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Modelling and rendering of hair and fur is an essential part of a 
number of applications within the field of computer graphics. Fur con-
sists of coarse low-density guard hairs and fine high-density undercoat 
hairs. We wish to simulate the guard hairs with an explicit representa-
tion, and the under coat with an implicit representation. In this way, 
we hope to achieve the best of two worlds - hence overcoming some 
of the short comings of each of these methods when used alone.

Theory
Modelling explicit hairs involves three steps:

 Generation of strand root positions.
 Determination of strand curvature.
 Primitive generation for camera-facing polygons.

We use helix shaped and cubic Bézier based hair curves.

To render the explicit hairs we use the classic Kajiya and Kay shading 
model (Kajiya and Kay, 1989). 
Kajiya and Kay’s shading model is defined as follows, where t is the 
tangent vector of a hair strand, e is the eye vector and l is the light 
vector:

Additionally we use the more advanced model developed by Sadeghi 
et al. (2010), which is based on the physically based shading model by 
Marschner et al. 2003:

For the implicit hairs we create a thin shell of volumes on top of a base 
mesh containing “hair-like” densities. For rendering the resulting vol-
umes we need to solve the radiative transfer equation, which we do 
with the single scattering method developed by Kajiya and Von Herzen 
(1984).

Figure 2: Helix shaped hair curve.

Figure 3: Kajiya and Kay shading.

Figure 1: Reference image of mink fur hat.

Figure 4: Deformed sphere rendered with explicit hairs
and Sadeghi shading (work in progress).

Figure 6: Volume rendering of randomly generated 
volume data (work in progress).

Figure 8: Hybrid rendering (work in progress).

Figure 5: Single scattering and ray-marching.

Figure 7: Scattering notation for a hair strand

Implementation
The implementation is integrated into a real time graphics framework 
using OpenGL. We utilize a set of eight shader programs each corre-
sponding to a pass of one or more shaders. 

Pass 1 - generation of strand roots and volume proxy geometry for 
volumes based on a base mesh given as input.
Pass 2 - tessellation based generation of strand curvature for the ex-
plicit hairs.
Pass 3 - volume density generation and calculations per volume ele-
ment using a compute shader.
Pass 4 - irradiance calculation based on ray marching through volume 
densities towards light sources.
Pass 5 - rasterization of mesh geometry (simulating skin and other 
scene surfaces)
Pass 6 - rasterization of explicit fur generated in pass 2.
Pass 7 - rasterization of proxy geometry acting as a per-fragment ray 
marching into prism volumes aligned between base mesh and proxy 
geometry.
Pass 8 - Post processing fragments - order independent transparency 
implementation.

Future work
Integrate anti-aliasing, generate volume densities based on explicit 
hairs at high resolution and tweak settings to achieve visually appeal-
ing results.
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