Introducing artistic tools in an interactive paint system
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ABSTRACT

While paint systems have been around for a long time, systems capable of capturing the complex behavior of paint media like
watercolor, gouache, Oriental ink, oil and acrylic paint have emerged only recently. However, concentrating on the simulation
of paint and brush mechanics, these applications mostly provide just a minimal set of instruments assisting users in creating
artwork.

We report on the extension of our physically-based paint system for watery paint with a set of versatile tools supplying users
with more control during the painting process. We introduce, among others, the use of masking fluid, a special-purpose brush
using patterns to steer paint diffusion, and the adoption of an absorbent, textured piece of paper to remove some wet paint from
the canvas. Results show that images created with genuine paint, using real-life counterparts of some of these tools, can be
closely reproduced with our application. Additionally, our digital tools can produce effects that are difficult or impossible to
achieve with real paint, while retaining the spontaneous nature of the resulting images.

keywords: 1.3.4 [Graphics Utilities]: Paint systems, 1.3.5 [Computational Geometry and Object Modeling]: Physically based
modeling, B.6.1 [Design Styles]: Cellular arrays and automata

1 INTRODUCTION Despite this convincing list of advantages, so far

The large amount of research invested in creating di?@/nt Systems have had little impact on how artists make
ital equivalents of real-life painting is not surprising,'mages' Most still prefer to use the traditional meth-

given the fact that throughout the majority of our his-0ds because the digital results look too artificial. Also,

tory people have been fascinated with creating image®/Nile moving f'romha r?al-l|f§ canvas to 'thle Computerf
The activity is accessible and very simple so that user}crefs_?* an r?‘_”LStdS ould galnlan incredib z aTO']:mrt] 0
of all ages can practice it; yet, mastering it is comple€XiPility, which does not apply to a great deal of the
enough that it remains challenging, even to an eXpeﬁlppllcanons the relatively long history of painterly ren-

Digital interactive paint systems have the same exte/f€ring research has brought us. ,
cive audience. In recent years, however, researchers are targeting

Working with an ideal paint system would have Sev_exactly these problems, which already resulted in in-

eral advantages compared to the real process: teractlye systems tha_lt are abl_e to capture the Complex
behavior of Oriental ink, acrylic and watercolor paint.

e the material is free, durable, and can easily be cuddost of these systems provide just a minimal set of in-
tomized according to a user’s needs; struments complementing the brush and canvas model.

Also, while trying to mimic the real-life equivalents of

the virtual material, the possibilities of integrating tools

e making images is more practical; there is very littlethat are non-physical or quasi-physical are not fully ex-

set-up time, no mess and no cleaning up afterwardglored yet. In this work we propose several of these
extensions to our simulation for watery paint; some

e itallows post-processing and making perfect copiesiave no correlation with the real world, while others are
commonly used by artists but had not been introduced
{n any paint system yet.

e painting becomes even more accessible;

e during painting, digital tools allow all sorts of non-
physical operations, undoing, removing pigmen

and water, . ... The rest of this work is organized as follows: first

Permission to make digital or hard copies of all or part of thiswe will state our contributions to the domain, followed

work for personal or classroom use is granted without fee provide . . :
that copies are not made or distributed for profit or comme cia%y a short discussion on previous related work. Next, a

advantage and that copies bear this notice and the full citation gn trguick review of our paint system for thin paint is pre-
first page. To copy otherwise, or republish, to post on servers for tganted. Section 5 discusses how some of the techniques
redistribute to lists, requires prior specific permission and/or a fee. . . . . .
we will add to the system are applied in real-life, with
%)gggpzc;ozgroceedings,SIOSBy 50-86943-%3?6 right after some notes on how we integrated them. Fi-
» January 30 - February 3, nally, results are shown and discussed in section 7 along

Pizen, Czech Republic. - . . .
Copyright UNION Agency — Science Press with some conclusions and future work in section 8.
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2 CONTRIBUTIONS On the other side of the support-spectrum are the
We extend our real-time interactive paint systemforwa(-:ommer(fIal paint systems like Adobe Photc_)shop and
tery paint with the following tools: Corel Painter. The amount of complex tools integrated

with these applications is overwhelming, making it vir-
Textured tissue removes pigment and water with atually impossible for untrained artists to create digital
textured, absorbent piece of paper, leaving a distin®@intings with the same ease as in the real world.

pattern. The recent work of Chet al. on Oriental ink simu-

Diffusion controller allows customizing or “steering” lations [CT03] incorporates several special effects and

the diffusion process by means of a user-defined pagontrols that are hard or impossible to reproduce in real
tern. life. They provide control over paint wetness, allow-

ing dried ink to flow again, or to fast-forward the dry-
Masking fluid sits on the canvas, protecting paint ining process. An interesting option in their system is
all layers beneath it. the possibility to tinker with the pigment advection al-
gorithm, creating magnetic-like effects where pigment
can be pushed or pulled. A “splash and spray” tool pro-
vides an alternative way of applying ink to the canvas,

Paint profile collects predefined palette and canvas pa2y €mitting a pattern of ink drops using some simple
rameters under a single identifier, facilitating thePhySics scheme.
ability to switch between different paint media andg A CANVAS MODEL FOR SIMULAT-
styles. ING WATERY PAINT
With these increments we are able to create some dik this section we will give a brief overview of our re-

tinctive effects that previously were difficult or impos- cently introduced canvas model for interactive simula-
sible to produce. tion of thin, watery paint in real-time [VLVRO05].

Selective eraserremoves some/all pigment and/or wa-
ter from an active paint layer.

3 BACKGROUND Inspired by an implementation of a system that pro-
. . . duced watercolor images from input images [CAS],
In literature, several authors recognized the fact that I s the first model that provides real-time painting ex-

:gg?gt'zgrﬁa'lgt'r:gn?iﬁpl'fhaglorj’caerdeulpen;edu?;r?upg?r::'ggerience with watercolor paint, targeting both realis-
’ P 9 P P 9p ic paint behavior and convincing rendering of semi-

ink on a canvas using some sort of brush model. Th'ﬁansparent glazes. In addition, it supports simulation

issue arrises within the domain of interactive paintin%f paint media related to watercolor, like gouache and

systems, rather than the “automatic” painterly render(—)riental ink.

ing systems that convert an input image to a painterly Figure 1 depicts a schematic view on the canvas
style equivalent. o . .

. .model consisting of three active layers and an unlim-

Smith stressed the fact that one should make a d ted number of passive layers. The passive layers are

ference between a digital paiptogramand a digital . . . .
. . .. considered to be layers of dried paint that do not partic-
paintsysten{SmiO1]. Although both can be des;crlbedipate anymore in the dynamics simulation.

as just “applications processing pixels”, the term “sys-

tem” implies many more features and much more ca- Active layers

pability than just a “program” that simulates painting Shallow fluid layer

with a brush on a canvas. A paint system might ever B

encompass several other sub-programs. g 7 Surface layer
Related to this matter, Baxteet al. pointed out / A

that current research in the area of painterly render B : Capillary layer

ing mostly emphasizes that of painting, the appear- —

ance of the final_product, while paying less att_ention to = e Passive layers

the craft of painting [BSLMO1], the way an artist uses o

different materials to express himself. His dAb paint
system for painting with acrylic or oil combines a de-
formable 3D brush model with a force feedback input
device to enhance the user’s sense of realism, who chfgure 1: The canvas model, with three active layers
focus on the painting process itself. Using a minimaland an unlimited number of passive layers.

istic interface, however, it disregards some of the extra

digital benefits that can assist a user during the creationEach layer consists of a 2D grid of cells on which
of his artwork. operations take the form of cellular automata. In the
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shallow fluid layer, the model adopts stable fluid dy-
namics algorithms based on the work of Stam [Sta99
to transfer pigment densities and water quantities on toj
of the canvas. Heuristic rules handle the deposition o
pigment within the irregularities of the canvas surface
(represented by the surface layer), as well as the evay em——
oration, absorption and capillary diffusion of water in-
side the canvas structure (in the capillary layer).

Rendering of the canvas is handled by the Kubelka-
Munk diffuse reflectance model.

All algorithms participating in the dynamics phase
and the rendering phase of the simulation are imple-
mented on graphics hardware as fragment shaders tif@gure 2: Applying masking fluid with a brush on the
operate on a set of textures containing the relevant sirganvas [Smiog].

ulation data.
For more information concerning the details of this
model, we refer to literature [VLVRO5]. 5.3 Masking fluid

5 REAL-WORLD ARTISTIC TOOLS ) . .
Masking can be useful to prevent staining a specific

In this paragraph we describe how the techniques Wee4 of the canvas, in several ways. A first application
implemented in our system correspond to working withs t optain sharp and exact contours in the painting. A
water colour in real-life. second application is to protect large areas from paint
5.1 Textured tissue when using broad washes.

In real-life, an absorbing piece of paper, a sponge, or Note that masking can be used both in areas with and

even dried breadcrumbs can be used to remove an élxi_thou_t paint, and _that it can be used in layers. In real-
cess of pigment and water from the canvas and to lealif€ painting, masking can generally be done using two
an impression of the texture. This can be done righcyf_ferentmaterlals: tearable adhesive tape, and masking
after applying the paint, but also when the paint is alfluids.
ready dry. In that case, the dried paint is made wet againA first method is to delineate a certain area of the
by rubbing over it using a wet brush. This way, someaper by using adhesive tape, which can be teared to
paint pigments come loose again, and can adhere to thgtain specific shapes. This method however does not
absorbing piece of paper. The result is a print of th@llow for very precise control. A second, and more pre-
texture of the paper, which can create interesting visu&ise, method is applying masking fluid with a brush on
effects. Figure 3 shows the application of an absorbintje canvas (figure 2). This fluid is a removable colorless
piece of paper. liguid made from rubber and latex staining that can be
5.2 Diffusion controller used to mask areas of work that need protection when
color is applied in broad washes. Once dry, these areas
The second contribution of this paper is a diffusion conremain protected and cannot be penetrated by colour.

troller, which allows steering the diffusion of paint, us-Afterwards, the dry masking fluid can be removed by
ing a special-purpose brush. In this way, we can obtaifbbing with the hand.

blooming colours also obtainable in real-world paint- | 5.,r system, the masking fluid is more easily and
ing then painting using a technique known as *wet-ing g isely controllable. The tool retains its usefulness,
wet”. The English artist Joseph Mallord William Turner g, with the availability of Undo functionality, and the
was the first to exploit extensively the wet-in-wet teChy,se of several layers. With the masking fluid, one can
nique, where paint is applied on a wet piece of pap&gily obtain sharp borders throughout several layers of

[Mac05]. Combined with the transparency effects thalaint whereas it would be cumbersome to get this effect
can be obtained with glazing, blooming can create Vig;ihout.

brating visual effects.

In real-life, the amount of blooming depends on the
wetness of the paper, on the pigment characteristics ahd4  Selective eraser
on paint quality. The directions and amount of bloom-
ing can be influenced by holding the paper in the defhis tool has no exact counterpart in real world paint-
sired direction, because it is influenced by gravity, anthg. There, it is only possible to remove part of the pig-
by the amount of paint and water. Blooming is ofterments which are deposited on the paper. Precise control
used for skies and water in particular, but also to obtaiis not possible, and selectively removing a specific pig-
interesting effects of atmosphere, light, and texture. ment is not possible either.
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5.5 Paint profile The simulation step that deals with the diffusion of
» pigment densities is handled by the diffusion compo-

In _real life, a pop_ul_ar t_echmque IS mixed me.d'a.’nentvmzri of the Navier-Stokes equation [Sta03]. Be-
which means a painting is created using a Combmmo@ause of its simplicity and cheap execution on graphics
of different media, e.g. both Chinese ink and wate plictty P grap

) ) . ardware, we use the Jacobi iteration method to solve
colour, and even gouache. Using these profiles, it b

; : . >S: ! D8his Poisson equation and calculate the new pigment
comes much easier to integrate different media into Bansitiesonew NG i h i -
single painting. ensitiesp™®" at cell (i, j) each time step [VLVRO5]:

6 DIGITAL ARTISTIC TOOLS new

_ _ Py = (opij+ Pivajt
We will now take a clqser Iook_on how the techniques PLitit+Pis+pij1)/(40+a) (1)
introduced in the previous section are implemented.

. with oo = cellared (vAt) andv the diffusion rate. Intu-
6.1 Textured tissue itively, what happens is that all cells keep exchanging

The tissue is applied to areas on the canvas where pafightent, trying to cancel out differences in concentra-
is not completely dry yet. At this point the brush be-tion with neighbouring cells (figure 7). This way, when
comes a metaphor for the finger, applying pressure dHopping pigment densities into a wet area on the can-
the tissue as long as the brush touches the canvas s¥a&s. this particular diffusion algorithm would result in
face. something similar to the top image in figure 6, which is

The tissue is modeled as a texture in which one coldot What we want and which certainly does not corre-
channel is used for storage of a height field (the irregsPond to what happens in real-life (section 5.2).
ular surface of the tissue), and a second color channel!f we introduce a scale factd j at each point where
marks transferred cells on the tissue, making sure tife€lls exchange content, we can control the amount of
tissue does not remove all material from the canvas. Pigment density that is passed from one cell to a neigh-

Water in the fluid layer of the canvas model is abPour while retaining conservation of mass:
sorbed by the tissue and, at the same time, an amount
of pigment is transferred from the canvas surface area to
the tissue according to the magnitude of the pressure atp;; " = (apij+ (Bp)i+1j+ (BP)ijr1+
that point. In our examples we used a circular pressure o .
field I[\)/vith a Gaussian dli?stribution. The amountspof ma- (PPl +(BP)ij-2)/ (B +0) (2)
terial removed are not individually stored by the tissue \ith B, = .1 i+ B+ B+ B
but combined to a single “mark”-value. This procedure ’ ’ ‘ ’
is shown in figure 5.

The operation is implemented using three fragmergigment exchange with neighbouring cells, wiglg =
shaders. Two shaders remove pigment and wat§fg ¢ responds to no blocking at all. These values are
amounts from the canvas according to the tissUgq e in a texture (the blocking texture) and used by
texture’s x-channel, F:ontammg height f'elq Value%he fragment shader that implements the diffusion al-
between 0 and 1 (the wregular surface). A third shad orithm to look up per-cell blocking values. Figure 6
marks the transferred cells in the y-channel of th hows a few examples of blocking patterns we used in
tssue texiure. _ _ _ . painting with black ink. The second pattern from the

We assume that a “clean” tissue is used after liftingo; is grawn by hand and is mainly used in the results
the brush from the surface. At this time, the markegcayse of its natural appearance. Once the brush tip
cells on the tissue are cleared. _ touches the canvas such a pattern is written into the

The left side of figure 4 depicts a close-up of the tispgcking texture, locally “steering” the diffusion pro-
sue used in our system. It was sampled from the piegss in the next simulation steps. In practice, we com-
of paper displayed in the center part of figure 3. Thg;ne yalues of the height field of the canvas with values
final result. of th|s. operation is a footprint of the tissue¢om the blocking pattern to create a combined block-
as shown in the right part of figure 4. ing value. This takes into account the fact that the can-
. . vas surface also affects the way pigment diffuses. The
6.2 Diffusion controller percentages in figure 6 indicate how much the pattern

The “diffusion controller” introduces per-cell blocking contributes to the total blocking value.

values in the simulation, forcing pigment densities to

follow a predefined pattern during the diffusion process. This procedure is able to mimic the blooming effect
There is no real-world tool that allows this kind of paintin the brush’s footprint, as described in the previous
manipulation. section. In extending this technique to create similar

A blocking factor i j = 0.0 effectively cancels out
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Figure 3: Applying a textured tissue to an area of wet black ink. The result is a print of the texture of the paper.

effects in a stroke once the brush is dragged on the car
vas, we have to make sure the blocking pattern is ap
plied at regular intervals. Moreover, the pattern has tc
disappear after some time period in order to avoid inter-
ferences with neighbouring strokes. This issue is han
dled by assigning each pattern in the blocking texture
an age-value. Each time-step a small value is subtracte
from the cells in the blocking texture, reducing them to

>

tissue pattern
(2 channels)

P A

v tissue

&T pigment & water transfer

&
5B
=8

Zero over time.

The right image in figure 6 demonstrates some

surface layer $

strokes drawn in black ink with the diffusion controller Figure 5: Removing water and pigment from the can-

brush.
6.3 Masking fluid

vas surface with an absorbent tissue.

The masking fluid forms a protective, solid layer on top Similar to real masking fluid it is possible to cover
of the canvas, securing all layers below. While paintit while painting; the paint just should not reach the
ing with this special kind of pigment, instead of addingcanvas. This condition is assured by the ability to re-
densities to the textures containing pigment data, waove all pigment in the masked area when starting a
mark affected cells in a mask layer that has no role inew layer, or when removing the masking fluid.

the dynamics phase. This layer is drawn on top of the When starting a new layer, all water quantities and

canvas.

pigment densities in the active layers covering the

Because the passive layers do not participate in thmask pigment are first removed, leaving the canvas
dynamics phase of the simulation, we only have to conintouched in that area. The same procedure is followed
sider the effect of the masking fluid on the three activevhen removing the masking fluid.
layers containing water quantities and pigment densi- The masking fluid is distinguished from strokes

ties.

Figure 4: (left) A fragment of the textured tissue used
in our system, rendered with per-pixel bump mapping.
(right) A computer-generated example showing the re-
sulting image after application of the textured tissue
tool on a wet area of black ink. A distinct print of the
tissue is still visible.
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drawn with regular pigment by decorating it with
whites crosses on red circles, as indicated in figure 8.

6.4 Selective eraser

A more versatile tool than the classic eraser that wipes
paint from the canvas is the “selective eraser”. It can
reduce or remove densities of a specific pigment from a
mixture, both from the fluid layer and the surface layer.
Similarly, it is possible to reduce or remove water quan-
tities from the fluid layer and the capillary layer.

Because all simulation data is stored in float-texture
objects, the implementation of this tool translates to a
simple fragment shader that can be customized for the
manipulation of one or more specific color channels of
the data texture.

Despite its simplicity, the selective eraser has proofed
it's usefulness as an error-correction tool.

ISBN 80-86943-03-8



_rt;?ocking$.

- -y
“'\‘W/ *
. -9y
- -Bee

Blocking 80% 90% 100%
pattern blocking factor

Figure 8: Using the masking fluid, which was previ-
ously applied by a brush (left), to cover the canvas
beneath. To distinguish the masking fluid from regu-
lar pigment, it is decorated with a distinctive pattern.
After removing the masking fluid the canvas remains
untouched (right).

To cope with these different environments we intro-
duce the notion of a paint profile, which combines all
such properties and relates them to a specific name. The
result is that we can easily change to a different paint
media with a single mouse click and that we can even
mix different styles in a single painting. At present our
system supports three profiles: watercolor, Gouache
and diffuse Oriental ink.

Figure 6: (left) Examples of blocking patterns used
to “steer” pigment in the diffusion process. Each row
shows the effect of 80%, 90% and 100% contribution
of the pattern to the total blocking value. (right) A
computer-generated example of some strokes drawn
with the diffusion controller brush. The hand-drawn
pattern was used to influence pigment diffusion, giving
it its natural look.

7 RESULTS

All computer-generated images presented in this work
i,j+1 were drawn interactively and in real-time on a simu-
T| lation grid of 512x 384 cells, processed on a Intel(R)
N Pentium4 2.40 GHz system equipped with a NVIDIA
=T GeForce FX 5900 graphics card. A Wacom tablet in-
| terface was used as an input device. As described in
i [VLVRO5], a frame rate of 20 Hz is attained by pro-
IV i cessing only the areas of the canvas that correspond to
X

“dirty” cells in an overlay grid.

The simulation results are displayed at higher resolu-
tion than the simulation grid by applying simple bilin-
ear interpolation. Unfortunately, this also causes blur-
ring of sharp stroke boundaries. One solution would
be to increase the resolution of the simulation grid, at
the cost of a slower simulation. A better approach is
. fil presented by Chet al. [CTO5], which consists of an
6.5 Paint profile image-based technigue they call “boundary trimming”.
Our paint system is capable of simulating several relt restores sharp edges by reconstructing them with an
lated paint media: watercolor, Gouache and Orientainplicit curve that is used to “trim” excessive pixels.
ink. Each one depends on a different setup of the simd+his post-processing step could be integrated in our
lation [VLVRO5]. simulation to produce higher resolution images at low

For example, Oriental ink requires a highly textureccost.
and absorbent canvas, and the dense carbon particles aréigure 9, a painting in Oriental ink based on the
so heavy they can be carried inside the canvas. Gouaclerk of Marie-Anne Bonneterre, demonstrates the use
on the other hand resembles watercolor but is applieaf both the textured tissue and the diffusion controller.
in thick opaque layers on the canvas, creating flat coldrhe black background was taken from a real painting
areas. Its palette contains a white pigment, which isade with black ink.
not present in a watercolor palette. Therefore we have The two results in figure 10 show how the masking
a large amount of settings that relate to the canvas, tffieid can be used to protect existing layers while paint-
fluid flow, the palette and the brush model. ing a darker glaze on top.

Figure 7: The unmodified diffusion algorithm makes
cells exchange contents with neighbouring cells until
an equilibrium is reached.
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Figure 9: A computer-generated image in Oriental ink, based on the original work of Marie-Anne Bonneterre.
The distinct patterns on the flags are caused by usage of the textured tissue in combination with the diffusion
controller. The black background was scanned from a real painting made with black ink.

Figure 10: Applying masking fluid to “oranges”, a watercolor work in progress (left), in order to place a message
in a part of the orange that is darkened (right).

8 CONCLUSION AND FUTURE watercolor mediums, these extra characteristics can be
WORK modified. Future work includes investigating how we
can offer these paint modifiers to the user efficiently.

We augmented the capabilities of our paint system b

means of several useful tools. Each one contributed ACKNOWLEDGMENTS

the expressiveness of the painting experience, facilitaye gratefully express our gratitude to the European

ing the creation of images that lack the traditional artififund for Regional Development (ERDF), the Flemish

cial look of computer-generated images, as was show®overnment and the Flemish Interdisciplinary institute

in the results section. for Broadband Technology (IBBT), which are kindly
There is more to a pigment than just the colour alondunding part of the research reported in this paper. Part

Characteristics are e.g. the amount of staining, transf the work is also funded by the European research

parency, granulation, and spreading quantity. By usingroject IST-2001-37116 ‘CUSTODIEV".
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