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Figure 1: Close-up of an art-directed watercolor simulated render. Henry c© Oculus Story Studio

Abstract
This paper presents a system to render 3D animated geometry as watercolor painted animation with art-directed control. Our
approach focuses on letting the end user paint the influence of the modeled watercolor effects in the 3D scene to simulate the
characteristic appearance of traditional watercolor. For this purpose, it performs an object-space simulation and makes use
of the user-painted influences to control and enhance image-space watercolor effects. In contrast to previous approaches, we
introduce specialized watercolor shaders that are adjusted and deformed according to the desired painted effects. We further
present novel algorithms that simulate hand tremors, pigment turbulence, color bleeding, edge darkening, paper distortion and
granulation. All of these represent essential characteristic effects of traditional watercolor. The system performs in real-time,
scales well with scene complexity and is fully implemented in Autodesk Maya.

Categories and Subject Descriptors (according to ACM CCS): I.3.3 [Computer Graphics]: Picture/Image Generation—Bitmap
and framebuffer operations I.3.4 [Computer Graphics]: Graphics Utilities—Paint systems I.3.7 [Computer Graphics]: Three-
Dimensional Graphics and Realism—Color, shading, shadowing, and texture I.3.m [Computer Graphics]: Miscellaneous—
Non-photorealistic Rendering I.4.3 [Computer Graphics]: Enhancement—Filtering

1. Introduction

The characteristic appearance and effects found on watercolor
paintings make them a unique traditional medium which is exten-
sively used for multiple coloring purposes. From early topological
maps to fashion design illustrations and fine art. As Leslie Dutcher
describes it, "watercolor paint has proven to be as elegant and aca-

∗ This is the authors’ version of the work. The definitive version is avail-
able at http://diglib.eg.org/.

demic as its counterpart [oil] while retaining its own ebullience and
congeniality" [RD13].

However, while regarded as the medium by itself is, it is rarely
seen in animated form. The cause for this probably has to do with
the accompanying difficulty to control the medium. Even acclaimed
watercolor artists admit the capricious nature of the medium, which
makes it difficult to master [Ong03,Sch14,Pol13]. This peculiarity,
together with the need for at least 10-12 frames per second to entail
a sense of motion [RM00], makes traditional watercolor animation
a complex and laborious endeavor to pursue.
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Various systems to digitally recreate watercolor have been pro-
posed, which help alleviate the production of traditional watercolor
paintings and animations. These systems can be organized into
three main categories according to their respective input data:

• Stroke-space systems
• Image-space systems
• Object-space systems

Each category has its own specialized application, however, they
often tend to interrelate in order to enhance the final watercolor
simulation.

The system proposed in this paper is modeled to render 3D an-
imated geometry as watercolor simulated animations, which fall
into the third category, an object-space system. However, it differ-
entiates itself from other object-space systems by two key elements.

First, the proposed system is art-directed by the end user who
can paint the modeled effects as desired. This feature enables im-
mediate localized control over the watercolor look, with real-time
performance. And second, the proposed system extends the palette
of simulated watercolor effects and does not require previously
painted watercolor images. Additionally, the proposed system in-
troduces the following contributions:

• Specialized shaders with a watercolor reflectance model, object-
space hand tremors and custom object-space features, which en-
hance and control further image-space filtering.
• Pigment turbulence in object-space (art-directed).
• Color bleeding through a hybrid solution involving object- and

image-space processing (art-directed).
• Edge darkening with gradual pigment accumulation through dif-

ference of Gaussians feature enhancement (art-directed).
• Paper distortion through normal gradients (art-directed).
• Split paper granulation filter enabling dedicated control over pa-

per roughness and pigment accumulation at the valleys of the
paper (art-directed).

Figure 1 shows a close-up obtained from a 3D model, which
shows most of the watercolor effects simulated by our system. Ad-
ditional rendered images can be found throughout the paper. For
animated outcomes, please see the accompanying audiovisual ma-
terial. An abstracted pipeline schematic can be found in Figure 2.

In the following, related work will be introduced in Section 2.
The proposed system with its individual contributions is presented
in Section 3 and the results are presented and discussed from Sec-
tion 4 onward.

2. Related Work

Recreating traditional painting media has been one of the main
challenges of non-photorealistic rendering since its inception. Re-
markable examples came early on through physical approximation
of the medium which analyzed and calculated the spread of pig-
ment in simulated paper [Sma91, CAS∗97].

Stroke-space simulation systems especially benefited from ac-
curately modeled physical approximation approaches to water-
color. Each brush-stroke can be intricately controlled to achieve
most desired effects and a characteristic watercolor look [YJC∗13,

VLVR05, CT05]. Nonetheless, it can be difficult for an artist to
understand and interpret the physical attributes which these sim-
ulations offer. Alternatives can be found through procedural and
example based approaches [DKMI13, LBDF13]. Stroke-space wa-
tercolor simulations provide extensive artistic control over digital
paintings, however, in animation, it still presents itself as a com-
plex and laborious alternative where each frame requires to be hand
painted.

For the proposed system, stroke-space simulations can be used in
order to paint watercolor-looking textures which are then mapped
into 3D objects. However, these textures would remain static and
even distort without further processing. Additionally, the aim of the
proposed system is to not rely on previously painted textures for
a watercolor-look. Related work in image-space and object-space
simulations are directly relevant to our system and will be presented
next.

2.1. Image-space simulation

A traditional watercolor painting is a composition of a variety of
complex interactions of pigment and water, layered together to cre-
ate a body of work which interacts and speaks for itself with unique
attributes, all chosen by the artist. Image-space simulation attempts
to recreate this interaction and considers the image as a whole -
finding and simulating characteristic effects and features which the
artist might have chosen with the given subject.

Early attempts use image processing algorithms to convert raster
images to watercolor simulated paintings. Johan et al. [JHN04]
focused on recreating watercolor brush strokes by following a
vector field created along the boundaries of the image elements.
Bousseau et al. [BKTS06] focused instead on recreating the wet-
on-dry (lavis) technique using a series of filters. Characteristic
effects such as turbulent pigment flow, pigment dispersion, edge
darkening, paper structure and its distortion on the painted subject
were considered. However, both of these methods process the im-
age as a whole, limiting control of the outcome to variables and
predefined rules.

The system proposed by Wang et al. [WWF∗14] considers this
limitation and involves computer vision algorithms to automati-
cally locate the area - which artists might emphasize - through
saliency detection. Additionally, the input image is colorized ac-
cording to colors found on a training set of real watercolor paint-
ings. The palette of simulated watercolor effects was also extended
to include color bleeding found on wet-in-wet techniques and hand
tremors which are common in most watercolor paintings.

However, the previously introduced systems rely heavily on im-
age segmentation to abstract detail from the input data. Segmen-
tation over time introduces significant flickering issues, which are
not a desirable effect in watercolor animations. Image-time-space
simulation of watercolor has been proposed to address this issue by
Bousseau et al. [BNTS07] but it still produces unnatural artifacts
and is limited in the amount of effects it can simulate.

Finally, example based approaches have also been proposed
in order to simulate watercolor animation using image analogies.
Fišer et al. [FLJ∗14] proposed a system to simulate noise from
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Figure 2: Current system schematic portraying the rendering pipeline. Dark gray elements represent the input data, gray elements represent
the different processing stages and the bracketed elements represent the computed images in the frame buffer.

static watercolor textures. Bénard et al. [BCK∗13] also implements
image analogies to interpolate painted keyframes done by artists.
This is the only system that offers an art-directed watercolor styl-
ization in which the user has localized control over the final look.
However, as textures are required to be painted every few frames, it
cannot be used in interactive applications where the point of view
is not previously defined, such as games and virtual reality.

2.2. Object-space simulation

Object-space simulation approaches the characteristic effects of
watercolor in a more localized manner, as each 3D object will
need to perform the stylization by itself. However, most object-
space simulations are conjugated with image-space simulations to
enhance the outcome.

The system proposed by Lum and Ma [LM01] was one of the
first to simulate watercolor effects in object-space by incorporat-
ing pigment turbulence through the use of filtered noise along the
curvature of the geometry. Burgess et al. [BWK05] extends this
work by simplifying the noise filter used for pigment turbulence
and using object identifiers and depth to find darkened edges and
incorporate edge distortion through additional noise. However, the
results of both watercolor simulated systems offer limited effects,
control and resemblance to the traditional counterpart.

Lei and Chang [LC05] proposed a programmable vertex and
fragment shader system which included a custom reflectance model
based on a simulated color ramp. Image-space simulations, such
as edge darkening through edge detection and paper effects to
recreate granulation and distortion, were performed afterwards. Fi-
nally, Luft and Deussen [LD06] proposed a complex layered sys-
tem where each object with a common identifier is rendered in mul-
tiple passes and each pass is processed by image-space simulations
to later be composed into a final image - together with all other ob-
jects. Further particles are also attached to the geometry in the case
of trees to simulate leaves. The system improves on art-directed

control as each object group gets simulated independently. It also
features paper effects such as distortion and granulation, improves
on edge darkening and adds abstraction levels. However, the system
does not scale well with scene complexity and still misses funda-
mental characteristics such as pigment turbulence.

All modeled object-space systems to simulate watercolor of-
fer a limited reproduction of characteristic effects and basic art-
direction. We propose a system, which contributes to the field, by
improving on these two key elements and scales well with scene
complexity.

3. Art-directed Watercolor System

The aspiration of our system is to create a powerful, user-friendly
object-space watercolor simulation tool that not only focuses on
modeling the characteristic effects of watercolor, but also consid-
ers real-time performance and art-direction as a necessary require-
ment. In the following, the art-directed object-space control over
the watercolor outcome is explained (Section 3.1). Then, the sys-
tem portrayed in Figure 2 is deconstructed and the modeled effects
presented. The currently supported effects include hand tremors
(Section 3.2), color bleeding (Wet-in-Wet, Sections 3.2 and 3.3),
pigment turbulence, edge darkening and paper effects such as dis-
tortion and granulation (Section 3.3).

3.1. Art-direction

Artists will usually not paint an entire painting with an even treat-
ment. They will emphasize, abstract, and add custom effects ac-
cording to their own style and expression. This is especially true
with the aesthetic quality of watercolors, which permits a wide va-
riety of expressions through their volatile effects.

For this purpose, we adopted the masking technique commonly
used for image-space manipulation. However, our mask is not cre-
ated from painted pixels, but by vertices (points) in 3D space. Alex

c© 2016 The Author(s)
Eurographics Proceedings c© 2016 The Eurographics Association.



S. E. Montesdeoca, H. S. Seah & H.-M. Rall / Art-directed Watercolor Rendered Animation

Figure 3: Top to bottom: color image rendered without art-
direction; control image showing vertex colors (Left: RGB chan-
nels | Right: Alpha channel); art-directed watercolor simulation.

Harvill [Har07] has also implemented this idea by rendering a map
of weighted points to control a moving 2D illustration. From cus-
tom texture maps to point weights and vertex colors, these scalar
field data can be used in additional render passes as masking de-
vices for later image-space simulations.

In our system, we have chosen vertex colors for multiple reasons.
They provide four control channels (RGBA), are natively supported
by vertex shaders (compute fast), can be animated for further tem-
poral control and are supported by most 3D software vendors.

For the implementation presented in this paper, we have assigned
the control of effects to the following channels:

• Red -> Controls paper distortion
• Green -> Controls paper granulation
• Blue -> Controls edge darkening and color bleeding
• Alpha -> Controls pigment turbulence and pigment fading

A deconstructed example of the art-directed influences and the dra-
matic change it has over the 3D rendered outcome can be seen in
Figure 3.

3.2. Controlled Object-space Effects

The first step in the rendering pipeline consists of processing the ap-
plication data at the vertex shader stage. At this stage, normally the
vertices are transformed from object space to the respective projec-
tion space. However, our simulation involves two additional distinct

vertex deformations - for simulation purposes - which are explained
next.

Wet-in-Wet and Hand Tremor Deformation

The Wet-in-Wet technique, also referred to as color bleeding, is a
technique where pigment is applied to an already wet surface to
allow the color to spread (bleed) outside of the placement area.

In order to simulate the color bleeding effect, the vertices, which
have been assigned the respective vertex color, are translated along
their normal vector. This is done in order to pull the vertices outside
of its original geometry, simulating the pigment bleeding outside
its contained area. However, the vertices are translated in different
proportions for the control image and the color image (control =
2.5× color). The chosen vertex offsets enable a better result later
on down the pipeline in Section 3.3.

Hand tremors are an essential characteristic of hand painted me-
dia as acknowledged by Wang et al. [WWF∗14]. They are observ-
able in the small irregularities found mostly on the edges of a paint-
ing and are caused by involuntary fluctuations in the human nervous
system.

These fluctuations can be simulated by minimally offsetting the
vertices from the geometric objects, once they are transformed to
the projection space. We chose a sinusoidal noise function as it can
additionally simulate watery deformation, if desired.

Vo = sin(T × s+V × f )× t×Pp (1)

The vertex offset Vo is modulated by the original vertex position V ,
time T and relative pixel size of the projection space Pp. Adjust-
ment variables for speed s, frequency f and tremor amount t can be
chosen for each shaded object - for any desired tremor effect. How-
ever, hand tremors occur mostly in edges where precise control is
required by the artist. Therefore, the vertex tremor Vt is modulated
to do so with the dot product of the view direction ~V and vertex
normal ~N.

Vt =V +Vo(1−a(~V ·~N)) (2)

Once the geometry has been deformed and the additional neces-
sary data calculated, the pixel shader stage calculates the color and
control image.

Watercolor Reflectance Model and Pigment Turbulence

The characteristic translucency found in watercolors plays a piv-
otal role in the way motifs are colored, but is not found in common
shading primitives. Lei and Chang [LC05] proposed the use of a
one dimensional color ramp to define which colors are reflected
throughout the surface. However, this presents problems if the user
intends to use texture maps. Therefore, we propose a custom shad-
ing model based on common shading primitives with additional wa-
tercolor characteristics such as pigment dilution, cangiante illumi-
nation (change in the highlights to a brighter hue) and art-directed
pigment turbulence, together with some minor additional painterly
effects.

To simulate dilution, we calculate the area of effect DA by mod-
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c = 0, d = 0 c = 0.6, d = 0 c = 0, d = 1 c = 0.7;d =

0.8

Figure 4: Watercolor shader with different cangiante and dilution
attributes (dA = 1; C = (194,94,0))

ulating the dot product of the fragment normal ~N and the light di-
rection~L with a dilute area variable dA ∈ (0,1].

DA =
~L ·~N +(dA−1)

dA
(3)

Once the area is computed, the surface color may undergo the
changes of a cangiante illumination which shifts the hue of the sur-
face away from a primary color. Through color theory in art and hu-
man perception, it is known that highlights do not necessarily shift
perceptively towards white. The same rules apply to shadows which
also do not necessarily shift perceptively towards black [Bir87]. To
achieve this, the cangiante color Cc is calculated by adding the di-
lute area intensity multiplied by the cangiante variable c.

Cc =C+(DA× c) (4)

Once the hue at the highlight has shifted, the dilution is performed
by linearly interpolating the cangiante color towards the paper color
Cp through the dilution variable d.

Cd = d×DA(Cp−Cc)+Cc (5)

Results of the shader with different attributes is shown in Figure 4.

Pigment turbulence is a low-frequency noise which happens
when the pigment density is placed unevenly over the flat surface
of the paper. This effect is characteristic for watercolors and is
preferably simulated in object-space. Image-space simulations of
pigment turbulence have been implemented before, however they
are overlaid across the entire image. Therefore, it does not distin-
guish between different painted areas and present "shower-door"
artifacts.

Without turbulence Painted turbulence With turbulence

Figure 5: Shader turbulence breakdown (C = (169,115,235)).

In our approach, we let the user art-direct the density variations
to suit the desired amount and pattern by painting the vertex control
channel Ctrl ∈ [0,1] directly on the object within the 3D applica-
tion. An example of this and the influence it has over the rendered

geometry can be seen in Figure 5. In order to simulate the accu-
mulation of pigments, the color transmittance modification model,
proposed by Bousseau et al. [BKTS06], is used. In this model, the
observed color is the result of the exponential attenuation of re-
flected light which has been transmitted through the density of the
pigment. We additionally use the same control channel to fade the
rendered color C towards the paper color Cp. This is a common
stylistic choice found in watercolor illustrations where the painter
avoids unnecessary scene elements by simply fading the color and
leaving the paper, as is. An example of this effect can be seen in Fig-
ure 3 at the tablecloth. Both algorithms can be found in the equation
below.

Ct =

{
C3−(Ctrl×4) if Ctrl < 0.5
(Ctrl−0.5)×2(Cp−C)+C if Ctrl ≥ 0.5

(6)

To enhance the look of the shader, we support basic shading re-
quirements like the ability to use texture, normal and specular
maps. Additionally, painterly reflectance attributes were also im-
plemented, such as a custom diffuse shading factor, custom shade
color, shade wrap, specularity, hard highlights and atmospheric
fade. However, the deconstruction of these features have been omit-
ted as they are not necessary characteristics of watercolors.

After the reflectance is calculated, the resulting color and control
image are stored in the frame buffer and are processed further by
image-space simulations to obtain the final watercolor image.

3.3. Controlled Image-space Effects

Before entering the image-space stylization stage, additional pa-
per textures, together with a low-pass filtered color image, are re-
quired. The paper textures involve a grayscale intensity map with
the structure of the paper and its respective normal map, containing
the surface inclinations in the red and green channels. The low-pass
filtered color image is calculated by convolving a 21x21 gaussian
kernel (σ = 20) over the color image found at the frame buffer.
To amplify the filtering on minimal computational cost, the blurred
image is calculated at a render target, half the size as the other im-
ages, and linearly interpolated through a texture sampler at later
stages. Once these images have been loaded and calculated, the
image-space stylization stage begins.

Color Bleeding

Previously in Section 3.2, the assigned vertices were pulled outside
their geometry, according to the user painted influence. To finalize
the color bleeding simulation, the blurred image Ib is masked to
the color image I according to the control channel Ctrl - which
previously pulled out the geometry.

Icb =Ctrl(Ib− I)+ I (7)

This is done in order to simulate the pigment diffusion which oc-
curs when the colors bleed into each other. In our implementation,
the blue vertex channel controls this effect and it can be seen in
Figure 3.

Edge Darkening

Edge darkening is a characteristic effect which manifests itself
when the pigment is carried out to the boundaries of a colored area

c© 2016 The Author(s)
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due to surface tension. This causes a higher concentration of pig-
ments at the edges of the image and, therefore, a darker appearance.

Edge darkening has been one of the most studied and imple-
mented characteristic effects. Early solutions in object-space in-
volved analyzing nearby pixels for a difference in depth and object
identifiers [BWK05] and subtracting a blurred intensity from the
alpha values of object identifiers [LD06] - which in turn dilutes the
main color. However, these models present a problem when tex-
ture information needs to be taken into account. Current solutions
to simulate edge darkening in image-space involve edge detection
algorithms such as the sobel filter [LC05,BKTS06]. However, edge
darkening is not simply a darkened outline which would result from
most edge detection algorithms. Edge darkening presents itself as
a gradient darkening along the boundaries of the previously wet
surface.

Blurred image Color image 1 - Edge Mask Darker Edge

Figure 6: Edge darkening simulation process (C = (31,171,224))

To model the gradient pigment accumulation found at the edges,
we build upon the difference of Gaussians (DoG) feature enhance-
ment algorithm. However, as the images do not contain any noise,
only one low-pass filtered image is required. For this purpose, we
take the previously calculated blurred image found in the frame
buffer. Additionally, in our algorithm, the image I is subtracted
from the blurred image Ib. This deviation from the standard differ-
ence of Gaussians algorithm is done in order to avoid edge darken-
ing at brighter areas of the image such as the paper color. Once the
edges have been calculated, the maximum intensity value from the
RGB channels is taken and we use the color transmittance modifi-
cation model to darken the color as seen in Equation 7. The results
from our model can be seen in Figure 6.

Ied = I1+Ctrl×max(Ib−I)
cb (8)

Darkened edges do not occur evenly throughout the painting, there-
fore, the user is able to art-direct this effect by modifying the Ctrl
color value.

Paper Distortion and Granulation

Paper distortion occurs when the rough surface of the paper tex-
ture creates small distortions to the areas which are currently being
painted. This happens through the interaction between the rough-
ness of the surface and the hair of the brushes or through surface
inclinations which move the pigments towards the valleys of the pa-
per. The later cause is also directly correlated with the paper gran-
ulation effect. Paper granulation is the result of the higher concen-
tration of pigments found at the valleys of the paper which generate
a darkened appearance. In order to simulate both of these effects,
actual paper textures were used, as implemented by previous re-
searchers [BKTS06, WWF∗14, LC05, LD06].

In our system, paper distortion is effectively computed by di-
rectly sampling the color values at UVs which have been shifted
by the surface inclinations found at the normal map paper texture.
The amount of paper distortion can also be art-directed towards any
desired result.

The final step in our pipeline involves the paper granulation ef-
fect. Our model is done in a way that permits individual control
over the roughness of the paper and the accumulation of the pig-
ments at the valleys of the papers. One of the main drawbacks of
the color transmittance modification model is that once a channel is
fully saturated, the color will not be darkened as 1n = 1 for n ∈ R.
Therefore, a split model is proposed which linearly interpolates be-
tween the color transmittance modification model and color sub-
traction, depending on the image saturation I.

Ig = I(I−Piv)+(1− I)I1+(Ctrl×dPiv) (9)

The density amount variable d modulates the intensity of the in-
verted paper texture Piv. This in turn is controlled by a Ctrl channel
in order to art-direct the pigment density at the valleys of the paper.

4. Results and Discussion

Once the geometry has been through all the changes and calcula-
tions from Section 3 onward, the final watercolor simulated image
is presented to the user.

Various rendered images can be seen throughout Figure 7. To
observe a breakdown of the simulated effects, the system and the
rendered simulation in animation, please refer to the accompanying
video. An additional comparison to other object-space watercolor
simulation systems can be observed in Figure 8.

Our system has been implemented in Autodesk Maya and uses
Viewport 2.0 as its engine. The simulation scales well with scene
complexity and performs in real-time with the following hardware
configuration: Quadro k5000, Intel Xeon E5-2609 @2.40 and 16gb
RAM. Technical details and performance statistics for each scene
can be seen in Table 1. Real-time performance is crucial for art-
directed systems as the user receives immediate feedback which
dramatically enhances any iterative work-flows to achieve the de-
sired result. Additionally, With the ability to model, animate, shade,
light and render within the same software, pipeline overheads can
be avoided.

Table 1: Performance on different scenes (resolution: 1080p)

Figs. Triangles FPS (avg)
3 83440 122
7a 26088 155
7b 57000 140
7c 106106 120

As it can be appreciated from the rendered images in Figure 7
and the comparisons shown in Figure 8, the results presented by
our system offer a significant improvement in art-direction and,
therefore, the overall characteristic look of watercolor. Some previ-
ous attempts have come close to recreate a specific style. However,
watercolors can be used to create artwork in a variety of different
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(a) Spheres with different settings

(b) Gotita (c) Henry

Figure 7: Rendered frames captured from the Maya viewport

ways. Therefore, we focused on enabling this control in order to re-
produce this stylistic freedom. Thanks to this key feature, it could
be possible for our system to recreate the results presented by pre-
vious researchers and to go beyond them to create unique graphics
that come closer to any desired watercolor style.

Lum and Ma Lei and Chang Bousseau et al. Ours

Burgess et al. Luft and Deussen Ours

Figure 8: Comparison between watercolor simulation systems
(magnify images to see details)

The watercolor characteristics we have modeled extend the
palette of watercolor effects found in object-space systems to in-
clude hand tremors, color bleeding and a painterly watercolor re-
flectance model which takes advantage of the unique translucence

and turbulence of the medium. We also enhanced existing effects
by modeling edge darkening with gradual pigment accumulation,
proposed an efficient way to calculate paper distortion and enabled
split control over paper granulation. All these effects are comple-
mented by art-directed localized control which completely trans-
forms the rendered outcome - depending on the creative abilities of
the user.

Limitations

An inherent limitation of our system lies on the vertex density of
polygonal objects. As control is assigned per-vertex, a certain de-
gree of polygonal resolution is required to guarantee proper con-
trol. Mindful modeling and different levels of detail are suggested
to overcome this limitation.

Art-directed systems are also propense to overwhelm with con-
trol which might not necessarily be required. This in turn affects
the performance and adds clutter to the control application. In our
tests, users rarely used the localized control for granulation and dis-
tortion. For these effects, they were satisfied with global controls
for the entire scene. Further study of user behavior is required to
optimize the system and address this limitation.

Finally, our system still offers a limited amount of watercolor
effects compared to the traditional counterpart. Also, effects like
color bleeding were simplified for performance purposes. These
missing and oversimplified effects require more work which can
be addressed in the future.

5. Conclusion and Future Work

We have presented a system for art-directed watercolor rendered
animation based on intensity channels, which control an enhanced
and extended palette of watercolor effects. Our solution performs in
real-time, is production ready within Autodesk Maya and can eas-
ily be implemented into further engines. We are able to produce an
extensive variety of styles, outperforming previous systems which
rely heavily on parametric values for watercolor stylization. Our
system manages to solve the challenge of art-direction in object-
space watercolor simulations and opens new opportunities for fu-
ture applications and research.

There are several ways in which the proposed watercolor sim-
ulation system can be improved and extended. The most impor-
tant is to further extend the palette of simulated watercolor effects.
Characteristic effects such as, for example, dry-brush (dry-on-dry
technique), the high frequency turbulent noise caused by layered
patches of water, the unpainted gaps at the borders of painted ar-
eas and the outlining pencil strokes found sometimes in water-
color illustrations. Effects which have already been simulated are
also open for improvements. The use of control vertices can also
further be optimized and extended by either adding further ver-
tex color sets or encoding multiple effects within the color inten-
sity channels. Finally, a watercolor system can further benefit from
a dynamic paper simulation - when alternating paper textures are
not desired. This feature could enhance frame-to-frame coherence
and can be extended from previous work regarding dynamic can-
vas [CTP∗03, KC05, BBT09].
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