Shadow map filtering supports fake soft 
shadows
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Support semi-transparent occluders by 
incorporating multiple layers 
Each layer is a pair of depth and transparency 
For each pixel control points of piecewise linear 
functions are saved 
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Deep shadow map construction 
At the first hit point, the first key value is saved 
Based on a error function, further key values are 
saved
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Original function differs by the chosen error value 
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Shadows can be cached in 3D textures to gain 
performance

3D texture for shadow lookup 
Preprocessing shadow feelers 
Needs to be recomputed on light source or transfer 
function change 
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Intel Core2 6600 (2.4GHz), 2GB RAM and an 
nVidia GeForce 8800GTX 
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Caused by vicinity of each voxel 
Compute a normalized local histogram to 
capture vicinity 
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Two additional texture fetches required 
1. Obtain the cluster ID of the current sample x
2. Fetch the current environment color 

            is computed by considering the current 
transfer function 
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Combination with the transfer function 

0 intensity 2b
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only



ADVANCED ILLUMINATION TECHNIQUES FOR GPU-BASED VOLUME RAYCASTING 
TIMO ROPINSKI, UNIVERSITY OF MÜNSTER, GERMANY 

53/33
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nc=2048
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nc=2048

Phong color bleeding 
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Local volume illumination 
Gradient computation methods 
GPU based volume ray tracing 

Refraction
Specular reflections 

Interactive shadowing techniques 
Hard vs. soft-shadows 
Deep shadow maps 

Color bleeding 
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Anisotropic lighting models 
Muscle fibres are anisotropic 

Improve perception of semi-transparent 
structures containing each other 
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Thanks to Jens Kasten (ZIB, Berlin) for implementing the ray-tracer and part of the shadow algorithms. 


