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ABSTRACT
We describe the implementation of an art installation that
generates animated photomosaics of the viewer. Photomo-
saics are target images composed of smaller images known
as tiles. When a photomosaic is viewed from afar the detail
of the tiles is lost and the target image is evident. Up close,
the opposite occurs: the detail of the tiles is evident and
the target image is lost. Our system uses a photo of the
viewer as the target and miniatures of the viewer’s face as
tiles. Evolutionary search is used to find the best selection
and arrangement of tiles. Each newly found best image is
then used as the frame of a movie. The resulting animations
start from a random arrangement of tiles and gradually the
viewer’s face emerges and is clearly visible, and then gradu-
ally de-materialises into a random pattern.

Categories and Subject Descriptors
J.5 [Arts and Humanities]: Fine Arts; H.5.1 [Multimedia
Information Systems]: Animations

General Terms
Algorithms, Design, Human Factors

Keywords
Genetic Algorithm, Evolutionary Search

1. INTRODUCTION
Photomosaics are digitised refinements of traditional mo-
saics, which are composed of many pieces of glass, stone or
ceramic tiles of similar shapes and sizes to make up larger
images. An example of a photomosaic appears in Figure 1e.
Viewed up close the digitised tiles or smaller images are
clearly evident as in Figure 2, which is an enlarged segment
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of Figure 1e. From afar the tiles lose their significance and
a new, larger image becomes visible as in Figure 1e.

This paper explores the animation of photomosaics. Anima-
tions are created by using some of the intermediate images
created during the search for the best tiling as frames of a
movie. For the search algorithm we have used, the process
generates animations in which the subject of the image grad-
ually emerges from a random image. Some still images from
an animation are shown in Figures 1a-e. We have found
that many viewers find such animations engaging and we
think that they will be even more engaging if the viewer is
the subject of the animation. (Other sample photomosaics
appear on our website1.)

Self portraits and portraits have fascinated artists for cen-
turies. Recently the self portrait is becoming an ever more
popular form of self expression. Karl Baden’s recent work
has explored this phenomenon. Feeney, a journalist with
the Boston Globe, in his review of Karl Baden’s photo-
graphic exhibition contemplates the recent phenomenon of
serial self-portraitists. He claims that the rise of digital tech-
nology such as digital cameras and social software such as
Flickr and YouTube have encouraged the popularity of self-
portraits and that “Like blogs, the sites function as a record
of one’s existence, except they are visual rather than verbal
and concerned with physical appearance rather than per-
sonal opinion [1].” Baden’s exhibition is at Howard Yezerski
Gallery, titled “Every Day: 2/23/87-2/23/07, Twenty Years
– Ten Bucks,” May 23 - 29, 2007. The exhibition comprises
around 7,000 Baden self-portraits that Feeney describes as
“a mosaic of me’s”. A search of www.youtube.com with the
key words “Photo every day” gave over 20 videos which had
been composed in some way from daily pictures taken over
a number of months or years.

Our goal is to create a system that will function as an in-
stallation where users complete the art work. Users will
enter a “booth”, position themselves as directed and click
the mouse. The system will take their photos and do all of
the necessary processing to deliver a CD containing, as an
mpeg file, an animated photomosaic in which the tiles are
miniatures of the original photo. The animation will start

1www.cs.rmit.edu.au/~vc/evolved-art/gallery
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(a) (b) (c)
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Figure 1: Examples of Evolved Images

Figure 2: Enlargement to natural size of a segment
of Figure 1e

with a random collection of tiles, as in Figure 1a, gradually
“materialise” the user as in Figures 1b-e and then run in
reverse to “de-materialise” the user back to random.

2. RELATED WORK
Historically, the term photomosaic is attributed to the stitch-
ing together of juxtaposed pictures into a compound image.
The idea of combining digital images into larger building
blocks originated in a computer graphics system called Do-
miniPix [5], in which pictures are constructed from sets of
dominoes. Silvers [9] later conceived of the idea of dividing a
target image into smaller regions and generating the best ap-
proximation to the target image, by comparing the regions
to the target. Silvers’ [8] company produces photomosaics
on a commercial basis.

A quantitative method for generating photomosaics is pro-
posed by Tran [13], in which two distance measures are eval-
uated according to similarity between the photomosaic and
the target image, granularity of details in each individual
tile, and variety of the selected tiles. Costs are measured
on the basis of running time of the generation and library

size, the number of tiles available for selection. Kim and
Pellacini [3] use a mosaicing technique known as Jigsaw Im-
age Mosaic (JIM), where tiles of arbitrary shapes are used
to compose the final image. They use a framework in which
they seek to minimise a “mosaicing energy function”, to se-
lect the optimal tile configuration. The energy function pe-
nalises configurations that do not maintain the colour of the
target image. Their work was inspired by the work of the
Renaissance Italian painter, Guiseppe Arcimboldo [12], who
invented a style of painting that used clusters of images of
fruit, vegetables and other materials, to paint human faces.
In another investigation, Li et al [6] use content-based im-
age retrieval (CBIR) to support the generation of a series
of destination artistic mosaics, from an arbitrary, original
image. The CBIR image database contains 50,000 images
sourced from the COREL database.

Animations using mosaic tiles produce interesting effects
where the final picture is revealed through a process of grad-
ual disclosure. These offer much to the artist and are already
used by scientific data imaging, for example NASA produced
an animation visualising the Amazon rainforest using mo-
saic tiles representing data collected from satellites [7]. This
technique is used to render images and image sequences that
are meaningful to the viewer. Research on animated mosaics
that aim to gradually evolve mosaic frames towards the best
approximation of the target image, focus on generating the
best fit frame at each iteration. For example, Klein et al. [4]
develop a distance measure to assess based on average colour
and three-dimensional wavelet decomposition signatures in
the colour space. Their matching process also dynamically
selects smaller tiling sequences from a collection of candidate
source videos, and supports the use of different tiling shapes.
Finally, in other work on mosaic animation, Smith et al. [10]
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explore among other things the generation of temporally co-
herent mosaics, that is, wherein the individual frames are
chosen to present a coherent sequence in time.

3. THE SEARCH ALGORITHM
Our approach to generating a photomosaic requires a target
image and a fixed set of tile images. The algorithm views the
artist’s canvas as a two-dimensional grid that is of the same
size as the target image. A search, using a permutation-
based genetic algorithm [2, 11], is used to select and arrange
tiles on the grid so that the final arrangement is most sim-
ilar to the target image. Such a heuristic search algorithm
overcomes the inefficiencies of an exhaustive search.

A genetic algorithm operates on a population of potential
solutions and uses operators based on biological selection,
crossover and mutation to generate child potential solutions
from parents. For each individual in a population there
must be a way to evaluate how close it is to the desired
or optimal solution. This is a measure of the fitness of
the individual and is computed by a fitnessfunction. The
search is conducted as follows:

1. Generate a population of individuals at random.

2. Use the fitness function to determine the fitness of each
individual in the population.

3. Compute the next population (generation) by

(a) Select parents at random, but favouring fitter in-
dividuals

(b) Apply a crossover operator to get 2 children
(c) Randomly apply a mutation operator to the chil-

dren
(d) Place the children in the new generation

4. If no improvement for a number of generations stop

5. Go to 2

Since the selection process chooses fitter individuals, over a
number of generations the individuals get better and better.
After some number of generations it is not possible to find
a better individual than the current best and the evolution
can be stopped.

From an application point of view the evolutionary process
can be considered as a generic ‘engine’ to which the user
must provide two inputs: (1) The way that an individual,
i.e. a potential solution, is represented, and (2) the fitness
function. For the photomosaic problem, these are described
in the next two sections.

3.1 Representation
A potential solution is an arrangement of tiles in a two di-
mensional grid that is the same size as the target image. If
the target is of size N × M and the tiles are of size n × m,
we require that n divides N and m divides M . N/n = C
tiles are required to fill a row of a potential solution and
M/m = R tiles to fill a column. A potential solution is thus
an R×C array of integers in which each integer is an index
into the tile set provided. If t tiles are provided then each
integer is between 1 and t. A chromosome is this matrix
represented as a single vector in row major order.

Table 1: Genetic Algorithm Configuration
Parameter Value
Population Size 120
Crossover Rate 0.7
Mutation Rate 0.0001
Elitism Rate 0.1
Max Generations 50,000
Selection Proportional to fitness
Termination 50,000 generations
Replacement Generational replacement

Crossover can only occur at points that are integer bound-
aries. We have used 1 point crossover[11], with two children
being created from two parents. The crossover operator is
applied with probability Crossover Rate. If crossover does
not occur, the parents are simply copied to the children.
Mutation is implemented by picking a random position in
the array and replacing it with random integer between 1
and t. Mutation Rate is interpreted as the probability of
changing a particular tile position.

3.2 Fitness Evaluation
For grey level images, fitness is evaluated by summing the
differences in pixel grey levels between the candidate solu-
tion and the target (equation 1). For colour images the sum
is taken over the red, green and blue components.

NX

i=1

MX

j=1

|target(i, j) − individual(i, j)| (1)

This fitness algorithm allows us to obtain a mosaic that is
as similar as possible to the target image.

3.3 Construction of photomosaic animations
Each time a new best image is found in an evolutionary
run it is rendered and written as an image file. These im-
ages form the individual frames of a movie. To achieve the
‘materialise’ and ‘de-materialise’ effect described earlier we
have copied the frames generated by the search algorithm,
reversed the order, and constructed a movie file from the
original and reversed frames. The animations are quite com-
pelling when played in a loop.

Unfortunately there is a large variability in the available
tools for constructing movie files from individual frames and
for playing the movies. We found that the same anima-
tion file was rendered differently by different (media) play-
ers. Very pleasing artistic effects achieved with one player
were lost with another. Renderings by some players were far
less successful, indeed unacceptable. The speed of the com-
puter processor also affected the rendering. We found that
constructing MPEG files with PPMTOMPEG and viewing
them with the VLC player on a PC, the MPLAYER player
on a Solaris environment and the totem player on a linux
environment generally worked well.

4. THE INSTALLATION
The installation consists of an iMac computer with a built in
camera. The user stands in a designated position and clicks
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Table 2: Configuration of the Installation
Parameter Value
Target Image Size 525 × 700
Tile Size 15 × 20
Intensity difference between tiles 10
Write only every kth best 5
Average time to construct animation 6 mins
Number of frames per animation 200
Run time of an animation 1 min

the mouse to start the process. The subsequent processing
is as follows:

1. A picture of the user is taken and used as the target.

2. The facial area of the target is cut out and saved as as
the primary tile.

3. A set of tiles, at varying levels of light and dark, and
scaled to the required size, is then generated.

4. The algorithm described in section 3 is used to get the
sequence of best images.

5. The method described in section 3.3 is used to con-
struct an mpeg file from the individual frames.

6. The animation is written to a CD or emailed to the
user.

There are a number of decisions to be made in configur-
ing the installation. These mostly relate to quality of the
video and run time. The final video needs to fit on a com-
puter screen without the need to scroll. The tiles need to be
big enough to be easily discernible on the screen, but small
enough that the evolved mosaic can be clearly recognised.
Using every best image in the movie can give animations
that are too slow to maintain viewer interest. The evolu-
tionary search can be quite slow because of the frequent
need to write a large image file, and the user can get im-
patient while waiting for the evolutionary search to finish.
These two problems can be ameliorated by only writing out
every kth best image. We have found that the values shown
in the top half of Table 2 to be a reasonable compromise.
Using these values gives animations with the characteristics
shown in the bottom half of Table 2.

5. CONCLUSIONS
Our goal in this work was to develop an installation that
would generate interesting and engaging animated photomo-
saics with an image of the viewer as the target and minia-
tures of the viewer’s face as tiles. By using an evolutionary
search to find the best fitting arrangement of tiles, and using
each (nth) new best individual as a frame of an animation,
we have created successful animations. The major reason
for getting interesting animations is the genetic search. Us-
ing a classical exhaustive search to find the best matching
tile in each position in the target would result in very boring
animations, even though the final mosaic might be slightly
better.

Further work is planned, at least in areas involving search
and colour. Currently, the search takes about six minutes

and some viewers become impatient with the wait. Further-
more, our animations are grey level; in future we would like
to extend them to colour.
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