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ABSTRACT
This paper presents a novel interactive system for guiding
artists to paint using traditional media and tools. The en-
abling technology is a multi-projector display capable of con-
trolling the appearance of an artist’s canvas. This display-on-
canvas guides the artist to construct the painting as a series
of layers. Our process model for painting is based on classi-
cal techniques and was designed to address three main issues
which are challenging to novices: (1) positioning and siz-
ing elements on the canvas, (2) executing the brushstrokes to
achieve a desired texture and (3) mixing pigments to make
a target color. These challenges are addressed through a set
of interaction modes. Preview and color selection modes en-
able the artist to focus on the current target layer by high-
lighting the areas of the canvas to be painted. Orientation
mode displays brushstroke guidelines for the creation of de-
sired brush texture. Color mixing mode guides the artist
through the color mixing process with a user interface simi-
lar to a color wheel. These interaction modes allow a novice
artist to focus on a series of manageable subtasks in execut-
ing a complex painting. Our system covers the gamut of the
painting process from overall composition down to detailed
brushwork. We present the results from a user study which
quantify the benefit that our system can provide to a novice
painter.

ACM Classification H5.2 [Information interfaces and pre-
sentation]: User Interfaces. - Graphical user interfaces.

General TermsDesign, Human Factors, Algorithms

INTRODUCTION
In this paper, we present an interactive painting system to
support novice artists in the creation of paintings using tra-
ditional media and tools. In contrast with other computer
painting systems that provide tools for digital image synthe-
sis, this work focuses on guiding users to paint according to
classical techniques for creatingpaintings as objects, not just
images. By employing multiple projectors to create an inter-
active display on the artist’s canvas, our system is capable of
augmenting a painting in progress with visualization features
to assist with technical details such as brushstroke position,
orientation and color mixing. We present a set of interaction
modes designed to address common challenges for novices.
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Figure 1: (a) Painting studio setup (b) Viewing a layer
in preview mode(c) Painting the black regions of a
layer in color selection mode(d) Final painting created
using our system

Our system is part of a long history of tools for reflecting and
capturing the perspective and shading of a scene as a first step
in establishing the structure of a painting. Perhaps the most
well-known of such tools is thecamera obscura[22]. The
modern descendant of the camera obscura is theart projec-
tor, a projector sold in most major art stores. The art pro-
jector is commonly used by professional painters to make
accurate perspective sketches as a first step in copying origi-
nals. By replacing the art projector with video projectors and
a camera, we propose using visual feedback to guide the user
through the steps that follow toward creating a final desired
painting.

Our system employs a multi-projector adaptive display for
minimal intrusion on the traditional painter’s environment in
order to assist with painting technique. The display is formed
on the canvas by aligning multiple overlapping front projec-
tors. As shown in Figure 1(a), projectors are positioned on
both sides of the artist to minimize the occlusion of the pro-
jected light by the artist’s body. The design of our system is
based on our previous work on shadow removal using redun-
dant projection [23, 7]. Following a geometric calibration
step, each pixel on the display may be illuminated by two
rays of light. In addition to reducing shadows, this redun-
dancy facilitates adaptation to the painted canvas.



An issue that arises in projecting onto a painted canvas is the
need to photometrically adapt the projected image to com-
pensate for the varying reflectance properties of the paint.
We use visual feedback to incrementally adjust the projected
light for each canvas pixel so as to minimize the difference
between the observed and desired display color. This visual
feedback approach has the advantage of avoiding the need
for an explicit model of paint reflectance. Our domain is
a challenging one for adaptation because the canvas is con-
tinuously changing throughout the painting process and the
presence of wet paint results in specular surfaces. We note
that projecting onto the canvas from behind is not an option
when opaque paints such as oil and acrylic are used.

This paper makes the following contributions:

• A novel interactive system for guiding artists to paint using
traditional methods and tools.

• A set of interaction modes for a canvas-centric interface
which supports a traditional layer-based approach to paint-
ing.

• A novel method for creating virtual paint on a previously
painted canvas, which allows artists to paint each layer
without being distracted by the layers underneath.

We have conducted a user study which quantifies the benefits
provided by our system over a standard art projector in assist-
ing novice painters. We show that our system provides a sig-
nificantly greater improvement in the confidence of novice
painters and enables them to produce higher quality artifacts
as measured by a panel of experts.

Related Work
While there is a long line of work in painterly rendering for
digital images [11, 15, 8, 20, 13, 12] and the simulation of
traditional media and tools for art [4, 3], to our knowledge
there have only been a few systems for creating art as ob-
jects using physical tools. A robotic painting system named
AARON [14] has been actively developed for three decades
and its paintings have been featured in several museums and
art galleries. The Everywhere Display (ED) demonstration at
Siggraph in 2001 [17] guided users to create “paintings” on a
table out of a collection of M&Ms. In contrast, our system is
designed to support a fundamentally creative process within
the framework of traditional painting practice.

Other researchers have used projector-camera systems to sup-
port spatially augmented reality [18]. Shader lamps [19],
for example, used multiple projectors to illuminate complex
models, such as the Taj Mahal, or animate static objects,
such as toy cars. As an application of real painting aug-
mentation, [24] use projectors for restoring colors in dam-
aged paintings. In the work of [5], a film was applied to a
painting to make the surface more amenable to displaying
visualization information, such as x-ray images, directly on
the canvas for display in art museums. A system described
in [1] used a single portable projector to create displays that
spanned multiple non-coplanar surfaces. Multiple projectors
were used in [6] to boost the dynamic range of projected light
in a view-dependent stereoscopic display that featured pho-
tometric adaptation to the projection surface. In contrast to
these applications, the goal of our system is to support acre-
ative processthrough the construction of a dynamic display

on the work of art as it is being developed. Our compensation
approach is based on the method of [16], which addressed
the problem of projecting onto photometrically non-uniform
surfaces using feedback.

MOTIVATION AND GOALS
Existing tools that support the creation of works of art in-
clude books and manuals, demonstration videos, and art pro-
jectors. These tools have many deficiencies which limit their
effectiveness. While books and manuals can demonstrate
technique and illustrate the elements of painting style, it is
difficult for the novice painter to bridge the gap between the
printed page and the canvas. For example, painting manuals
such as [2] demonstrate how to decompose a complex paint-
ing into a sequence of layers, but do not provide any direct
support for the execution of each layer on the canvas. The
execution of individual layers affects the overall composi-
tion in ways that are difficult for a novice painter to predict.
It is also hard for novices to detect deviations between the
painted layer and a reference picture.

In contrast to books and manuals, art projectors do provide
direct support for the execution of the initial stages of a paint-
ing through their ability to project light directly onto the can-
vas. Art projectors are commonly used to trace or sketch
onto the canvas the rough geometric forms that comprise a
painting. Unfortunately, art projectors are unable to provide
support to the artist throughout the entire painting process.
They are also cumbersome to work with, as they lack the
ability to calibrate and adapt automatically to the canvas and
its contents.

The motivation for this work is the opportunity to leverage
recent advances in projection and camera-based sensing tech-
nologies which make it possible to create a new projector-
based painting aid. Our painting system has a number of
novel features: it supports interaction directly on the canvas,
it incorporates a model of the painting process, and it sup-
ports adaptation to an evolving painting through sensing and
analysis of the painted content.

The target audience for our system is novices who would like
to have an enjoyable painting experience while creating a
high-quality work of art. Our system is designed to enable
people who have never painted before to create a piece of
artwork that they can be proud of. We accomplish this task
by addressing, in the design of our system, the primary dif-
ficulties and pitfalls which novices encounter when working
with oil paints. Note that we are not claiming to teach people
how to paint or to provide a substitute for formal art instruc-
tion. Our system is part of a spectrum of painting aids which
include traditional art projectors as well as instruction books
and videos. Unlike these passive aids, however, our system
is interactive and adaptive and incorporates a computational
model of the painting process.

LAYER-BASED PROCESS MODEL FOR PAINTING
The versatility of oil and acrylic paint as an artistic medium
has led to the development of highly refined processes and
techniques for expressing a wide variety of artistic styles.
These processes range from the quick freeform application of
paint in impressionist styles to the painstaking 7-layer Flem-



ish method, a classically realist style with drying periods of
months between each layer [21]. Coupled to these wide vari-
ations in the strategy for building up a painting is an equally
wide range of methods for applying paint to canvas, from
precisely controlled strokes or dots to the ’drip and splash’
approach that characterized Jackson Pollock’s work.

The design of our system is based on the following two as-
sumptions about the process of painting in acrylics and oils:

• We assume that paintings will be planned out in advance of
execution and decomposed into a series of layers that can
be applied to the canvas in linear order (back to front).

• When painting each layer, we assume that the artist will
want to apply paint to the canvas in an orderly, sequential
manner and will base their palette on the color scheme for
the layer and the desired amount of manipulation.

Under these assumptions, a painting consists of the execu-
tion of a series of layers. Therefore, our system adapts a
layer-based representation. In painting each layer we assume
that the artist will mix one or more desired paint colors, se-
lect an appropriate brush or knife, and load it with paint.
The artist then chooses a region of the layer corresponding
to the selected color, applies the paint, and manipulates it
until the desired effect has been achieved. Thus a layer is
painted region-by-region until it is complete. The interaction
modes described on the next page are designed to support
each of these tasks. While our approach can apply equally to
acrylic paints with minimal modification, for the purpose of
our discussion and experiments we will confine ourselves to
painting in oil.

Our model of the painting process is consistent with a num-
ber of classical and popular painting styles. Traditional layer-
based oil painting methods are characterized by long drying
times, which can be accelerated by thinning the paint heav-
ily with turpentine, as in the “fat over lean” approach [10].
In these layer-based methods, wet paint is applied on top of
existing layers of dry paint. An alternative is the Alla Prima
method of wet-into-wet, which was popularized by Impres-
sionist painters like Edouard Manet. In this approach paints
are applied in rapid succession without intervening drying
times. The goal is to achieve decisive, clean strokes which
remain visible in the final painting. Although the Alla Prima
method is not limited to a layer-based painting approach, it
is compatible with our layer-based computational represen-
tation. Brushstrokes will often follow a progression in both
size and color as early layers tend to consist of broad gen-
eral strokes, followed by a progression of detail. Cézanne’s
advice, cited in [10], was to “start with the broom and end
with the needle!”. Similarly, the more opaque light paints
are frequently applied after the darks. For the purpose of
testing and evaluating our painting system, we have adopted
the Alla Prima method, as the shorter drying times facilitate
experimentation and the immediacy of the technique is ap-
pealing to beginners.

The layers which our painting model requires can come from
a variety of sources. One possibility is to capture the paint-
ing process of an experienced artist. In addition, layers can
be scanned in from painting manuals and registered. We can
also use painterly rendering techniques to create layers auto-

matically from photographs or 3-D models. One of the exam-
ple paintings from our video submission uses the method of
Hays and Essa [12] to generate layers from an input photo-
graph, by rendering brushstrokes along contours which are
generated by a multi-scale edge detector. Low frequency
edges are rendered with wider brushstrokes and high fre-
quencies are rendered with narrower ones.

CHALLENGES FACED BY NOVICE PAINTERS
Novice painters face a variety of challenges in executing a
complex painting, including the difficulty of positioning and
sizing the elements of the composition on the canvas, the
challenge of executing the required brushstrokes, and the com-
plexity of mixing paints to achieve the desired colors. For
example, as described in [10], inexperienced painters often
make the mistake of working on one small area of a painting
until it is finished and then move on to the next area. This can
result in a “confused and disjointed image because each area
of tone and colour is separate and unrelated to its neighbors.”
Our adoption of a layer-based approach and the development
of interaction modes which support the execution of individ-
ual layers addresses this concern.

The desired look of the painting is achieved through careful
control of the brush, by regulating the pressure, movement,
speed, and distance of each stroke. Impasto, for example,
is a technique for producing a “fresh, vigorously textured
look” [21] using thick, expressive brushstrokes. Smith [21]
recognizes the difficulty of applying brushstrokes to gener-
ate the characteristic impasto texture in a uniform manner
throughout a layer. This is an example of the larger class
of problems novices may face at the brushstroke application
level. Our system can provide guidance in the application of
brushstrokes to create a desired effect.

Color mixing is one of the most difficult tasks faced by a
novice painter. The proportions of paints which must be
combined will vary dramatically from one shade of color
to the next, and most beginning painters are unfamiliar with
the subtleties of the subtractive color space that governs the
paint mixing process [9]. In our observations, users can eas-
ily spend 20 minutes or longer in an attempt to reproduce
a specified color for a particular painting. These long de-
lays are a source of frustration, particularly when users must
re-mix a given color after running out of it. Our system in-
cludes support for color mixing by automatically identifying
the components that are required for a particular color and
adaptively guiding the mixing process.

INTERACTION MODES
Our system is designed around a set of interaction modes
that assist the artist in painting the ordered set of layers that
comprise a finished painting. We support hands-free switch-
ing between interaction modes using a foot pedal (see the
included video for example usage). Each interaction mode is
realized by projecting light onto the surface of the painting
itself and adapting the projection to existing paint on the can-
vas in creating the desired display. We describe our adaptive
projected display in the following section. Our system pro-
vides five interaction modes to support the painting process:

• Preview Modeto display layers
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Figure 2: (a) Layer 4 out of 4 in preview mode, with highlighted region around lips. (b) Closeup of lip region. (c) Lip region
following color selection. Note that all images are photographs of the actual canvas under compensation.

• Color Selection Modeto paint with specific colors
• Blank Mode to assess the state of the painting
• Orientation Mode to display brushstroke guidelines
• Color Mixing Mode to aid in creating the desired colors

Preview Mode: A visual guide for painting a given layer is
provided by preview mode, which creates an overlay on the
canvas that displays the current layer in progress while com-
pensating for the underlying paint. The use of this mode is
depicted in Figs. 1(b) and 2(a). In preview mode, areas of
the canvas that are not to be painted in the current layer are
hidden from the artist using a checkered pattern. This pattern
is easily distinguished from the foreground elements of the
layer. This reduces the chance that regions outside the cur-
rent layer will distract the artist from a particular execution
step.

Furthermore, the clear visibility of all layer regions and “in-
visibility” of off-layer regions provided in preview mode helps
the artist devise a strategy for selecting a color palette and
set of brushes that are used to paint the layer. For example,
it may be the case that each layer corresponds naturally to
one specific brush size. It is easy to select a brush in preview
mode by physically comparing brushes to their previewed
strokes on the canvas.

Color selection mode: Another challenge in executing a par-
ticular layer is the efficient use of paint. An artist with a
loaded brush would like to quickly identify regions of the
canvas that need that particular color. To address this need,
we designed a color selection mode that highlights all strokes
of a chosen color in the current layer. The artist uses a Wa-
com tablet with a pen attached to the opposite end of the
paintbrush to select a specific color in the layer. Figs. 1(c)
and 2 illustrate the use of this mode. The white cross in
Fig. 2(b) indicates the selection of a particular shade of red
in the layer containing the girl’s lips. We employ a user-
specified tolerance parameter to determine which parts of the
layer match the selected color. The tolerance is adjusted in-
teractively via the foot pedal, to expand or contract the color
region of interest.

Following color selection, all other colors are hidden from
view so that the artist can apply the color where it is needed.
A comparison between Fig. 2(b) and 2(c) demonstrates that
color selection mode effectively masks out regions in the

layer which do not correspond to the selected color. For areas
like these where it is difficult to distinguish between various
shades of red, the color selection tool is useful for clearly
marking where paint should be added.

Blank mode: The artist can systematically complete each
layer through the use of the preview and color selection modes.
In order to assess the progress made in painting a layer, along
with the current state of the painting, the artist may switch the
projectors off at any time using blank mode. The included
video shows the utilization of preview, color selection, and
blank mode in completing a layer.

Orientation mode: While preview and color selection modes
show the artistwhereto apply paint, orientation mode shows
the artisthow to apply it. A set of guidelines overlaid on
the layer indicate the orientation, width, and extent of brush-
strokes that should be applied to achieve a desired brush-
stroke texture. For example, long, linear guidelines would
indicate the need for bold, expressive strokes, while a short
hatching pattern would indicate the use of a dabbing tech-
nique. Guidelines can also be used to indicate directions for
blending paints, as depicted in Figures 4(b) and 4(c). Ori-
entation guidelines must be generated along with their as-
sociated layer images. We note that one benefit of using the
painterly rendering method of Hays and Essa [12] to produce
layers is that it automatically generates contours that can be
used as orientation guidelines.

Color mixing mode: Support for the task of combining paints
to achieve a desired color is provided by color mixing mode.
Fig. 3 shows the interface, which depicts a standard color
wheel along with a camera view of the artist’s palette. Using
the Wacom tablet, the user identifies an area on the palette
where paint is to be mixed. A desired color from the current
layer can be specified via color selection mode. A precali-
brated table maps the target color to a specific location on the
color wheel, known as the target point. Labeled source points
on the color wheel correspond to fully-saturated source pig-
ments (labeled “18” and “24” in Figure 3).

The first step in mixing the target color is to identify the fully
saturated colors that may be combined to make the target
color. For any point on the color wheel, the system selects
the two colors that lie on both the outer boundary of the color
wheel and on a line connecting the center of the wheel to the



Figure 3: Interface for color mixing mode, which em-
ploys automated capture of and localization of palette
colors on a color wheel to guide the paint mixing
process. The blue arrow illustrates the movement of
the current mixture color, which is the selected region
in the camera image, to the desired target.

target color’s location on the wheel. These two fully satu-
rated components of the target color are complementary col-
ors. Following identification of these two ingredient colors,
the user may put a sample of the color on the palette directly
from the tube or by means of another mixture process. The
interface may be used to help mix these source ingredients if
needed. After both ingredient colors have been placed on the
palette, one color is gradually mixed with the other. Follow-
ing each step of paint addition, the camera image is analyzed
to identify the point on the model color wheel which corre-
sponds to the mixture in progress. Estimation of the mix-
ture point is accomplished using a pre-calibrated set of his-
tograms obtained for a representative set of pigments. These
points chart the geometric progress of moving the color along
a gradient on the color wheel. The system guides the user to
slowly add one ingredient color to the other to achieve the
desired target point.

CREATING A DISPLAY ON A PAINTED CANVAS
We employ a system of two projectors and one camera to cre-
ate an adaptive display directly on the canvas. The projector
outputs and camera input can be automatically warped and
aligned with the surface of the canvas using standard calibra-
tion methods [7].

Multi-Projector Adaptive Display: By placing the two pro-
jectors at an oblique angle to the canvas and overlapping and
aligning their outputs, we gain the ability to illuminate each
pixel on the canvas with two distinct sources of light. This
has two benefits. First, by projecting simultaneously from
both projectors we gain robustness to shadows and occlu-
sions, as described in [7]. Second, by adapting with both pro-
jectors during compensation, we can increase the dynamic
range of the display on the canvas. This is particularly useful
in trying to adapt dark colors to make them lighter.
Photometric Adaptation: In order to control the appearance
of the canvas, our system must account for the spatially vary-
ing reflectance of a painted canvas. Any image projected
onto the canvas will be modulated by the reflectance of the
paint and therefore create an undesired appearance as shown
in Fig. 5(d). To achieve a desired appearance, we adapt a

(a) (b)

(c) (d)

Figure 4: Painting a sphere using orientation mode. (a)
Sphere with highlight and shadow; (b) Coarse blending
with bristle brush in orientation mode; (c) Fine blending
with fan brush in orientation mode; (d) Finished result.

feedback approach in which a captured camera image of the
canvas is analyzed to create a compensation image for each
projector to output.

Our compensation approach is based on the method of Nayar
et. al. [16] for adapting the output of a single projector to a
surface with varying reflectance. Our system employs mul-
tiple projectors to increase the dynamic range of the com-
pensation method and supports the positioning of the pro-
jectors beside the artist instead of directly in front of the can-
vas. The algorithm works by projecting an initial input image
and iteratively adjusting image intensities using visual feed-
back. Starting with all projectors projecting black, each pro-
jector iteratively reduces compensation error, the difference
between desired and measured intensities for each pixel and
channel independently, according to the proportional feed-
back lawPi+1 = k(I −Ci)+ Pi , wherePi is the compensation
image for iterationi, I is the desired appearance image,Ci is
the surface-aligned camera image for iterationi, andk is the
gain. Once the error has dropped below a threshold tolerance,
a completion mask is toggled for the finished pixel to avoid
further adjustment of its compensation intensity. Adaptation
halts after the change in error for all pixels has stabilized or
a maximum number of iterations have occurred. Following
adaptation, the compensation image for the current projector
is fixed and adaptation begins for the next projector. Each
subsequent projector reduces error for the remaining pixels
that have not met the target intensities for each channel. Fig-
ure 5 illustrates the compensation process for 2 projectors
positioned as in Figure 1(a). Clearly, the appearance of the
canvas is closer to the desired image with two projectors than
with one. These results establish the effectiveness of com-
pensation in the case of oil paints.



Figure 6: 3 paintings made using our system by 3 painters who had never painted before.

RESULTS
We present the results of a formal user study of novice painters
along with informal observations on the usage of our system
by several subjects.

User Study
We conducted a formal user study to quantify the benefit that
our system can provide to a novice painter, relative to a stan-
dard art projector. The study had two components. In the
first component, a population of twenty subjects was asked
to paint copies of the model painting illustrated in Fig. 8(b).1

Each of the subjects was given a canvas containing an ini-
tial sketch of the desired shape (as produced by a standard
art projector) and printouts of the model painting. Ten of the
subjects served as a control group and produced their paint-
ings without the use of our system. The other ten subjects
had full access to our system.

Prior to their painting experience, each subject filled out a
questionnaire in which they were asked to rate their confi-
dence in their ability, on a scale of 1 to 5 where 1 means “not
confident at all” and 5 means “very confident”, to paint a set
of three paintings which were identified by an art expert to be
of low, medium, and high difficulty.2 The questionnaire also
contained questions to assess whether the subject had any
previous painting experience.3 (Subjects with prior experi-
ence were allowed to complete their paintings but one was
dropped from the analysis due to experience.) Each subject
was then given a brief orientation session and then asked to
paint a short warm-up painting which took approximately 15
minutes.4 Each subject then completed the model painting,
which took three hours on average.

Following their painting experience, the subjects filled out
a second survey which again asked them to rate their abil-
ity to execute a different set of three paintings of equivalent
levels of difficulty. In addition, subjects were asked to rate

1An experienced artist created the barn image in two layers with associated
orientation mode guidelines. The captured layers and guidelines were used
by our system.
2The paintings used in our survey were as follows: Before painting, diffi-
culty Low “Composition with Red, Blue, and Yellow” (Mondrian),Medium
“The Lemon” (Manet), andHigh “Floor Scrapers” (Caillebotte). After
painting, difficultyLow “Number 10” (Rothko),Medium“Dusk” (Monet),
andHigh “The Music Lesson” (Vermeer).
3All questionnaires and raw data are available at
http://www.cc.gatech.edu/cpl/projects/painting
4The warm-up session was conducted to help eliminate any negative effects
of using basic painting tools for the first time.

their level of frustration, level of boredom, likelihood to paint
again, assessment of the quality of their painting, and overall
satisfaction with the experience, on a scale of 1 to 5.

We conducted an analysis of the self-assessed ability rat-
ings for each subject population before and after their paint-
ing experience. The average prior confidence rating for the
painting of Medium difficulty was 2.2 for the control group
and 2.3 for the group that used our system. Following their
painting experience, the average rating for the Medium diffi-
culty painting dropped to 1.6 for the control group, and rose
slightly to 2.5 for the group that used our system. We ran
a t-test and Mann-Whitney-U nonparametric test for the null
hypothesis that there was no significant difference in the de-
pendent variables between the two groups. The difference
in assessed ratings was found to be statistically significant
(at level p< 0.05) using both tests. We conclude that our
system has a quantifiable, positive benefit over what an art
projector alone can provide in improving the confidence of
novice users.5

In the second component of the study, a group of three ex-
perienced painting professors filled out two questionnaires
to evaluate each of the twenty paintings completed by the
novice users (see Fig. 8). The first questionnaire asked re-
spondents to rate 6 attributes of painting quality on a scale
of 1 to 7 and the second questionnaire asked the professors
to rank their top ten paintings in terms of overall quality and
overall similarity to the model painting.6 Fig. 7 reports the
sum of the ranks of expert ratings for six survey attributes
over the two populations of paintings, where 1 = “poor qual-
ity”, 4 = “medium quality” and 7 = “high quality.” The p-
values for the Mann-Whitney-U test are shown for each at-
tribute. A statistically significant difference (atp< 0.05) was
observed for every attribute except “quality of color match-
ing to original painting.” Furthermore, a majority of the top
10 paintings ranked by each professor were painted with the
use of our system. These results serve to further validate our

5The average confidence ratings for the Low and High difficulty paintings
did not show a statistically significant variation between the two groups.
However the mean ratings for both attributes were higher for the group that
used our system. Note that the model painting was designed to be of medium
difficulty.
6In addition to ranking the paintings, the second questionnaire asked for
open comments on standard attributes they have used in the classroom for
comparing paintings and assessing their relative quality. These comments
were found to validate our choice of survey attributes for the quality of the
painting and its similarity to the model.
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Figure 5: (a) Canvas before compensation; (b) Desired
appearance; (c) Projector 1 compensation image; (d)
Compensation result for projector 1 alone; (e) Projector
2 compensation image; (f) Final canvas appearance
under the combination of projectors 1 and 2.

claim that our system can help novice painters to produce
higher-quality artifacts than an art projector alone.

Usage Trends
Figure 6 shows three paintings created using our system by
three novice artists who had never painted in oils before.
Each painting took an average of 5 hours to create using our
system. We observed the painting process for these artists
and identified the following trends:

First, two of the subjects exhibited initial hesitation in apply-
ing the brushstrokes directly on top of the displayed virtual
brushstrokes. For the two impressionist style paintings in
Figure 6, for example, both artists applied the paint in very
small and slow brushstrokes despite the implicit instruction
to paint with quicker and more sweeping brushstrokes as vi-
sually suggested in preview, color selection and orientation
modes.
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Figure 7: Aggregate quality ratings reported by three
painting professors, for the two sets of paintings shown
in Fig. 8.

Second, as the novices’ hesitations faded and they switched
between interaction modes more frequently, task execution
speed increased. This indicates that they learned how to ap-
ply regions of color in a layer in a more effective manner and,
as a result, became more confident in their ability to accom-
plish painting goals.

Third, as the paintings progressed, all three users switched to
color selection mode more frequently. In one case, the artist
repeatedly re-adjusted the color similarity tolerance for each
color selection before applying a new color to the canvas.
This enabled him to grow or shrink the layer segmentation
until it appeared to conform to contiguous brushstroke ar-
eas as opposed to pieces of brushstrokes resulting from color
variation across the brushstroke. This behavior suggests the
need for a more sophisticated means of detecting and seg-
menting brushstrokes for color selection mode.

We were initially concerned about the potential negative ef-
fects of glare and shadows on the subjects in our experiment.
Glare caused by projecting light onto wet oil paint could both
hinder the ability to control the appearance of the canvas us-
ing photometric compensation and annoy users of our sys-
tem. Shadowing on the display due to projector occlusions
by the artist could prevent the effective use of interaction
modes for painting guidance at the color application and ma-
nipulation level. We found that by positioning our projectors
at oblique angles, we were able to reduce both of these ef-
fects in practice. None of the artists reported any discomfort
caused by glare or shadows.

CONCLUSION AND FUTURE WORK
We have described a novel interactive system for guiding
novice artists to paint using traditional methods and tools.
We have demonstrated how a multi-projector adaptive dis-
play can support artistic painting by guiding users according
to traditional painting techniques taught in artist’s manuals.
Furthermore, we presented a set of five interaction modes for
a canvas-centric interface which supports a traditional layer-
based approach to painting. We evaluated the effectiveness
of our system in meeting the goals of improved quality of ex-
perience and high quality of output. The results of our user
study indicate that these goals were met.



(a)

(b)

(c)
Figure 8: (a): Top two rows:Paintings made with the system. Lower two rows:Corresponding zoomed-in regions for the
paintings in the top rows. (b): Model painting all subjects in the user study were told to copy (c): Top two rows:Paintings
made without the system. Lower two rows:Corresponding zoomed-in regions for the paintings in the top rows. Notice
the larger deviation in shading from the model for the zoomed in portion between the two groups.



Our system has the flexibility to handle a wide range of paint-
ing styles and approaches. Portraiture, still life, and land-
scape paintings are examples of domains that are supported
by our process model. However, Jackson Pollock’s paintings
provide an example of a less traditional means of applying
paint that does not fall within the range of techniques that we
currently support.

In future work, we are considering extending the painting
interaction techniques presented in this paper to other areas
of the fine arts. Multiple projectors could guide a sculptor
in subtracting material from a block of marble, for exam-
ple. Just as layers were used to build up the composition of
a painting in the current system, a sculpting system could
guide an artist in a hierarchical broad-to-fine chiseling ap-
proach.
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