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Abstract—In this work, we have developed a process to obtain
shaders that can be used for creating dynamic paintings in the
style of Georgia O’Keeffe. With this process, one can obtain
colors that closely resemble the distribution of colors in any
Georgia O’Keeffe painting such as shadows and highlights colors
of flowers. Using the shaders, one can create dynamic Georgia
O’Keeffe flowers, whose colors and shapes can change based on
light and eye positions. The process can be extended to provide
simple solutions to create painterly flowers that can be rendered
from all viewpoints.

This process is based on the Barycentric shading approach.
This work extends earlier Barycentric shaders by using higher-
dimensional Barycentric formulas. This extension allows the
viewer to move around the objects in 3D space. Because of this
extension, control textures are not required to be employed as
shader parameters. These control textures with embedded global
illumination information allow for the use of lower-dimensional
Barycentric formulas by simplifying Barycentric shaders. This
earlier approach comes with a price, however. First, the control
textures have to be projected onto the 3D models, which are only
useful for a limited range of viewing angles and static models.

This new approach, using higher-dimensional Barycentric
formulas, eliminates the need for global illumination embedded
control textures. Therefore, this new approach works well with
changing camera angles and animated models, which allows
for the creation of more dynamic paintings by incorporating
transformations of the flowers themselves.

Index Terms—Non-Photorealistic Rendering, Dynamic Paint-
ings, Georgia O’Keeffe

I. INTRODUCTION AND MOTIVATION

Plant illustrations and paintings serve both aesthetic and
scientific purposes. Many flowers have medicinal purposes,
and botanical drawings have played an important part in
understanding the flora of our planet [1]. The subject of flowers
has dominated art for centuries, painted both in appreciation
for their aesthetics and as artistic symbols [2].

Georgia O’Keeffe embraced the former category and painted
small sections of her subjects on a much larger scale [3].
Focusing in on small parts of the plants allowed her to show
viewers a much grander scope of these flowers [4]. In this
paper, our goal is to create dynamic flowers in the style of
Georgia O’Keeffe.

Unfortunately, the current modeling and rendering processes
require too much knowledge to create such hand-painted
looking dynamic paintings for novice users such as traditional

painters. Therefore, there is a need for the development of
processes to obtain desired dynamic paintings with intuitive
and artistic control. In this paper, we present such a simple
process to create dynamic floral paintings that change with
time. This process provides intuitive and artistic control to
obtain the desired look.

The basic process of obtaining desired look-and-feel is well
understood in current computer graphics practice: It consists of
two main stages: (1) Scene representation with proxy objects
and proxy materials, which we call shaders; and (2) Rendering
with proxy objects and proxy materials. The proxy scene rep-
resentation stage involves the inclusion of camera parameters,
light positions and orientations, orientations, positions, and
shapes of all the objects in the scene, and material properties
of all visible points. Once we have a good estimation of
each, we can render realistic (or-non-realistic) images with
global illumination using proxy cameras, proxy lights, proxy
geometry, and proxy materials that represent the scene and
composite them into single image.

In our case, the process is essentially the same. Our main
contribution in this paper is in shader development using
Barycentric shading. This type of shading was initially for-
mulated to emulate Chinese paintings, has been successful
to obtain a wide variety of styles. Chan et al. used an early
Barycentric approach to mimic the look of Chinese paintings
[5]. Liu et al. extended this method further by introducing
film lighting and Global Illumination into the equation [6].
Akleman et al. provided a formal description of Barycentric
shaders in 2016 [7].

Barycentric shading has also been used to handle other art
styles over the years. For instance, Yan adapted the Barycentric
shading process to an ocean surface rendered to resemble
seascape oil paintings of Ivazovski [8]. Du used Barycentric
shading to obtain charcoal and crosshatching effects with
reflections [9], [10]. Castaneda applied the Barycentric shading
method to portraits [11]. This method involved gathering color
information from portrait photographs and compositing filtered
layers based on that information to create realistic-looking
painterly portraits. Justice also used Barycentric shading to
create time lapse western landscapes based on the Paintings
of Edgar Payne [12]. Recently, Subramanian used another
instance of Barycentric shading to obtain dynamic still life



Fig. 1. Examples of frames from a Georgia O’Keeffe style flower animation created by using our process.

paintings including global illumination [13]. Clifford created
time-lapse animations of two of Anne Garney’s paintings for
different times of the day [14].

One such example is shown in Figure 2. In this example,
complex subsurface scattering effects are embedded in diffuse
and shadow control images that are simply interpolated based
on light position [13]. An important aspect of this process
is that the 3D model is only correct from one point of view.
Textures are mapped by using projection. With this framework,
it is possible to obtain dynamic paintings by moving light
positions. On the other hand, it is not possible to change the
point of view significantly.

Barycentric shading is also useful for creating real time
interactive painterly renderings based on normal maps. Wang
developed such an approach to generate 3D-looking images
based on 2D cartoons [15]. Xiong built upon this method
with a web-based tool to manipulate the lighting and shading
of these mock-3D images [16]. The main problem with all
of these Barycentric shader approaches is that they require
control textures, which are used as shader parameters. Using
control textures is useful in practice, since global illumina-
tion information, along with local material parameters, can
be embedded to simplify shader formulation. Unfortunately,
using control textures significantly limits viewing angles and
constrains static models. In order to extend viewing angles and
include dynamic shapes, there is a need for a new process to
handle these in a simplified form.

In this paper, we present such a process that can provide
the look and feel of Georgia O’Keeffe paintings. We have
developed an extended process to be able to obtain dynamic
paintings with dynamic viewpoints and shapes in addition to
dynamic lighting. The new process does not require control
textures and allows for the use of view-independent, i.e., more
realistic, 3D shapes that can be animated.

II. PREVIOUS WORK

Non-photorealistic rendering (NPR) has emerged as a sub-
field of computer graphics during 1990s to produce computer
generated images that invoke the appearance of being created
”by hand” [17], [18] by emulating broad artistic styles such
as outlines and silhouettes [19], technical illustrations [20],
pen and ink drawings [21], [22], impressionist [23] and cubist
paintings [24]–[26], Chinese painting [5], [27], charcoals [28],
[29], and stippling [30]; as well as artistic tools and mediums
such as brush strokes [31]–[34], watercolor [35]. Convolution
Neural Networks has turned out to be effective for style
transfer [36], [37].

In recent years, there has also been growing interest to turn
specific paintings into dynamic computer generated images
with moving lights and cameras. These paintings can have
non-realistic components. For instance, Murphy developed a
non-photorealistic approach for matching shapes and colors of
the artwork of Disney background painter Eyvind Earle who
use non-realistic shadows [38]. ”Atelier des Lumières” group



Fig. 2. The process to obtain Dynamic still life paintings with global illumination (An image from [Subramanian 2020]). Used with permission.

developed large scale video projections of many of the Vincent
van Gogh’s well-known works [39]. Liu created 3D version
of a Jiangnan water country painting be the contemporary
Chinese artist Yang Ming-Yi as the primary visual reference
[27]. Barycentric shading emerged as a methodology to obtain
a wide variety of styles as discussed in the previous section.
Despite its power, most of these approaches require control
textures with embedded illumination information and proxy
geometry with embedded perspective information. This is a
problem since we cannot move camera with such textures and
geometry. Instead, we need to produce more complex shading
information using Barycentric shaders. In this paper, we intro-
duce one such high-dimensional shader that can include more
complex shading information that can be sued with moving
camera.

III. THEORETICAL FRAMEWORK

The new process uses view independent shapes as proxy
objects and proxy materials are represented by using extended
Barycentric shaders. The key extension in this work is going
to higher dimensions to remove the need for embedding subtle
global illumination effects. The shaders are high-dimensional
simplices. However, these simplices are formulated as n-linear
functions in the following form:

Y0 = F (T0),

Y1 = Y0(1− T1) +X1T1,

. ..

. ..

Yn = Yn−1(1− Tn−1) +XnTn−1.

Where T − i‘s are shading parameters such as cosθ for a
particular light source, shadow caused occlusion of a light
source, ambient occlusion, or border detection. Each are
normalized in the sense that if Ti = 1, then we get Xi, shader
parameters. Note the difference between shading and shader
parameters. Shader parameters are specific to the shader and
are computed based on relative positions of the lights and

shading points. This simple hierarchy and clear differentiation
of shading and shader parameters allows us to add the desired
colors in appropriate places. Note that in this framework
Y0 = F (T0) is special since it provides the background. Then
each consecutive higher dimensional term adds a new detail.

This formulation is really an extension of bilinear formulas
that are used to create time lapse animations. For instance,
consider two shader parameters s and t, where s represents
the location of the light source (in this case, the sun) and t
is the time of the day, determined by the height of the sun,
normalized as a number from 0 to 1. Let P (s, t) be a bilinear
formula that denotes a dynamic painting for a given set of s
and t values. Also let u and v in [0, 1] represent pixel positions
and P (s, t, u, v) is the color of pixel u and v in time t. Note
that s is the function of u, v, and t. Then, the entire time
lapse animation can be obtained by computing illumination at
a given time of the day (See [12] for more details). Once
we have the structure of the Barycentric formula, the key
problem is the identification of Xi values. This is done by
directly analyzing the given painting. Based on this brief
description of the Barycentric formula, our process requires
five simple stages to obtain dynamic paintings: (1) Analysis
of Georgia O’Keeffe paintings; (2) Use of a higher degree
Bezier curve shader for Y0 = F (T0) (3) Use of a higher
dimensional Barycentric shader for global illumination terms
from O’Keeffe’s paintings, and (4) Rendering by using proxy
geometry and lights as interfaces.

A. Analysis of Given Paintings to Obtain Shader Parameters

Figure 3 demonstrate how we identify shader parameters,
i.e. Xi’s. Note that since we do not use textures, all Xi’s are
actually color values. We first evaluate O’Keeffe’s paintings to
determine the key colors, which corresponds to diffuse illumi-
nation, which are called here, Color13, Color12, Color11, and
Color10. These colors are used to compute the background
term Y0 = F (T0). We can then add other colors such as
shadow colors 1 and 2 and a border color to obtain the final



Fig. 3. Analysis of Georgia O’Keeffe’s Red Canna (1924) Painting

results. In the next section, we discuss how to compute the
function Y0 = F (T0).

B. Computing Y0 = F (T0) as a Cubic Bezier Function

We observed that for Georgia O’Keeffe paintings it is more
appropriate to use a cubic Bezier for Y0 = F (T0) for basic
diffuse shading. The four colors obtained by analysis provide
control colors to compute the diffuse (background) color. The
main advantage of using a cubic term is that we can obtain
two of the control colors exactly and the other two control
colors approximately as shown in Figure 4. The cubic Bezier
diffuse shader, then, is given by the following formula:

Y0 = Color13s
3 + 3Color12s

2(1− s)

+3Color11s(1− s)2 + Color10(1− s)3.

Note that cubic Bezier helps with obtaining a greater variety
of colors that allow us to achieve color transitions like those of
O’Keeffe’s paintings. For comparison purposes, we first started
with linear and then quadric Bezier equations. As shown in
Figure 2, they turned out to be too limiting, as they only
interpolate between two and three points. Thus, we decided
on the cubic Bezier equation for utmost control, allowing
for four different colors. It is, of course, possible to use a
higher degree Bezier formula. That would require more control
colors, which could be overkill in most cases, however. In all
of the examples we worked on, four colors were sufficient to
obtain a reasonable diffuse background.

C. Higher Dimensional Barycentric Shader

In our higher dimensional Barycentric shader, the order is
the very critical. We first add a specular highlight, Color21, to
provide a view-dependent effect and improve the overall depth
of the flowers. The specular term is added with the following
equation (see Figure 5):

Y1 = Y0(1− s2) + Color21s2,

where s2 = max((cosψ)γ , 0), the classical Phong shading
term. That can be replaced any other specular highlight term.

To mimic the darker petal edges in O’Keeffe’s painting,
we used a texture map that is provided by user that defines

boundaries of petals. This was incorporated with the following
equation,

Y2 = Y1(1− T (u, v)) + ColoredgeT (u, v),

where T (u, v) is the user provided uv map. We also separated
the shadows into two separate shadow colors, ShadowColor1
and ShadowColor1, for greater artistic control and used the
following bilinear equation:

Y3 = Y2s4+ShadowColor1(1−s1)(1−s4)+shadowColor2s1(1−s4)

For details of this equation see Figure 7. We then incorporated
a Border color to darken areas of geometry that border each
other by making the eye point an area light light source that
can produce shadow. The parameter s5 is visibility from this
area light source. Note that this is different than ambient
occlusion. It provides Georgia O’Keefe style silhouette edge
for thin shapes such as flower petals. The final equation, as a
result, is given as follows:

Y4 = Y3(1− s5) +BorderColors5

We observed that Georgia O’Keeffe, use such border color in
her paintings.

D. Rendering the Dynamic Painting

We have acquired Proxy Geometry from 3D online re-
sources. These simple flower models were used to demonstrate
the versatility of our shader. The flower proxy geometry was
animated to bloom with a simple Blendshape animation in
Autodesk Maya. This, along with simple camera movement,
demonstrates the adaptability of this shader from any angle.
For rendering we simply computed each shading parameter
for given light position and shading point. We then, plugged
these shading parameters into a shading equation to compute
rendering. This is an extremely simple process that can be
done in real-time using GPU. Unfortunately, since we have
implemented this with Maya and Arnold, our computation is
not real time. This provides a convenience for using Maya’s
interface. However, it is better to implement these shaders
as stand-alone for faster and efficient renderings. Figure ??
provides additional shaders inspired by four different Georgia
O’Keeffe paintings. Our results suggest that with careful
analysis of Georgia O’Keeffe paintings, it is possible to obtain
dynamic paintings that resemble the look and feel of Georgia
O’Keeffe’s style.

IV. DISCUSSION AND CONCLUSION

Our results suggest that higher dimensional Barycentric
formulation is useful for obtaining complex looking renderings
without using textures. Most of these Barycentric formulas are
simple interpolations, or first-degree Bezier curves. We only
have to use a higher degree Bezier term for diffuse rendering
to provide for greater artistic control. Our shader gives the
artist the ability to create O’Keeffe-like paintings with almost
any proxy geometry with simple analysis of her paintings’
colors. By controlling the four diffuse control point colors, the
specular color, two shadow colors, border color, and an edge



Fig. 4. A comparison between Linear, Quadric, and Cubic Bezier interpolation. Note that cubic Bezier allows to create a greater range of color control.

color, we can apply this shader to almost any of O’Keeffe’s
countless masterpieces to bring them to life.

We have not tried this methodology for other flower artists.
We expect that the higher dimensional approach will work
for many cases. Each additional dimension may need to be
added using different Barycentric interpolation, however. For
instance, if we want to obtain cartoon type sudden changes,
it would be more appropriate to use zero-degree B-spline
functions. For effects such as Charcoal and Crosshatching, we
would again need textures instead of colors [Du 2015, 2016].
We do not expect to have a need for higher degree polynomials
except for background diffuse rendering as in this O’Keeffe
case.

As mentioned earlier, the computation can be significantly
improved by implementing these shaders as stand-alone sys-
tems. The major drawback of this method is that it relies of
current rendering pipeline to obtain results, which can take
long time. Many of the terms can be computed fast by using
image processing methodologies such as Cos Θ shadows [40].
For instance, computation of area light shadows can be done
in real time using such methods. However, in such cases, we
need to use simpler proxy shapes that may not allow full range
of motion in real time.

The main bottleneck of these methods is the analysis of
the paintings, which requires a significant amount human
involvement. The process can be significantly improved by
developing Computational Neural Networks that can make
basic analyses.

Dynamic paintings can eventually be an alternative to the
current static paintings. We can render them based on lighting
in the environment. In this way, they can be designed by artists
and react to environmental illumination. The current extension
can also allow for changing the appearance of the painting
based on the viewer’s position. We believe that development
of these tools for novice artists will prove to be useful for

them in designing their own interactive paintings.
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Fig. 9. Each stage of the shader in order: (a) Specular Highlights, (b) Shadow Colors, (c) Border Detection, and (d) Edge Definition.

Fig. 10. Example frames from four different animations obtained using our shading process of O’Keeffe’s paintings.


