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Abstract

Efficient modeling of hair for realistic computer animation
is a difficult problem because of the sheer number of indi-
vidual hairs on a human head or an animal body. Random
placement of hair roots on an arbitrary triangle mesh is an
important sub-task of this problem. The main contribu-
tion of this paper is a simple, fast, and memory-efficient
algorithm for randomly distributing points on a triangular
mesh with a density specified by a two-dimensional tex-
ture. Our algorithm is many times faster than existing al-
ternatives, such as rejection sampling. Furthermore, we
describe a software architecture for procedural generation
of hair in render-time. This module can generate millions
of hairs during rendering from only a few guide hairs di-
rectly modeled by a 3d artist, which makes the rendering
process very efficient.

Keywords: Mesh sampling, sample density, hair model-
ing, procedural generation

1 Introduction

Recent 3D animated films contain creatures with lots of fur
and nowadays the trend in the film industry is to use CGI
for such creatures even in non-animated films. The key
question is how to effectively create hair (or fur) styling.
Modifying each hair individually by a 3d artist is not prac-
tical because it would take too much time and therefore
cost large amount of money. It is much easier for a 3d
artist to create and model only a subset of hair fibers from
which final hair will be automatically generated. The cur-
rent approach is to export the generated hair fibers of the
final hair into a large file that is then sent to the renderer
that produces the high quality frames. However, because
of the sheer number of individual hair fibers in the final
hair style, such a file can take up gigabytes of disk space
and therefore working with it becomes inefficient.

In this paper, we present a library that is able to gen-
erate final hair from a modeled subset of hair during ren-
der time, therefore skipping the export of hair to a scene
file. Furthermore our library is able to display thousands
of hair interactively. Hair generated by our library has also
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(a) Point samples (b) Generated hair

Figure 1: The left picture shows 100,000 point samples
that has been used in the right picture as hair roots posi-
tions.

a number of parameters that improve realism of hair, such
as creation of hair strands or influencing hair shape with a
noise.

One of our goals is to have very fast generation of hair.
The main bottleneck in hair generation is random place-
ment of hair positions on a model. To remove this prob-
lem, we have developed a new algorithm for fast sampling
of triangular meshes. Since real hair density may vary a lot
over a human or an animal skin, the main feature of our
sampling algorithm is that the density of generated sam-
ples can be defined by a two-dimensional texture mapped
on the model from which the hair grows.

Figure 1 shows an example of hair roots placement. Im-
age 1a demonstrates 100,000 points generated by our al-
gorithm while the image 1b shows hair procedurally gen-
erated by our library growing from these points.

In Section 2, we discuss the present state of the art in
mesh sampling algorithms and hair modeling. In Sec-
tion 3, we describe our new algorithm for sampling on tri-
angular meshes and present its results. In Section 4, we
present a software architecture for procedural generation
of hair. Finally, we conclude in Section 4 and present di-
rections for future work.

2 Related Work

2.1 Random Sample Generation

Random sample generation is a problem that has been a
point of interest in the field of computer graphics for a
long time, since it can benefit a variety of graphics applica-
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tions in texturing, rendering, remeshing, and point-based
graphics [6, 7, 10]. Our goal is fast generation of sam-
ples on a triangular mesh. This specific issue is addressed
by [2], however their priority is not efficiency, but rather
good distribution of generated samples. Apart from this
article there are other works (for example [4]) that address
fast generation of samples with good distribution, but they
generate samples in a plane and it is unclear how to ap-
ply them for generation of samples on a triangular mesh.
Standard methods like rejection sampling [6] can also be
used to generate samples on a triangular mesh, however
they are too slow for our purpose.

2.2 Modeling and Rendering Hair

Modeling and rendering of hair is an issue addressed by
numerous works, but they do not discuss the procedural
generation of hair in render-time. Among the tools used
for hair modeling in standard modeling programs (such
as Autodesk Maya), Shave and a Haircut1 allows the user
to model a subset of hair from which it then procedurally
generates hair. However Shave and a Haircut is unable to
execute the generation of hair in render-time without the
need of saving hair geometry to a scene file. Since Shave
and a Haircut is a commercial product, it is unknown how
it generates hair or places hair roots on a model. Gener-
ation of hair in render-time is mentioned in [8], however
their work is focused on speeding up rendering of hair in a
specific renderer and they omit how exactly is the genera-
tion of hair done.

3 Random Points Generation

In this section we describe our algorithm for randomly dis-
tributing points on a triangular mesh with a density speci-
fied by a two-dimensional texture. Note that the problem
would be trivial if the desired point density was uniform
over the surface: in such a case, we would simply pick a
triangle proportionally to its area (using the inversion of
a discrete cumulative distribution function) and place the
point uniformly in the selected triangle.

Figure 2: Recursive subdivision of a triangle.

However, since the point distribution probability density
must take into account both the density texture mapped
on the mesh surface and also each mesh triangle’s area
size, creation of the cumulative distribution function is not
trivial. We overcome this problem by recursively subdi-
viding each mesh triangle to sub-triangles (see Figure 2)

1http://www.joealter.com/

until every sub-triangle’s surface has uniform density. We
then calculate the probability that new sample will be cre-
ated on a given sub-triangle as the density texture value
integrated over the sub-triangle’s surface. We use these
probabilities to create the discrete cumulative distribution
function. Finally for every desired random point we first
use this cumulative distribution function to randomly se-
lect any sub-triangle from the mesh surface based on its
probability and then we uniformly sample the selected
sub-triangle to determine a generated point position.

3.1 Defining the sub-triangle probability dis-
tribution

In order to define the sub-triangle probability distribution
we iterate through all triangles of the given mesh surface.
As previously mentioned, we recursively subdivide each
triangle, however to make the subdivision a lot faster we
do not actually check if every sub-triangle’s surface has
uniform density, instead we will stop the subdivision if no
more than one texel of the density texture is mapped on
each sub-triangle. Thanks to this we can calculate a subdi-
vision depth for each triangle directly from number of the
density texture texels mapped on it. Also we do not need
to integrate the density texture over a sub-triangle to deter-
mine its probability, we only evaluate the density texture
at the sub-triangle’s barycenter.

As we will discuss later, both the speed and memory
cost of our algorithm depends on the total number of sub-
triangles. To decrease the number of sub-triangles we can
check the probabilities of four sub-triangle siblings and if
they have the same probability, we can use their parent
instead of them (see Figure 3). Again we can check the
parent’s siblings and continue until the probabilities differ
or we have reached a non-subdivided triangle. After these
steps are applied each sub-triangle is only divided if its
surface has not uniform density as it was mentioned in the
brief algorithm description.

0.4

0.1

0.1
0.1 0.1

Figure 3: If the four sub-triangle siblings have the same
probability, their parent may be used instead of them. The
numbers represent the probabilities.

As we have said before, the final step of our algorithm
is sampling the selected sub-triangle. In order to calculate
the sample point position on the triangle mesh we need to
store for each sub-triangle a reference to the parent mesh
triangle and where it is located inside the triangle (i.e. the
barycentric coordinates of the sub-triangle in the parent tri-
angle). This has to be done during the computation of the
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sub-triangle probability distribution. Since the subdivision
scheme is same for every triangle, we only need to give
unique index to each possible sub-triangle position inside
a triangle (see Figure 4) and store barycentric coordinates
of these sub-triangle positions in a separate data structure,
where they can be easily accessed by the position index.
This significantly reduces memory consumption, since we
only need to store two indices per sub-triangle (a parent
triangle index and a sub-triangle position index) and its
probability and therefore each sub-triangle takes up only
12 bytes in memory (considering the fact that all 3 val-
ues takes up 4 bytes). The size of the pre-computed data
structure which stores sub-triangle positions is negligible.

During a sub-triangle subdivision we will need to cal-
culate the index i of a sub-triangle position from the index
iparent of its parent sub-triangle position: i = 4(iparent +
1)+ j, where j ∈ [0,3] is the j-th sub-triangle of its subdi-
vided parent sub-triangle.
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Figure 4: Indices of sub-triangle positions inside a trian-
gle.

The complete algorithm for the computation of the sub-
triangle probability distribution is described in Figure 5.

3.2 Generating a Point Sample

As mentioned before, to generate a point sample we first
need to randomly select a sub-triangle based on its pre-
viously computed probability. To implement this random
selection we need to convert sub-triangles probabilities to
a cumulative distribution function.

The cumulative distribution function is defined as F =
P(X ≤ x), where P(X ≤ x) is the probability of X ≤ x
and X is a random variable from the distribution D. Since
we use only discrete version of the cumulative distribution
function, we can easily compute it:

F( j) =
j

∑
i=0

P(X = i) = F( j−1)+P(i),

where F(0) is defined as P(X = 0) and P(X = i) describes
the probability of a discrete random variable X being equal
to i. The discrete function F is then stored as an array.

Following [6], we find a sub-triangle as
argmini (F(i)> ξ ), where ξ is a random number
from U(0,maxF(x)). Because values of F(i) are increas-
ing with greater i, we can use the bisection algorithm to
find argmini (F(i)> ξ ). Finally, we generate a random
sample in the selected sub-triangle with uniform prob-
ability density, and map the sample to the barycentric

For each mesh triangle T :

1. Calculate the area of T . The subdivision depth i is now 0.
Mark the triangle T as the sub-triangle D0 (Di denotes sub-
triangle in the subdivision depth i).

2. If the subdivision depth i is less than maximum (more than
one texel of the density texture is mapped on the sub-
triangle Di):

(a) Subdivide the sub-triangle Di to four smaller sub-
triangles Di+1.

(b) For each sub-triangle Di+1 store the index of the tri-
angle T and the sub-triangle Di+1 position inside T .

(c) Increase the depth of recursion i by one and call step
2. for every sub-triangle Di+1 of the sub-triangle Di.

3. Otherwise (the maximum subdivision depth was reached):

(a) Calculate the probability PDi of the sub-triangle Di as
the area of Di multiplied by the density texture value
mapped on Di’s barycenter.

(b) While each of four sub-triangles Di with the same
parent sub-triangle Di−1 are not subdivided and have
the same probabilities PDi :

i. Discard sub-triangles Di and use their parent
Di−1 instead with the probability PDi−1 = 4PDi .

ii. Decrease the subdivision depth i by one and if
i = 0 exit the while-cycle.

(c) Store sub-triangles probabilities PDi .

Figure 5: The computation of the sub-triangle probability
distribution.

coordinates of the parent mesh triangle. The complete
algorithm for generating a point sample is described
in Figure 6.

3.3 Further Improvements

As described in Figure 6, for each sample we select a sub-
triangle using the bisection algorithm. The bisection al-
gorithm runs in logarithmic time proportional to the size
of the cumulative distribution function domain. Since the
domain of F is usually very large, even logarithmic time
for generating each sample may be quite a lot.

We improve speed of the sub-triangle selection by cre-
ating 1-dimensional uniform grid G over the F codomain
(see Figure 7). For each cell C of the grid we store two
indices Cbegin and Cend (elements of the F domain):

Cbegin = argmini {F(i) ∈C}
Cend = argmaxi {F(i) ∈C}

When generating a sample, we first generate a random
number ξ0 ∈ [0,maxF ] as before, but then we determine
a cell C of the uniform grid for which ξ0 ∈ C in constant
time, after that we select a sub-triangle using the bisection
algorithm only in limited domain of F : [Cbegin,Cend ].
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For every requested point sample:

1. Select a sub-triangle:

(a) Generate a random number ξ0 ∈ [0,maxF ].

(b) Select a sub-triangle as D = argmini F(i)> ξ0 using
the bisection algorithm.

2. Generate a sample in the selected sub-triangle

(a) Generate two uniform numbers ξ1, ξ2 ∈ [0,1].

(b) Calculate the barycentric coordinate uD = 1−
√

ξ1

(c) Calculate the barycentric coordinate vD = ξ2 ·
√

ξ1

3. Map the sample to the barycentric coordinates (u,v) in the
parent mesh triangle:

(a) From uD,vD calculate the barycentric coordinates of
a sample in the triangle T containing the selected
sub-triangle D:
u = uD ·u1 + vD ·u2 +(1−uD− vD) ·u3
v = uD · v1 + vD · v2 +(1−uD− vD) · v3
where ui,vi are the barycentric coordinates of D ver-
tices inside T . We obtain ui,vi by a lookup in the pre-
computed sub-triangle position data structure (Sec-
tion 3.1) using the sub-triangle index.

Figure 6: Generating a point sample.
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Figure 7: The uniform grid G built over the cumulative
distribution function F codomain. The Cbegin and Cend rep-
resent indices stored for every grid cell C.

The number of cells in the uniform grid G will influence
samples generation performance. If grid has so many cells
that in each cell lies only single member of the F domain
then the selection of a sub-triangle will run in constant
time at the cost of an increased memory consumption.

3.4 Results

We test our sampling algorithm on a single core of a 3.07
GHz PC with 6 GB RAM running Windows 7 64bit. We
typically use the same number of cells of the uniform grid
as is the size of the F domain (i.e. the number of generated
sub-triangles) and a density texture with resolution 1024×
1024 except if noted otherwise.

3.4.1 Comparison to Rejection Sampling

We compare our algorithm against rejection sampling
since we were not able to find any other alternatives in the
existing literature. The rejection sampling first randomly
selects a triangle based on its area (for that purpose we use
in our implementation a cumulative distribution function),
then the triangle is uniformly sampled and the sample is
accepted if a random value is not lesser than the value of
the density texture at the sample point, otherwise it is re-
jected and rejection sampling generates a new sample.

Figure 8 plots the performance of our algorithm and the
rejection sampling algorithm tested for three models with
a uniform density texture. Since we have used a uniform
density texture, the rejection sampling algorithm never re-
jects any generated sample. Faster sampling rate of our
algorithm is therefore caused only by the usage of the uni-
form grid built over the cumulative distribution function
codomain: we can see that this technique provides a speed-
up between 3 and 6 for the tested cases. Usage of the uni-
form grid should remove the dependency on a model trian-
gle count, however if triangles’ areas differ greatly the cu-
mulative distribution function is non-linear and therefore
the uniform grid is not very efficient. All models are dis-
played in Figure 10 and their triangle counts can be found
in table 2.

Figure 8: The sampling rate (samples per second) for our
algorithm and for the rejection sampling algorithm. 3 dif-
ferent models with a uniform density texture were used in
this test. Dashed lines represent the sampling rate with-
out the preprocess time (i.e. triangle sub-division and the
cumulative distribution function construction).

We have also tested the influence of the uniform grid
resolution on the sampling performance. As shown in Ta-
ble 1, total time spent on the preprocess part of our algo-
rithm is only slightly influenced by the cell count, however
memory consumption grows significantly with increasing
number of the grid cells. The highest sampling rate is
achieved when the number of cells is two times higher than
the size of the cumulative distribution function domain.

Figure 9 also plots the performance of our algorithm and
the rejection sampling algorithm, but this time we have
tested them with 4 density textures with different average
values. The average value of a density texture corresponds
to the overall density of samples and also to the percentage
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Grid size #Samples CDF constr. Memory
0% 2365628 0.054s 1.33 MB
13% 5855405 0.055s 1.47 MB
25% 5951817 0.057s 1.60 MB
50% 5890408 0.058s 1.86 MB
100% 6387220 0.059s 2.39 MB
200% 6531778 0.061s 3.45 MB
400% 6447026 0.066s 5.57 MB

Table 1: The results of testing the preprocess part of our
algorithm and sampling speed for the bunny model with
different resolutions of the uniform grid. The grid size is
reported as percentage of the cumulative distribution func-
tion size. We have used a uniform density texture for this
test.

of samples accepted by the rejection sampling algorithm.
The plots show that the performance of our algorithm re-
mains roughly the same for all textures, but the perfor-
mance of rejection sampling algorithm depends linearly
on a decreasing texture average value.

Figure 9: The sampling rate (samples per second) for our
algorithm and for the rejection sampling algorithm. 4 den-
sity textures with different average values mapped on the
bunny model were used in this test. Dashed lines represent
the sampling rate without the preprocess time.

3.4.2 Performance

Table 2 shows the preprocess time for three different mod-
els with a uniform density texture. Both time and memory
consumed by the preprocess is roughly linear in the model
triangle count.

Model Preprocess Memory #4
Bunny 0.070s 2.39 MB 69k
Dragon 0.127s 8.68 MB 202k
Buddha 0.25s 51.26 MB 1087k

Table 2: The result of testing the preprocess part of our al-
gorithm for mesh surfaces with different triangle count.
The results of sampling performance are shown in Fig-
ure 9. All models were used with a Perlin noise density
texture.

Figure 10: Models used for testing.

Finally we have tested the influence of the density tex-
ture resolution. Table 3 demonstrates that time and mem-
ory spent on the preprocess part of our algorithm depends
linearly on a density texture texel count. Thanks to the
uniform grid the sampling rate is only diminished by the
longer preprocess time.

Resolution #Samples Preprocess. Memory
5122 6757501 0.019s 4.49 MB
10242 6306838 0.070s 5.33 MB
20482 4998126 0.253s 31.26 MB

Table 3: The results of testing our sampling algorithm
for the bunny model with different resolutions of a Perlin
noise density texture. The number of generated samples is
per second.

3.4.3 Visual Results

Figure 11 shows a uniform distribution of points on the
bunny model. The points distribution over the surface is
not particularly good, but that is the price we have to pay
for very fast sampling. Since the main purpose of this al-
gorithm is the placement of hair roots positions, the quality
of sampling is not so important. Figure 12 demonstrates a
distribution of points controlled by a simple density tex-
ture.

Figure 11: The bunny model with 8,000 uniform points
samples.
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Figure 12: The bunny model with 8,000 points samples of
increasing density from left to right.

4 Hair Modeling and Rendering

The procedural generator of hair we provide is a part of a
complete hair modeling plug-in for Autodesk Maya called
Stubble. We will first describe the pipeline of hair model-
ing used in Stubble in Section 4.1 and then we will closely
discuss the software architecture of the hair procedural
generator in Section 4.2.

4.1 Hair Modeling Pipeline

The main idea behind hair modeling with Stubble is to
let a 3d artist model only small subset of hair, called hair
guides, from which the rest of hair will be automatically
generated by Stubble. Creating hair with Stubble can be
divided into several steps:

1. Preparing hair guides: The first step is to create a
few hair guides on a selected triangular mesh. The
user may set the number of hair guides and their den-
sity over the mesh. Their roots positions are gen-
erated by our sampling algorithm described in Sec-
tion 3.

2. Modeling hair guides: Each hair guide is repre-
sented by a polyline and user can model it using spe-
cial tools which behave like comb or scissors.

3. Applying dynamics: After the basic modeling of
guides is done, hair guides can be animated by ap-
plying hair dynamics.

4. Hair properties: When hair guides are properly
modeled and animated, we procedurally generate the
final hair fibers based on the guides. In the ba-
sic form, the generated hair simply interpolate their
shape from nearby guides, but they may additionally
be affected by random noise, color and other param-
eters. Stubble plug-in can interactively display thou-
sands of generated hair during hair modeling in the

Maya viewport, so the 3d artist may see how the fi-
nal hair will look like. This is possible thanks to the
efficiency of our point distribution algorithm.

5. Rendering: Final step is rendering hair with spe-
cialized rendering software. During rendering hun-
dred thousands or even millions of hairs with selected
properties are generated by Stubble from hair guides.

Figure 13 demonstrates hair modeling on a human head.

(a) Hair guides model-
ing

(b) Interactive hair
generation

(c) Final render

Figure 13: Hair modeling pipeline

4.2 Procedural Generation of Hair

4.2.1 The Library Architecture

We have designed our procedural hair generator as a
dynamic-link library that can be executed by different ren-
derers. For each supported renderer, there is separate
entry-point which implements renderer specific require-
ments for libraries that generate scene geometry.

To improve performance of hair generation we want
to parallelize it. Since renderers are usually parallelized
themselves, we take advantage of that and parallelize hair
generation by calling our library separately from different
threads of a renderer. Each of these calls is responsible for
generating hair on one selected part of a triangular mesh
and runs in a single thread. User of Stubble sets the num-
ber of parts to which the mesh is split and therefore the
number of calls of our library. Is then up to the renderer to
decide on how many threads these calls will be executed.
It is important to mention that each frame of rendered an-
imation is handled completely separately. For example if
the mesh on which hair grows is split to 8 parts and we
render 4 frames, our library will be called 32 times.

Most of the renderers require to know the bounding box
of the geometry generated by any library before the library
is even called. For example RenderMan interface com-
pliant renderers use this information to optimize memory
consumption, which is key feature when rendering mil-
lions of hairs. It is mentioned in [8] that it is for the best
to calculate the tightest possible bounding box from com-
plete hair geometry no matter additional time consump-
tion. Therefore we generate hair geometry twice, first be-
fore rendering to calculate the bounding box and then dur-
ing rendering we generate the hair again for actual render-
ing purpose. Since we have split hair generation during
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rendering to several library calls, we have to calculate the
bounding box for each call separately, which is done in
parallel.

Generating hair twice could be avoided if we generated
hair before rendering and then supplied it to a renderer di-
rectly with the rest of a rendered scene. This approach
seems logical but it has one huge pitfall. We would have
to save all hair geometry to a scene file. Since there can
be millions of hairs, the scene file size could grow to sev-
eral gigabytes for a single frame. Because the hair gener-
ation is very efficient (which is partly thanks to the speed
of our point generation algorithm described in Section 3),
handling such files causes much worse performance than
generating hair twice, especially when these files usually
have to be moved from a 3d artist workstation to comput-
ers dedicated only to rendering.

There are many parameters that influence hair genera-
tion. The modeling part of Stubble is responsible for sav-
ing them to files which are then used by our library during
rendering. There are two types of these files. First of them
stores properties like hair color or width that are shared
among all library calls. The second type of file stores data
specific for one library call, such as the selected part of the
mesh and the number of hair generated by this library call.
All input files are compressed to save disk space. Since
Stubble enables interactive display of hair during model-
ing, hair parameters may be send to our library directly
from the modeling part of Stubble without the need of cre-
ating any files.

4.2.2 Hair Generation

In this section we describe how every single hair is gener-
ated by our library. Before we start describing hair gen-
eration, it is important to know how we represent each
hair. The most flexible way is to handle each hair as the
Catmull-Rom curve, an interpolation curve defined only
by the vertices it passes through. Furthermore, we specify
for each of these vertices color, opacity, curve width and
curve normal (an unit vector perpendicular to the curve
tangent at a given vertex), which are then interpolated
along the curve by a renderer.

The simplified flowchart in Figure 14 shows the gener-
ation of a single hair. It starts with creating a sample on
the triangular mesh with a density defined by a texture as
described in Section 3. The sample serves as the position
of a hair’s root. The generation of the sample must be very
fast, otherwise it would be a bottleneck in the generation
of hair.

When we know the position of hair, we generate its ba-
sic geometry by interpolation from few closest hair guides.
To determine the closest hair guides we use euclidean dis-
tances of hair root from hair guides roots. To speed up this
process, we store hair guides roots in a KD-Tree [3]. We
have already mentioned that each hair is a curve defined by
vertices and each hair guide is a polyline and therefore also
represented by vertices. The hair curve and each hair guide

Figure 14: Flowchart of the generation of a single hair.

has the same number of vertices, so we can easily interpo-
late the hair curve by interpolating its vertices from corre-
sponding hair guides vertices. To interpolate vertices we
use Scattered Data Interpolation, specifically the Shepard
method [9], which gives each guide hair a weight based on
the distance from the interpolated hair.

Interpolating the hair curve from hair guides is not
enough to make generated hair realistic, because the num-
ber of generated hair is far greater than the number of
hair guides. To improve hair realism, we randomize each
hair curve by adding random vectors generated from Perlin
noise [5] to hair curve’s vertices. The number of vectors
used on a single hair, vectors size and noise frequency are
user parameters. Figure 15 shows an example of a noise
influence on hair.

Figure 15: An example of a noise influence on straight
hair.

The next step is to define hair color, opacity and width.
The user specifies these attributes at hair root and tip and
we interpolate them to every hair vertex. Again we add
some noise to hair color to increase realism.

Finally we have to calculate hair curve normals. Since
curves are usually generated by a renderer as flat ribbons,
we have to define the rotation of the ribbon about the
curve. This is done by the curve normals. We use the
method described in [11] to calculate reasonable normals.
Computation of normals requires as input curve tangents,
which are easily calculated for a Catmull-Rom curve from
its vertices [1].

A single hair is now completely specified, we can ei-
ther output it as is or we can use it to generate a whole

Proceedings of CESCG 2012: The 16th Central European Seminar on Computer Graphics (non-peer-reviewed)



strand of hair. The user can specify if strands should be
generated and how many hairs are in a single strand. If we
generate a hair strand, we use the just generated hair as a
basic hair around which all hair from this strand is gener-
ated. Each hair from strand inherits its properties from the
basic hair and it is also influenced by the basic hair geom-
etry. Furthermore, user can define several parameters of
hair strands, that control the spread of hair roots and tips
from the basic hair, twisting of hair around the basic hair
and much more. Figure 16 demonstrates hair strands.

Figure 16: Generated hair strands.

Just before we output each hair to a renderer, we cut it.
How much is each hair cut is defined by a texture mapped
on the mesh from which the hair grows. The texture value
specifies a curve parameter at which the curve is cut. Ev-
ery user parameter controlling hair generation is also spec-
ified by a texture, which gives the user the ability to set
different parameters for each hair.

Figure 17 shows hair generated by our library. There is
1,600,000 hair on this animal and it took only 3.2 seconds
to generate it on a two core 3.07 GHz PC.

Figure 17: An animal with 1,600,000 hair generated by
our library.

5 Conclusions and Future Work

In summary, we have presented a sampling algorithm suit-
able for fast sampling on triangular meshes. The density
of samples generated by our algorithm is defined by a two-
dimensional texture. In our tests, our algorithm achieves a
3 – 33 speedup compared to the fastest available alterna-
tive - the rejection sampling.

Furthermore, we have described a hair generator library
that is able to generate millions of hairs in a few seconds
during rendering. Our library utilizes the presented sam-
pling algorithm for a very fast placement of hair roots.
Hair generated by our library is influenced by several prop-
erties and by a few hairs modeled directly by a 3d artist.

Our library is also able to display hair interactively in a
modeling program.

There are several limitations of our work that should be
addressed in future work. First, the uniformity of the gen-
erated samples should be improved. Second, we would
like to add several modifications to our hair generator li-
brary, such as generation of low quality hair if an object
with hair is motion blurred or is far away from a scene
camera.
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