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It has been astonishing to experience how fast and to what extent the digital technologies have developed
and exerted a special influence on the visual arts. As a visual artist working for a number of years within the
composite field of art, science and technology, I have often felt compelled to try to figure out how the human
imagination and digital technologies interact. I do not think that I will ever totally succeed, seeing as more and
more aspects of this complex issue are constantly appearing. Nonetheless, I feel the urge to analyze some of the
more obvious issues, as seen from the viewpoint of a visual artist.

We are engulfed in a universe of data. Our reality is increasingly changed and determined by the use and
visualizations of data as we move from primarily text-based information and communication to primarily visual
information and communication. However, even though data-based images are to be found almost everywhere,
we tend to forget that the electronic image is not an image of something but rather a complex construction, or
composite, of a number of parameters, the origins and functions of which depend on complex interactions of
human and technological modes of functioning.
What we also tend to overlook is that data, as such, have no unequivocal meaning independent of the form they
are given. The data we use and refer to in our modern societies do not exist independently of some form of
technology and have consequently already become a form (in-formation) and interpretation.
So, let’s keep in mind that data are not information, and that information is not knowledge, and also that when
we talk about data as facts, we are, as a matter of fact, talking about something made (by us), as the term
indicates.
This is well known, but I feel the need to mention this, since it has been important, primarily in my work with
visualizations of data. And, before presenting four of my own works, created over the period 1991-2011, which
deal, among other things, with interactions of human and technological modes of functioning, I consider it
relevant to put forth some considerations that relate to art, science and technology in general.
Representation and reality

Two main explanations for the increased importance of data visualizations are the vast amount of data and a
number of complex issues that can hardly be understood unless they are visualized, i.e. unless they are given
visual form.
It is presumably well known to friends of Leonardo that both art and science have a long-standing tradition
of visualizing invisible issues and phenomena: in doing so, imaginary worlds are created and form is given to
otherwise invisible phenomena. However, when the amount of data is enormous, and when the methods used to
visualize are adequately complex, we are dealing with constructions, and the methods of construction constitute
an integral part of the content or meaning. You may ask, then, in what way does scientific visualization, i.e.
the imaginary world of science, differ from the imaginary world of art, apart from the various methods and
situational contexts. Similarities in – and differences between – art and science can be disputed [1] but I hold
that whatever opinion you might harbor about this complex and central issue, you can agree that visualizations
of data are representations, which, in many cases are to be regarded as the only valid knowledge we might have
about a given phenomenon, be it energy or information.

Science, to a great extent, renders visual phenomena/data that we would not otherwise be able to view and
understand. And if indeed, this is our sole way of understanding the object, we can probably say that it is the
visualization, the rules and the techniques that define the object and we can also say that it is the incorporation
of the visualization and the logically tested rules that constitute the reality/object. Thus it is not only a matter
of a representation of data, but also a matter of logical/visual constructions that we are compelled to accept as
reality. Through understanding the rules/methods, we understand reality, but this also implies that reality (as a
construction) can be changed and even that it can be changed with far-reaching consequences.
Art has always dealt with the visual representation of non-visual relations. Therefore, art can be said to have
a much more intimate relation to the visualization of concepts than science has had. But obviously, all this has
changed. For instance, with the visualization of concepts, science has, in the best-case scenarios, a coherent
(true) definition of its visualization. (In some cases, there are visual emergences). However, this does not
necessarily amount to a sufficient understanding of image-formation as such, since the information in (data)
image-formation/construction may assume another form and thereby takes on, to a greater or smaller extent,
an altered content, (e.g. you simply have to change an algorithm and you might change the image and the
meaning).
Invention and discovery

We can gather data in many different ways, but data do not exist unless they are recorded. When it comes,
though, to the recording of objects or phenomena that are unavailable to our senses, either because of vast
distances in space and time, because of minimal size or because of electromagnetic radiation, we have to
rely on various kinds of technologies/ instruments (e.g. remote sensing). Since we are used to basing our
understanding of reality on data we can perceive, we tend to overlook the fact that at the base of the technically
produced data there might be no percepta – that is to say, no “natural” data (e.g. in the case of remote sensing).
We are, therefore, highly dependent on indirect cognition, which has also been termed instrumental cognition
[2]. When we, then, are dealing with data without a referent, our understanding is dependent upon some form
of visualization or sonification.

Now, even though the data-based visualizations that we obtain from instruments look like images of sensory
perception, there is an essential difference between the ways in which instruments and human sense faculties
function. Since we cannot understand data from a phenomenon that we cannot perceive through the senses
– from a phenomenon that is not yet known or not yet defined – unless, that is to say, it has a form that can
determine its content, we find ourselves confronted by a situation that compels us to invent a form in order to
determine the content of this undefined form. This is, of course, something of a paradox, but it may well be the
case, especially within the arts or sciences. In this way, we can see that the content’s form/meaning, as related
to an unknown phenomenon, also becomes determined by the form that is being used, since we have to invent a
code for a particular case, that is to say, an undefined influx [3].
It might seem surprising that we are speaking about inventing instead of speaking about discovering but this
tends to be the case when the particular phenomenon’s existence is dependent upon the instruments and
the models or rules, which all serve to give the not-yet instrumentally produced data its form and meaning/
significance, “- thereby implying that code-making and invention are aesthetic activities” [4]. Aesthetic activity
is characterized by the symbol, which is, ultimately, along with the function of signs – an intellectual “invention”,
a precondition for (new) knowledge. Instruments, of course, do not function neutrally. It is rather the case
that they follow (complex) theories or concepts. By changing the technology and by changing the theories and
concepts, the content – and our knowledge – of the observed phenomenon is also altered. We accordingly see

that code making can be considered aesthetic activity, and can be considered invention. And as has been said, by
changing the code you may be changing/inventing a construction/reality, be it within art or science.
Art, exact knowledge and coding

As we know, the use of alpha-numerical codes and constructions has far reaching implications, but what ought
to be emphasized in this regard is that no matter in what connection they might happen to exist, they can be
employed as subjects for artistic articulation/ construction, which means to say that all alpha-numerical based
(formal) knowledge, calculation and combinations can thus satisfy the criteria for not only the production of
(exact) science but also for aesthetic production. Because art, as an autonomous semantic “system”, is quite
familiar with construction, in the widest sense of the term, that is to say, with combination, calculation and
changing of codes, etc., one might reasonably expect that artistic activities take on a much wider reach and
importance, as is now the case. In addition to its aesthetic qualities, art may increasingly come to render exact
knowledge visible, and it is my opinion that we, in this light, can speak about a numerical constructivism [5].
The rules for data-visualization may be well defined: this does not imply, however, that neither rules nor datavisualization correspond to our visual experience/cognition or to the visual system’s functional modes. It is
far from always being so that the logical system and the visual (neural) system function in the same ways. Nor
should we forget that there is a fundamental difference between digital and traditional image-formation. The
digital image is formed in a linear way, with the linear accumulation of data. On the other hand, there are no
firm rules for the formation of a traditional image-field. It is presumably here that we find one of the greatest
obstacles for understanding the electronic images that are often not pictures but projections.

Perhaps the term techno-imagination, which was coined by the media theorist Vilém Flusser, covers the topic
adequately when it comes both to understanding the formation of electronic images and to understanding
the imagination’s function(s) within a conceptual and electronic image-world, and Flusser placed a special
emphasis on the need to come to an understanding about the complex relationship between an observed
phenomenon, the observer and the instruments, the “apparatus-operator-complex” [6]. Often, you may not
be able to separate the observing instruments, the observer and the observed from each other. But in the
final analysis, imagination constitutes the crucial element in our understanding of reality, and you might even
consider the functioning of the imagination as being instrumental. Unfortunately, we have grown accustomed
to regarding pictures/images, thinking and technology as separate fields, but this only serves to underscore
the pressing need for us to bring these fields together, so that they will function together and so that we will be
better able to understand our visually and conceptually complex world.
Functioning of imagination and instruments.

There is, as has already been mentioned, an essential difference between the ways in which instruments
and human senses function. Not only are we dealing with an obvious difference between technological
and physiological modes of functioning: the main difference appears to be that we have different forms of
imagination, that is to say different forms and modes of understanding. Getting technical and non-technical
images, and different forms of imagination, for that matter, to work together is difficult enough, and this is not
made any easier when we also have to calculate in different transformations demanded by the instruments.
When information is transformed from one medium to another, it is often radically transformed, and something
similar may be the case when it comes to imagination: there seems to be no easy way of getting different
forms of imagination to function together. A classic example can be seen when we compare imagination and
mathematics, notwithstanding the fact they very well may, on a deeper level, function together and also, to a

certain extent, condition each other; indeed, this has posed a problem when we consider how this is related to
some exact sciences, as has been well documented by Peter Galison [7].

Certain functions of mathematics and their connection with art and science have been dealt with repeatedly by
the physicist, David Bohm, who considers fragmentation to be the central cause of the difficulties we have in
establishing a world in which the functions of mathematics, language, reason, science and art fit into a whole;
these difficulties give rise to fragmentation. A main cause of fragmentation is to be found, according to Bohm, in
our modes of thinking and of using language, i.e. in the content of thought and in the functioning of thought.
Bohm’s view of the modes of the functioning of art, science, technology, mathematics and thinking, in general,
is distinctive in that he envisions the possibility of transforming these areas into a unified form of art, “It is
clear, then, that reasoning is to be regarded as an art. And thus, in a deep sense, the artist, the scientist and the
mathematician are concerned with art in its most general significance, i.e. with fitting [8]. What also seems clear
is that making the various functions of the apparatus, imagination, and cognition, etc. fit altogether is not an
easy matter, but that this could come to be one of the most important functions of art in what lies ahead.
Therefore, if we consider a form of imagination as a symbolic or semiotic form, in the sense that Cassirer
discusses, then a great many technological, artistic and scientific activities would be easier to understand. In
this way, they function together as transformations, which might then provide us with new and unexpected
forms of knowledge, be it in art or science. It might fit – and we might see an art that functions beyond the
cultural institutions.

I think that we need to engage ourselves in an altered kind of abstraction in order to prepare the soil for a sorely
needed understanding of transformations, not only between the various forms of imagination but also between
their various ways of functioning. But we must realize, in this digital context, that certain transformations which
may occur when different modes of interaction take place cannot always be dealt with in a digital manner
because these modes are primarily of a symbolic character, the origin of which is to be found in a totality
comprised by the “apparatus”, or the mental matrices, and they do not obtain significance until they have
become a form that is also generated by the apparatus. The modes of functioning are aspects of the mental
apparatus and they serve partly to structure content, whereas the content can change according to changes and
transformations in society, no matter whether we happen to use digital or non-digital technologies.

Four works: 1991-2011
Light-Figure

The installation Light-Figure, 1991, a computer-controlled data visualization, was based on continuous real
time influx and already recorded data. The work is a two-part data- projection, with a square on the right and
a circular shape on the left, and renders visual data from the Sun, which, above and beyond emitting visible
light, also happens to be a powerful source of radio frequencies. The square is divided up into 4x4 smaller
squares, each of which has been designated with a numerical value, as in the magic square in Albrecht Dürers
renowned etching, Melancholia. This part of the video projection renders the radio waves emanating from the
Sun visual in real time, as so-called “white noise”, after these frequencies are received by a specially constructed
antenna and after the incoming data have immediately been rendered visible. The intensity of the three primary
colors (red, blue and green) is determined by the intensity of the radio noise emanating from the Sun. Along
with this, a random color is chosen from over 250,000 possible hues. The sixteen smaller squares inside the
large square, then, are constantly changing colors in relation to the intensity of the received radio noise. After
a passage of 300 steps, each one lasting 2 seconds, the visualization (with colors) changes character and the
visualized items of data are then shown as gray tones, of which there are also 300 steps. After this part of the
overall sequence has been unfolded, the color scale is utilized once again.
The circular-formed part of the video projection renders visible the sunspot activity over the course of the
last 300 years - in two different ways. In one version, which is depicted here, the sunspot activity is viewed in
the form of rings, the size/intensity of which correspond to the number of sunspots within a so-called “solar
cycle”, which means to say an 11-year period that is closely connected to the sun’s magnetic activity. The second
version, which makes use of the same data, is shown as a disk, the radius of which changes size as a function of
sunspot activity. You have to imagine something like a large disk, which is “pulsating”. The lapse of an 11-year
period is quite rapid, seeing as each year is displayed with a duration of only half a second. The two versions
follow continuously after one another.
Light-Figure, 1991.

Two-part dat avisualization. The circular shape
renders visible (historical) data from the Sun;
the square shape renders visible real time data
”white noise” according to a numerical system
found in Dürers engraving Melancholia. Wall size
projection at the Danish National Gallery.
(Photo: Bent Ryberg).

“Light-Figure” was shown at the National Gallery of Art, in Copenhagen, in 1991.
The part of the installation discussed above was created in collaboration with the astrophysicist, Ib Lundgaard
Rasmussen.

Glimmer
The project entitled Glimmer, 2000, rendered visible meteorological data. It was developed as an Internet
project and was in operation, as such, for about a year and a half, during the period, 2000/2001. The data
visualization, shown here in the form of geometric configurations, was registered by the geo-stationary satellite,
METEOSAT, within the infrared band of the electromagnetic spectrum.
The geometrical configurations consist of eight units, each of which represents a specific geographic area
corresponding to Iceland, France, Norway, Tunisia, Ireland, Poland, Spain and Greece. In a more popular way of
expressing this, we could say that the areas are shown as a “geometric map”.

For each of the countries, that is to say, for each one of the geometric units, the satellite registered twenty
infrared measurements in the form of twenty points. Each measurement was displayed, in the visualization, as
one smaller individual geometric part. (We have to imagine an imaginary global coordinate system, consisting
of an immense number of points.) In each measurement, there was a value between 0 and 255. Each value
corresponded to a particular color, which means to say that as many as 256 colors were being employed for
rendering visible the twenty measured values, at any given point in time, for one of the aforementioned areas
with twenty individual parts: a country. The color for each measurement and thus for the value/temperature
were to be found by clicking on to the “color palette”, which the computer’s 256 colors indicated, in such a way
that there would constantly be an accordance between the measured value and the color. The relationship
between the measured value and the color was stipulated in an arbitrary manner.

The data were registered by the satellite once every half-hour and then transmitted further to the different
receivers, such as Denmark’s Meteorological Institute, DMI. Via the Internet, the data were immediately
transmitted on to the Glimmer project, where data were rendered visual at once. The project was continuously
updated and showed the visualized data received every half-hour and over the course of whatever happened to
constitute the “past” twenty-four hours.
The data visualizations existed in four different versions, two of which could be varied and selected by the
spectator.

Glimmer was an Internet project, 2000/01. visualizing metereological data from eight different countries using.
The satellite data, METEOSAT, were from the infrared band and were visualized in four different versions. (The
project was also shown at Esbjerg Kunstmuseum, DK, as four wall-size large projections).
Measuring points from eight different countries. The data were visualized every half hour as they were received,
or you could choose to see data from the last 24 hours.
Different version; you could choose and enlarge a particular country.
Visualization from eight different countries,: The colors of the eight circular units changed according to the
latest received data.

MAGNET

The project, MAGNET, 2011/12, was partly an Internet project and partly an exhibition on view at three
different museums. One of the central artistic intentions here was to visualize specific scientific data and to
relate these to some of the relevant issues, issues that are seldom referred to in art and science. The data
visualizations are constituted by geomagnetic and meteorological data. The geomagnetic data, encompassing
three parameters, were continuously supplied from four measuring stations in Northern Norway: Longyearbyen
(Spitsbergen), Bjørnøya, (located in The Barents Sea), Nordkap and Tromsø.
The meteorological data were sent from a geostationary satellite, METEOSAT, positioned above the equator.
The data used were registrations from the infrared band, and were received and visualized every quarter of
an hour. Because the satellite registers data from a very large area of the Earth’s surface, data from only four
specific areas were visualized. i.e. Aalborg, Roskilde and Guldborg (all in Denmark) and Karlsruhe (Germany).
Each of the four areas measures about 50x50 km. and is represented by 10x10 pixels; that is to say, each pixel
represents approximately 5x5 km. Each pixel has a numerical measuring value ranging from 0 to 255, and each
value had its own pre-defined color. Each of the four aforementioned areas thus made use of as many as 10x10
pixels and 256 colors.
The data visualizations at the different museums were supposed to be seen as large (video-) projections;
there was more than one version from each of the measuring stations and geographical areas. The data were
visualized as soon as they arrived via the Internet, and the visualizations and projections were simultaneously
made available via the Internet. The visualizations were thus to be seen by the public, either in the visual dataspaces set up at the three exhibition venues or by using the computer and the internet.

When you consider that the data used were represented in different ways, you can see how the meaning
changes. What we come to understand, then, is that there is a precisely defined relationship between the data,
which represent the phenomena of geomagnetism and temperature, and the visual representations of the data
in question, and we see a continuous visualization of invisible natural phenomena. In applying combination and
interaction, what we have before us, then, is a continuous visual genesis.

The (natural) phenomena represented in MAGNET, do not appear, at first glance, to have any significant effect on
our daily life. Like most anything that can be digitized, and can also be visualized, you might think that any data
from our near environment and nature could have been chosen. Even though geomagnetic data and data from
so-called “remote sensing” apparatus seem to be far away from this world, magnetism is of crucial importance
to our lives here on Earth. Without the protection of the magnetosphere, there would be no life on Earth, and
the Sun, with its magnetic field, and the solar winds are similarly of crucial importance to life on Earth. The
project, then, was not addressing itself to nature in the ordinary or romantic notion (i.e. construction) of nature
but is taking into account, instead, that we ought to consider the space that surrounds us as an inextricable and
decisive part of (our) nature, as such, and also as a natural field of aesthetic practice and knowledge.

#1: Left: Metereological data from four geographical locations (i.e. Aalborg, Roskilde and Sundby
F, Denmark, and Karlsruhe, Germany Right: Metereological data from one of the above mentionend
locations. In the background different versions of geomagnetical data.
(Photo: ONUK).
#2: Visualizations of geomagnetical and metereological data (ZKM Karlsruhe).
(Photo: ONUK).

#3. Visualizations of geomagnetic data, two different versions, from four geographical locations, three
parameters (Museet for Samtidskunst, Roskilde, Denmark).
(Photo: Anders S. Berg).

ORBIT
ORBIT, 2011/12, was an Internet project that rendered visual data emanating from four National Oceanic and
Atmospheric Administration (NOAA) satellites – so-called polar satellites - which are parts of a comprehensive
system of satellites orbiting the polar regions.

The data used in the project is collected via two infrared channels, from two antennae, one of which is stationed
at Kangerlussuaq (Greenland) and the other stationed just north of Copenhagen (Denmark). What this
entails is that the data are being received from an area that extends, roughly, from north of Alaska to Central
Europe. Seeing as the data are being received from four satellites (NOAA 15, 16, 17 and 19) – all of which are
transmitting data at different times and from different positions - we are dealing with a vast geographical
region.
As has already been mentioned, it is infrared data that are being picked up from these areas, i.e. temperature,
land/water, cloud/non-cloud. To these must be added time, position and satellite identification.
The sheer quantity of data is huge. In the context of an art project, it would be impossible to make use of so
much data. For this reason, the ORBIT project is designed in such a way that every single satellite’s orbit – at
a given time and position –makes use of only a previously agreed quantity of data. One pixel is equal to 1 x 1
km. All in all, about 1000 pixels are being used. As the measurement/number values increase from 0-255, the
visualization process makes use of 256 colors. There is, in this way, a previously defined relationship between
the number values and the colors utilized.

During each orbit, which lasts about 101 minutes, each satellite transmits its data, which is continuously
received and visualized over the Net as soon as it is picked up. The four satellites transmit their data at different
times; this entails that there is a continuously changing configuration of the visualizations. The data used were
visualized in four different versions. It was also possible to view the data visualizations from the previous 24
hours.

ORBIT is an internet project visualizing data
from four NOAA satellites as they pass the North
Atlantic. The data are from the infra red band and
are visualized as soon as they are received, as four
different versions, each orbit ca. 101 minutes,
Datavisualization, infrared band, of satellite
identification, temperature, land/water, cloud/non
cloud, time and position.

NOTES

1. Leonardo, Vol. 45, no. 1, 2012, pp. 66-67.

2. In the essay, Vision and Cognition, Krysztof Pomian presents an overview of the philosophical problems
connected with perception and knowledge; he holds that indirect cognition “and instrumental cognition”
are indispensable concepts in the contemporary context. In, Picturing Science: Producing Art, ed. Caroline A.
Jones & Peter Galison (Routledge: New York/London, 1998).

3. Umberto Eco, A Theory of Semiotics (Indiana University Press, 1979), p. 188, p. 259

4. Eco, ibid. p. 254.

5. There are numerous examples of how artistic thinking and techniques have influenced, for example,
science; a couple of relevant studies are Martin Kemp, The Science of Art: Optical Themes in Western Art
from Brunelleschi to Seurat (Yale University Press: New Haven and London 1990) and Horst Bredekamp,
Galilei der Künstler (Akademie Verlag: Berlin, 2009).
6. Vilém Flusser, Kommunikologie (Fischer Taschenbuch Verlag: Frankfurt am Main, 1998).

7. Peter Galison, Image and Logic. A Material Culture of Microphysics (The University of Chicago Press, 1997).

8. David Bohm, Wholeness and the Implicate Order (Routledge and Keagan Paul:
London, 1980) and “Fragmentation and Wholeness”, in The Structurist, No. 11, 1971,
(University of Saskatchewan: Saskatoon, 1971).

Acknowledgements
Thanks to the following institutions and individuals: The DANISH ART COUNCIL for financial support; The
Danish Metereological Institute (DMI) for supplying satellite data and technical assistance; Prof.Truls Lynne
Hansen, The University of Tromsoe, Norway, for suppling geomagnetic data and advice; Mr. Mikal Bing
for programming and technical asistance,; and Mr. Dan A. Marmorstein for assistance with translation and
proofreading.

