
DRY AND WET FAKE FUR RENDERING

SANTIAGO, C. H1, Walter, M2

1 União dos Institutos Brasileiros de Tecnologia (UNIBRATEC)
Recife- PE, Brasil

2 Universidade Federal de Pernambuco (UFPE)
Recife- PE, Brasil

hemir.santiago@gmail.com, marcelow@cin.ufpe.br

ABSTRACT

This work presents a probabilistic lighting model for rendering of thin fur of mammals 

under environmental influence, particularly water. We have extended the technique 

known as Fakefur by adding a method for capturing the key characteristics of fur

influenced by water. The system described in this work has a lower computational 

cost than typical resolvable fur methods, due not only to its probabilistic nature, but 

also to its GPU (Graphics Processing Unit) implementation, that provides realtime 

renderings of furry animals dry and wet.
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RESUMO

Este trabalho apresenta um modelo de iluminação probabilístico para renderização 

de pelagem rala de mamíferos sob influência de água. Nós estendemos a técnica 

conhecida como Fakefur incluindo um método que captura as características 

principais do pêlo no estado de molhado. O sistema descrito neste trabalho tem

complexidade computacional menor do que os métodos de renderização de pêlos 

tradicionais, devido não apenas à sua natureza probabilística, mas também por sua 

implementação em GPU (Graphics Processing Unit), que possibilita renderização de 

pelagem animal seca e molhada em tempo-real.
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1. Introduction

The fur’s appearance of mammals is quite different from other materials, therefore 
many approaches have used hair-by-hair methods aiming at a satisfactory level of 
realism. Most of the amazing images of synthetic furry animals have been rendered 
by techniques where individual hairs are used. But since many real-world animals 
have thousands of hairs, those rendering techniques usually maintain the same 
computational complexity as the image size decreases [10].

The simulation of the appearance of fur is an active research subject in computer 
graphics, since the results are important for modeling virtual mammals in various 
applications. All fur rendering methods have addressed dry fur features. However, 
animals interact with water every day in the real world, and therefore not only the 
look of fur changes drastically when it becomes wet, but also this characteristic 
should be properly modeled. In order to increase the visual realism, we need to 
address and model the physical differences between wet and dry fur in a simulation.

When fur absorbs water, it becomes heavier, and looks darker and shinier due to the 
influence of water [23]. Our paper describes an extension on the Fake Fur 
Rendering model introduced by Goldman [10] that captures these physical 
modifications and adjusts these properties dynamically as the fur becomes wet. 
However, we do not address the ‘close-up’ simulations, neither long fur, since these 
are well resolvable by the existing modeling techniques already. Our work deals with 
the cases where the hair geometry of fur is not visible at all, but its visual 
characteristics (glossiness, opacity, hair-over-skin shadows, etc) are identified. Fur 
is not rendered directly in our approach, but it is used as the underlying model for 
the furry surface’s lighting properties. The Fake Fur Rendering model was used 
successfully for rendering the dalmatian dogs in the 101 Dalmatians movie [4].

2. Related Work

Most attempts for rendering fur have used ‘brute-force’ methods, representing 
individual hairs with a large number of polygons or particles. The primary drawback 
of these types of methods is severe aliasing and/or computational costs which, in 
some algorithms, actually increase as the subject decreases in screen size [10].

In an attempt to avoid the high cost of rendering individual hair geometry, other 
rendering approaches were studied. Many lighting models for complex surfaces take 
a probabilistic approach to microstructure [3, 22]. Westin et al’s work [26] has 
extended this paradigm to more complex surfaces by describing a general method 
for estimating the bidirectional reflectance distribution function (BRDF) via Monte 
Carlo sampling, parameterized with spherical harmonics. This method is well suited 
to complex surfaces with smooth surface characteristics. Our work uses the 
probabilistic lighting technique described by Goldman [10] for fur rendering at a low 
computational cost, even if we are rendering fur getting wet.

This section is divided into two subsections: Fur Rendering, where we present an 
overview of mammal fur rendering techniques, and Rendering of Materials under 



Environmental Changes, where we describe techniques for rendering of material 
under environmental changes. The techniques which we used as the basis for the 
development of our work are contextualized in both sections.

2.1. Fur Rendering

Until late 1980’s, a significant problem prevented the inclusion of very fine detail 
furry surfaces into synthetic images. The conventional approach had a severe and 
intractable aliasing issue, due to the geometry used to define surfaces on an 
inappropriate scale. An alternative method was presented by Kajiya [13], to treat 
such geometry as texture rather than geometry. He implemented a new type of
structure, called a texel – a 3D representation of a volume of hairs. This volume 
would then be distributed on the surface of the object and rendered using volumetric 
techniques. The results were impressive, and more so if we consider the limitations 
at the time.

In early 1990’s, a technique is described for adding natural-looking hair to standard 
rendering  algorithms [14]. They used an explicit hair model where each individual 
hair is represented by a 3-dimensional curved cylinder. This technique uses pixel
blending combined with Z-buffer and shadow buffer information from the scene, to 
render a final anti-aliased image with soft shadows. Although it was developed for 
rendering human hair, this technique can also be used to render any model 
consisting of long filaments of sub-pixel width, such as fur and grass.

In 1997, a probabilistic lighting model is presented for simulation of thin fur over skin 
[10]. Previous methods for fur rendering described techniques where tufts of hair 
may be resolvable at the pixel level. Most of these methods have a high
computational cost. However, there are a lot of real-world cases where a single hair 
can be smaller than a pixel’s size. These cases can be addressed using a 
probabilistic lighting model that deals with the reflected light within a small surface 
area. This model was used to render the dogs from the 101 Dalmatians movie from 
Disney [4], when viewed from a distance. This model is the basis of our 
implementation and later we will review it in more detail.

So far, other approaches have addressed the mammal fur rendering problem [1, 9, 
15, 19]. However, none of them explored the probabilistic lighting model in order to 
decrease the computational cost.

2.2. Rendering of Materials under Environmental Changes

In mid-80s, there were already studies in the field of optics investigating the 
differences in the appearance of surfaces when they go from dry to wet [23]. These 
studies have a direct impact on algorithms for remote sensing. Some of these ideas 
also appeared in the context of modifying images to make dry parts look wet and 
vice-versa [17]. Although not very common, there has been investigation in computer 
graphics into how the appearance of materials changes due to environmental and 
other factors.



Dorsey and colleagues have studied specific situations where the appearance of 
materials changes due to chemical or other processes. In [7] they presented a model 
which simulates the changes in appearance caused by the flow of water over 
complex surfaces. This flow drags the dirt and other materials that are deposited and 
accumulated in some places, creating stains. The patterns produced by this process 
are visually rich and very difficult to model with current texturing techniques. In [6], 
they modeled chemical processes such as oxidation and sulphidization to account 
for metallic patinas, due to weathering on metals. Finally, in [5] they introduced a 
model which renders the transport, dissolution, and re-crystallization of minerals 
within a porous stone volume. Also, their model simulates the erosion of material 
from the surface. A recent book on the general topic of modeling the appearance of 
materials [8] presents one chapter related to weathering and aging.

The change in appearance from dry to wet for materials such as rocks and wood was 
studied by Jensen, Legakis and Dorsey in [12]. Their solution adds a thin layer of 
water over the surface, which accounts for the changes in reflectivity and color of 
wet materials. Their model accounts for both air-water interaction and water-material 
interaction, with nice-looking results. This is an area with growing interest from the 
graphics community, as the recent contributions demonstrate.

Specifically for hair and fur, [2] implemented the effects of wet fur and broken-up dry 
fur for the simulation of hair and fur for the movie Stuart Little. In this technique, a 
wet fur look is achieved by clumping together neighboring hairs within certain 
clumping areas on the skin. A broken-up fur look is generated by breaking of hairs
along certain fur tracks on the skin. Ward, Galoppo and Lin have studied the general 
effects of water and other materials over human hair. In two papers [24, 25] they 
presented several techniques for simulating and rendering wet hair. Their system is 
able to capture the altered motion, physical structure, and rendered appearance of 
hair when it gets wet. The results are consistent with the influences of water 
demonstrated on real hair.

Bruderlin work is an exception; so far the majority of studies have concentrated on 
hair. Human hair has a few differences from animal fur, particularly very short 
mammal fur, and therefore it would be interesting to have a specific solution for 
modeling wet fur. Our paper presents an extension on the Fake Fur Rendering 
technique [10], using the water influence according to some ideas presented in [25].

3. Fake Fur Rendering

The basis of our solution is the probabilistic fur rendering algorithm presented in 
[10]. It is briefly reviewed here. Our work investigated which parameters, from the 
Fake Fur Rendering model, should be modified when the fur gets wet. Then we 
added a control for varying these parameters according to a wetness factor.

The main idea of the model is to build a reference hair geometry and a probabilistic 
model based on this geometry. The reference fur over a surface (see Figure 1) is 
parameterized by the hair’s length, fur’s density, radius of the basis and tip of hair, 
and tangent vectors on the basis and top of hair. The reflectance level of individual 
hair is parameterized by the diffuse reflection component, specular reflection 
component, specular exponent, and direction factors for reflectance and 



transmissivity control. For the full derivation of the specifics of the model, the reader 
is advised to consult the original paper [10]. In Figure 2 we illustrate the effect of 
using the Fake Fur Rendering model on a 3D model, notice the subtle variations in 
the fur in subfigure (c).

Figure 1. Reference Hair Geometry

Figure 2. (a) No texture; (b) Phong Illumination Model with texture; (c) Fake Fur 
Rendering Model with texture

4. Real Data for Dry and Wet Fur

It is difficult to obtain real exact data for the specular and diffuse properties of real 
mammalian fur, particularly when they undergo environmental changes. For specular 
measurements of human hair, Marschner [18] used a narrow beam and evaluated 
the scattered light in various directions using a setup based on a four-axis 
goniometer that positioned a light source and a CCD camera at arbitrary directions 



from a sample. This solution demands an expensive setup which might not be easily 
available. Since we did not have access to any special setup for such 
measurements, we searched for simpler alternatives that could be used instead.

We took usual amateur photographs of real dry and wet dogs of breed dachshund, 
as a case study, and indirectly approximated two properties: the overall darkening of 
the fur, and its specular reflection. Most materials become darker and shinier when 
under influence of water. Fur is one of these materials. When it becomes wet, a thin 
layer of water is formed around the hairs, that creates a mirror-like surface. This 
smoother surface creates a shinier appearance due to increased specular 
reflections. Also, some light rays are under total internal reflection inside of the thin 
layer of water, what contributes to the darker look of wet fur.

Figures 3 and 4 illustrate our input data. These samples provide important 
information regarding how the overall appearance of fur changes from dry to wet 
state. We used these samples to assess this difference. For the same dog, and the 
same overall illumination, we took pictures of the dry dog and of the totally wet dog. 
From each picture we cropped a few regions as samples. For these samples, we 
converted the RGB colors to their CIE Lab equivalent [11]. Then, we obtained the 
difference between the median values of L from dry and wet samples (the difference 
between a and b median values is near zero). This difference provides an 
approximation of how much darker the fur is when wet. We used it to decrease the 
diffuse component and to increase the specular component from the Fake Fur 
Rendering model. The median value, instead of the average, was used since we 
wanted to rule out local changes due to specular points.

Figure 3. Dry and wet samples from brown fur real dog picture.



Finally, for the approximation of the variation in specular properties, we converted 
the dry and wet samples to grayscale using Y = 0:299R+0:587G+0:114B and 
computed the difference in L average values (the difference between a and b 
average values is also near zero). This difference provided an estimate of the 
intensity of the specular reflection, and it was used to calibrate the variation in the
specular power coefficient of the model. For this step we used the average values 
since the average better captures the variation of bright regions over the fur.

Figure 4. Dry and wet samples from black fur real dog picture.

In Table 1 we summarize the results related to the differences in specular properties 
and color for dry and wet fur. Although we used only a few samples for 
measurements, the obtained data is valuable information to calibrate the differences 
in our model. We plan on increasing the number of samples for future work.

Table 1. CIE L Median and CIE L Average Results.

CIE L Median CIE L Average

dry sample 17.70 41.40

wet sample 12.50 30.20

difference -29.38% -27.05%

4.1. Wetness Function

We captured the interactions between light and wet fur by changing the rendering 
parameters of the original Fake Fur Rendering model according to the amount of 
water present in the fur. We defined a wetness factor wf to control the amount of 
wetness for the model. wf = 0 is a dry dog and wf = 1 is a fully wet dog.



As the wetness factor varies between 0% and 100%, some selected parameters vary 
directly, generating a wet look for the fur. More specifically, a parameter vector is 
controled. We obtained maximum and minimum values by a combination of the 
measurements explained in the previous section plus knowledge on the general 
behavior of hair when under water influence. According to the L’Oreal institute [16], 
some physics characteristics are modified when hair is under water influence. 
Individual hairs can absorb 30% of its dry weight in water. If the hair is severely 
damaged (by wind, dirt, etc) this percentage can increase up to 45%. Additionally, 
the hair swells radially up to 15% and 20%. Although these numbers are specifically 
for human hair, we used them in our solution. In our model, as the wetness factor 
increases, so does the basis radius of an individual hair, proportionally to the radius 
of the original value as dry hair. Also, the height of a single hair is increased as the 
hair becomes wet. The height can increase up to 2% of its original value as dry hair.

For a given parameter, we define the maximum and minimum values as Vp
wet and 

Vp
dry, respectively. The parameter vector varies according to the following simple 

linear function:

Vp = Vp
dry + wf (Vp

wet - Vp
dry)

The following parameters, of the original Fake Fur Rendering model, vary due to the 
wetness factor: height and basis radius of the reference hair, fur diffuse coefficient
(Kd), fur specular coefficient (Ks), and specular exponent (p). Table 2 summarizes 
the values for dry and full wet. We defined the dry values to match the dog image of 
the test case, as the initial condition. We obtained the wet fur values from the initial 
dry ones, applying the computations that we explained earlier (from the samples and 
knowledge from human hair).

Table 2. Dry and wet fur parameters.

dry wet

hair height 2.40 2.88

hair basis radius 0.30 0.31

Kd 1.00 0.70

Ks 0.07 0.09

p 10.00 7.30

5. Results

In this section we present the results of our simulations. The geometry is loaded as a 
mesh file plus texture maps for the overall color and details (eyes, tip of nose). We 
used a Dachshund dog model as our main case study for a mammal with short fur 
from the real world. We implemented the original Fake Fur Rendering model using 
OpenGL Shading Language for Programmable GPUs [20]. All computations are 
done as fragment shaders, except for a few geometric operations on the vertices, 
such as normalization of vectors. We rendered the scenes with two light sources and 



the fixed parameters listed in Table 3. Our system requires no pre-computations to 
dynamically add water to the fur. The simulations run at approximately the same 
rate, the wet fur is obtained instantly by applying the wetness factor adjustments.

Table 3. Dry and wet fur parameters.

Kdskin 1.00

ptransmit 0.02

preflect 1.00

density 500.00

The tangent vector is locally defined using a tangent texture map, where each RGB 
color is interpreted as a tangent vector. In figure 5 we show the Dalmata texture map 
used as tangent map.

Figure 5. Texture map used as tangent map.

The color images below (figures 6 and 7) illustrate the degree of realism. We 
generated images at a variety of scales to verify the similarity of appearance and for 
the same geometric model used texture maps of Dachshund and Dalmatian dogs. 
This allowed us to analyze the Wet Fur technique applied on different fur colors.

Since the specular effects are more visible in black textures, first we show a 
simulation using a black Dachshund texture. In Fig. 6, we show a wet real black 
dachshund for comparison with the virtual one. The enhanced specular effect due to 
water is visible in the result. Figure 7 illustrates another real dog, with yellow fur, and 
simulations with three different levels of wetness. We notice the increased darkness 
of fur and subtle larger highlights.



Figure 6. A wet real black dachshund and a wet fake fur model.

Next, in figures 9 and 10 we show the results of the simulations for the Dachshund 
and Dalmatian dogs in a continuous scale of wetness, in non-uniform distribution 
over the body. In order to model different parts of the body wet at different times, we 
use a wetness map or, from wet to dry, a drying map, both illustrated in figure 8. 
Each color in these maps defines a different wetness factor, according to the values 
listed in Table 4.

Table 4. Wetness Factor variation.

Wetness Factor RGB from wet map

1.00 0 0 0

0.75 100 100 100

0.50 150 150 150

0.25 200 200 200

0.00 255 255 255

When the wetness factor reaches its maximum value, all regions of the model are 
equally wet. In this way, we can approximate what occurs with a real dog while it is 
getting wet in real world. In the opposite direction, when the wetness factor reaches 
its minimum value, all regions of the model are equally dry. For these figures we also 
used the ImageDiff software [21] to compare consecutive images. Darker colors 
mean stronger differences.

Although the collected samples are from Dachshund dogs, we illustrate the 
usefulness of our approach by rendering other 3D models of mammals. We chose 
animals that have short fur with appearance similar to the Dachshund dog. The fur 
color variation allows a more detailed analysis of the Dry and Wet Fake Fur model 
behavior applied to other models and using a miscellaneous of textures.

Since we rendered fur for different animals, we observed, in an empirical way, that 
different values for the specular coefficient parameter (Ks) provided better results in 



simulations. This adaptation shows that the gathered data from dogs might not be 
general. In Table 5 we list the 3D models of animals and respective coefficients used 
in our simulations. Remaining parameters are equal to the ones listed in tables 2 
and 3.

Figure 7. A real dachshund with dry fur and 3D models with different values for the 
Wetness Function.

Figure 8. Wetness and drying texture maps.

Table 5. Dry and wet fur parameters.

3D Model (Ks) dry fur (Ks) wet fur

dog 0.17 0.22

tiger 0.25 0.33



Figure 9. Dalmatian fur variation from dry to fully wet.



Figure 10. Dachshund fur variation from dry to fully wet.



Figure 11. Tiger fur variation from dry to fully wet.



Figure 12. Dog fur variation from dry to fully wet.



6. Conclusions

Our work presented a simple, yet effective, technique to account for the influence of 
water on fur behavior and visual appearance. We extended the Fake Fur Rendering 
model to account for environmental changes such as water on the fur.

According to the final results, our Dry and Wet Fake Fur technique shows that it can 
be used for rendering mammals with short fur such as the Dachshund dog, under the 
influence of water. It can be a good alternative for Real Fur, when the geometry of 
hair is irrelevant (object distant from camera). The results for wet fur would be better 
if we could obtain more reliable data from real fur, i.e., gathering a more 
comprehensive set of measurements with more sophisticated equipment. Also, more 
samples would be necessary for a more accurate statistical validation. However 
limited, we were able to caliber key parameters with our simple approach.

Finally, as future work, we intend to use Real Fur Rendering for comparison of 
rendering results and evaluation. An interesting extension would be to change the 
actual definition of the reference hair geometry, and try to model clumping and other 
wet related effects.
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