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The altitude of 407km at which the "INVADER" art satellite is orbiting is part of the so-called
thermosphere, a layer of the atmosphere (80-800km) in which the temperature rises with
altitude. Temperatures at this altitude can reach up to approximately 1,000°C. Due to the
effects of vacuum and microgravity, heat transfer through air-cooling or convection does
not occur, which results in a huge temperature difference between areas under solar
iradiation and those in the shadow. A variety of visual images are created by layering
pattems visualizing values measured by temperature sensors on the satellite's six faces
under such harsh environmental conditions.
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Photovoltaic cells attached fo the satellite’s six faces are the only energy source and
thus vital components of the satellite. In order to generate as much energy as possible
for the "INVADER" art satellite, each of its six faces is equipped with photovoltaic cells.
GaAs solar cells, which are often chosen as photovoltaic cells for use in outer space, are
characterized by a high conversion efficiency of 30%, which allows them fo produce:
more energy from the same amount of sunlight. The amount of electricity generated by
the respective photovoltaic cells on each of INVADER's six faces is visualized on a display
in the form of bars of different color and weight.
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Space radiation is one major problem for astronauts and satellites. Here the outlines of
letters are destroyed according to the flow of radiation, enabling the viewer fo sense
invisible radioactive rays intuitively. As the amount of space radiation varies greatly by
altitude, in this case the change of radiation according to altitude is simulated based
on a radiation sensor's measured values on the display. The average amount of
radiation at the altitude at which INVADER orbits is about TmSv/day — several hundred
times higher than on the earth surface.
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The "INVADER" art satellite has a built-in magnetic sensor for measuring geomagnetic
fields. By measuring geomagnetism it is possible to determine the satellite's attitude like
using a compass. In addition, in consideration of influences on both the satellite's
temperature and electrical power, INVADER was fitted with a permanent magnet on the
inside, in order to stabilize the satellite's attitude as it rotates around an axis defined by
the axis of geomagnetism. The magnetic sensor's time variations obtained by way of
simulation are visualized in the form of moiré patterns.
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A gyroscope is a sensor that detects the approximate speed of a satellite's rotation
(angular velocity). As it is used in smartphones and Wii remote controls among others,
we have recently familiarized with the gyroscope's functions also in daily life. As the
gyroscope is a "relative angle" sensor, the measurement values of which have to be
integrated in order to determine actual attitudes, here the relationship between gravity
and centrifugal force on the satellite - rather than its attitude - is expressed in the:
movements of an organic spherical object.
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The North American Aerospace Defense Command (NORAD) regularly measures the
orbits of satellites larger than 10cm, and publishes all data that are not freated as
military classified information. Data published by NORAD are in the so-called TLE (Two
Line Element) text format that describes the Keplerian Elements of satellites. Here
INVADER's orbit, attitude and sensor status are simulated based on assumed TLE of the
planned orbit at an altitude of 407km and an orbital inclination of 65 degrees.
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Using the ARTSAT API, each display receives and shows simulation data of the "INVADER"
art satellite that are being distributed from the ARTSAT server. In addition to this, fouching
the interfaces set up on each display switches to displays based on the sensor data in
the respective inferface. Touching and manipulating the interfaces with one's hands
facilitates a physical sensation of the relationship between the satellite's condition and
the visual displays.
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The ARTSAT API (Application Programming Interface) is a software package for delivering
sensor and status data obtained from satellites to the application used by the end user,
and for fransferring commands for controlling the satellite to the earth station. Not
limited fo the "INVADER" art satellite alone, ARTSAT APl was designed to be adaptable
also to data of various ultra-small satellites, with the aim fo promote the expansion of
possible usage of satellite data among artists and designers, and also among the
general public.
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The "ARTSAT: Art and Satellite Project" utilizes a satellite orbiting the earth
as a "medium that connects everyday life to the universe". In the course
of the project, a variety of interactive works of media art and other
artworks will be created.

The project is carried out in a collaborative effort around a core team of
over 70 members from Tama Art University and The University of Tokyo.
The latter's team developed a specialized "art satellite” for artistic
purposes, while the team from Tama Art University is in charge of
producing works based on data from the satellite, operating a ground
station, and distributing data.

"ARTSAT1: INVADER(*)", the world's first art satellite, has been selected for a
piggyback payload on the Japan Aerospace Exploration Agency's
(JAXA) H-lIA rocket. The ultrasmall 1U CubeSat, measuring only 10 x 10cm
and weighing 1.5kg, is scheduled to be launched in February 2014, after
which it will be traveling on a circular, polar sun-asynchronous orbit at an
altitude of 407km, and with an inclination of 65 degrees.

ARTSAT is an open project that anyone can join. Progress reports will be
published frequently on the web pages below. We are looking forward to
receiving comments and other helpful feedback from everyone who
came to see the exhibition.
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