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Abstract. We have developed a method for generating non photorealis-
tic animations of a target image. The animations start as a random col-
lection of triangular strokes on a canvas and the target gradually emerges
as the animation proceeds. We use genetic programming to evolve pro-
grams that draw the brushstrokes. A measure of similarity to the target is
used as the fitness function. The best individual in a generation becomes
a frame of the animation. We have experimented with open and filled
triangles. Both kinds of triangles resulted in animations that our artist
collaborators found engaging and interesting. In particular, the use of
filled triangles generated animations that exhibited a novel immersive
quality. The evolutionary approach requires artistic judgment in select-
ing the target images and values for the various parameters and provides
a rich environment for exploring novel non photo-realistic renderings.
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1 Introduction

It has been claimed that one of the major benefits of using evolutionary com-
puting to solve an art or design problem is that the evolutionary process can
generate novel, unlikely combinations that a human designer or artist would not
think of [4]. Non photorealistic rendering (NPR) is an area in which artists are
continually seeking novel, creative and unusual kinds of renderings. Our moti-
vation for the work presented in this paper is to investigate whether it might
be possible to find a new style of non photorealistic rendering using a form of
evolutionary computing.

Non photorealistic rendering is a developing art-form where the goal is to show
an image in some more interesting way than as a photograph. Some examples of
non photorealistic renderings include pencil sketches, oil paintings, watercolour
paintings and photomosaics. Traditionally non photorealistic renderings are still
images. However, the use of evolutionary techniques provides an opportunity to
add the time dimension. In an evolutionary run the best individual in a gener-
ation gets fitter and fitter as the generations increase. If the measure of fitness
is similarity to a target image, then the best individual will become more and
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more like the target image as the generations increase. We have found that the
best individuals can be combined into an engaging movie that holds the viewer’s
interest as a recognisable subject slowly emerges from a random collection of
strokes.

Current evolutionary algorithms are primarily designed for optimisation prob-
lems where the aim is to find the optimal solution as quickly as possible with mini-
mal use of resources. These algorithms need some modification for the art domain
where the aim is to find interesting images and animations. For example, an ani-
mation that reveals the target too quickly in the first few generations will not be
very engaging and a rendering that has optimal fitness will be an exact match to
the target and not very interesting as a non photorealistic rendering.

The work presented in this paper is based on the work of Barile and et al. [3].
This work was limited to brushstrokes that were simple grey level lines and
stroke placement was limited to blending pixel values when two strokes crossed.
Nevertheless the system was able to produce animations and still images that
excited our collaborating artists. We build on the work of Barile et al. in three
ways: (1) We use color brush strokes, not just grey scale, (2) We use more
complex triangular brush strokes, not just lines, (3) We explore a wider range
of options when a new stroke will overwrite a pixel already drawn by a previous
stroke, not just blending. The new options are partial stroke where the new stroke
is immediately terminated if it will overwrite a previously drawn pixel, and no
stroke where the new stroke is not drawn at all if it would overwrite a previously
drawn pixel. Our overall goal in this work is to explore a range of brush stokes
and placement strategies and determine whether they can be used to produce
engaging and interesting animations. In particular, our research questions are:

1. How can we construct a system for non photorealistic rendering with trian-
gular brushstrokes using genetic programming?

2. What are the differences between using open and filled triangular strokes?

3. How do the different placement modes (blend, partial stroke, no stroke) affect
the evolved animations?

Where it is necessary to make aesthetic judgments about evolved artworks we
will seek the views our collaborating artists[!

2 Related Work

2.1 Evolutionary Art

Dawkins was one of the first researchers to show how evolution on a computer
could be combined with the aesthetic preferences of a user to produce pleas-
ing or interesting forms in 1986 [5]. In 1991, Sims [I1] produced his animation
Panspermia which was about forests of synthetic 3D plant structures. He em-
ployed artificial evolution to evolve the growth rules of plants, for example, how

! We thank Karen Trist, from Media and Communication, RMIT, for her comments.
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fast branches of a plant can grow. In Turbulence and a number of follow up
works, McCormack [8] used an evolutionary approach to generate a series of
artworks of an imaginary natural world.

2.2 Non Photo-Realistic Rendering

Gooch et al. [0] identify two main approaches to image painting and drawing in
NPR. The first approach uses user-assisted painting programs to place brush-
strokes on the canvas manually. The second approach uses automated programs
to place brushstrokes on the canvas and the stroke positions are calculated with-
out using any user interaction. The automated approach is divided to two dif-
ferent categories. The first category uses standard computer-graphics rendering
without any evolutionary computing technique. The second simulates painting
with an evolutionary computing techniques.

Evolutionary Approach: Various evolutionary techniques have been used for
NPR. For example, Aupetit et al. [I] used an interactive genetic algorithm to
evolve parameters for ant paintings. Samet et al. [I0] have designed an NPR
system based on ant colony optimisation that can navigate and sense the envi-
ronment of a target image. They generated painterly and pencil sketch render-
ings. In 2008, Neufeld et al. [9] introduced a system that can replace the user
evaluation interaction. This system can produce non photo-realistic image filters
as well as normal evolved images. Neufeld et al. employed genetic programming
with multi-objective optimization. Barile et al. [2I3] used simple grey line strokes
to generate a non photo-realistic rendering by genetic programming.

3 Configuration of Genetic Programming

An overview of the evolutionary process is shown in algorithm [I Our programs
are evolved according to the grammar shown in figure[Il To draw a brushstroke

Algorithm 1. Genetic Programming for Non Photorealistic Rendering

Initialise population with four random individuals
while Maximum number of generations is not reached OR pixel differences are too
big (fitness) do
Generate an image from each individual
Compute sum of pixel differences with target (fitness)
If the new best is better than previous best, write frame of movie
Copy the best individual to new population (elitism)
Select two individuals for crossover
Place the children in the new population
Select one individual for mutation
Place child in the new population
end while
Compose a movie from individual frames
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NODE = PROGRAM3 | PROGRAM4 | TRIANGLESTROKE
PROGRAM3 = Program3 (NODE, NODE, NODE)
PROGRAM4 = Programj (NODE,NODE,NODE,NODE)
TRIANGLESTROKE = Triaengle(T,T,T,T,T,T,T,T)
T = floating point number

Fig. 1. Grammar of Evolved Programs

on the canvas, we use the triangle function. This function takes nine floating
point arguments as described in in section 3.l These arguments determine the
position, size, orientation and color of the triangle to be drawn. To implement
a sequence of instructions in tree based genetic programming requires “gluing”
functions [7]. We have used program3 and programj which enable three and
four statements respectively to be executed sequentially. These values were de-
termined empirically by experimenting with combinations of values from 2 to
10. Evolved Programs are executed by using pre—order traversal so a tree can be
viewed as a linear sequence of brushstrokes. The root of a tree is generally pro-
gram8 or program4. The triangle nodes will always be one level above the leaves,
and the leaves can only be the terminals from the triangle function. Figure
shows an example of an evolved program.

Fitness Function: In our system we use a target image, the fitness of an indi-
vidual is its similarity to the target as measured by the sum of pixel differences.
We sum the differences for the three RGB channels between a pixel on the target
image and the corresponding pixel on the evolved image, thus fitness values will
decrease over time.

3.1 Open and Closed Triangular Strokes

In the triangle stroke function, we have nine terminals, line lengthi, line length2,
angell, angel2, x, y, red color, green color and blue color. All the parameters are
floating point numbers between 0.0 and 1.0. The line lengths determine the size
of the triangles and can be set by artist users. The size of the triangles has a
large influence on the style of images that are evolved. We have implemented two

Triangular Stroke U
Progamd o
Programé g

Fig. 2. An evolved program
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types of triangular strokes, empty and filled. An empty triangle can be drawn
by knowing two lines and the angle between them, and then applying basic
geometric calculations for the third line.

3.2 Different Stroke Placement Strategies

There are a number of considerations when placing a stroke on the canvas. Firstly,
what to do if the new stroke will write over a pixel that was already written in a
previous stroke (placement mode), and secondly whether to use any information
from the target image in drawing the stroke (guided or unguided search).

Placement Mode: We have experimented with three different modes for deal-
ing with the situation where a new brushstroke would overwrite a pixel already
drawn on the canvas by a previous stroke: blending, partial stroke, no stroke.
In blending mode, if two strokes cross, a new pixel value will be the average
of the canvas pixel and the brush pixel. In partial stroke mode, the new stroke
is drawn until a previously drawn pixel is encountered at which point drawing
ceases. In no stroke mode, the new stroke is not drawn at all if it would overwrite
a previously drawn pixel. In these last two modes, once a pixel has been drawn
there is no possibility of improvement with a later brushstrokes.

Guided and Unguided Search: Using information from the target image in
placing a stroke can enable accelerated convergence. In guided search mode a
pixel in the evolved image is only changed if its new value brings it closer to the
corresponding target pixel. In unguided search, a pixel in the evolved image is
unconditionally updated by a brush stroke. In some situations of guided search
the acceleration is too fast and the target is evident far too early in the first few
generations.

4 Experimental Results

We have experimentedﬁ with many different images and five to twenty runs
for each image. We have explored a large number of combinations of values
for selection, population size, elitism, crossover and mutation rates. The best
configuration is shown in table [[I Surprisingly, small populations are best for
this problem domain.

4.1 Open vs. Closed Triangular Brushstrokes

Figure [3] shows a comparison of filled and unfilled triangle brush strokes for
the same target image. Figure @ shows the progression of fitness values during
the course of the evaluations for one run. Low fitness values indicate closer
resemblance to the target. Not surprisingly, filled triangles have better fitness
and converge towards a solution faster than the empty triangular brush strokes.
This is because drawing more pixels in a stroke gives more opportunity to be
closer to the target.

2 Some of our animations can be found at http://evol-art.cs.rmit.edu.au/ail0
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Table 1. Common GP parameters for our experiments

Functions programs8,4 and triangle
Terminals float numbers
Maximum evaluations 80000-100,000
Max Tree size 8
Min Tree size 3
Population 4
Crossover 50%
Mutation 25%
Elitism 25%

Selection Roulette Wheel
Termination Max. generation reached
Stroke mode Blending, partial stroke, no stroke

Target information Guided and unguided search

Artists Evaluations: Our collaborating artists have examined a number of
evolutionary runs with filled and unfilled triangles for a variety of target images.
They conclude that “The filled triangles provide an extension to the application
in a way that the empty triangles do not. The filled triangles offer more possi-
bilities for experimenting with perspective and figure and ground relations”.

4.2 Different Size of Triangles

The size of triangles can directly influence the look of evolved images. An ex-
ample is shown in figure Bl In this figure, small triangles have been rendered by
two small line lengths (L1 = 20 and L2 = 30) and large triangles have been
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Fig. 3. Sequence of rendered images with the filled triangle (top) and empty triangle
(bottom) brushstrokes, blending mode, guided search
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Fig. 4. Fitness progression for the runs of figure B for 100,000 evaluations
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Fig. 5. Left: Fitness for small and large triangles. Right: Rendered images for large
and small triangles.

rendered by two large line lengths (L1 = 150 and L2 = 100). As can be seen
from the graph of figure[fl large triangles tend to give faster convergence by pro-
viding better fitness values. As can be seen from figure [l at 50, 000 evaluations,
using blending, the fitness values are close to each other. However, the final ren-
dered images are quite different. Smaller triangles can give more photorealism,
but larger triangles give a more interesting rendering. However, for the partial
stroke and no stroke modes small triangles tend to give faster convergence.

Artists Evaluations: Artists comment that “If the aim is to create an immersive
experience that engages the emotions transporting the viewer to an imaginary
world as well as an intellectual response, then large triangles with gradients are
more likely to satisfy this aim. However, if the intention is to engage analytical



290 A. Izadi, V. Ciesielski, and M. Berry

Best fitness

015~

. 5 L L L L
b 1 H 3 4 5 ] 7
Evaluations

Fig. 6. Comparison of placement modes, unguided search
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Fig. 7. Left: Fitness differences between guided search and unguided search; Right:
unguided search(generation= 45, 589), guided search(generation= 45, 528)

thinking about the image, than smaller triangles may be more appropriate.” Also
“there is always correlation between thought and feeling and we cannot think
without any feeling. Rendering images using a big triangle size causes the images
to have a greater affective impact than images made up of small triangles”.

4.3 Different Stroke Placement Modes

Unguided Search. Figure [6] shows examples of the three different modes of
stroke placement blending, partial stroke, no stroke. As can be seen from fig-
ure [6 the blending mode converges towards the target much faster than the
two other modes. We need more generations to get close to the target with the
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“partial stroke” and “no stroke” modes. However these two new modes pro-
vide different styles of animations and this gives artist users more creative
opportunities.

Guided Search. Figure [1 shows the fitness differences between the “guided
search” and “unguided search” approaches. By using guided search, the system
is able to reach to the target very closely, in some cases, even at the initial
generation. Guided search over many generations can achieve a high degree of
photo-realism. The artist needs to terminate the evolution when the desired
degree of photo-realism is achieved.

One current drawback of our algorithms is that they can be slow. A run with
guided search for a relatively small target can be done in minutes, while a run
with unguided search and a large target can take several days.

5 Conclusion

Our overall goal in this work was to explore a range of brush stokes and place-
ment strategies and determine whether they can be used to produce engaging
and interesting animations. We have discovered a number of combinations of
triangular brush strokes and placement strategies that can produce animations
that artists find interesting, in particular large closed strokes in blending mode.
While we cannot claim to have discovered a new style of non photorealistic ren-
dering, we believe that the combination of large triangles and blending is one
that a human artist is unlikely to think of.

With respect to our specific research questions, we have shown how to employ
genetic programming to generate engaging non photo-realistic animations. This
can be done with tree based genetic programming with a triangle draw function
and two gluing functions, program3 and program4.. We found that a popula-
tion size four with 50% crossover, 25%mutation and 25% elitism was the best
configuration. This is consistent with Barile and et al. [2]. We found that runs
with closed triangular brushstrokes converged towards a target faster than open
triangular brushstrokes. Our artist collaborators commented that closed trian-
gular brushstrokes create an immersive experience that is more engaging than
open triangular brush strokes and that open triangular strokes evoke analytical
thinking but filled triangular brushstrokes are more affective. Different modes of
stroke placement provide different kinds of renderings. With the blending mode,
we reach the target quicker and generate a more engaging rendering than with
the partial stroke and mo stroke modes. By using information from the target
image (guided search), we have shown that fitness is improved around 100% com-
pared with not using any information from the target image (unguided search).
Guided search provides better resolution of the final image than unguided search,
and images resembling the target are evolved earlier, too early in some cases.

Comments From Our Artist Collaborators: Our artist collaborators made
the following comments while working with our programs: (1) “Triangular brush
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strokes create some good visual illusions”, (2) “Visual illusions made by trian-
gular brush strokes, especially filled triangles, cause an emotional, or affective,
response in a viewer. This is a good thing”, (3) “I like to have control over vari-
ables to create specific effects I have in mind”. These comments suggest that our
programs are capable of rendering images and animations that are conceptually
strong.

Future Work: In future work, we plan to optimize the fitness calculation to
speed up the runs, to explore different kinds of brush strokes and to investigate
special purpose genetic operators for these kinds of rendering tasks.
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