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Abstract

This paper presents a discussion on the junction between art
and engineering, with special reference to image processing.
The aim is to highlight areas in image processing where the
two disciplines intersect. The historical context of this inter-
action is provided along with examples of works from artists
and engineers. For both the computer artist and engineer,
images are central to their work, they use the same platform,
the computer, and share a common vocabulary, words such
as edge, contour, colour and texture. The paper includes art
works and computer vision systems that show how a working
knowledge of the other discipline can be beneficial to both
the artist and engineer. There is currently no prescribed liter-
ature dealing with the overlap between these two disciplines.
This paper aims to draw attention to this fact.

1 INTRODUCTION

With the advent of the computer age numerous opportuni-
ties have arisen that challenge the way in which we explore
the world surrounding us. Engineers use computers to pro-
cess data and visualise results, while artists have found in
this new media an attractive way to express their creativ-
ity. Although these are seemingly disparate fields they are
united in that they are both concerned with images. When
an artist or engineer refers to colour, edge or shape, they
are addressing the same entities [2, 10], they share a com-
mon language and a common medium, the computer, to pro-
duce their creative objectives. It is therefore not surprising
that this commonality creates fertile ground for the gener-
ation of new innovative ideas emerging from this creative
union. At the intersection of these disciplines exist individ-
uals or collaborations between people that defy traditional
roles [7, 9, 11, 16, 17, 18, 20]. Engineers and scientist find

themselves involved in art projects and artists develop com-
puter vision systems.

This close relationship between art and engineering is not a
new phenomenon and Section 2 will attempt to position the
current junction in its historical context by focusing on in-
novation during the Renaissance. Section 3 discusses image
processing and art, attempting to highlight the commonali-
ties of the disciplines. In this section we discuss the ele-
ments shared by both the fields as found in their common
vocabulary. A number of examples in Section 4 illustrate the
use of image processing techniques used towards creating ac-
claimed art works. Section 5 describes works by the authors
that illustrate how a traditional artistic perspective can be used
toward the development of computer vision systems. Two pa-
pers will be discussed. The first, The Automatic Detection
and Tracking of Eyes in Video Sequences [19], reveal how a
novel solution can be found by first analysing the problem
from an artistic perspective. In the second paper Human Pose
and Action Recognition using Negative Space Analysis [20]
a robust system was developed using a preprocessing method
that has its theoretical roots firmly grounded within the arts.

2 HISTORIC CONTEXT

The interaction between technology and art is not a recent
phenomenon. "It is well known that the Renaissance artists
received their training in an atmosphere of artists and mathe-
matical studying and learning together" [7].

"The artist was even expected to solve problems involv-
ing the motion of cannon balls in artillery fire, a task
which in those times called for profound mathemati-
cal knowledge. It is no exaggeration to state that the
Renaissance artist was the best practising mathemati-
cian and that in the fifteenth century he was also the



most learned and accomplished theoretical mathemati-
cian" [13].

Perhaps the most famous example of this synergy can be
found in the work of Leonardo da Vinci [6]. His works ranged
from art such as The Mona Lisa, to feats of engineering in-
genuity as evident in his designs of artillery. His ideas, how-
ever, did not exist in a void, his artist-engineer approach was
shared by many of his contemporaries and predecessors. The
Sienese engineers practised their art before Leonardo and in-
cluded engineers such as Mariano di Lacopo, known as Tac-
colo, and Francesco di Giorgio [6]. The work of Filippo
Brunelleschi illustrates the skills of a sculptor, architect and
engineer [8], he was the first to carry out a set of experiments
that led to a mathematical theory of linear perspective [6].

With the advent of computer programming, the conventional
demarcation between the artist and scientist or engineer again
diminishes. The use of computers has established a bridge
creating a free flow of ideas and techniques between the dis-
ciplines. The Visual Mind, contains a number of interesting
papers on the subject of art and mathematics [7]. The works
do not focus on image processing but sets the scene for the
developments taking place today. Patricia Bentson observed:

"Collaborations between artists and mathematicians is
of greater interest today than at any time since the Re-
naissance. Mathematicians are looking at visual rep-
resentations in new ways, while many artists today
have profound interest in new technologies and new ap-
proaches. The computer revolution is very much a part
of this increased fascination" [7].

Ideas in art argue for the recognition of an entirely new form
of art: New Media1, where not only is a medium such as the
internet considered a creative medium, but that the artists of
these new media defy traditional stereotypes. The notion of
an artist now extends to include computer programmers, com-
puter graphics and image processors [16]. Traditional views
of image processing can also now extend to include concepts
that were previously exclusively used within art disciplines as
illustrated by the work of the authors [19, 20].

3 TOOLS OF ART AND IMAGE
PROCESSING

Levine [15] divides computer analysis into two computa-
tional stages, the low level picture processing and high level

1New Media,understoodascomputerbasedartisticactivities [16].

picture interpretation. Picture processing can be further sub-
divided into three separate areas; sensor representation, pre-
processing including restoration, and image segmentation
and feature detection. The higher level picture interpretation
includes feature classification, structural relationships, higher
level aggregation and model matching, 2d and 3d image de-
scription and lastly 3d scene interpretation.

Of specific interest in this paper is the interaction between
the lower level feature detection where edge content, colour,
texture and shape are considered and the higher level fea-
ture classification and structural relationships. To perform the
high level recognition we need to determine which of these
lower level elements will result in the most robust features.
It is at this stage of analysis that the image processor could
benefit from an artist’s perspective.

Image processors and artists use similar tools to analyse im-
ages, elements such as line, shape, space, colour and tex-
ture [1, 10]. To create accurate drawings or paintings artists
need to be trained to become sensitive to the elements con-
tained within an image. The image processor also needs to
forego what is expected within an image and focus on which
elements should be extracted as features. If, for example, we
trained a neural network or constructed a Gaussian mixture
model for skin colour recognition, we could use training ex-
amples consisting of every possible skin colour [3]. Alterna-
tively the developer could selectively choose a representative
set of skin coloured pixels. This is a subjective criteria, sim-
ilar to the process whereby a painter mixes a limited set of
colours to create the illusion of skin tone in an image.

In a line drawing or an edge detection system, the artist and
engineer have to validate whether the lines present in the im-
age are characteristic of a specific object. The image proces-
sor then extracts this feature, while the artists uses this as part
of a drawing to render an object. Perhaps it could be ben-
eficial to the student image processor to partake in practical
art training to become more sensitive to image content. Sec-
tion 5 describes a system where novel computer vision sys-
tems were developed by approaching the problem from this
non traditional perspective.

4 IMAGE PROCESSING USED TO
CREATE ART WORKS

"Some conventionally oriented artistic scientists and critics
have expressed the opinion that fine art has exhausted all
forms and structures, so innovation is not possible” This ex-
cerpt is from a paper by Franke and Helbig on calculated vi-



Figure 1: Uncomfortable Proximity, Graham Harwood. On-
line commission at the Tate Gallery web site, London,
2000 [9].

Figure 2: Corpus, Richard Wright[12].

Figure 3: Playboy Centrefold, Jason Salavon,1988-1997 [18].

sual art [7]. Less than a decade later it is clear that advances in
computing have breathed fresh life into the arts. Artists using
New Media techniques have found in computer graphics and
image processing techniques challenging new ways to repre-
sent their vision. As with any new movement it is difficult
to predict whom history will brand as the artists of the New
Media. We have included a few artists that appear to be on
the forefront. All the artists developed their own algorithms
and code to manipulate the images.

Graham Harwood won the 2000 Leonardo New Horizons
award, and was granted an online commission from the Tate
Gallery in London [9]. His work entitled: "Uncomfortable
Proximity", shown in Figure 1 forms part of his online com-
mission. His images are an assemblage of smaller pictures
and photographs that have been manipulated using his own
specialised image processing code. Richard Wright, previ-
ously a research fellow at IBM, works with manipulated im-
ages to form animations [12]. Figure 2 shows a still im-
age from one of these works. John Salavon’s work manip-
ulates images by superimposing and colour averaging tech-
niques [18]. Figure 3 portrays the result from a number of
superimposed models in similar orientation. The overall ef-
fect is a blended image of a striking shroud-like figure.



5 APPLYING ART PRINCIPLES IN
IMAGE PROCESSING

Everyday images are decomposed by the artist into elemen-
tary forms and shapes represented in the form of an art-
work [2]. The image processor is often problems faced with
the same task: Visual elements need to be identified that can
be extracted as features for the task of recognition [10]. It is
at this feature extraction stage that the engineer can benefit
greatly from an understanding of art theory. Elements such
as balance, shape, form, space, light, colour, movement, and
dynamics are tools of image analysis from an art perspective
and also from an engineering perspective. These elements
make visual categories explicit and show underlying princi-
ples and structural relationships. The task of image analysis,
which relies on the ability to see the desired structure hidden
between layers of irrelevant information is simplified. Visual
features have an associated fitness profile allowing a designer
knowledgeable with image processing techniques to recog-
nise whether a proposed solution is computationally feasible.
This is an area of expertise foreign to the knowledge of a per-
son trained in the arts only.

This paper now mentions two original works by the authors
that illustrate how an understanding of art theory and practice,
can lead to solutions in computer vision problems. The first
paper concerns The Automatic detection and tracking of eyes
in video sequences [19]. This paper presents a novel method
to detect and track the eyes for a number of image sequences.
Eyes are detected irrespective of variations such as the skin
colour of the person, glasses, whether the eyes are open or
closed, and changes in lighting conditions. Face images can
also exhibit a range of in-depth and in-plane rotations.

Researchers in this field commonly represent the human iris
as a circle [5], or a circle within an ellipse. However, by
studying various images of actual eyes the authors concluded
that a rectangle would better represent the shape of the iris
when it is visible, as well as the eyelashes when the eye is
closed. Although the iris itself is circular it is partly obscured
at the top and bottom by the eyelids, resulting in a more rect-
angular than circular shape.

This observation led to a simple algorithm with significant
detection results [19]. The system achieved an exact iris de-
tection rate of 91% for the 921 images where the eyes were
present in an image.

The second paper Human pose and action recognition using
negative space analysis, also has its developmental founda-
tions in art theory [20]. In particular it focuses on what artists
refer to as the negative space to recognise human actions.

Figure 4: Eye detection results, using rectangles instead of
circles.

Current state of the art techniques focus exclusively on the
image space occupied by the body for pose and action recog-
nition. The method proposed here, however, focuses on the
negative space: the areas surrounding the individual. This ap-
proach resulted from a period of intense study of the human
pose images. This stage of the analysis can be seen as the
decomposition of the image problem into its basic elements.

A. Typical set of images; a waving sequence.

B. Negative spaces highlighted

C. Selected negative space regions showing a wave pattern.

D. Bounded negative space areas illustrating the changes
that occur in surrounding regions.

Figure 5: Images depicting information contained within the
negative spaces.

Binary images similar to those in Figure 5 A, represent the
initial data set. The actions performed can be recognised eas-
ily by a human. However, it is not apparent why this is so.
If one considers the negative spaces as highlighted in Fig-



ure 5 B, a possible solution presents itself. From an image
analysis perspective, these areas, when bounded by a rectan-
gular frame, provides us with several regions that form more
visually distinctive patterns than the bodies themselves. Fig-
ure 5 C, illustrates the changes to the shape and area of se-
lected negative space regions during a wave sequence. Fig-
ure 5 D, shows that for a bounded image the negative space
areas are more numerous, and undergo more radical changes
in shape than the single area occupied by the body of the per-
son.

This approach has resulted in the colour-coded negative space
approach, an image preprocessing step that circumvents the
need for complicated model fitting or template matching
methods [4, 14, 21, 22]. Figure 6 show negative space colour
coded images, these figures show the distinct coloured pat-
terns that arise for different poses. Features are directly ex-
tracted from the colour-coded images, based on the percent-
age of area occupied by distinct coloured regions as well as
the bounding box proportions. Pose clusters are identified
and subsequent images classified using a simple Euclidean
distance measure. An image sequence is thus temporally seg-
mented into its corresponding pose representations, and ac-
tion recognition simply becomes the detection of a temporally
ordered sequence of poses that characterises the action.

The system was tested using two male and two female stu-
dents of different stature and attire, performing actions such
as waving, lying down, left and right arm waves, arm drops
and high and low kicks. A total of 87 gestures were per-
formed and 85 were recognised successfully, giving an accu-
racy rate of 98% in an controlled environment.

From the previous examples we can see that by analysing the
problem from a visual perspective the solution presents itself
in abstract terms. It is the task of the engineer to evaluate the
feasibly of converting solutions found in the image domain
into robust computational systems. One need not be a trained
artist to do this, merely familiar with the basic principles of
art theory and how this relates to the analysis of images.

6 CONCLUSION

This paper presents an alternative view of image analysis
for computer vision systems. Technological advances have
blurred the distinction between art and engineering, specifi-
cally computer vision. Advances in computing have created
an environment within which new media are available that
can be used successfully by the arts as well as the sciences.
This has also created fertile ground for crossover artists as

well as scientists creating a "new Renaissance". We have pre-
sented examples from the work of the authors where tradi-
tional art principles such as negative space have been applied
to enable human action recognition. The paper also com-
posed a list of art works using image processing as a tool
to convey their vision.

Figure 6: Colour coded negative space images.
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