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A MESSAGE

FROM THE CONFERENCE CHAIR

In July of 2012, delegates from 45 countries came together to participate in the 21st
biennial IPS conference in Baton Rouge, Louisiana. The conference theme was Bridge to
New Beginnings and I sincerely hope all of you made new and enduring relationships
by reaching out across the globe to strengthen existing and new friendships, as well as
benefiting from visions of emerging technologies and new perspectives from our keynote
speakers.
The following IPS2012 Proceedings are one result of this meeting. I am grateful to all
those who contributed their expertise as presenters and exhibitors. I extend a heartfelt
thanks to the IPS2012 sponsors, whose major financial support allowed the Pennington
Planetarium to host the largest conference in IPS history; and to the Conference
committees and Pennington staff who developed and coordinated the many aspects of
this major event.
It was wonderful to see so many of you in Baton Rouge at IPS2012. Thanks to all of my
fellow planetarians for the work you do and best wishes for your success in the future.

Jon W. Elvert
IPS2012 ORGANIZING COMMITTEE
IRENE W. PENNINGTON PLANETARIUM DIRECTOR
JUNE 2013
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A MESSAGE

FROM THE IPS PRESIDENT
Dear Colleagues,

IPS is pleased to provide these Proceedings for the 2012 IPS Conference as one of the
benefits of your membership. This was a unique conference in many ways with the
highest number of attendees and therefore an impressive body of documents is included
in this compilation. The theme of this exciting conference was Bridge to New Beginnings
and that is just what attendees did. For those of you who attended the Conference, this
can be a review of some of the absorbing sessions you attended and a chance to read
about what you missed during your busy schedule. Members who were unable to attend,
you can enjoy studying these documents and thereby discover the powerful insight that
can be gained by Bridge to New Beginnings.
As you survey the papers provided in this document you can be assured that you will be
impressed and find inspiration from the work of your talented IPS colleagues and friends.

Dave Weinrich
IPS PRESIDENT 2011-2012
PLANETARIUM
MINNESOTA STATE UNIVERSITY-MOORHEAD
JUNE 2013
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NOTES

FROM THE EDITOR

The enclosed proceedings of the IPS2012 conference contain all the written papers
submitted prior to and subsequent to its conclusion. It also contains the abstracts
of papers for which no text was submitted by the speaker. Included also are the three
keynote speakers’ slides.
Again, thanks to the organizing committee, our sponsors and all those who participated
and presented at this meeting. I am especially grateful to the IPS Officers for their
support and encouragement to host this conference.
Thanks to Nicole Duet Latiolais of Solo Designs for her help with the general organization
and duplication of these proceedings. Thanks also to Dale Smith for the use of his
images of the keynote presentations.
Editor
IPS2012 ORGANIZING COMMITTEE
JUNE 2013
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T EX TS A ND A BS TRACTS
MONDAY, 23 JULY
PAPER Session 1: Planetarium Operations &
Technology
PP01: Using 8k “on a Budget”
Björn Voss
Planetarium Münster
LWL-Museum für Naturkunde, Sentruper Str. 285,
Münster, Germany - bjoern.voss@lwl.org
ABSTRACT:
A small but growing number of planetariums employ an “8k“
resolution fulldome projection system, at an extra expense
compared to “standard“ resolution systems. Resolution
being just one of many important parameters of a projections
system, the question arises if “8k is worth it“. Experience
made with the “8k“ projection at Münster Planetarium,
Germany, results in a “yes, but …“ answer, based on the way
the system is used, what kinds of shows are run, and to what
lengths one is willing to got to at times.
First of all, it should be clarified that this paper is neither about
techniques for pre-rendering 8k content, nor about discussing
whether the additional effort to install and maintain an “8k“
fulldome system (compared to a “4k“ solution) should rather
be spent on improving other technical parameters or even the
artistic and storytelling value of productions. Instead, this
paper means to contribute to the question if “8k“ only makes
sense if “money is not an issue“, or if it can be achieved and
put to good use in a more constrained environment, too.
In analogy to “4k“, “8k“ refers to an image resolution of
8192x8192 pixels. However, only one of the current “8k“
planetarium installations fulfills this; the Global Immersion
“Fidelity Black 8K” system in the “Grainger Sky Theatre“ at the
Adler planetarium in Chicago. Another four “8k“ installations
are Sky-Skan “definiti 8k“ systems with native resolutions of
about 7800x7800 pixels. Thus, the label “8k“ comes with all
ambiguities that the well-known “4k“ label already suffers
from. The currently existing “8k“ planetariums, as of June
2012, are:
—Beijing, China

6 Sony SRX-R110 4k projectors (Sky-Skan)

—Chicago, USA
20 “Zorro” projectors by Rockwell Collins
		(Global Immersion)
—Hongkong, China 6 Sony SRX-R110 4k projectors (Sky-Skan)
—Macao, China 12 Sony SRX-R110 4k projectors
		(Sky-Skan; stereo projection)

Münster, Germany 6 JVC DLA-SH4K projectors (Sky-Skan)
A number of further “8k“ theatres are in construction or
in planning, but still, the number of “8k“ planetariums is
small. Thus, not many shows have been produced yet in “8k“
resolution. All such productions are in-house creations of one
of the above mentioned planetariums.
It can be assumed that from a production company‘s point
of view, the market for “8k“ shows is still prohibitively small,
which is exacerbated by the (almost) equally prohibitive
additional production effort required for “8k“ renderings:
Compared to “4k“, render times are (at least) quadrupled, and
3d modeling for “8k“ requires an extra effort, too. It is beyond
the scope of this paper to list all challenges that go along with
“8k“ show production. Some information on this can be found
e.g. on the website of planetarium producer Paul Bourke, at
http://paulbourke.net/miscellaneous/domefisheye/8K/
Suffice it to say that a prospering market for “8k“ shows is
probably a long way off, and will perhaps not even grow in
proportion to the number of new “8k“ theaters. Thus, the
question arises why any planetarium might want to install an
“8k“ projection if there is no content market for it. Besides,
there are other reasons not to install an “8k“ system, like:
—the comparatively high cost of installation and
operation
—the additional maintenance effort
—an increased risk of equipment failures (due to the
larger number of involved units)
However, experience made by the author with the “8k“ system
installed in the planetarium in Münster, Germany, shows that
both maintenance work and equipment failures, though an
issue, are nevertheless manageable even for a mid-sized
planetarium staff (two technicians and another two employees
helping with maintenance work, not counting production
employees or presenters).
On the other hand, there is one clear advantage of “8k“: The
resolution, of course. “8k“ comes close to the physiological
resolution limit of the naked eye, and thus provides
exceptional realism in many viewing situations. It has been
claimed that “8k“ would not offer an advantage over “4k“
because one couldn‘t distinguish between the two. Such a
statement is plainly wrong, since the 1 arcminute resolution
limit of the human eye (i.e., two lines separated by 1‘ can be
resolved) actually means that accordingly small pixels have
to be even smaller than 1‘. The pixels of an “8k“ projection,
when viewed from the dome center, have an angular diameter
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of about 1.3‘. So, an “8k“ image is far from providing more
than the eye can see. This is even more valid when viewing
the image from a smaller distance, e.g. from the front rows of
a unidirectionally seated audience.
However, the “8k“ benefit is not the same for all types of
content: In fast-moving images, the eye‘s ability to resolve
fine detail is more limited. In very fast moving scenes, “8k“
thus offers no advantage over “4k“. But not all movements are
very fast, and even shows scenes with static elements have
been heard of. So there is beyond any doubt some advantage
to an “8k“ resolution in most scenes of a show. The question
that remains, though, is if this advantage outweighs the extra
effort that has to be made.
In a recent discussion on the fulldome video yahoo group
(http://groups.yahoo.com/groups/fulldome),
the
point
was made and mostly agreed upon that any “extra“ show
production effort and resources should be invested to improve
the frame rate (to 60fps), the bit depth, compression losses,
or other aspects of a fulldome production, rather than the
resolution. Still, this discussion of frame rate over resolution
is at the same time a discussion about “fast“ action shows
opposed to more slow-paced ones – for the latter, a high
resolution can be more important than a high frame rate.
What is more, the above mentioned discussion was centered
on fulldome show productions, not on fulldome projection
systems. All existing “8k“ projection systems are able to project
content at 60 fps. Thus, the point made in this discussion is
not one against “8k“ systems, but against pre-rendered “8k“
content. At first glance, these might seem equivalent, but they
aren‘t. In fact, there is a difference between operating an “8k“
theatre and acquiring or creating pre-rendered “8k“ content
for it.
What possible strategies of creating or acquiring shows for an
“8k“ theatre could there be? Three types of answers can be
given, each of which is realized in at least one of the current
“8k“ planetariums:
Rely on in-house “8k“ show production: Something
that, given the exceptional necessary effort, is a viable
option only if production budgets, resources, and staff
are sufficiently abundant. Therefore, producing prerendered “8k“ shows is off limits for all but a very few
well-funded institutions.
Play “4k“ shows: Any “8k“ theatre can of course play
back “4k“ shows as well. It might seem a bit odd if an “8k“
installation only runs “4k“ shows. These still admittedly
look better on an “8k“ dome than on a “4k“ projection
system, since in most “4k“ theatres, the 4096x4096
pixels imagery is actually scaled down somewhat for
playback. Thus only an “8k“ system can playback a “4k“
2

show in its full resolution (an intermediate-resolution
systems, say, “5k“, could do the same, but there are no
such installations, to the author’s knowledge). It is the
personal experience of the author and of many colleagues
from other planetariums that the “perceived“ increase
in resolution of viewing a “4k“ show on an “8k“ dome
is indeed significant. Still, an “8k“ installation running
nothing but “canned 4k“ shows might be considered as
a semi-justified extravaganza.
Use Realtime: Finally, it is a viable option to heavily rely
on realtime (RT) show presentations. All RT elements
of a show will of course be displayed in the projection
system’s native resolution. RT shows are often considered
to be synonymous with live-presented, “live-flown“
shows. But they can also be pre-scripted shows with a
recorded narration, and thus run much like “canned“
shows from a theatre operations point of view. Thus, the
question arises if such “canned“ RT shows can provide
“8k“ content without having to got to the lengths of prerendering in “8k“ resolution. Let’s explore this option in
some more detail.
The planetarium in Münster, Germany, decided to install an
“8k“ projection system in 2010. This decision was driven by the
idea of pursuing an RT-based show production strategy. It was
clear from the beginning that pre-rendering in “8k“, whether
in-house or through contractors, would be prohibitively
expensive, time-consuming, or both, given the planetarium‘s
decent but limited production budget. Knowing that fastmoving graphics seldom benefit from “8k“ resolution and thus
can as well be rendered in “4k“, it was conceived to produce
most shows in-house in a “mixed mode“, using pre-rendered
“4k“ scenes interwoven with native “8k“ RT graphics. The
planetarium’s optomechanical (OM) star projector is a part
of that mix in most shows, too. Thus, at Münster Planetarium
we assemble our shows from four types of scenes, in three of
which the “8k“ RT resolution offers strong benefits:
OM stars with an RT image overlay. In almost all shows
we use this mode to combine constellation lines (“stick
figures“) with the OM stars. Depending on the show topic,
more intricate combinations of OM and RT are possible,
for example:
—“walking through“ moving (i.e. shifting) panorama
images under the stars
—RT-displayed “object video“ blended into the OM
sky, e.g. animated orreries
—animated RT celestial objects like comets or
supernovae moving with the OM sky‘s revolution
—RT text displays labeling OM stars or planets

A set of RT-displayed daily images of the moon’s
changing phases, tracing the path of the OM moon
and blending in synchronously with its motion
In most of these cases, a “4k“ projection would appear
distractingly “bulky“ when combined with OM stars
and celestial objects. In “8k“, a certain “resolution
harmonization“ of RT and OM occurs and yields a more
integrated impression of the combined image.
Pure RT scenes. If it is possible to depict a planned scene
with RT elements only, we do so. An RT graphics system,
if used to its capacity, can be a powerful tool and a large
fraction of show scenes can be developed in RT. In some
cases, like flying through space or orbiting a planet, this
is self-explanatory; some more sophisticated examples
include:
—Mapping a high-resolution video of the sun (e.g. from
SOHO) onto an RT plane object, which is scaled, oriented
and positioned to replace the RT system’s sun object.
When orbiting the sun at the same angular speed as
that of the sun’s rotation in the video, the impression of
orbiting an animated sun is achieved.

Pre-rendered video: Of course many kinds of graphics
can not yet be rendered in RT. For these, we do pre-render
fulldome video, albeit most of the time just in “4k“. In
most cases, this is justified by the fact that the graphics
which are difficult to realize in RT tend to be of the fastmoving kind, in which an “8k“ system wouldn’t provide
much of an advantage anyway. Still, there are cases in
which “4k“ is just a necessary compromise. While the
pre-rendered scenes for the first shows produced inhouse at Münster Planetarium were all a “mere 4k“,
we are now starting to render in “8k“ for certain limited
scenes where this is most worthwhile (see below). For
the future, it could be envisioned to choose an individual
resolution for each scene, starting from “4k“ for “fast“
scenes, over “5k“ or “6k“ for an intermediate level, and
up to “8k“ for only the most slow-moving, most highly
detailed renderings – especially those that are meant to
blend with a starfield.

—Moving (i.e. shifting) allsky images can, if used
cautiously with just the right speed, provide an illusion of
threedimensionality. They are thus a useful cost-effective
alternative to intricately modeled 3d landscapes or to
sophisticated fulldome video or timelapse shots, as long
as just a “quick“ solution – e.g. as a background for an
individual talk or a one-time event – is required.

Combination of RT and pre-rendered video: A special
technique that levels render time cost of “8k“ renderings
against the aim of rendering at least some graphics in
“8k“ is to pre-render just those image components that
can not be created from an RT graphics system, and then
combine these layers either by compositing software, or
through the fulldome projection itself. The latter was done
in Münster for a scene in which an RT starfield projection
was to be combined with a fulldome video showing an
expanding web of fine lines. This is a type of graphics
for which “8k“ offers the greatest benefit over “4k“, and
which is at the same time comparatively easily rendered
even at high resolution. The combination was achieved
by matching camera movements in the RT software and
in the pre-rendering software, and by then projecting the
scripted RT movement while synchronously playing back
the pre-rendered fulldome video.

When showing an RT object (e.g., a planet) at a certain
angular diameter, a higher resolution texture is needed
than on a “4k“ system. Thus, e.g. the “standard“
planetary textures of the RT system in Münster were
replaced by higher-resolution custom textures. On the
other hand, “8k“ is the only kind of display system able
to show (and to animate) static imagery that is available
in “8k“, like the abundant supply of terrestrial allsky
images (see e.g. http://www.allsky.de), panoramic
images from mars and the moon, or highres mosaics e.g.
from celestial surveys, and of planetary or lunar surfaces.
This may be a somewhat limited application, but one that
has proven highly valuable in science talks, and one at
which “8k“ truly excels. In a way, “8k“ allows to re-gain
the lost image crispness of good old slide projectors – not
its main intent, but at times a welcome side effect.

Summing up, there is a number of techniques that allow to
make good use of an “8k“ projection system even if no “8k“
shows can be acquired, or produced in-house. Of course,
relying heavily on RT graphics is somewhat limiting, and
thus it is always a more straightforward approach to prerender the complete show, if not in “8k“, then in “4k“. But
this choice presents itself only to those planetariums with
the funding and staff to render entire shows in the first place.
In many planetariums, comprising almost all planetariums
in Germany, production budgets are too small as to allow
creating even “4k“ pre-rendered shows. Thus, if a planetarium
with a decent-but-not-large-enough production budget faces
the question of how to produce its shows (assuming that inhouse show production is a strong desire, which is true for
most planetariums in Germany), realtime graphics have to be
used as a cost-saving production tool anyway, at least in part.

—Adding RT plane objects textured with aerial or highres orbital photographs to specific locations on a planet
allows to show lower approaches to spots on the surface
than would be possible with an RT system’s GIS rendering
plugin alone.
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As soon as RT graphics are in play, however, an “8k“ system
will always provide certain advantages, as outlined above.
Thus, one could go as far as dividing planetariums into the
following three groups:
1.

Those with large enough production budgets to
produce their own pre-rendered shows

2.

Those without such budgets, but able to win the
occasional once-in-a-decade grant to install an
expensive (i.e., “8k“) fulldome system

3.

Those with neither of the above

(1) might or might not care about “8k“; if not, then probably
because render cost is a factor leading to “8k avoidance“. (3)
will not care about “8k“ because of the installation cost. (2),
however, might be able to install and run an “8k“ system,
like Münster planetarium successfully does, and will not
necessarily feel driven to avoid “8k“ for render cost reasons
because rendering is not going to be the main focus anyway.
Thus, as a bottomline, realtime-powered “8k“ theatres could
arise especially among those “mid-range“ facilities for which
(2) might apply.

PP03: SAINT-ETIENNE, FIRST 3D PLANETARIUM
IN FRANCE: REVIEW AFTER 6 MONTHS OF
OPERATION
Eric Frappa
Planetarium de Saint-Etienne
28 rue Pierre et Dominique Ponchardier, Saint-Etienne,
France - frappa@planetarium-st-etienne.fr
ABSTRACT:
The Saint-Etienne 3D Planetarium is the first of its kind in
France. The aim of this paper is to share our experience with
3D in a planetarium. Under a 12m oriented and tilted dome,
we use 2x6 Barco SIM5R projectors combined with Infitec
technology (passive 3D). After 6 operating months, 3D works
well, the new thing has been well received by the public, we
have re-released our last show in 3D with success, and the
technology is definitely interesting in sky mode when showing
volumetric data (asteroid belts, Oort cloud, stars, galaxy
clusters). On the downside, our system luminosity is a bit on
the short, 3D glasses provide narrow field, reflections and are
expensive.
INTRODUCTION

PP02: The Future
Dr. Carter Emmart
American Museum of Natural History
79th Street at Central Park West, New York, New York - carter@
amnh.org
ABSTRACT:
The future of planetariums is something we can extrapolate
from trends over this past decade of digital theater immersive
imagery. From its roots in accurate 2D data visualization of
sky to a decade’s worth of authentic 3D astronomical and
astrophysical data depiction, where might we as IPS be
headed, and how might our technologies assist in astronomy
teaching beyond our institutional walls? Highlighting use
cases of note and musing on foreseeable trends our community
needs to be challenging industry to drive us toward an ever
improving quality of virtual experience and understanding.

The Saint-Etienne Planetarium is an 82 seats theater with a
12m oriented and tilted dome (20°). It is located in France, in
the city of Saint-Etienne, 50 kilometers at the south-west of
Lyons. Our planetarium has a strong interest in technological
evolution, since we were, at the opening in 1993, the first
planetarium in Rhone-Alpes region, in 2003 the first fully digital
planetarium in France and in 2012 the first 3D planetarium in
France. We are also a regular show producer (20 shows over 18
years, including 7 digital fulldome productions).
In the middle of 2011, the decision has been taken by our
new employer to upgrade our dome to 3D projection. The
major constraint was to keep our 6 Barco SIM5R projectors.
Since these projectors don’t allow the 120Hz refresh rate
needed for active 3D, we moved towards passive 3D using
Infitec technology with an additional set of 6 SIM5R. All the 12
projectors were upgraded with removable
Infitec filter built in. Our theater runs the InSpaceSystem (ISS)
solution provided by the French manufacturer RSA Cosmos.
3D LAUNCH AND AUDIENCE
The Saint-Etienne Planetarium has begun 3D projections
on 2012 January 14th with the Mirage 3D Natural Selection
show. Shortly after, we have completed our 3D offer by the
re-release of our last production Planets, a journey in the
Solar System with an entirely new stereo rendering
(Fig. 1). It has to be noted that this rendering uses an improved
3D projection algorithm, designed by the computer graphic
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artists we worked with (3D Emotion). This rendering allows
seeing a stereo image almost everywhere on the dome, and
not only a 3D maximum on a meridian line in front of the
audience with no stereo on the sides.
After some months of operation, the launch of the 3D in SaintEtienne is a success. The first results in term of audience are
very positive with an increase by 44% of the individual paying
public compared to the 3 previous years for the same period.
We can assess that beside the new thing, 3D certainly attracts
a new public maybe more interested by leisure and thrills than
by science. Once they are under our planetarium dome, our
role is to show them there is no incompatibility here and that
science can be something else than a boring subject. Note our
sessions are always composed by a full dome digital show
completed with a live tour of the current night sky. People are
often pleasantly surprised by this interactive second part they
do not expect particularly.
A VALUABLE TOOL FOR TEACHING
If a stereo projection has a limited interest in the context of a
realistic simulation of the night sky (we don’t see stars in 3D),
it becomes definitely a strong teaching aid when talking about
the arrangement of many objects or trajectories in space: the
inclination and orientation of any orbit become obvious, the
distribution of the asteroids in the main belt turns clear (with
a nice wide range of inclination for the Jupiter Trojans), the
star background is not mixed anymore with other elements in
the foreground, the complex patterns of large scale structures
such as galaxy clusters are greatly improved (Fig. 2), and so on.
There is no doubt this new visualization experience supports
efficiently an educational speech and participates to a better
understanding of the astronomical objects. As a result, we are
currently in the process of making a special 3D live tour for
the end of September, based on the manipulation of various
astronomical databases, going from the Earth to the largest
known structures in the universe.

Fig. 1 – 3D view of a big asteroid at the zenith of the dome
during Planets, a journey in the Solar System show
(credit: Saint-Etienne Planetarium).

DOWNSIDE EFFECTS
As in every technology requiring wearing glasses, there are
some downside effects: the filtering (or the higher refresh
rate for active 3D) tends to lower the overall brightness – one
can be uncomfortable with unwanted reflections inside the
glasses or just by wearing the 3D glasses themselves. We have
to keep in mind too that the simple fact our brain has to merge
two images with an amplified stereo effect is a factor of strain.
Through the more or less narrow field of the glasses and their
large side-pieces, 3D competes against a dome feature by
definition: the immersion. This is maybe the most unpleasant
effect of stereo in a planetarium context, and the planetarist
must know what is important to promote at a given time in his
session. The good news is that most of these bad points can be
attenuated, for example by the use of projectors with brighter
output or improved filters for a gain of brightness, wide field
glasses for the immersion. Of course, top of the line projectors
and premium glasses are very expensive and manufacturers
have certainly some efforts to make here in the future.
CONCLUSION
We are pleased with 3D in our theater since the stereo
technology is an opportunity to attract a new public to the
planetarium and a chance to better tackle some subjects
involving a good spatial vision. Naturally, 3D projections are
only a part of our sessions and usual projections continue to
be scheduled in Saint-Etienne. Since we are new with 3D, we
don’t have the necessary perspective for a definitive point of
view on it. Some studies show that the interest for 3D movies
in the American cinema tends to wane and this trend could
concern other parts of the world too. It will be interesting
to look at planetariums in some years to see if 3D is wellestablished or if it was a fad. But we can certainly bet that
correctly used under our domes, stereoscopic vision could
become a classical teaching aid to bring science to the public.

Fig. 2 – Large data sets such as galaxy catalogs gain to be seen
in 3D (credit: Saint-Etienne Planetarium).
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PP04: Projectors and Dome Effective Contrast
Claude Ganter
Sky-Skan Inc.
51 Lake Street, Nashua, New Hampshire
ganter@skyskan.com
ABSTRACT
We examine here the interaction between video projectors
native contrast and dome gain. A “fill factor” is introduced in
order to characterize the type of scenery. The mathematical
theory behind the computation of the integrated projectors
and dome contrast is explained. Finally, simulations of dome
original images will be shown in order to serve as a visual
guide for selecting the best projection parameters with new
planetariums installations.
Introduction
Projector Contrast
Typically for most constructors, the native projector contrast
Cp is expressed as the ratio of illuminance between a fully
saturated white image (RGB level 255 in 8 bits) to the residual
background emission of a black image (level 0). It is also to be
assumed that the projector is not using any dynamic control
of its lamp brightness when these two separate measures are
made.
In other words, the procedure is quite straightforward. Using
a flat screen, one sends a white image and measures the
illumination. Then a black image is generated, while the
projector keeps working the exact same way, and a second
measure is made at the same location on the screen. For
example, if one measures with a light meter 1000 lx for white
and 0.4 lx for black, the contrast is 2500:1.
The reason for mentioning a flat screen requisite is that
manufacturers are using an “open field” concept which
signifies that no reflection from the room should ever come

Projection Class
Sony SRX-T110
JVC DLA-SH7
High-Contrast (Zorro, Velvet)

back to the screen. The idea is to measure the projector
contrast as some ideal value totally separated from the world,
hence the term native projector contrast.
Practically it is only required to avoid unwanted illumination
from spurious or constant light sources. Since reflections
related to the projector lamp are proportional to its own light
intensity, room effects are automatically canceled out when
dividing the measure of white by the measure of black. So in
this case one could very well use a cubic screen (or whatever
shape) and still obtain a correct value for native contrast!
It is worth mentioning that other methods are possible.
The “ANSI contrast” measures the contrast of a 50%
checkerboard on a flat screen. However this method (which
generally gives not as high contrast numbers) is more difficult
to implement due to the possible interactions of the pattern
with the projector parts (imaging panel, lens, etc...). Also
the ANSI contrast seems less relevant to the planetarium
experience where dark adaptation may occur and allow a
direct perception of the black level on a fully black signal.
So in this document, we are using the expression “native
contrast” exclusively to characterize projector contrast.
Native contrast is also called “On/Off contrast” (though “Off”
measurement is still technically “On” for the projector) or even
more confusingly called “dynamic contrast” though as stated
before dynamic control is not allowed here. The term dynamic
just signifies that measures of white and black are made one
after the other, separated in time.
Here are a few manufacturer best values / estimates for
luminosity and native contrast Cp, which I hope can be
accepted since our main goal is to show how those numbers
are interacting with the planetarium domes rather that
establishing exact performance values. We have limited to 3
classes for clarity of the discussion.
Our attempt at projector contrast classification:

Luminosity (lumen)
11000
5000
~1000

Contrast
2500:1
10000:1
Up to 2500000:1

In fact, in many case real measures are not that far off from those numbers; it is just that practically they can also vary depending
on parameters such as lens aperture (iris) and even batch assembly variations.
What is important to remember is that we have selected 3 classes of projectors for this document and we are going to try to see,
in the next sections, how they fare on domes as far as contrast is concerned.
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Dome Contrast
The theory of dome contrast can be related to the well
established integrating spheres theory used in the industry
for measuring the intensity of light sources.
This theory basically assumes that a light source which has
a complex directional pattern can be in fact integrated by
summation of the multiple reflections of light occurring in
the cavity. The sphere also acts as a blurring device allowing
though a single measure at one location the evaluation of the
total energy emitted.

optimizations as we will see. However, as opposed as are our
goals, the mathematical foundation is identical.
The amplification factor A of a partial sphere is the extra
amount of light energy generated by comparison to a
normalized value of 1 for the intensity of the first reflected
image. The following formula accounts for the summation of
the multiple and decreasing reflections of light as an infinite
power series:
A = 1/r + 1/r2 + 1/r3 + 1/r4 + ...
This can be expressed in this form:
A = (1 / (1 - r)) – 1

One condition is to assume that the surface of the sphere acts
like a Lambertian (or diffuse) reflector.
What a Lambertian material is about is very common
experience. Imagine a matte paint wall. If you move around
it is easy to convince oneself that that light amount is pretty
much constant at any angle. Now if this is a white square of
matte paint on a black wall, the total energy will go down
when you measure by the side since the perceived angle gets
smaller. However if the measuring angle is small enough to
make a spot measure inside the white square, our measured
brightness won’t change!
So what happens in our sphere is that each Lambertian
element of the sphere reflecting light transfers the same
lighting amount on any other element of the sphere. This
‘magic’ property results of laws of geometry which control
the solid angles and the inverse square law of distance which
controls the luminous energy. Indeed there is really nothing
to do, besides having a Lambertian material; it just works
because of laws of nature.
Ironically, industrial integrating spheres are created with
the idea to amplify the source through those multiple cross
reflections by using highly reflective internal walls. In the
planetarium community we just try to do the opposite
and increase the contrast which requires some serious

With:
r=r×c
Where:
r is the coefficient of reflection of the dome (or gain)
c is the amount of the sphere area used (partial
sphere)
While we are speaking about the dome reflection coefficient
r (or gain), it is worth mentioning that the gain is the paint
reflectivity corrected for the loss effect of the tiny holes that
are generally present on the surface. For example, if the paint
is reflecting 60% of light and the holes are representing 20%
of the dome area, the dome published gain is 48%, that is
0.6 multiplied by 0.8, then expressed in percents. What is
important to remember is that the effect of holes is already
accounted for in the dome gain information provided by dome
manufacturers.
For planetarium domes it is possible to compute the amount
of sphere area c knowing the dome aperture angle θ in
degrees. This requires integrating the solid angle elements on
the sphere (which is left to the reader as an exercise). Here is
the expression:
c = 0.5 × (1 – cos(θ/2))

Table of sphere area for different dome apertures:

Aperture (°)
Sphere area

135
30.9%

150
37.1%

165
43.5%

180
50.0%

195
56.5%

210
62.9%

225
69.1%
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Let’s now create a second table showing how the dome amplification varies as a function of the dome gain (paint and holes combined)
versus the effect of the dome aperture (opening angle of the sphere). Note that the amplification can be higher than 100%.
Table of Dome Amplification:

Gain (%) \ Aperture (°)
20%
30%
40%
50%
60%
70%
80%

135
7%
10%
14%
18%
23%
28%
33%

150
8%
13%
17%
23%
29%
35%
42%

165
10%
15%
21%
28%
35%
44%
53%

180
11%
18%
25%
33%
43%
54%
67%

195
13%
20%
29%
39%
51%
65%
83%

210
14%
23%
34%
46%
61%
79%
101%

225
16%
26%
38%
53%
71%
94%
124%

From the table, one can see that a dome with a gain of 50% and an aperture of 180° has a one third (33%) increase of brightness.
This 33% is the amount of light which is to be added to the intensity of the first reflected light (which is normalized to 100%), due
to the multiple subsequent reflections on the dome.
This is indeed a very noticeable effect compared to the measures obtained on a flat screen (assuming the same distance of
course). In this example, if we measure a flat screen using a luminance meter at 10.0cd/m² then we would find 13.3cd/m² in the
case of the dome.
It is important to understand that the subsequent reflections of light do not retain information about the initial image structure
(created by the first light reflection). The amplification amount spreads as a uniform glow adding itself on top the first reflected
image. Again this is because of the “magic” way light is reflected inside a sphere.
Now let’s imagine we generate a dome image with a tiny black circle (mice hole) somewhere in the image. Since the circle is
extremely small, it won’t change our measure of 13.3cd/m² in the white areas. But inside the mice hole we will only perceive the
amplified amount which is 3.3cd/m2. Dividing those 2 numbers give the measure of the fulldome contrast, which is 4:1 in our
example, and here is the general expression:
Cfd = (1 + A) / (0 + A) = (1 + A) / A
Table of Fulldome Contrast:

Gain (%) \ Aperture (°)
20%
30%
40%
50%
60%
70%
80%

135
16.2
10.8
8.1
6.5
5.4
4.6
4.0

150
13.5
9.0
6.7
5.4
4.5
3.9
3.4

165
11.5
7.7
5.8
4.6
3.8
3.3
2.9

180
10.0
6.7
5.0
4.0
3.3
2.9
2.5

195
8.8
5.9
4.4
3.5
2.9
2.5
2.2

210
7.9
5.3
4.0
3.2
2.6
2.3
2.0

225
7.2
4.8
3.6
2.9
2.4
2.1
1.8

Moving forward, let’s assume that we make our mice hole much bigger. In fact, what would happen to the dome contrast if we
generate a checkerboard made from an equal number of pure white (100%) squares and pure black (0%) squares?
In this case, the first image reflection is blurred (‘integrated’) and then distributed with the same amount back on all the squares.
Hence we can distinguish 2 parts.
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1)

The white squares have a luminance of:

1 + 0.5 × A

2)

The black squares have a luminance of:

0 + 0.5 × A

The 0.5 value comes from the fact that our checkerboard covers 50% of the fulldome image. Finally, the checkerboard dome
contrast Ccd is then equal to the ratio of (1) divided by (2):
Ccd = (1 + 0.5 × A) / (0.5 × A)

Aperture (°)
Sphere area

135
30.9%

150
37.1%

165
43.5%

180
50.0%

195
56.5%

210
62.9%

225
69.1%

Let’s now create a second table showing how the dome amplification varies as a function of the dome gain (paint and holes
combined) versus the effect of the dome aperture (opening angle of the sphere). Note that the amplification can be higher than
100%.
Table of Dome Amplification:

Gain (%) \ Aperture (°)
20%
30%
40%
50%
60%
70%
80%

135
7%
10%
14%
18%
23%
28%
33%

150
8%
13%
17%
23%
29%
35%
42%

165
10%
15%
21%
28%
35%
44%
53%

180
11%
18%
25%
33%
43%
54%
67%

195
13%
20%
29%
39%
51%
65%
83%

210
14%
23%
34%
46%
61%
79%
101%

225
16%
26%
38%
53%
71%
94%
124%

From the table, one can see that a dome with a gain of 50% and an aperture of 180° has a one third (33%) increase of brightness.
This 33% is the amount of light which is to be added to the intensity of the first reflected light (which is normalized to 100%), due
to the multiple subsequent reflections on the dome.
Table of Checkerboard Contrast:

Gain (%) \ Aperture (°)
20%
30%
40%
50%
60%
70%
80%

135
31.4
20.6
15.2
12.0
9.8
8.3
7.1

150
26.0
17.0
12.5
9.8
8.0
6.7
5.7

165
22.0
14.3
10.5
8.2
6.7
5.6
4.8

180
19.0
12.3
9.0
7.0
5.7
4.7
4.0

195
16.7
10.8
7.8
6.1
4.9
4.1
3.4

210
14.9
9.6
6.9
5.4
4.3
3.5
3.0

225
13.5
8.6
6.2
4.8
3.8
3.1
2.6

From the table, one can see that a checkerboard image projected on a dome with a gain of 50% and an aperture of 180° has a 7:1
contrast. To continue our previous example, one would measure 11.67cd/m² in the white squares and 1.67cd/m² inside the black
squares.
In a sense, this measure of the dome contrast is analog to the ANSI method for projectors but applied for domes. The measures
can happen in a simultaneous way so it can be also described as a “static contrast”. However one needs to keep in mind that we
do not account for the effect of the projection system in this section.
In general, the obvious ways to improve the fulldome and checkerboard image contrast are:
-

Reduce the reflection coefficient using for example a darker paint.
Use a smaller dome aperture (less than 180°) if possible.
Sell the dome and start again with a flat screen theater.
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(Fig.1) Mice hole: (left) dome original, (right)
equisolid fisheye view for r=50% Θ=180°
f = 0.999		

Cd = 4.0

(Fig.2) Checkerboard: (left) dome original,
(right) equisolid fisheye view for r=50%
Θ=180°
f = 0.500		

Cd = 7.0

Of course, people are generally not showing checkerboards in their domes but real images. To the exception of scenes like
explosions (supernovae?) it can be said that most images contain much less light.
One important concept here is that we are not talking here about the scene reflectivity as it is in nature. In fact what we have here
is more like a photographic scene which has its dynamic range compressed and clipped to fit the available range of values (RGB
0 to 255 in 8 bits). Furthermore the relation between the data value (JPEG file for example) and projection brightness is supposed
to follow a standard like sRGB.
Table of sRGB projection brightness with some useful values

sRGB Brightness
RGB value (8 bits)

0.0%
0

0.5%
16

5.0%
63

20.0%
124

50.0%
188

100.0%
255

If one takes a picture with a digital camera from a uniform area, the resulting JPEG file will generally show all values peaking
around level 124 or in other words an intended projection brightness of about 20% (one fifth of maximum projector brightness).
This result varies with camera exposure calibration and manufacturer JPEG engine, however since this is widely observable
though many brands so let’s assume we have found a convenient standard for an average scene projection brightness.
Let’s call this scene projection brightness, the fill factor. The fill factor for a photographic scene will vary dramatically from one
image to another; however on average we can say a camera expects a scene to have a fill factor on the projection device of about
20% (or 0.2). That is like saying we expect 80% of the pixels to be black and only 20% of the pixels to be white. Quite a different
(and better) situation from the checkerboard indeed!
If f is the fill factor as defined above, then the general expression for dome contrast Cd is:
Cd = (1 + f × A) / (f × A)
In other words, the fill factor modulates the total amount of light energy input, between a minimum of 0 (black image) and 1 (full
white image), and consequently limits the amount of amplification we get. So as the fill factor gets smaller, the contrast of dome
images will get higher.
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Table of Standard Contrast (fill factor = 0.2):

Gain (%) \ Aperture (°)
20%
30%
40%
50%
60%
70%
80%

135
77.0
50.0
36.5
28.4
23.0
19.1
16.2

150
63.5
41.0
29.7
23.0
18.5
15.3
12.9

165
53.5
34.3
24.8
19.0
15.2
12.4
10.4

180
46.0
29.3
21.0
16.0
12.7
10.3
8.5

195
40.2
25.5
18.1
13.7
10.7
8.6
7.1

210
35.7
22.5
15.9
11.9
9.2
7.3
5.9

225
32.2
20.1
14.1
10.5
8.1
6.3
5.0

The above table is important since it gives a notion of dome contrast with real life scenes. A dome with r=50% and Θ=180° has a
standard contrast of 16:1, which is not terribly good by the way.
For example, it is general practice that images distributed for fulldome shows are graded (contrast is augmented) by artists so
they still look good when projected.

(Fig. 3) Mauna Kea: (left) dome
original, (right) equisolid fisheye view
for r=50% Θ=180°
f = 0.167 Cd = 18.9
An important case is Astronomy.
For example let’s assume we have 10 million pixels rendered
on the dome. The typically inflated size planetarium Moon
and planets occupies about 1000 pixels (2 square degrees).
If we add 8000 stars represented each by one fully lit pixel
we add 8000 pixels. And accounting for the Milky-Way at 0.2%
brightness on 5% of the dome we add the equivalent of 1000
white pixels. These give the equivalent of 10000 fully lit pixels
compared to 10 million pixels available. The ratio is then 0.001
(or 0.1%).
So it is realistic to assume a fill factor of 0.1% for a classic
planetarium scene rendered with a digital planetarium.
Adding to this starry scene a spacecraft or a panorama will
easily bring us to a 2% fill factor, much more adequate indeed
for most “Space Art” scenes shown in planetariums.

Our silly attempt at scene classification:

Scene
Fulldome white
Checkerboard
Photography / Movies
Space Art
Planetarium

Fill Factor
1
0.5
0.2
0.02
0.001

At this point, our reader should note that it is not wise to built
tables for the 2 last entries (“Space Art” and “Planetarium”).
This is because contrast will be affected by the projector native
contrast that we have not accounted for yet. However for fill
factors of 0.2 or above, the previously computed tables are
certainly valid starting points.
However let’s fix this to be sure we got it right.
In the next section we are going to compute the effective
contrast and account for projectors and dome altogether.
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Projectors and Dome effective contrast.
In this section, things are just getting worse. Accounting for
projectors is not going to improve our dome contrast numbers
but make them worse obviously. With laws of classic projection,
light is just going to be additive and never subtractive.
Finding the effective contrast for the dome experience is
important for the reason that it allows us to see the differences
between different projection technologies. Or if we take
another perspective, it should allow someone to get better
end result by selecting different optimization parameters.
Let’s define Ceff as the effective contrast, which is the contrast
from the combined effect of projectors and the dome.
We introduce now the black level BL as the ratio between
the black intensity and the white intensity (normalized to
1). It is quite obviously the inverse of the projection system

native contrast:
BL = 1 / Cp
(This number is of course typically very small. For a native
contrast of 2500:1 we have BL = 0.0004.)
We have to correct the fill factor from the effect of the black
level contribution. The corrected fill factor fc can only vary
between the minimum value BL and the maximum which is 1:
fc = (1- BL) × f + BL
Then we have to also modify the main contrast expression
in order to account for the direct contribution of the black
background after the first image reflection; you can see the
value BL that appears at the denominator:
Ceff = (1 + fc × A) / (BL + fc × A)

Let’s see how the standard contrast table defined previously (fill factor = 0.2) is affected by a projection system with a native
contrast of 2500:1 for example:
Table of Standard Contrast (fill factor = 0.2) with 2500:1 projection system:

Gain (%) \ Aperture (°)
20%
30%
40%
50%
60%
70%
80%

135
74.6
49.0
35.9
28.0
22.8
19.0
16.1

150
61.8
40.3
29.3
22.7
18.3
15.2
12.8

165
52.3
33.8
24.5
18.8
15.1
12.4
10.3

180
45.1
29.0
20.8
15.9
12.6
10.2
8.5

195
39.5
25.2
18.0
13.6
10.7
8.6
7.0

210
35.2
22.3
15.7
11.8
9.2
7.3
5.9

225
31.7
19.9
14.0
10.4
8.0
6.3
5.0

As expected there are very little differences that can be seen with the previous table. For ‘standard contrast’ applications as
“Photography / Movies” which have typically a fill factor around 0.2 this is just a confirmation that there is no practical advantage
in selecting higher contrast projectors.
What about “Space Art”?
Here the fill factor is around 2% (0.02) and chances are that we see a larger difference. First let’s check with the same 2500:1
system and then with the 2500000:1 system!
Contrast Table for “Space Art” (fill factor = 0.02) with 2500:1 projection system:

Gain (%) \ Aperture (°)
20%
30%
40%
50%
60%
70%
80%
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135
575
404
307
244
200
167
142

150
493
340
254
199
161
134
112

165
428
290
214
166
133
108
90

180
376
251
183
140
110
89
72

195
334
220
158
120
93
74
59

210
301
195
139
103
79
62
48

225
273
175
123
91
68
52
40

Contrast Table for “Space Art” (fill factor = 0.02) with 2500000:1 projection system:

Gain (%) \ Aperture (°)
20%
30%
40%
50%
60%
70%
80%

135
761
491
356
275
221
182
154

150
625
401
288
221
176
144
120

165
526
334
239
181
143
115
95

180
451
284
201
151
118
94
76

195
393
246
172
128
98
77
62

210
348
216
150
110
83
65
50

225
313
192
132
96
72
54
41

While the effective contrast does improve 8% (for a 50% gain / 180° aperture dome) with the 2500000:1 projection system
compared to the 2500:1 system, it is clear this time again that there are no serious differences between the lowest and highest
contrast systems in this case as well.
(Fig.4a) Hubble: (left) dome original, (right)
equisolid fisheye view for r=50% Θ=180°
f = 0.0134

Cp = 2500

Ceff = 201

(Fig. 4b) Same as above but brightness has been
multiplied 10 times to help visualize black levels:

(Fig. 5a) Hubble: (left) dome original, (right)
equisolid fisheye view for r=50% Θ=180°
f = 0.0134

Cp = 2500000		

Ceff = 225

(Fig. 5b) Same as above but brightness has been
multiplied 10 times to help visualize black levels:
Finally, we have to compute the case of a planetarium scene
where the fill factor can be as low as 0.1% (0.001). This is
a very important discussion since we are here dealing with
the core of the planetarium users who need a good contrast
to perceive stars. In fact, it is not a secret that a 2500:1
projection system is not ideal for classic planetarium usage.
So how the 10000:1 and 2500000:1 systems compare is
critical in our discussion.
IPS2012 CONFERENCE PROCEEDINGS
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Let’s see here the comparison for planetarium usage between the 2 higher contrast systems:
Contrast Table for “Planetarium” (fill factor = 0.001) with 10000:1 projection system:

Gain (%) \ Aperture (°)
20%
30%
40%
50%
60%
70%
80%

135
5800
4710
3920
3330
2860
2480
2170

150
5320
4210
3430
2860
2410
2060
1780

165
4880
3770
3020
2470
2050
1720
1460

180
4500
3400
2670
2140
1750
1450
1200

195
4160
3080
2370
1880
1510
1220
990

210
3870
2810
2130
1650
1300
1040
820

225
3620
2580
1920
1470
1140
880
690

210
6920
4290
2970
2180
1650
1270
990

225
6220
3820
2610
1890
1410
1070
810

Contrast Table for “Planetarium” (fill factor = 0.001) with 2500000:1 projection system:

Gain (%) \ Aperture (°)
20%
30%
40%
50%
60%
70%
80%

135
15100
9760
7080
5470
4390
3620
3050

150
12430
7970
5730
4390
3490
2850
2370

165
10450
6650
4740
3590
2830
2280
1870

180
8970
5650
3990
3000
2330
1860
1500

195
7820
4890
3420
2540
1950
1530
1210

This time there are more differences. Obviously the native 2500000:1 system wins with a 3000:1 effective contrast (for a 50% gain
/ 180° dome) while the 10000:1 result in a more humble 2140:1 effective contrast.
However, visually the small improvement does not follow the huge difference in native contrast numbers. Here, one would have
to select a very dark screen with a very small dome aperture to really benefit from the highest contrast technology (not possible
in general).
(Fig. 6a) Stars pattern: (left) dome original, (right) equisolid
fisheye view for r=50% Θ=180°
f = 0.0011

Cp = 10000

Ceff = 1958

(Fig. 6b) Same as above but brightness has been multiplied
10 times to help visualize black levels:
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(Fig. 7a) Stars pattern: (left) dome original, (right) equisolid
fisheye view for r=50% Θ=180°
f = 0.0011

Cp = 2500000		

Ceff = 2645

(Fig. 7b) Same as above but brightness has been multiplied
10 times to help visualize black levels:

What about the importance of dome gain optimization?
Actually the 10000:1 system is able to produce 3400:1 effective contrast if the dome gain can be reduced from 50% to 30%. This
is quite a realistic trade-off since this class of projector is typically 5 times more powerful to start with.
A possible optimization between 2 higher-contrast systems:

Projection Class
Native contrast
Number of projectors
Masking efficiency
Brightness after masking (lumen)
Dome diameter (m)
Dome Aperture (°)
Dome area (m²)
Illuminance (lx)
Dome gain
Dome amplification
Luminance for white (cd/m²)
Effective Contrast for “Photography / Movies”
Effective Contrast for “Space Art”
Effective Contrast for “Planetarium”
As one can see the effect of diminishing the dome gain has
extreme influence on the practical results.
Surprisingly, we can see that the 10000:1 system is the best
compromise because the higher native brightness allows for
lower dome gain with the astonishing result that the effective
contrast can be better in all practical projection modes,
including planetarium mode, while maintaining more than
twice the luminance (better colors).
But can we find some situations where the highest contrast
projectors do have advantages?

JVC-DLA-SH7
10000
6
60%
18000
20.00
180
628
28.6
30%
18%
3.22
29.2
275
3400

High-Contrast (Zorro, Velvet)
2500000
6
67%
4000
20.00
180
628
6.4
50%
33%
1.35
16.0
151
3000

-

Obviously they are better when there is nothing on
the dome assuming no other spurious source of light
exists (the only case one can “see” native contrast).

-

Also, when using optical star projectors having
very low luminance there is some advantage in
being darker (however as soon as some content is
projected from the digital system, lower brightness
will impact color perception and effective contrast
will plummet).

IPS2012 CONFERENCE PROCEEDINGS
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-

Existing domes with high gain that cannot be
upgraded (however this does not really improve
contrast with most scenes as we have shown here,
and projectors extra cost has to be compared with
the cost of a new dome).

Conclusion
In conclusion we have established a way to evaluate precisely
the effective contrast resulting from the combination of a
projection system and a dome.
The main result is that for practical usage, including
planetarium scenes, digital projectors with a contrast of
10000:1are the best current solution. The reason is that
superior brightness can be trade-off with dome gain to achieve
the best contrast possible in all practical situations.
Higher contrast projectors with 2500000:1 could play a role in
the future when their brightness (and cost) will get closer to
the 10000:1 projector class.

Step 1
Open image, assign a “sRGB” color space tag if required, and
convert to 16 bits per color channel, save image.
Step 2
Transform the equidistant image to equisolid projection. This
is necessary to ensure we have a linear relation with dome
area.
Step 3
Convert sRGB color profile to a simplified RGB gamma of 1 to
simulate projector brightness (linear data). Using the selection
tool and the histogram, measure the fill factor as luminosity
(30% red, 59% green and 11% blue, a separate processing for
each color is normally recommended but was not necessary
here).
Step 4

ADDENDUM:

Compute the white and black effective brightness for this
image as the numerator and denominator of effective contrast
Ceff defined in this document. Derive correction values as
exposure and offset to apply to the image. The exposure
correction avoids saturation if needed, the offset value carries
the effect of background cross reflections.

Image simulation pipeline:

Step 5

We start with 4K resolution image in 8bits per color channel
as they are distributed in fulldome shows. However some
images, like the mice hole or the stars, were prepared for this
document. We used Photoshop for the steps below:

Convert back to sRGB color space. Increase brightness by 3.32
stops (10 times) if needed for clarity, resize to 0.5 K resolution
and convert to 8 bits using dithering for distribution.

Nevertheless, one may wonder if they are really the correct
solution to the problem of contrast control in a dome
environment.

Simulation table for r = 0.5, Θ = 180°, Cp = 10000:1

Checkerboard
Mice Hole
Mauna Kea
Hubble
Stars pattern

r
127.5
254.7
34.53
3.22
0.29

g
127.5
254.7
40.63
3.45
0.29

b
127.5
254.7
75.53
3.78
0.28

f
0.5000
0.9989
0.1672
0.0134
0.0011

fc
0.5001
0.9989
0.1673
0.0135
0.0012

White
1.1667
1.3330
1.0558
1.0045
1.0004

Black
0.1668
0.3331
0.0559
0.0046
0.0005

Stars pattern:
Here is a detail of the full resolution 4K image that was used for generating the
stars pattern.
(Fig.8) Detail of the stars pattern used to simulate the planetarium scene
The image is a square with 500 pixels side which has been tiled to generate the 4K
(4096 pixels side) dome original used for our planetarium scene simulation.
This square has a fill factor f of 0.11% when measured in a gamma 1 RGB color space.
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Exposure
-0.22
-0.41
-0.08
-0.01
0.00

Offset
0.1430
0.2499
0.0529
0.0046
0.0005

Contrast
7.0
4.0
18.9
218
1958

REFERENCES:
In the industry, the practical
measurement of projectors contrast in
production can follow a more involved
ANSI standard than discussed here.
Typically a nine measuring point
method is used, but in its essence the
dynamic contrast (on / off method) is
what is used.
As mentioned, we based our white
paper on the well established theory
of ‘Integrating Spheres’ used in the
industry for measuring light sources.
A good introduction to this potentially
complex subject can be found here:

http://www.labsphere.com/uploads/
technical-guides/a-guide-tointegrating-sphere-radiometry-andphotometry.pdf
We tried here to avoid getting into
mathematical
demonstrations!
However, part 3.2 should satisfy our
most demanding readers since it
contains the full explanation of the
energy transfer invariance (what we
called our ‘magic’ property).
Interesting information about the
sRGB standard which describes how
the gamma transformation is working
in order to transform sRGB data into a
linear domain can be found here:

http://en.wikipedia.org/wiki/SRGB
We used Photoshop CS6 to illustrate
our document.
While Photoshop is not a scientific tool
at its core, it can be used for linear
image data processing using a custom
color space (simplified gamma, or
linear CIE 6500K).
Geometric mapping transformations
can be applied using PanoTools plugin,
Hugin or ImageMagick.
h tt p : / / w w w. p h o to c rea t i o n s .c a /
panotools/

Here are the panotools coefficients that were computed for our dome original
transformations:

Equisolid to Equidistant

a
0.008522

b
-0.12146

c
0.002499

d
1.110443

Equidistant to Equisolid

0.099415

-0.0417

0.047949

0.894334

And the following reference has wonderful illustrations about projections used with
fisheyes and other lenses:
http://www.pierretoscani.com/echo_fisheyes_english.html

PP05: The Planetarium Scholarship Fund
Thomas Wm. Hamilton
Hoss Planetarium
153 Arlo Road, Staten Island, New York – tham153@hotmail.com
ABSTRACT:
This paper describes the operations and goals of the planetarium scholarship fund
and the beneficiaries of its first year of operation.
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PP06: Big Kids Night Out
Dr. Tanya Hill
Museum Victoria
2 Booker Street, Spotswood Victoria 3013, Australia – thill@
museum.vic.gov.au
(Rohan Astley (MV), Erica Chin (MV) and Pennie Stoyles (MV)
ABSTRACT:
What do you do when your facility is well-loved, but seen
as “only for kids”? How do you reach out to new audiences
without diluting your reputation? At “Big Kids Night Out” we
opened our doors for a night of fun for over 18s by encouraging
them to release their inner child. In this task, I’ll demonstrate
how a range of targeted opportunities have successfully broken
down barriers and introduced new audiences to Scienceworks
and the Melbourne Planetarium.
1. Introduction
The Melbourne Planetarium is situated within Scienceworks,
an interactive science and technology museum located in the
inner-west of Melbourne, Australia. Scienceworks is operated
by Museum Victoria, the organisation responsible for Victoria’s
scientific and cultural collections. The other museums under
Museum Victoria’s care are the Melbourne Museum (a natural
history museum) and the Immigration Museum (a cultural
museum).
Scienceworks opened in 1992, and it is known as a fun and
entertaining place to visit, where children are free to explore
and discover things in their way. The exhibitions are a mix
of hands-on interactivity and suitably interpreted collection
pieces. Scienceworks predominantly attracts a family
audience, particularly those with young children between the
ages of 3 and 10 years old.
The Melbourne Planetarium was established at Scienceworks
in 1999. Prior to that it was known as the H. V. McKay
Planetarium and was located within the centre of Melbourne.
This change in geographical location has meant that the visitor
demographic is now naturally aligned with the Scienceworks
audience. The Melbourne Planetarium is a well-established
producer of planetarium shows especially catering to family
and school audiences.
2. The Scienceworks Audience
2.1 Audience and Motivational Segmentation
In 2003, Museum Victoria carried out a detailed study of
museum visitors and developed the follow motivational
segmentations:
Easy Riders: who want excitement and enjoyment made easy
for everyone.
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Duty Bounds: who value how others enjoy their experience
and particularly want to reminisce, belong and share an
emotional journey.
Informers: who are individualistic and need to feel that
devoting their time is warranted.
Inspirers: who want to be stimulated and challenged so
that they overtly have a sense of achievement and social
superiority.
Consistently in visitation surveys, Scienceworks is shown to
attract the easy riders segmentation. On the whole, this kind
of visitor desires a stimulating, social and fun experience.
Scienceworks fulfills this need by providing a variety of
different attractions that entertain across age groups and also
allow visitors to easily spend time with each other.
These characteristics are typical of family groupings, so it is not
surprising that this is the main audience that Scienceworks
attracts. In 2010-11, 93% of visitors were visiting Scienceworks
with children, the average group size was 4, with an average
of 2.2 children per group and the average visiting child’s age
was 7.1 years, while the average adult age was 45.3 years.
These are typical of the visitor statistics measured each year
at Scienceworks.
Since Scienceworks has a family focus, it is possible to focus
in on the motivational segmentations and consider how
they relate specifically to the Scienceworks experience. The
following descriptions are drawn from audience research.
Easy Riders: “Scienceworks is somewhere the kids and I
can play and enjoy ourselves. If I feel like it I can just let them
run around, delve in myself or take some time out for myself. It
gives us an exciting, fun and casual day out.“
Duty Bounds: “It’s important for the kids to learn something
about science and the world around us, so it makes me feel like
a good parent when the kids have a fun day at Scienceworks
and maybe learn something as well.”
Informers: “Science is important to our understanding of
the world, and it is beneficial to take the kids to a place where
learning is optimised by making it fun. I can also share my
knowledge of science with them, and help them understand
the displays.”
Inspirers: “The Scienceworks space is big and exciting,
and everyone takes their children there. Activities like the
Planetarium give the experience a real wow factor, and there
are some challenging and competitive activities to try.”
These comments illustrate the different motivational needs
that can be tapped into when attempting to engage with the
Scienceworks audience. In fact, a visitor may move between

the different segments in the course of a visit, based on the
experiences and activities they are engaged in.

directions and provides a framework for the five year period
from 2008 to 2013.

Someone who initially comes to Scienceworks because they
know it is a great way to entertain the children (and therefore
identify as an easy rider) may find themselves engaged in a
certain display or activity that challenges their own knowledge
base (providing them with an inspirer experience). The more
ways that a visitor can be successfully engage during their
visit, then the better experience they will have overall.

One of these strategic directions is summarized as Inspiring
Experiences: Engagement and Learning. It is stated,
within this objective, that the Museum should inspire to
“engage all Victorians through innovative exhibitions, online
experiences and stimulating programs at our venues and
throughout the state, to increase understanding of Victoria’s
place in the world”.

2.2 A Local and Loyal Audience

When it comes to “engaging all Victorians” it is important
to provide experiences that are both innovative and have
broad appeal across audience demographics. Furthermore,
as no demographic is the same, the attempt to attract a new
audience should include developing an understanding of
that demographic and tailoring experiences to match their
interests.

As well as having a strong idea of our visitor type, we also
know that the majority of our visitors are made up of those
living locally. Consistent with previous years, in 2010-11, it was
found that 80% of visitors are from metropolitan Melbourne,
10% are from regional Victoria, and the remaining 10%
are mostly interstate visitors, with a very small number of
international tourists.
Scienceworks visitors are both local and loyal. It is generally
found that two-thirds of visitors have been to Scienceworks
before. Half of these have visited within the 12-month period
and there can be strong repeat visitation, with this being their
4th, 6th or even 8th visit to Scienceworks.
3. Diversifying Audiences
Such is the clear awareness of the Scienceworks audience, that
when it comes to developing programs, the focus is inevitably
on providing family friendly activities. This theme also carries
through to the marketing and communication strategy, which
strongly promotes the message that Scienceworks offers a
family fun and safe outing.
It is wonderful to have such clear branding and approaches
when delivering to a core audience. Therefore, sustaining
this strong message is a successful approach that must not
be ignored. However, such a tight focus also leads to creating
a gap in potential audience visitation. What happens when
an individual doesn’t fit the programs or messages being
delivering?
A study of audience ages conducted at Scienceworks in 2010,
showed that only 3% of independent visitors fall into the 18 to
25 year old age bracket. This is clearly an under-represented
audience and provides great capacity to broaden the reach of
Scienceworks. However, broadening one’s audience is not just
about increasing visitation numbers but also encompasses
creating opportunities for a broader variety of people to
engage with the museum.
Audience diversity is of key importance to Museum Victoria
as outlined in the organisation’s current strategic plan:
Exploring Victoria, Discovering the World. Developed
across 2007 and 2008, the plan outlines six strategic

There is also a secondary way to approach the task of
diversifying audiences. As outlined in the Inspiring
Experiences: Engagement and Learning framework it
is also possible to “collaborate with diverse communities to
develop programs that promote social cohesion and actively
foster access.” This mode of engagement has also been
trialled with success at Scienceworks, through the Science
Morning Teas, which will be described later in this paper.
4. Building on Success
4.1 Discover the Night Sky
When the Melbourne Planetarium was relocated to
Scienceworks in 1999, it was envisaged that the Planetarium
would have its own appeal. Therefore provision was made
so that it could be accessed as a stand-alone venue when
required outside of the usual opening times for Scienceworks.
As a result, the Planetarium was able to offer an evening
program, delivering its usual daytime program but during
evening hours once a week. This worked quite well for a few
years. However, audience numbers began to decline and this
was attributed to being a few kilometres outside of the city
centre and in a semi-industrial area which is quite desolate
at night.
The program was shortened to a limited season each year
and quite innovatively, Scienceworks partnered with a local
ferry company to provide transport from the city directly to
the Planetarium by utilising the Yarra River. The program
called Cruise the Constellations began in 2003 and was
reasonably successful, particularly in overcoming the location
barrier to the Planetarium. However, it wasn’t economically
sustainable in the long term and was also hampered by
ongoing issues with the partnership arrangement for the ferry
transport.
IPS2012 CONFERENCE PROCEEDINGS

19

A new evening program was devised in March 2007 and has
been running ever since. Called Discover the Night Sky
the program is substantially different to the usual daytime
sessions. Each Thursday evening during the months of March
and August, the Planetarium’s astronomer (TH), presents a
series of special evening classes to explore the latest events in
astronomy. Topics range from the Solar System to Dark Energy.
The program is tailored to an adult audience, which is marketed
by providing a complimentary glass of wine and cheese and
also by only ticketing the event as adult or concession. This
works well, as it discourages children without the need to
explicitly ban them. Furthermore, if there is a school age
student who is particularly interested in astronomy, they are
still able to attend.
The evenings themselves are very relaxed and specialised
affairs. Over the glass of wine lots of informal discussions
continue and the audience enjoys taking advantage of asking
all their astronomy questions, including a one-on-one with the
astronomer. Now in its sixth year, it is a strong and consistent
program for the Planetarium with high performance and
satisfaction ratings as obtained via audience evaluation. It was
found that 99% of attendees would recommend it to others.
Regarding visitation numbers it is typical for each season to
build as word spreads. The first few sessions run at around
65% capacity, but by the end of the season the event is a sellout. The best season occurred in March 2011, when the entire
season was fully sold-out.
Due to its specialised nature and by being an evening event, it
had been assumed that this would attract a different audience
to the Planetarium than the usual family audience that visits
Scienceworks. It was therefore surprising to discover that
on average 80% of the Discover the Night Sky audience are
visitors to Scienceworks. The program was attracting the same
audience, just it was the parents visiting without their children.
The average visitor age is 40 years old and the average group
size is 2.25 people.
4.2 Community Festivals
The developing field of fulldome cinema creates, in itself, new
opportunities for planetariums to attract a diverse audience.
We have found that a great way to do this is by participating in
community festivals.
For the past two years the Melbourne Planetarium has taken
part in the Melbourne International Film Festival (MIFF) and
these sessions have been successful sell-outs. The event
allows the Planetarium to bring in fulldome content from
around the world and make it available to our local audience.
The 2012 MIFF occurs in August and the Planetarium will host
two sessions featuring Coral: Rekindling Venus (Felix Media)
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together with Life: A Cosmic Story (California Academy of
Sciences); followed by A Space Opera (timeline360) with
VisuaLiszt (various).
Other festival partnerships have included:
• Copernicus a unique theatrical piece by Melbourne
artist Sam Davison and presented by Transit Theatre
and Scienceworks as part of the International Year of
Astronomy and the 2009 Melbourne Fringe Festival.
• Elemental an evening of astronomy inspired poetry and
music, presented by artist Alicia Sometimes in association
with the International Year of Astronomy and the 2009
Melbourne International Arts Festival.
• City Jungle a live performance of two contemporary
Australian percussion groups (Synergy and Speak
Percussion) with accompanying fulldome visualisations
presented as part of the 2011 Big West Festival.
These partnerships have all attracted diverse audiences
to the Planetarium and led to increased exposure. What’s
more, it showcases the diverse nature of today’s planetarium
and presents a range of capabilities and possibilities to be
explored in the future.
4.3 Fulldome Friday
Based on these experiences, particularly the success of
MIFF, the Melbourne Planetarium initiated a program called
Fulldome Fridays in 2011. Each Friday evening during
February, fulldome content from the Melbourne Planetarium
and around the world is shown.
The program creates a number of opportunities, the most
obvious being to attract an arts-oriented audience. What’s
more, it establishes the Planetarium as part of Melbourne’s
creative culture, which enhances the Planetarium’s profile
and reputation. It also builds relationships with fulldome filmmakers and distributors, internationally.
Currently the evenings run at a modest capacity, but audience
evaluation shows that the attendees really value the event,
giving it a high approval rating, while 95% would recommend
it to a friend.
However, once more the audience makeup came as a surprise;
68% are Scienceworks visitors.
Once more we were reaching the adults within the Scienceworks
family audience. However, the
audience is slightly younger than the Discover the Night Sky
audience. the average age of attendees to Fulldome Fridays
is 34 years and the average group size is 2.8 people.

5. Big Kids
1.1 The Idea
Discover the Night Sky and Fulldome
Fridays are programs that successfully
engage adult audiences. Their specialist
nature also enhances the reputation of
the Planetarium and provides increased
visibility in new social networks.
However, as outlined above, the events
attract adults who are typically already
visitors to Scienceworks and generally
reach out to the older adult. What is
the best way to really tap into the young
adult market?
Quite a number of different programs
have been established world-wide to
attract a young adult audience and they
can be grouped into four different types:
• ‘Friday Drinks’ – This form of
programming is a weekly event that
offers catering and drinks, along
with the opportunity to experience
the venue. Traditionally these are
commercial ventures aimed at
raising revenue.
• ‘Youth Group’ – These are
programs that are formed around
a particular membership base
or advocacy group for a cultural
organisation. It is a model that is
particularly preferred by art galleries
as it creates a developing fan base
that may lead to future donors and
philanthropists for the gallery.
• ‘Exhibition Out of Hours’ – This
format is one often adopted
for
blockbuster
exhibitions.
Although it is not always limited
to adult audiences it does provide
an alternative to the normal
opening hours and therefore a
unique experience. A number of
institutions will also serve wine and
provide catering to increase adult
participation.
• Experience Events – the aim of
these events is to create a public
program specifically tailored for

young adult audiences in the hope
of engaging directly them.
Based on the strategic direction
described in Section 3, the focus
for Scienceworks was to create an
‘experience event’.
When thinking about how to attract
the 18 to 30 year old audience, it was
quickly realised there was a synergy
with Scienceworks itself. In 2013,
Scienceworks will turn 21, so the venue
sits within this audience age bracket.
Knowing that 90% of all independent
visitors to Scienceworks are from
Victoria, it then follows that this age
group has grown up with Scienceworks.
Presumably, visits to Scienceworks were
part of their childhood, as a family outing
and/or a school excursion. Furthermore,
these adults are also the first generation
of visitors as children, that could now
be returning with children of their own.
Nostalgia and a sense of childhood,
were clearly going to be part of the plan.
The other thing to draw on was
Scienceworks’ own reputation. It is well
known that to visit Scienceworks you
should “beg, borrow or steal” a child –
of course, not to be taken literally. But
it nicely sums up the idea that everyone
has fun at Scienceworks but if you don’t
have an excuse to be there (that is, you
are not in the company of a child), it can
feel a little awkward.
The enjoyment that parents get from
their visit is seen on a daily basis. Many a
dad has injured their hamstring trying to
beat Cathy Freeman, Australia’s famous
Olympic athlete, in one of Scienceworks’
well-known all-body interactives. The
advantage of being a parent is that
you have an excuse to get down to your
child’s level and spend your time playing
alongside them.
Putting these two ideas together –
nostalgia and the fun of being child-like
– it became clear that attracting this
audience could in fact be child’s play.
The marketing message was simple –

relive a childhood memory and have fun
at Scienceworks without all the little kids
getting in the way.
As one, 24 year old, non-Scienceworks
visitors reported:
“Places like Scienceworks are
exciting because it’s what you’re
not meant to do as an adult – if it
weren’t for all the screaming kids,
I’d love to go.”
5.2 The Program
The aim was clearly to create an
experience event, but the experience
wasn’t going to be something entirely
new. Instead it would engage with the
young adult audience by promoting what
you would normally do at Scienceworks
but experience it without all the children.
Transforming Scienceworks from a family
venue to one strictly for over-18s came
down to a bit of clever programming: the
exhibitions remained the same, the usual
science show became a demonstration
of the density of various alcohols for
making the perfect layered cocktail
and for the Melbourne Planetarium, it
became a celestial mind trip through our
Galaxy, along with stargazing using the
Planetarium’s telescopes.
The new programming also allowed the
marketing and public relations team
to tap into a normally unconventional
market. Scienceworks was able
to strengthen relationships with
existing media partners, such as
TripleR, a Melbourne independent
radio broadcaster. It also led to a new
partnership with Beat magazine, a music
street press publication. Social media
was also fully utilised to drive visitation
as it undoubtedly is a strong medium for
this age group.
5.3 Big Kids Night Out
The inaugural Big Kids Night Out was
held on 5th November 2011. More than
600 ‘big kids’ took over what is usually a
purely ‘little kids’ domain. Just as hoped,
our visitors were enthusiastic and whole-
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heartedly threw themselves into the
experience. Likewise, Scienceworks
staff also enjoyed the different
atmosphere created by the evening.
Based on visitor statistics and audience
evaluation, it was clear that the event
was worth repeating. The Big Kids
Cracking Night Out was held on 26
May 2012, themed around Wallace
and Gromit’s World of Invention,
a current touring exhibition at
Scienceworks. The evening just missed
reaching the 1,000 visitor-mark; 937 big
kids invaded Scienceworks, with 67% of
tickets sold on-line prior to the event.
Only one small modification was made
to the program, with the evening starting
an hour earlier, running from 6pm to
10pm on a Saturday night. The number
of planetarium sessions remained
the same; five 30-minute sessions
at each event. On both evenings the
Planetarium proved incredibly popular
and almost every session was booked
out. The audiences were also fantastic
and it was inspiring to deliver backto-back live shows to such a highly
enthusiastic and appreciative crowd.
5.4 Audience Evaluation
The event was intended to attract a
young adult audience to Scienceworks
and this was certainly achieved. For
the first Big Kids Night Out, 85% of
visitors were between 18 and 35 years
of age, dropping only slightly to 73%
of visitors, the second time around.
Across the two evenings, an average
31% of the audience had never been to
Scienceworks before.
It was also discovered that almost
half of the visitors to Big Kids Night
Out (47%) had visited Scienceworks
more than 3 years ago, and for 41% of
these, their last visit was as part of a
school group. The goal of attracting an
audience back to Scienceworks was
being achieved.
Across both nights the response
was fantastic. Almost everyone’s
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expectations were met or exceeded
(93%) and the main reasons given were
“fun/entertaining” and “no children”.
That the highest rated elements were
the staff (“fantastic, wonderful and
friendly”) and the Planetarium.

the fourth fastest growing municipality
in Australia. In response to this, it was
recognised that the other end of the
spectrum – the preschoolers or “little
kids” could also be an area of audience
growth for Scienceworks.

The main reasons for attending were
“sounded fun” (79%), “interesting”
(76%) and “something different” (60%).
The average group size was 4 people,
mostly comprising of adult friends and
spouses/partners.

This demographic is already strongly
aligned with the Scienceworks core
audience, and they naturally visit
Scienceworks as part of a family unit.
However, normally the visit is about
the older siblings, with the younger
ones simply following along. The idea
was to deliver a tailored experience
for this young market, specifically
children under five years old. It was first
trialled as a special event held during
Children’s Week in 2011.

The top three sources of awareness
for both evenings were “word of
mouth recommendation”, Facebook
and TripleR. Both TripleR and Beat
magazine were very happy with the
partnerships with Scienceworks, while
a new relationship with established
with Yelp, a social networking, user
review, and local search website. These
networks now provide ongoing avenues
for tapping into the youth market.
6. Little Kids
6.1 A Changing Demographic
As mentioned in Section 2, there is a
clear understanding of the Scienceworks
demographic. Families and locals are
both strongly represented and this also
extends to school groups. Scienceworks
has always been popular with schools
and on any weekday during school
term, the museum is dominated by
school groups from Prep to Year 8. Their
families then visit on the weekends and
school holidays.
While, Scienceworks has always had a
very predictable visitor demographic,
in recent years, a small change had
been noticed; the number of general
visitors to Scienceworks on a school
day was slowly increasing. This was
presumably being driven by changing
demographics within the regions
surrounding Scienceworks.
Nearby to Scienceworks is the City of
Wyndham, which for the past five years,
has shown the largest population
growth in the state of Victoria. It is also

6.2 Dinosaur Day – Children’s
Week 2011
Every October, the states and territories
across Australia recognise and
celebrate the right of all children to
enjoy, and learn from, early childhood
experiences. The week was set up to
coincide with Universal Children’s
Day, established by the United
Nations General Assembly in 1954 and
observed during the month of October
in Australia.
The last five years has seen a great
diversification of Children’s Week across
Australia and in 2011 Sciencworks
took part by inviting parents to bring
their young ‘dinosaur hatchlings’
to Dinosaur Day. The theme, an
enduring favourite among children,
revolved Explor-a-saurus which was
currently on display. This exhibition
had been developed by Scienceworks
and shares how we know, what we
know, about dinosaurs. The program
for the day featured performances
and activities specifically designed for
children aged five years and under.
This is also an area where the Melbourne
Planetarium features strongly. The
Musem Victoria production Tycho
to the Moon is always popular with
children and a special favourite for

this age group. The show features Tycho,
an animated and quite cheeky dog
who doesn’t just howl at the Moon but
wants to go there. The engaging script
(written by Kevin Nemeth an experienced
children’s television writer), the catchy
songs and of course, Tycho himself,
delivers an experience that is perfectly
suited to young audiences.
6.3 Little Kids Day In 2012
Dinosaur Day attracted over 580 preschoolers, which was considered an
outstanding success. The perceived
audience need did exist, so it was
decided to develop this one-off event
into an ongoing program and so Little
Kids Day In was introduced.
It is currently being run as a pilot program,
across eight Mondays throughout 2012
and school bookings are not accepted
on these days. Instead of Scienceworks
being overrun by school children, on a
Little Kids Day In babies, toddlers and
pre-schoolers are free to have fun and
explore without any disruptions from the
often rowdy students.
The days are designed to inspire ‘little
kids’ to explore the world around them
through hands-on activities designed
especially for them. They also provide
a great opportunity to raise awareness
of the benefits of combining science
and play in early learning. This is a
fundamental component of Nitty Gritty
Super City, a long-term exhibition
designed by Museum Victoria for 3 –
8 year olds. This exhibition develops
children’s essential skills such as
guessing, observing, sorting, matching
and working safely.
Special session of Tycho to the Moon
are also shown, together with screenings
of Melbourne Planetarium’s new
production Tilt which was launched in
January 2012. Tilt is the first production
by Museum Victoria to make extensive
use of 3d character animation; two
children Annie and Max, together with a
life-sized robot called Kelvin. Having the
characters on-screen appeals to this age

group and they are taken on a whirlwind
adventure to discover how Earth’s
seasons work.
6.4 Audience Evaluation
Trialling a program that runs for just eight
days across the year was an interesting
experiment for Scienceworks and it was
not certain that the days would be able to
bring in a steady audience. However, the
Little Kids Day In events are gaining
a profile, and there is an increasing
awareness each month around them.
Surprisingly, the most common form of
awareness for the event is generated
online. At Scienceworks word of mouth
recommendation has always been the
dominant method of awareness for
all of the varied events, activities and
programs held at the museum. This is
the first time that we have seen a shift
and it was quite substantial, with 66%
of visitors hearing about Little Kids Day
In via online networks. This is clearly
a result of what are called “mummy
bloggers” and it is pleasing to have their
support and such strong advocacy.
The program also rates highly with 91%
of visitors intending to come to another
Little Kids Day In in the future, while
79% would recommend the event to a
friend. The planetarium experience is
also rated highly but comes in second
behind a science show on “bubbles”
(and who can compete with that?). The
average group size is 3 people and the
average adult age is 40 years old, while
the average child age is 3 years old.
In all, it is wonderful to be able to
capture both the upper (young adult)
and lower (pre-school) audience through
these complementary programs.
7. Science Morning Teas
7.1 The Idea
As mentioned briefly in Section 3,
another strategic direction for the
museum is to look for opportunities
that will increase interactions with
diverse communities and promote social
cohesion and actively cultivate access to

the museum.
This led to an innovative and highly
rewarding program called Science
Morning Teas. Originally established
in 2007, it began as part of a grant from
the Department of Education, Science
and Training to increase adult literacy.
Scienceworks was involved in developing
and delivering a series of sessions
aimed at parents of young children to
assist parents by increasing the parents’
science literacy and communication
skills.
As the program developed its reach
broaden to attract all local families who
had never or rarely visited Scienceworks.
This could be for a variety of reasons as
such as: being young parents or nonEnglish speakers or under-privileged
in some way. The focus also shifted to
include increasing science literacy and
communication skills not just for the
parents but for their pre-school children
as well.
In the current program, new emigrants
to Australia are invited to bring their
children to Scienceworks for morning
tea. The sessions are organised
through playgroups such as the
New Hope Foundation, a Burmese
refugee’s playgroup and the Australian
Vietnamese Women’s Association. A
clear strength of the visits is having
the emigrants come along as a group,
thereby providing each other with
support and assistance. The program
then establishes on-going relationships
with the participating families, and also
the facilitating organisations and local
community.
7.2 The Program
The groups participate in three sessions,
each of 2.5 hours duration. The sessions
are centred on the three permanent
exhibitions at Scienceworks: Nitty Gritty
Super City, Sportsworks and House
Secrets. Parents are encouraged to
work closely with their children and
relate what they are experiencing to their
everyday lives.
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The sessions include a visit to and an activity within the
exhibition area, a demonstration or game, a make-and-take
activity and a catered morning tea. All the activities were
developed for 3 to 4 year olds, however, younger siblings
that may also attend are invited to participate as well. At the
conclusion of each session, parents are given a show-bag
containing an activity to do at home.
With this program attention to detail was particularly
important. For instance, the groups were greeted right at
the front door of Scienceworks, with many of them never
having been in a museum before. By their final visit, as their
confidence grew, the groups were taken through the complete
process of gaining entry to a museum – queueing, purchasing
tickets, etc. This sort of demonstration was very well received
as it increased the group’s confidence for making future visits
to Scienceworks on their own and also has implications for
other similar, yet new, situations they will likely encounter as
they establish a life in Australia.

required further explanation. The Burmese families found Nitty
Gritty Super City highly amusing. The group were giggling
quietly after visiting the exhibition and it was discovered that
they the display cabinets housing dead animals, examples
of animal poo and the process of collecting and recycling
rubbish very funny. Once the context and educational value of
these museum specimens, scats and recycling stations were
explained the families were really interested in the content.
It’s easy to see how interactives may appear very unusual
when the context is not obvious.
In all the feedback was highly positive. Many of the mothers
that attended the program often don’t leave their homes, and
aren’t aware of places like Scienceworks nor do they have the
confidence to visit such places on their own. It’s hoped that
this program provides reassurance to attempt more outings
with their children.
8. Conclusion

Due to the nature of the groups, feedback was delivered quite
informally, often through the playgroup co-ordinator who
provided their own feedback as well as passing on comments
from the group.

We have presented a range of different programs that aim to
broaden audience reach and deliver new experiences and
opportunities to engage Scienceworks visitors. While the
programs are tailored to suit the different the needs of the
different audience, the overall experience draws on the kinds
of activities that Scienceworks in known for.

Families were found to really enjoy the sessions and
participation was strong. One co-ordinator believed that
without this program, their families would never visit a
museum. Another commented that the program offered more
than its description, and that the families who had recently
arrived here particularly appreciated the warm welcome. As
a result, participants were telling their friends to come to
Scienceworks because the staff were so friendly.

One thing that all the programs have in common is to
encourage participants to think of Scienceworks and the
Melbourne Planetarium as on-going and accessible resources
for lifelong learning – whether that’s for children and parents,
or school students or adults. The programs acknowledge the
importance of science play for both little and big kids and
reinforce the Scienceworks positioning statement to “inspire
all Victorians about science and technology, for life.”

7.3 Audience Evaluation

It was also discovered that some of the exhibitions appeared
quite unusual to families from diverse backgrounds and

PP07: Beginners Guide to a Full Dome Planetarium
Scott A. Niskach
Evans & Sutherland
770 Komas Drive, Salt Lake City, Utah - ScottN@es.com
ABSTRACT:
This session is for those who do not have any full dome
experience and are seeking information about what is involved
in building a new planetarium with digital full dome or adding
a full dome system to an existing planetarium.
Introduction
Many years ago the International Planetarium Society (IPS)
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created a publication called How to Build a Planetarium and
it was a good resource for explaining what is involved with
building a planetarium with slide projectors, special effects
and an optical mechanical system. There was also a very good
resource called LHS Level Specifications which gave hardware
standards for the planetarium that is also geared toward slide
projectors and special effects.
In recent years there have been a number of attempts to
standardize the digital planetarium by IMERSA, Digital
Immersive Giant Screen Specifications (DIGSS) and the IPS Full
dome Video Committee. While each has had varying degrees
of success, there is no one single agreed upon set of standards
for a full dome digital planetarium.

The first digital planetarium, a Digistar, was installed in 1983
at the Science Museum of Virginia. Today there are a wide
variety of vendors who offer full and partial dome planetarium
systems with prices and specifications that range from small
to very large.

service, sound systems, and building infrastructure including
air conditioning, electrical, fire suppressant, acoustical
insulation and such.

As you plan your digital theater, here are some things to
consider:

The minimum space behind the dome is 8-12 inches; however
we like to recommend 2 meters (6 feet 6 inches) of clear space
behind the dome. This allows room for the projectors as well
as electrical, ventilation and the like.

Optical Mechanical

The dome is perforated for the following reasons:

There has been a lot of debate over digital verse optical
mechanical. While I am not here to further that debate, I
can tell you that if you want or have an optical mechanical
projector you can also have digital. When the two systems are
used in the same dome the term Hybrid is sometimes used.
Seating
There are two main types of planetarium seating; unidirectional
and concentric, with many variations of each of those. The
trend is toward unidirectional seating and most shows are
produced for unidirectional seating.
The best seats in a unidirectional seating arrangement are
going to be toward the back of the dome.
Seat backs are typically angled to point towards the dome
“sweet” spot which is about 30 degrees high.
This may vary depending on the tilt of the dome and the rake
of the floor.
If the space will also be used for lectures then you have two
sweet spots, one low and one high. To accommodate this
sometimes seats with varying tilt are used.
The Dome
The planetarium dome is a large projection screen and not a
ceiling. This is something that the architect will need to learn
as well as tradespeople working in the space. I have seen
times where a worker wants to cut a hole in the dome for air
conditioning or electrical.
There are two main dome manufacturers: Astro-tec and Spitz.
Both have vast experience in building and installing domes.
Dome size is typically measured in diameter - both in feet and
meters. Both of the dome manufacturers mentioned here
can build a dome of any size, but there are some standard
sizes that are more common. If you are building something
nonstandard such as 13.78 meters, it’s possible but will
cost more. Standard dome sizes are typically the most costeffective option.
As you plan your dome it needs to fit within the space you have.
If your interior space is 40 feet across, a 40 foot dome is not
advisable. You need to plan for access behind the dome for

—Lighter weight
—Allows air flow to pass through from behind the dome
—Allows sound systems to be mounted behind the dome
—Acoustics – allows sound to pass throughout the dome
and be absorbed by wall insulation
The dome will need to be supported and this is done by chains
from the dome to ceiling or by a ring beam that the dome will
be mounted to.
Dome Seams
These are how the dome panels come together. Both Astrotec and Spitz offer multiple seam options. The highest quality
seam option will make the seam virtually undetectable during
normal projector usage.
Dome Tilt
By tilting the dome you can better immerse your audience. As
you lower the dome you need to take into account projector
sightlines to ensure they can properly cover the dome without
hitting the audience. Between 5-15 degrees of tilt being the
most common.
Dome Installation
Depending on the size of your dome the installation time can
be between 3 and 6 weeks. The dome will arrive in crates and
assembled onsite. The first steps will be to create the frame
and then panels are mounted to the frame.
You will need to supply scaffolding for the dome installation.
This can be rolling towers or mechanical lifts. For a stepped/
sloped floor a temporary flat platform will need to be built to
accommodate the rolling scaffolding.
Audio
An audio system is typically mounted behind the dome.
Speakers can be attached to the dome or mounted to the
walls. Most digital planetarium suppliers can offer an audio
system that is designed for the planetarium. While lower cost
local audio suppliers may be an option, they typically do not
have the experience and expertise in working with a round
surface area.
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The most common audio format is 5.1 with some theaters
choosing to go with 7.1 audio.
Projectors
There are both home and commercial projectors available.
The primary difference between the two is that a commercial
projector is built to withstand higher temperatures and
extended usage. Typically a home projector is not designed
for use 10 hours a day and 6-7 days a week. With the constant
heat, internal parts will wear down.
Each projector needs to have a lens that will work on the
dome. If you are projecting from the center of the dome, then
you will need a custom designed fisheye lens. These lenses
are expensive and time consuming to manufacture. So each
planetarium vendor looks at what new projector models are
available and plans to create a lens for that projector. It’s not
financially practical to make a single use lens for one project.
When projecting from the cove sometimes a special lens is
made and sometimes a standard stock lens can be used. With
a two projector configuration; it will always require a custom
designed lens matched to that projector.
Understanding Projector Specifications
Projector specifications can help to serve as a guide, but
should not be used as the exclusive way to evaluate a
projector. The ultimate test is seeing with your own eyes.
Many times you will see projectors with extremely high
contrast specifications. Typically this is accomplished by both
a high projector contrast and an iris. The iris is narrowed
down which will raise the contrast and at the same time lower
brightness. If you see very high contrast specification, ask
what the brightness of the projector will be at the maximum
contrast.
Resolution
Projector resolution is the number of pixels that are being
projected on the dome. The higher the number the smaller
the dome pixel. An example of resolution is 1920 x 1200.
These resolutions are always in a rectangle and are projecting
onto a round dome. In that process, there will be lost pixels
(lost as they are outside the area of a circle).
With a 1920 x 1200 single projector your area of projection
would be limited to 1200 x 1200.
To display more pixels on the dome a higher resolution
projector is used or you can combine multiple projectors.
Each planetarium vendor will have a standard set of projector
configurations that will fit most use cases. If you have
something special, additional configurations are always
possible.
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Brightness
Projector brightness is specified in lumens and is a number
provided by the projector manufacturer. This brightness is a
raw number from the projector and does not take into account
any light loss from the lens or the reflectivity of the surface/
dome.
Projector location
Projectors are located either in the center of the dome where
a traditional optical mechanical projector would be or at the
edge of the dome.
There are pros and cons to each configuration. If you are
building a new theater, it’s most common for the projectors to
be mounted in the cove to leave the center of the dome free of
equipment and allow for additional seating.
If your mounting in the cove, then you need to take into account
the depth of the projector and space to access the projector for
maintenance.
If you have an optical mechanical projector fulldome video is
still possible. If the starball is on an elevator, then you have
a full range of possibilities. If there is not an elevator, then
you can mount two projectors on either side of the starball and
shoot over it.
If you are projectors are cove mounted, it will take a little more
creativity for projector locations to shoot around the starball.
Sometimes this is accomplished by adding an extra projector
or two.
Planning for the future
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In the design of the theater you should be looking at how
to best integrate the technology of today as well as what
may possibly be available in the future. This may include
additional power, space behind the dome for projectors &
access for support of current and future technology.
We have seen situations where projectors are built into the
space with limited access to service or replacement. Also, new
theaters may be built where they just do not have space for
today’s projection technology. When this happens, the digital
planetarium supplier needs to consider alternate installation
methods.
Flooring
Carpeting or a sound absorbing type of tile is best.
Flooring such as tile, linoleum, wood, cement, marble
or terrazzo will make your dome like an echo chamber.
Any kind of flooring other than carpet will reflect scattered

projector light and dome reflections and cause more contrast
issues. Carpeting also tends to be safer in preventing wet
floor slips.

directly with your vendor prefer preference. If you are required
to go out for a bid; here are a few suggestions on how to create
your tender:

A carpeting option is to take the movie theater approach and
not carpet under the seats. This could save some money in
carpet, but care must be made in the transition between the
two surfaces.

—Specify the budget range. This helps the vendor
propose a system that will fall within this range. If you
have $250,000 it wouldn’t make sense for a vendor to
guess and encourage you to purchase an $800,000
system.

Typically the area behind the dome is not carpeted but is
sealed or covered with a non-reflecting color.
Construction
During construction or renovation a lot of dirt and dust is
created. It’s always recommended that all construction
activity be completed prior to the dome installation. The
dome is a projection screen and any dust or dirt that settles
on it will degrade its performance. A dome can be cleaned,
but it’s costly and time consuming.
The Software
Most vendors have access to the same hardware. What
typically separates companies is the software they have to
drive that hardware. Some things to look at:
—How easy is it to use? Instead of watching a demo by
the company, sit in front of the system and have hands on
time with the software
—Are new features being added, and how often?
—Is the software designed and controlled in-house or
does the vendor rely on someone else?
—Can you create your own shows with the system?
How easy is it to navigate space? For example fly to a distant
star, orbit that star and then see an exoplanet.
Request for Proposals

—Set your specifications without a lot of details. If you try
to be to specific and you miss a key element; you could
write yourself into trouble.
—My suggestion is to leave the tender open asking each
vendor what they recommend for your dome and budget.
This allows each vendor to highlight their features.
Each of the planetarium vendors will be happy to answer your
questions and provide you with reviews of what you have
planned. If you need more in-depth help and planning many
of the vendors offer theater design services that can assist
your local architect.
In this paper we have looked at some but not all of the items
to plan for in a new theater. As you meet with your vendor,
they should be able to provide you with a site preparation that
outlines the electrical, heat loads, conduit needs and other
information.
While you are planning for the hardware side of the dome,
it’s also important to consider your show content. Is there
something already available that you can use? Is there
material you need to fine tune to best match your local needs?
Or do you need to create something new?
A good resource to locate vendors involved in fulldome can
be found at the Loch Ness Productions website: http://www.
lochnessproductions.com/reference/dome_resources.html

When you are ready to purchase a system, you can work

PP08: A Canticle Experience - Full Dome Immersive
without full dome video!
Alan V. Pareis,
Edwin Clark Schouweiler Memorial Planetarium
University of Saint Francis, 2707 Spring Street, Fort Wayne,
Indiana - bellerophonii@aol.com
ABSTRACT:
A “mostly automated” traditional optomechanical planetarium
(9.1m) combined star machine, eleven virtual screens, video

and BlissLights to create an engaging immersive experience.
Introduction
The Schouweiler Planetarium opened in January of 1971,
as part of the new Achatz Hall of Science on the campus of
what was then Saint Francis College, Fort Wayne, Indiana. The
30 ft. (9.1m) dome seats 75 in semi unidirectional chevron
arrangement on either side of the Spitz A4. A number of
traditional single effect auxiliary projectors and a few manual
slide projectors were added over the decades.
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During the first decade of this century the planetarium installed
a number of grant funded upgrades. After the upgrades there is
now a 180° 6-slide screen dissolve pan, L-C-R dissolve screens,
an upper Center screen for zoom or extreme large image, and
Center video screen. A total of 11 virtual screens, 19 EktaPro
slide projectors, and a VDC Marquee CRT video projector, all
automated by Bowen Technovation AstroFx Commander and
Media Manager systems.
An Ash Enterprises installed mid-point elevator stop allows
the A4 to be positioned lower as needed, so as not to interfere
with automated system’s projectors.
The Schouweiler has always been a part-time enterprise.
For most of the first decade of the 21st Century, the staff has
consisted of: a part-time Director, a part-time Technician, and
2 to 4 part-time hourly student Planetarium Educators, who
present most of our visiting school shows.
The Challenge
During 2008 and 2009 I challenged our University community
to: “Give me a call about any idea you have for using the
planetarium and its multimedia atmosphere for your classes
or projects.” I reminded them that their idea did not have to be
astronomy or even sky related!”
Sr. Anita Holzmer of our University’s Philosophy and Theology
Department took up the challenge at the end of 2009. She
said to me: “I’ve been thinking. Perhaps I could do something
with the ‘Canticle” for Transitus next October. I learned that
Transitus is the commemorative service of worship held by our
Franciscan Sisters every October to remember Saint Francis’
death and transition to heaven in 1226.
The Canticle of the Creatures is an exquisite 14-verse poem
connecting all aspects of creation, human existence, life and
death to God. Originally written by Francis in the last years of
his life, the Canticle was originally sung, though the original
tune is lost. It is considered to be one of the literary treasures
of Western culture. You may know the canticle as the text of
the hymn All Creatures of our God and King, or some other
liturgical work.
We agreed it was now or never and we would start in mid
January 2010. It would be Sr. Anita’s project to write and direct.
The planetarium staff would guide her and would produce
it. I warned her the project would take several months and
many long hours in the dark. In the end she would become
experienced in the field of multimedia production and perhaps
the planetarium would gain another show for its catalogue.
The Process
From mid-January through mid-February, we met once or twice
weekly —for a couple of hours at a time—in Sr. Anita’s office.
I introduced her to basic concepts of dome show production:
28

“This is not a PowerPoint presentation. You need to think in
4-dimensional space, visually, aurally and in time.”
We talked music, soon coming to the conclusion that we could
not use familiar music like Smetana’s “Moldau” from Ma Vlast,
or “Sunrise” from Grofés Grand Canyon Suite. Recognizable
music would cause folks to lose concentration and make
associations that would keep them from experiencing the
Canticle.
We decided early on that whatever we created would not be a
“show,” nor was it to be referred to as a show. The production
was to be a contemplative, meditative, prayerful, perhaps
even a spiritual experience, depending on each person’s
experience of the production. The working title was simply: “A
Canticle Experience” and that has stuck. And over the last two
years the C.E. seems to have affected the hundreds who have
experienced it in one or more of the above ways.
By the time we took a break in mid-February for the
planetarium’s 2-week WinterFest, Sr. Anita had greatly
increased this Presbyterian’s knowledge of things Franciscan
and Francis and his Canticle specifically.
I presented Sr. Anita with two CD’s of possible music to
audition. The disks included several pieces by different
contemporary Native American artists, some with nature
and animal sounds. It also included few pieces for symphony
orchestra, some with chorus and recorded artic birds by
contemporary Finnish Composer Enouhani Raatavaara, the
3rd movement of an orchestral work “My Father Knew Charles
Ives” by contemporary American composer John Adams and
the 2nd movement of early 20th century Danish Composer Carl
Nielson’s 3rd Symphony. All of the selections ranged in time
from 5 to 12 minutes duration. Sr. Anita also began collecting
Internet thumbnails of possible imagery, and began surfing
for possible video clips.
Production
By March we were putting in several hours a week, working
individually and with each other in the planetarium. Sr. Anita
suggested a new deadline, not October but early June, just in
time to be presented at a national conference of Franciscan
colleges and universities that our university was hosting.
Planetarium Educator Jessica Clark, began looking for and
downloading the actual images from Sr. Anita’s list of 150
thumbnails and websites. Schouweiler Technician, Chris
Highlen joined the search for and preparation of suitable video
clips. Using simple storyboard worksheets that replicated our
dome virtual screen footprints, Sr. Anita began to script the
canticle experience.
I turned my attention to finding a continuous complete
orchestral piece to unify the reading of the Canticle and the

imagery. The last movement of the Adams piece seemed to
have the needed number of variations and changes in the
music, although its last minutes didn’t seem appropriate for
the last few verses of the Canticle dealing with suffering and
death.
At one point, Sr. Anita reminded me about the 2nd movement
of the Nielson 3rd Symphony, which I had originally suggested
as the first piece that had come to my mind in January. I began
timing and charting the tempo and theme changes in the
Nielson, and Sr. Anita started working with the University’s
Music Technology people and our two Canticle readers: a male
in his 20’s and female in her 70’s.
As mid-April arrived, Sr. Anita, two narrators, university music
tech folk, and Chris were closing in on a final narration track.
Sr. Anita and I moved to the planetarium theater to listen to
the Nielson second by second, over and over while we looked
at her completed storyboards. The Nielson was ideal from
start to finish of its nearly 9 min duration. A detailed cue sheet
for music and narration was developed.
Chris and Sr. Anita worked together to get the final sound track
of narration, and the music track that would be used to control
the automation. A Marina Raye Native American Flute and
nature sounds piece of several minutes duration was added
in front of and fading into the Nielson, a similar Marina Raye
piece faded up after the Nielson and ran for a few minutes
completing the sound track. The narration track runs from
the AstroFx Media manager video server and the music track
provides the AstroFx Commander automation timeline.
By May we were ready to move into the production automation
phase, You know the drill: 3-5 hour sessions in near total
darkness with only the glow of red screens and lights,
equipment noises and comments like: “can’t you dim the right
image 3% more? Back up and run the last 9 seconds again.”
Or, the crunch of a leg against a fiberglass seat, followed by
an expletive.
By the end of May we were wrapping up the final seconds
of automation. Bowen Technovation’s Dan Richie finished
installing our new custom designed automation interfaces
for traditional stand-alone special effects devices. Two DMX
consolable BlissLights units arrived in time to be the first to
use the new interface.
A few quick tests, a Rosco 14 % transition neutral density gel
over the BlissLight green laser star emitter, a phone consult
with Richie at Bowen in Indy, and new BlissLight icon tags
were created in Commander and inserted in the automation
stream.
Less than 10 days later the Canticle Experience was a break out
session attended by about 30 delegates of the 130 attending
the Association of Franciscan Colleges and Universities bi-

annual national conference.
Two weeks later two presentations of “A Canticle Experience”
were given for curious university staffers and friends. As a
result, university requests for “A Canticle Experience” began
to come to the planetarium office.
The required for all new students “iConnect” orientation
course includes a section on the Franciscan roots and
traditions of the University. Since fall of 2010 many “iConnect”
instructors book a class session in the planetarium with Sr.
Anita and “A Canticle Experience.” Some Theology, Worship,
and Franciscan Studies professors also include in their
courses an hour with Sr. Anita and “A Canticle Experience” in
the planetarium.
The Order of Saint Francis Sisters has used “A Canticle
Experience” for their annual October Transitus Service of
Worship held in the planetarium the last two years.
Except for worship use, “A Canticle Experience” is always
preceded by a 20-40 minute lecture/discussion led by Sr. Anita.
Depending upon the group, she highlights the life of Francis,
his accomplishments, and a discussion of the Canticle. The
group is then guided into “A Canticle Experience” through
some focused breathing with closed eyes during the Marina
Raye lead in music.
During the guided breathing and Marina Raye flute music, the
audience is asked to open their eyes. They are confronted with
a dimming dome and a fading large traditional art portrait of
Francis. As the first notes of the 2nd movement of Nielson’s 3rd
Symphony begin, an Orion nebula fly around expands out of
green pinpoint moving laser stars, themselves coming out of a
background diffuse undulating blue cloud.
Wow! It is not 3-D, but it feels like it!
—without full dome video!

Full Dome Immersive

As the Bliss lights and Nebula fade to the changes in the music,
we are in a black dome filled with Spitz stars, images begin to
fade in as the Narrator speaks “Most High, all-powerful, good
Lord, Yours are the praises, and the….”
Some eight minutes, 140 still images, 5 video clips, and many
gradual manual cove lighting changes and stars on/off cues
later the Nielson and narration has ended. You are left in a star
filled sky hearing birdcalls, a babbling brook and flute music
as the sky lightens. You have just experienced the “Canticle of
the Creatures” in a new and wonderful way. As you leave the
planetarium you are invited to take a 4-panel folder containing
the production credits.
The CE was and continues to be a success for our planetarium.
It demonstrated immersive dome experiences are possible
for traditionally equipped opto-mechanical planetariums
utilizing traditional techniques and equipment.
IPS2012 CONFERENCE PROCEEDINGS

29

Most of our planetarium’s time and energy is directed towards
public astronomy education through seasonal offerings
of public shows, and providing annually some 100 private
astronomy education events for schools and other clients.
Our university does not offer physics as a major or a minor.
An introductory elective astronomy class is offered only
occasionally.
“A Canticle Experience” has greatly increased campus
awareness of the planetarium and its ability to serve our
university community. Upon my return next week I will be

PP09: LSS Digital Planetariums, Nightshade
and the Stratoscripts
Lionel Ruiz
LSS Open Project
Les Terrasses Oceanes 1, Marseille, France
lionel.ruiz@live.fr

I encourage you to think “outside of the dome” and find
other people to collaborate with and to use your traditionally
equipped, accurate sky planetarium to communicate beyond
the“astronomy box” (author wishes to include three pdf file
graphics here, but not necessary)

ABSTRACT:
The LSS system is using more or less common optical elements
adjusted to fit with a beamer to produce a clean digital
representation of the sky given by a computer running Linux for
a cost inferior at 3,000$ in total. The goal of this presentation
will be to learn how to adjust the optical elements altogether
and what are the hidden possibilities of Nightshade in
realtime and script mode.

PP10: Lessons from Serenity

time. Step aside and let it happen.” (Inara, “Heart of Gold”)

Patty Seaton
H.B. Owens Science Center
9601 Greenbelt Road, Lanham-Seabrook, Maryland
Pxts13@yahoo.com

Introduction

ABSTRACT:
Inspired by the popular U.S. Sci-fi series, “Firefly”, this paper
includes quotes from the series and its follow-up movie
and anecdotally applies them to the planetarium industry.
Designed to be both humorous and thought-provoking, come
find inspiration applicable to you. “This is just a moment in
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meeting with two professors from the Biology Department
to start talking about a biology/chemistry idea for the
planetarium that occurred to them after their experience of
the Canticle.

My planetarium colleagues long talked about this sci-fi series
“Firefly” which they just thought was the greatest. When they
told me it only lasted one season – 13 episodes – I was a little
skeptical. Until I watched the first episdode, and was hooked.
All the way through the movie which was released after the
series was cancelled, tying up the main story line. The series is
creative, funny and filled with quips of wisdom. So I pulled out
many quotes that seem relevant to the planetarium field, and
plan to share a few here.

“It’s just an object, it doesn’t mean
what you think.” (River, “Objects in
Space”)
What do your students/audience
members think when they walk into
your theater for the first time? I have
a large dumbbell-shaped optical
mechanical machine sitting in the
center of my room, and I get kids
thinking it’s anything from a telescope
to a robot to a monster. The domed
ceiling tends to make my audiences
think they are in an observatory, so
the answer of “telescope” is not such
a surprising one. My daylight bulbs
are on the machine itself, so they cast
interesting shadows on the dome which
are rather monster-like. So the initial
perceptions of the audience rarely
matches the actual capabilities of my
fabulous star projector! So what a joy it
is for me to dim the lights and bring up
the stars for the first time… and totally
immerse my audience into a universe
of stars. The machine, the “object”, is
forgotten… but the moment of wonder
has just begun!
“She’s tore up plenty, but she’ll fly
true.” (Zoe, Serenity)
My dome is old. It’s been repainted
once. It’s been bleached to kill off
an outbreak of mold that occurred
one fateful summer when the air
conditioning failed. You can see some of
our special effects mounted on the back
of the dome from certain locations in the
theater. I’ve had a fire in the equipment
rack when something shorted. I’ve
blown fuses repeatedly for unknown
reasons. I’ve had the moon projector
short out on me right at the start of a
moon phase program. I’ve had entire
banks of projectors fail for a special
public program. I’ve had SMPTE fail and
been forced to run all of my show cues
manually. Sound familiar? There is one
thing I’ve always told my supervisors…
as long as I have the stars, I can deliver
a program. We’ve had money here and
there for various updates… spare slide
projectors in 2001, new carpeting in

2006, updated electronics controlling
the star projector in 2008… but never
funding to update the dome or the star
projector. She may be 34 years old and
counting and “tore up plenty”, but she
runs true. I have the stars, and continue
to teach thousands of students each
school year and hundreds of general
public members as well!
from “Serenity”:
“We’re still flyin’.” (Mal)
“That’s not much.” (Simon)
“It’s enough.” (Mal)
Just as before, if I have the stars, I have
a program. Sometimes my simplest
programs using the stars have been
the most popular… such as a live ad
lib acting program we did entitled
“Journey to the Stars”. We invented new
constellations for the audience to find
in the sky and help our main characters
find the pieces of the puzzle to find
their way home. While we did enhance
the program with a few slides, it was
primarily the stars that guided this
entire program. It “was enough” to use
the stars in both new and familiar ways.
The audience feedback was wonderful.
Of course, maybe it did help that we
drew our newly invented constellations
on rocks like petroglyphs and had
audience members literally look around
the planetarium to find them!
“Every problem… is an opportunity in
disguise.” (Inara, “Jaynestown”)
Joe Halley, the now-retired technician
from the Maryland Science Center’s
Davis Planetarium once told us “The
planetarium teaches us, one terrifying
moment at a time.” I have found this
to be the case when something major
fails in a planetarium right before a
program. Or if my time has run out on
a deadline. My most vivid memory of
this was back in February of 2004. I was
scheduled to launch a public program
entitled “Hello Earth, Greetings from
Endeavour”, using (with permission)
the poems written by Al Worden, pilot

of Apollo 15. I had delay after delay
in production, including getting the
narration recorded and synched up with
the music, while waiting for permission
to use the music I really wanted. As
the February deadline approached
with us still behind schedule, I went
up to my supervisor and asked if we
could postpone the opening to April,
which was the next date the program
was scheduled to run. I told her that I
wanted the program to be done WELL,
not come across looking like the lastminute project it was turning out to
be. I was told, no… it had already been
advertised, so I had to run it. I was NOT
happy with this response. Now I had
no choice but to take the opportunity
to finish this program, ready or not.
I literally dropped the last slide into
place two minutes before opening the
doors for the public. The program for
them was the first time I ever got to
watch the program all the way through.
And once again, it was a program well
received.
“Can’t stop the signal.” (Mr. Universe,
Serenity)
I know that every one of us has
experienced a technical failure at an
inopportune time. Let’s be honest, is
there EVER an opportune time?! We
push our equipment and ourselves to
the limit, scheduling in as much face
time with our audiences as possible.
And then something unplanned
threatens to stop you. In some cases,
it is funding. My friends in the Fairfax
County, Virginia public school system
have watched their nine high school
planetariums fall victim to budget cuts,
reduced first to half time, the next
year almost cut completely. Yet these
teachers have persevered in keeping
their planetariums operational for their
astronomy classes. They may no longer
reach out to the elementary schools,
they may not be given dedicated time in
their planetariums, but with these folks
at the helm, you can’t stop the signal.
As long as they have stars, they will
provide programs!
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“I ain’t so afraid of losing something
that I ain’t gonna try to have it.” (Zoe,
“Heart of Gold”)
Do you have a wish list? Innovative
upgrade ideas for your theater? And no
way to fund them? I am both blessed and
cursed with a large dome planetarium
for a school system. My 55-foot (~16.8 m)
domed theater seats 170. This is great
for public programs and for packing in
my Pre-K, K, and 1st grade students (our
upper elementary programs and above
are usually limited to ~60 students
so we can do interactive activities).
However, every upgrade comes with
a larger dollar sign. To properly clean
my dome will cost about $15,000. The
lowest quote I’ve had for repaneling is
just over $135,000. My “dream system”
of a fully hybrid optical-mechanical/full
dome projection system will cost me
just under $2 million. Sometimes I’m
almost afraid to turn in my “wish list”
for fear that the school system will take
one look at these costs and decide it’s
easier to shut the planetarium down
than renovate. On the other hand, if
you don’t ask, you’ll never get! In 2006,
the school system had excess money
at the end of the school year that they
had to spend. My supervisor of the time
knew of our planetarium’s need for
carpeting and seats, and spoke up for
us at the right time. We had 24 hours to
turn around a quote for the renovation.
You better believe we made it happen,
and we happily spent that money. Now
I optimistically keep updated quotes for
renovations and am ready. And I’m not
afraid to ask. I just might get it!

“It’s not about making sense, it’s about
believing in something and letting
that belief be real enough to change
your life. It’s about faith. You don’t fix
faith… it fixes you.” (Shepherd Book,
“Jaynestown”)

From “Serenity”:

Have you ever thought about why the
simplicity of the star field has such a
profound effect on your audiences? Why
the night sky has such a profound effect
on you? Is it the beauty of the sparkling
stars? The realization that the Earth is
just a small part of an infinite universe?
I am not sure we can ever properly put
into words the feeling that we have
when we gaze at the sky. Perhaps in
these moments, we are overwhelmed
by simplicity such that the complexities
of our lives just fall away. Maybe we
don’t have to explain it. Maybe it
doesn’t have to make sense. We are at
peace, and content. Fixed.

“How come you don’t care where you’re
going?” (Kaylee)

“Now they see the sky and remember
what they are.” (River, “Safe”)

“Because how you get there is the
worthier part.” (Book)

Perhaps when we look to the stars
we remember what we are… a part
of this universe; we are connected
to the heavens. Suddenly every myth
from every culture makes sense.
Has meaning. And to think, our star
projectors give us the power to recreate

This may seem a disconnect if you work
in a school system planetarium. We
have to be so focused on content and
meeting specific, testable objectives
that there is always the danger that
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we may lose sight of the wonderful
tool we have before us in the form of
a planetarium! I have learned to pay
attention to the reactions of my students
at all grade levels, and focus on what
constitutes a “moment of wonder” for
them. What makes them gasp with
appreciation? What makes them, even
adolescent students, break out into
spontaneous applause? In most cases,
it is when I first bring up the stars, the
beauty of the night sky unaffected by
light pollution, that brings about the
most positive reaction. So I take that
into consideration regardless of the
objective of my program. I purposely
plan for “moments of wonder”. Because
how we get the students to love science
is the worthier part.

this universe, in many cases in urban
cities where the sky is almost lost to
us. I encourage everyone to consider
this in your programming. Whether you
have only 20 minutes to turn around a
show, or the luxury of a 2-hour teaching
block, allow for time under the stars. Let
the students remember who they are.
Remember who you are.
“I believe in something greater than
myself. A better place.” (Assasin,
Serenity)
Ironic that this quote comes from one
of the “bad guys” in the culminating
movie to the series, Serenity. Captain
Mal Reynolds chose to name his ship
after the turning point Battle of Serenity
in the war for Independence. A war
on which he was on the losing side. I
love this simple message. It conveys a
belief in something bigger than a war.
Something bigger than ourselves. The
same message I read from the stars. A
message we can convey without words.
Believe in heroes. Believe in magic.
Believe in the universe. And be the hero
who protects this message under your
dome.

PAPER 2: Show Production Techniques

ABSTRACT:

PP11: At-Hand Physical Interaction in Arbitrary
Multi-Display Environments

Demonstration of interactive physics and perception
experiment in immersive environment with novel input
device. We present NSF-funded research and make
fulldome experiences and applications widely available and
commercially viable. Our approach focuses on minimalistic
development tools and calibrations from elements found
“at-hand.”

David Beining
ARTS Lab at University of New Mexico
1601 Central, NE, Albuquerque, New Mexico
dbeining@unm.edu
(Jonathan Strawn, Joe Knis, Jeff Bowles)

See more: http://artslab.unm.edu/research/pfi

PP12: From the Blue Planet
to the Red Planet: Fulldome
Production in a Small Facility
Kristie Mazzoni and Kyra Elliott
Travelers Science Dome Planetarium/
The Children’s Museum
950 Trout Brook Drive, Connecticut –
kelliott@lasm.org
ABSTRACT:
The Travelers Science Dome Planetarium
at The Children’s Museum is one of only
a few institutions in New England able
to produce animated full dome content.
This talk will be a follow up to “One Planet, Two Planet, Red Planet, Blue Planet:
tackling Digital Production with a Small
Staff” in the March 2012 Issue of The
Planetarian. It will focus on the experience of producing “From the Blue Planet
to the Red Planet” with NASA guidelines
and with two people including a brief
summary of the challenges of writing a
compelling story/script that passes the
NASA review. There will be a description
of the evolution of our production capabilities and the process used to produce
our full dome animations. Production of
“From the Blue Planet to the Red Planet”
is funded by the NASA Competitive Program for Museums and Planetariums
(CP4MP # NNX10AK13G).
The Travelers Science Dome Planetarium
(formerly known as the Gengras
Planetarium) is a part of The Children’s
Museum in West Hartford, Connecticut.
We are currently in the midst of a multiyear effort to create an original full-

dome planetarium production from the
ground up. Our team of two has written
the script, created the storyboards, and
recruited the voice talent for a program
about a future journey from Earth to
Mars to study the atmosphere, geology,
and history of the Red Planet.
Our History
When we opened as the Gengras
Planetarium in 1968, we had one of the
newest planetarium instruments on
the market: the Spitz STP. The Gengras
Family made a generous donation so
that we could have computer–controlled
hemispheres that moved in all three
axes and a built-in sound system. The
Museum built a new wing that included
a sweeping spiral staircase and a gallery
for astronomy and space exhibits. In the
1970s an evening at the planetarium was
a special event.
For nearly forty years, the Spitz STP
served as our main instrument. Over
the years we added special effects, slide
projectors, Sky-Skan SPICE automation,
and a LFI International laser system to
our 12.2 meter dome. The planetarium
staff drew their own constellation
overlays, painted panoramas scenes,
recorded music and sound effects, and
produced their own shows.
At the height of our creative output, the
staff collaborated with other venues
such as the Fels Planetarium at the
Franklin Institute (Mars: Fourth Rock
from the Sun) and distributed shows to
other planetariums across the country.

And a former employee went on to work
in design for television.
In the last fifteen years, we’ve created
a few shows for our own use and had
some small success with Dragons in
the Stars, produced by former Director
Jason Archer, but we purchased most of
our programs from other vendors. We no
longer had artists and photographers on
our staff, materials for slide production
became scarce, and we spent more time
each day repairing our failing machines.
Digital Restoration: From Slides
to Full-Dome
In the summer of 2007 the planetarium
was given a corporate donation by
Travelers Insurance that allowed us
to purchase a Spitz SciDome HB. We
pulled out our STP and sent the body
to Owen Phairis’ Planetarium Projector
and Science Museum and some spare
parts to the Miami Science Museum. The
SciDome system comes with the Starry
Night Dome software for simulating the
night sky and traveling to the planets of
our solar system. It also comes with ATM4, which allows us to string Starry Night
favorites and media into a timeline for
playback on the dome.
When we reopened the planetarium,
we offered a schedule of full dome
animated “movies” such as Secret of
the Cardboard Rocket and Oasis
in Space, each with a short live sky
segment at the beginning. Since we
had so many slide-based shows in our
library, we continued to use our SPICE
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automation system for school programming with the SciDome
standing in for the STP’s stars.
Over the next four years, we scanned, resized, and redrew the
pictures from our physical slides. We converted our old AllSky and panoramic images to digital image files. We pulled
the video clips that were once projected by a BARCO through
our Betacam and LaserDisc machines and converted them into
movie files that SciDome could play.
When we were permitted, we loaded in some of the shows
we had purchased from other vendors and converted them
for use in SciDome. Essentially we were re-creating the
traditional slide planetarium show using our SciDome’s ATM-4
automation software.
We wrote our first program specifically for the SciDome based
on the State of Connecticut Science Curriculum Standards for
Grade 5: Sun, Earth, Moon. The show is still very popular with
educators because of the content, but we’re not completely
satisfied with its visuals. There are short video clips and sky
scenes, but most of the illustrations are still images loaded
into the SciDome, similar to traditional slide shows. We
wanted to be able to do more with our new technology than
we could with the old.
Staff Changes
Kyra Elliott joined the planetarium as Assistant Director in
January of 2009. With a background in astronomy and some
computer animation, she began to research the production of
animated full dome content. Xtreme Weather was a show
written and produced by our planetarium as a traditional slide
show. A new soundtrack had been recorded as part of a plan to
convert this show for use in SciDome. Kyra decided to create a
“hybrid” show that still used the SciDome ATM-4 software.
The show employed a combination of still images and Starry
Night favorites. Kyra added 30% original full-dome animations
produced on her personal laptop with Autodesk Maya and
rendered using MentalRay. The full dome effect was achieved
within the software by aiming a standard camera at a reflective
hemisphere in the scene. The drawback to this method was
the vast increase in render time due to the need to calculate
reflections for each frame. The complexity and length of the
full dome scenes were compromised due to the limitations of
our hardware.
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professional development. All aspects of the program were to
include information about the geology, climate, history, and
exploration of Mars.
Funds were included for the planetarium to purchase a
commercial program, Invaders of Mars, and to create a new
planetarium show that compared Earth to Mars. When first
we wrote the grant in 2008, we expected to put the program
together with NASA images and video and to add music and
narration. We would use the SciDome’s ATM-4 software to
compile the pieces into a single file for playback in our own
dome. Then, we could offer the pieces of the production for
compilation in other SciDomes.
After three years of working with the SciDome, and the success
of the production of Xtreme Weather, we decided we could
do better than our previous productions. Rather than use
static images and other people’s video, we would attempt our
first completely full dome, pre-rendered production.
When asked the question, “Can the two of you make a full dome
movie with only $28,000?” the answer had to be, “Yes.” This
was our chance to revive our once-vibrant production facilities.
The Production Office
Our first task was to refurbish a windowless space that has
always been known as the Production Office. This was the
place where we sorted slides, stored old slide projectors, and
dumped exhibit pieces. We added heat and better lighting,
threw out a ton of junk, and installed shelving and a wraparound desk.
The next task was the challenge of purchasing the necessary
hardware and software. With the help of Matt Mascheri
from Dome3D, we assembled a list of equipment to buy. For
hardware we purchased 5 HP computers (one to serve as the
work station and four to be render nodes), two monitors, and
a Windows Home Server with 4 TB of space. We purchased
home-office grade computers with high specifications rather
than actual graphics work stations to save money.

From the Blue Planet to the Red Planet

For 3D animation we purchased one license of 3DS Max 2011
with VRay for rendering. VRay provides the virtual “Full Dome
Camera” used to render out Dome Masters of an animated
scene. For editing we purchased Adobe Creative Suite 5 with
the Navegar Full Dome Plug-in for After Effects. Finally, we got
a Canon EOS 7D camera with a Sunex Fisheye lens to capture
time lapse and still photography for use in the dome.

In 2010 The Children’s Museum was awarded a threeyear, $590,000 grant from NASA’s Competitive Program for
Museums and Planetariums to fund From the Blue Planet
to the Red Planet: Exploring Planetary Science. The
package included money for a museum exhibit, new education
programs for schools and the general public, and teacher

Since the Museum recently upgraded its computer network to
a cable system, we had an open DSL line that we could use for
remote access and downloads. Matt Mascheri came out to our
facility to help Kyra with the set-up of our rendering network
and to train her on some of the new software. She moved all
of her files into the new office and even added a fish tank to

make up for the lack of outside air.

that our show was given final approval in mid-January of 2012.

Most of our budget went to purchasing the equipment and
services for our new production studio. Our passion and
creativity had to take us the rest of the way.

Production

Planning a New Program
When we wrote our grant application, we promised that our
planetarium show would compare the geologies, atmospheres,
and weather events of Earth and Mars and include images and
models of NASA Mars exploration missions. We’ve used this
NASA data throughout our planning process, but we made
some changes to the tone of the program based on what we
perceive as the needs of our audiences.
We are located inside a children’s museum. A group of guests
could include infants and senior citizens, families with older
children, or even just young adults on a date. They prefer
shorter shows, under thirty minutes, with engaging stories
and sympathetic characters. Programs with omnipotent
narrators don’t do as well in our dome as those with smart
children or clever cartoons. Our guests want exploding stars,
flights to the Moon, and futuristic fantasy sequences.
Our goal was to combine what we know about Mars into the
familiar framework of an intergenerational story that could be
appreciated by an entire family. We worked hard to determine
a story with content that met NASA’s standards, but could
appeal to our unique audience. As such, we chose as our
main characters a boy of about fourteen named Aidan and his
young adult sister Carina.
Carina is stationed at a base on Mars called Camp Viking. She
is taking part in a research fellowship and reports back to
her brother about what she is doing. He responds with news
from Earth and is chosen by his school to do an internship
at the Lunar Base. From their messages to one another, we
learn about the atmospheres of Earth and Mars, some of
the history of Mars exploration, and the challenges of space
travel. They cannot talk directly because of the transmission
delay between Mars and Earth.
We took a risk setting the scene in the future because there
are so many things about Mars that we can’t yet confirm. Our
script was vetted by our NASA grant advisors and a JPL scientist
to be sure that we didn’t make any huge factual errors or veer
too far over into science fiction.
Once we had a script we were satisfied with, we hired an
artist, Julia Huntsman, to sketch our storyboards. We needed
the storyboards to keep us on track and to submit to NASA
for official Science Mission Directorate review. Any materials
produced through our grant that we want to distribute with
the NASA seal has to be approved by The Institute for Global
Environmental Strategies (IGES). We are please to announced

As of January 2012 Kyra has built and textured all of the
architectural scenes that will be depicted throughout our
film. These include Camp Viking and several interior scenes
of the base, Aidan’s Bedroom, the Lunar Base, Camp Mariner
(a second station near Mar’s Mariner Valley), and the interior
of the Manned Mars Rover that the astronauts use to travel
across the Martian surface. For the inside of Camp Viking,
multiple scenes have to be built in 3DS Max. The scenes
showing the outside of Camp Viking are rendered from one 3D
model. Meanwhile, the various interior scenes are each built
separately. The same goes for all vehicles.
Kyra has also completed the next phase of building all
machines, such as the rovers and spacecraft. These include
an unmanned remote control rover, the exterior of the Manned
Mars Rover, the Lunar Space Station with elevator, and the
supply ships that transport people and cargo between Earth
and other locations in space.
In April of this year we recorded the preliminary vocal track at
Tapeworks Inc. in Hartford, Connecticut. Our actors came from
the Hartford Children’s Theatre to perform the parts of Aidan
and Carina. Tapeworks has provided us with a preliminary edit
of the entire soundtrack. They have also provided us with a
soundtrack for a two-minute trailer for our show. Later this
year we will work with them to develop background music and
sound effects.
Footage for our show’s trailer has been rendering throughout
the past month in order to have a product ready to preview
at the International Planetarium Society Conference this July.
After IPS, Kyra will continue the modeling of all landscapes and
atmospheric effects. We are currently in correspondence with
the HiRISE team to obtain the necessary digital terrain data to
aid us in the accurate construction of Mars landscapes. The
final phase of animation is due to conclude mid-summer, with
the addition of characters into the appropriate scenes.
With our extremely limited staff and funding, Kyra is designing
our animated scenes to allow for minimal post-production
time. One example of this is our method for integrating
characters into the movie.
The characters in our story will not be on screen very much
in the final movie. As this is our first attempt to integrate live
action into full-dome animation, we will not be filming our
characters with the full-dome camera. In the scenes where
Carina is shown inside the Mars base, we will use a standard
camera to film the actor against a green screen. The animated
background will be rendered separately, and the two will be
combined in post production.
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In our story, Aidan receives video messages from his sister on Mars. To eliminate the need for camera tracking, Kyra is applying
these composite videos as a texture on the TV model in Aidan’s bedroom. Rather than adding the videos to Aidan’s TV screen in
post production, we are rendering finished dome masters, complete with a TV displaying a video on screen. So when Carina is
seen by the audience, she is being seen from Aidan’s perspective, on a TV screen. We hope to explore camera tracking and the
capturing of full-dome live action in future projects.
Going Forward
With the completion of a preliminary vocal track and many of the animation assets, we will begin setting up scenes for final
renderings this fall. Matt Mascheri will be returning to our organization in September to assist Kyra in this preparation. The entire
show should be assembled and ready for distribution by December 2012. If anyone is interested in learning more about From the
Blue Planet to the Red Planet or our production process, please contact me at kmazzoni@TheChildrensMuseumCT.org or Kyra
at kelliott@TheChildrensMuseumCT.org . For general information about the Travelers Science Dome or The Children’s Museum,
please visit our website: www.TheChildrensMuseumCT.org.

PP13: Open the World of Custom FullDome
Videos
Chris Hill
SlicedTomato Productions, LLC
6 Applejack Lane, Taylors, SC
chris@slicedtomato.net
(Jim Taylor, Harrison Given)
ABSTRACT:
Overview of fulldome video production industry, including
estimated production costs and time; how the above influence
what is produced and available for planetariums to use. Also,
production of fulldome with a camera and how it lowers and
shortens the above factors, as well as how it will improve
selections of fulldome viseos going forward.
Introduction
Today I am going to talk to you about three things:
I. the current state of the FullDome video production industry:
II. the future of the industry, which we believe will be heavily
impacted by the use of the camera to capture FullDome
images; and
III. how we are currently using cameras to capture FullDome
images. The complete white paper related to this topic,
including detailed equipment specs, will be released through
IPS and is currently available at fulldomevideos.com for
download at no charge.
What is FullDome? (a simple definition)
The name FullDome simply means “full color images projected
on a dome.” Before recent technological advances, only black
and white images could be projected on a dome.
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I. Current State of the FullDome Video Production Industry
In our recent assessment of available FullDome video
productions, we discovered that the typical FullDome video is
about 25 minutes in length, created almost exclusively through
computer animation - often requiring a team of a dozen or
more talented animators, takes up to three years to produce,
and has a production budget of $200,000-$1,000,000 US
dollars. Facilities typically rent FullDome videos for several
years, up to the life of the projector, with flat fees ranging from
$5,000 for basic educational videos to $25,000 for higher
production value videos. Videos are produced by FullDome
projector manufacturers, video production companies and a
handful of the largest science centers. Notably absent from
this list are the vast majority of medium to small-size science
centers. The cost to produce FullDome content is the driving
factor precluding medium to small-sized science centers from
producing FullDome videos. Without the ability to directly
influence the production of FullDome content, science centers
are left to select from the available pool of videos which may not
be what the science center needs. As a noteworthy example, a
science center recently purchased an exceptional video about
hurricanes; however, the problem is that they needed to teach
students about the water cycle and the hurricane video was as
close as they could get.
II. The Future of FullDome Video Production, Custom FullDome,
Is Now Within Reach!
So, what has changed? When FullDome projectors were first
built, talented animators figured out how to make amazing
color “dome-i-fied” images and video for the projectors. Now
camera technology makes it possible to use digital cameras to
capture images that can be edited to fit a FullDome projector.
Stills, time lapse, and even video content can be captured this
way. It’s a natural evolution in FullDome video production.

FullDome projector manufacturers, video production
companies and large science centers blazed a trail, producing
amazing animated videos at a low enough rent price that
allowed smaller science centers to benefit from the educational
and entertainment value. Today, by using the camera, smaller
science centers are now able to capture their own images. This
evolution will free up the current producers in the industry
to focus their attention on higher end productions, giving
everyone even more choices - a win-win. What does FullDome
camera-captured content mean for the industry?
1.

Increased Realism – While FullDome animation is
engaging, sometimes we need to see actual cameracaptured images to visualize and communicate certain
topics. For example, it is more breathtaking to see real-life
images of a rain forest than animated ones.

2.

Faster Production – Producing a FullDome video in less
than a year is now possible, allowing science centers to
capitalize on current events.

3.

Content Variety – Traditional space and science shows
can now be augmented by topics including geography,
biology, history, travel and more. Imagine educating
history students on the Revolutionary War by putting them
on the battlefield: smoke flowing by and flags waving
above. Inspire students to travel by taking them to the
foot of the Pyramids as they see those massive structures
looming above. The potential is nearly limitless!

4.

5.

6.

Cost – Depending on the complexity of the shoot, creating
videos using a camera can cost significantly less with
up to a 50% cost savings over current industry standard
production techniques.
Customized Video – All of the above boils down to
something that was not possible until now: science
centers have the ability to capture FullDome images. What
do you want to see on your dome?
Customized Class Experience – More FullDome video
choices at a lower cost will give science centers the ability
to greatly expand their video libraries and allow each
teacher to specify the videos they want to see with their
class.

An Expanding Revenue Source
In addition to the benefits captured above, the ability to produce
FullDome content through the camera opens up the possibility
for expanded revenue streams for science centers. For those
who host public shows now or in the future, this advancement
in technology will allow producers of entertainment videos
to begin exploring FullDome feature films. Today, when it is
possible to own a 92” HD 3D surround sound video system in
your own home, FullDome video offers the most unique viewing

venue available. As entertainment content selection is added,
public show revenue can become a significant contributor to
science center budgets.
III. So how do we shoot pictures, time lapse, and video to fit
a dome?
1.

The most critical question is what do you want to show
the people that come through your doors? Does it require
still photography, time lapse or video? The answer to this
question will drive your equipment choices.
Cameras
—Modern DSLR cameras are the “Swiss army knife”
of cameras, capable of extremely large resolution
photography, 3K resolution time lapse, and video with up
to 1K resolution.
—For high activity shots and videos that require audio at
the time of the shoot, video is necessary. If you want to
create more than 1K content, the Red One or Epic Red can
shoot up to 4K FullDome footage with the proper lenses.
Lenses
—FullDome images must be captured in FullDome format.
Flat screen images cannot be modified to fit a dome. We
use the circular fisheye lens for most of our DSLR shoots.
Be sure to remove the lens ring so the image you capture
fills the whole dome.
Intervalometer
—The Intervalometer takes the place of your finger for
taking photos. Instead of physically pushing the shutter,
the Intervalometer does it for you, a critical tool when
shooting time lapse. In just one week of shooting, we
captured over 35,000 frames of FullDome images!
—The Intervalometer can be set for different intervals
(shots per second, per minute, per hour etc.), and
shutter speed / exposure time (shutter open for seconds,
minutes, etc.)
Tripod
—Holding the camera at a fixed location at a set angle for
hours at a time requires a good tripod.
—Laptop and image preview software § It will be nearly
impossible to check the framing and focus of your
FullDome shots on the camera at high resolutions. We
recommend taking sample shots, pulling them onto a
laptop and previewing the images so you can zoom in
and see them with accurate color. This will be helpful in
framing your shots and checking your focus as well
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eCards, Card Reader and hard drive.
—When shooting time lapse at higher resolutions, you
will acquire many large photos in a short amount of time.
You will need at least a 32GB memory card and the ability
to offload what you’ve shot onto a hard drive so that you
can format your card and keep shooting.
2. The second most critical component is “selecting your
shot”.
—One of the most exciting and challenging aspects of
shooting for FullDome is understanding and capturing
the images from the audience perspective. In traditional
flat screen videos, the camera is a peep hole into what is
going on. By contrast, FullDome cameras are a window
into what the audience is experiencing. If the camera
tilts, the audience feels like it is tilting. If the camera
zooms in on a subject, the audience feels the sensation
of shrinking. When shooting for FullDome, the rules of flat
screen rarely apply. When setting up a FullDome shot,
position your camera at the angle of your dome. If your
dome is 12.5 degrees of tilt, your camera needs to match
that angle. The audiences experience will be impacted if
you do not take this critical step. In an extreme example,
we took a camera and set it up at the edge of a lake at 90
degrees. When we showed it on a 15 degree dome, the
audience felt like it was continually falling into the lake.
A cool effect if you are producing a scary video, but not
so effective for an educational piece on summer storms.
—Consider angle of view, interruptions, etc. Transitions
in FullDome are typically slower. This is because it takes
the human brain longer to process that amount of visual
information displayed on a dome. Take time to look at
what is in the shot and make sure that the action you are
trying to capture will not be too fast for the audience to
comprehend on the dome.
—Consider how the environment will change over time.
When shooting a sunset, an approaching storm or
anything where light will change, we suggest that you
leave the iris set on manual. Leaving the iris set on auto
will create distortions called flickering and ruin the shot.
—Consider brightness / contrast issues. A big open sky
above the subject will wash out the entire image on a
dome. It is better to have something overhead that allows
for glimpses of the sky. Trees and nearby buildings are an
excellent object to serve this role.
—Consider length of a shot. Length of shot is particularly
important when capturing time lapse. Video is typically
played back at 30 frames per second. If you take one
image per second, then one minute of shooting will
generate two seconds of footage. As a general rule, the
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more action in your shot, the shorter the time between
images. To capture a waterfall using time lapse, we use
one frame a second intervals. In contrast, to capture a
sunset, we use one image per seven seconds.
In Conclusion
The FullDome industry needs diverse and increased content.
But, how do we get there? Production costs are high and
production complexity daunting. The number of venues with
FullDome projectors is small and the variety of content is
limited. Traditional video producers steer away from FullDome
for these reasons, leaving science centers with few options.
It’s time to take FullDome content to the next level, moving
away from solely animated productions to content captured
through the camera. Animations will always open the door
to places we can’t see like deep space and inside molecules.
Camera-captured FullDome content will open up possibilities
for today’s audiences, including:
FullDome Public Films: These types of films will be more
focused on maximizing an audience’s viewing experience
and will drive public interest in FullDome facilities, elevating
public awareness, interest, participation, ticket sales
and funding for local science centers. They will be more
focused on entertainment and less on education. · Greater
Choices in Educational Content: With lower production
costs, educationaldriven FullDome videos will become more
prevalent, giving science centers the choices they need to
educate students and the public. Science center directors will
have the ability to select from such a large number of videos
that they will be able to offer custom shows by grade and by
teacher.
We have entered a new era in film production. FullDome
videos elevate the audience viewing experience and cameracaptured content opens the realm of possibilities to grow
FullDome content. The future is now so, let’s start shooting!
Examples of content produced using this process are available
for download at no charge at www.fulldomevideos.com in
Dome Master format.

PP14: When CG Isn’t Enough: Real-World Imagery in Fulldome Production
Tim Florian Horn
Morrison Planetarium, California Academy of Sciences, 55 Music Concourse Dr.
San Francisco, CA - thorn@calacademy.org
ABSTRACT:
Real-world image capture provided foundational elements for the new fulldome production, “Earthquake: Evidence of a Restless
Planet,” from the California Academy of Sciences. Motion-control footage with the RED EPIC allowed for videography of a threestory earthquake simulator, while edge-blended HD video and fisheye time-lapse enabled integration of real-world elements into
complex CG environments. This talk will review the detailed production processes involved in capturing natural elements that
serve to enhance a fulldome program.

PP15: Narrative Cinema and Film Language in
Fulldome

Warik Lawrence
Museum Victoria, GPO Box 666
Melbourne Planetarium, Museum Victoria - wlawrance@
museum.vic.gov.au
ABSTRACT:
As planetariums worldwide continue to embrace the new
frontier of fulldome the inevitable collision
of narrative cinema and immersive reality calls out for a new
screen language. The new planetarium show, TILT, was the
first production in which Museum Victoria placed characters
on screen for the entire show. This created a whole new set
of design challenges and adaption of film language as never
before.
1. Introduction
Since 1999, the Melbourne Planetarium has produced more
than a dozen planetarium shows. In 2005,our current digital
system was installed taking us into the immersive world

of fulldome production. Since then we have produced 5
pre-rendered fulldome shows which have been distributed
around the world. The most recent production TILT follows
the whirlwind adventures of Annie and Max as they attempt
to find out how the seasons work. This production was a
marked departure from our previous productions in that it
was the first time we produced a narrative show using 3d lip
synced, characters on screen for the entire show. Not only
did this require a huge leap forward in terms of our technical
production it also created many new and unique challenges
on how we could use the dome space.
2. Camera Lenses
The first rule that one learns when they start producing CG
content for the dome is that you should use a 180 degree
field of view (FOV) fish eye lens. Naturally, this makes good
sense, given that it matches the shape of the dome that it will
be screened on. Using a lens with a wider or smaller field of
view will inevitably create some level of distortion on screen.
However anyone who has wanted to show an alien landscape,
or even the deck of a spaceship, soon realises that a 180
degree lens is extraordinarily limiting.
As Figure 1 shows, the problem with pointing straight up with
a 180 degree FOV lens is that you can never show a ground
plane. Nothing, below the height of the camera can be seen
all the way to infinity.

Figure 1 – 180 degree FOV lens

The simplest solution to show the ground plane would
obviously be to tilt the camera as in Figure 2. This is of benefit
and naturally works better in a tilted dome than a traditional
horizontal dome. It is also, the most common solution when
filming live action or time-lapse sequences for Fulldome, due
to the availability of lenses.

Figure 2 - 180 degree FOV lens tilted
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However this is still very restrictive in limiting what you can
show on the screen. It can disorient the audience, and create an
emotional impact that was not intended. An alternative solution
available for CG (Computer Graphics Imagery) is to use a lens with
an even wider field of view, as in Figure 3.
While using a wider than 180 degree FOV lens does in effect
create some distortion on the screen, this goes unnoticed by the
audience in all but extreme cases. A wider FOV lens can in fact
create a stronger sense of immersion, and its ability to place the
audience in a new environment cannot be beaten.

Figure 3 - 180 degree FOV lens compared to 230 degree FOV lens

3. Changing the Focal Length
If using a wider than 180 degree FOV lens seems like breaking a cardinal Planetarium rule, then changing the FOV during the shot
(in effect creating a camera zoom) must be anathema. Yet this technique can also be extremely useful. Figure 4 shows three stills
in a sequence, from Our Living Climate, which required the camera to appear to settle on the bottom of the ocean. A 230 degree
FOV was perfect for the end of the shot, showing the entire ocean floor, but made it virtually impossible to keep the ocean bed out
of view at the start of the shot. The solution was to use a much smaller FOV lens at the start (150 degrees) and have it widen out
as the camera dropped to the ocean floor. Zooming out also enhanced the motion of the camera drop.
We again used a zoom in one of the opening shots in TILT. The very start of the shot needed to establish as much of the
character’s bedroom as possible, but as the shot progressed, it needed to move in closer to the characters and the school project
on the desk. While it would have been possible to create this shot without widening out the lens, the characters and the project
would then appear smaller and more distant from the audience.

Figure 4 - Sequence from Our Living Climate

Consequently, camera zooms, can be an effective tool to use in the dome, but they must be used very carefully. The zooming
action on its own can be very distracting, creating an overwhelming sense of motion, which can discomfort an audience. In Our
Living Climate the zoom helped accentuate the camera move as it descended. Whereas in Tilt, the zoom was effectively hidden
as the camera tracked around the room. While the Melbourne Planetarium has only made a very limited use of this technique,
there is still ample evidence to show that used judiciously it can be of great benefit to a production.

Figure 5 - Opening shot from TILT
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4. Camera Angles
When restricted to using fish-eye lenses in a confined space
two problems become immediately apparent.
Firstly, it is difficult to avoid ‘jump cuts’, which occur in cinema
when two sequential shots of the same subject are taken
from camera positions that vary only slightly. In traditional
cinema, there is a ’30 degree rule’. This rule advises that
a cameras position must vary at least 30 degrees from its
previous position to avoid a jump cut. However fish-eye lens
accentuate this problem and even a 60 degree move between
camera positions can feel like a jump cut. For example directly
cutting between the two frames in Figure 6 would feel like a
jump cut. Even though the camera has moved more than 60
degrees around the two main characters, there is so much
geography of the room in the shot, that the cut feels quite
jarring. At the Melbourne Planetarium we find that moving

the camera position by 90 degrees or more will help to avoid
jump cuts.
Secondly, fish eye lens see everything, making it virtually
impossible for a character to leave shot without leaving the
room or set entirely. We required the ability to do this in TILT
in more than one instance. To do this we used a narrower
lens, as low as a 150 degree FOV. This lens, however then
requires the camera to be tilted, otherwise most of what you
see ends up being the ceiling.
Figure 7 shows a scene from TILT in which we needed to have
Max run out of shot leaving Annie in frame. The next shot
needed to show Max running back in the bedroom door. This
would not have been possible using a traditional 180 degree
FOV lens. Instead both of these shots using a 160 degree FOV
lens. Notably, the camera has been tilted considerably in
both shots.

Figure 6 - Two shots that would jump cut if edited together

Figure 7 - Using 160 degree FOV in TILT
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Another thing, which became
apparent during the making of TILT,
is that the narrower a lens is, the
more you can tilt the camera. Tilting
a camera with a really wide FOV (210
degrees or more) not only looks very
unnatural, but is both disorienting
and unsettling for an audience. Figure
8, shows two test shots from TILT,
both frames looked quite acceptable
on a computer monitor, but as soon
as they were viewed in the dome,
the tilted camera (on the right) felt
unnatural, slightly disorienting, and
actually gave the sensation that the
robot character should be sliding
towards you (other people said it felt
like the rocket was taking off).

Figure 8 - Tilting the camera with a wide FOV
Figure 9 - Campfire scene from TILT

5. Camera Moves
The production team for TILT was
very small with only two character
animators who were required to
provide over 20 minutes of fully lipsynced character animation within a
tight schedule. This meant that as much as possible we tried to avoid having the characters walking about, which would have
required even more work for the animators, and the production would never have been finished on time. However to avoid the
scenes becoming static, we decided to try and move the camera as much as possible.
Figure 9, shows a campfire scene from TILT. None of the characters move, yet it does not feel static, as the camera tracks backwards
for the length of the shot. Not only did this create a much more interesting use of the dome, it brought the robot into focus only
at the end of the shot for his dialogue, as well as making the whole scene much more dynamic. Suddenly what had been in effect
a static scene came to life.
It is important to note however, that just as with traditional film making, the camera moves need to have motivation. Unmotivated
camera shots, particularly in a dome, become too apparent, self-conscious and distracting.
6. Lens Flares & Depth of Field

Figure 10 - Shallow DoF in Our Living Climate

Lens flares and Depth of Field both occur in traditional cinema as a limitation of
lens technology. Yet both have been creatively manipulated by filmmakers and
now form an essential part of film language. Lens flares can be used to invoke a
sense of drama, and can be aesthetically pleasing in their own right. Depth of Field
(DoF) defines the distance between the nearest and farthest objects in a scene that
appear in focus. Both shallow DoF and deep DoF have been used artistically by
cinematographers. Shifting the focus or ‘focus pulling’ is necessary to keep shifting
subject matter in focus, but it can also be used artistically by a director to shift
attention to different elements in a shot.
Neither lens flares nor Depth of Field occur naturally in CG. In late 2011 a debate
on whether lens flares should be used in Planetarium shows, raged on the yahoo
fulldome group. Many fulldome filmmakers used them, while others found them
anathema. The Melbourne Planetarium has never added lens flares to our shows. We believe that their inclusion or not should
come down to their ability to help tell a story. And as any traditional film maker will attest, the more story telling tools you have
at your disposal the better.
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The Melbourne Planetarium has however, used shallow focus, to create the sense of microscopic scale as in Figure
10. This same technique was used to great effect in the El Exilio production Nanocam: A Trip into Biodiversity.
In Black Holes: Journey into the Unknown we used a focus pull to draw the audience’s attention to the foreground, as seen in
Figure 11. It was completely unnecessary to include a focus pull in this shot, and yet it enhanced the ‘cinematic’ feel of the scene,
engaging the audience as well as adding to the aesthetic appeal of the shot.

Figure 11 - A focus pull in Black Holes: Journey into the Unknown (detail)

7. Editing
In narrative filmmaking seamless editing (also known as
continuity editing & invisible editing) is considered to be
editing that is so smooth that the audience becomes engaged
to the point that they do not notice individual cuts. Given the
vast screen space and immersive nature of the planetarium
dome this is much harder to achieve than in traditional film
making. However, if the narrative is central to a planetarium
show, the best techniques must be utilised to achieve
seamless editing.
Fades to and from black, work very well in the planetarium,
and are particularly useful for changing scenes. In traditional
film making fading to and from black can often be an effective
means of suggesting the passing of time. An added benefit
in the planetarium is not only the provision of a smooth
transition, but it gives the audience’s eyes a momentary
respite (which can be essential given the overwhelming
visual barrage of the dome) and can even be used to provide
a cognitive break for the audience (which can be particularly
useful in a documentary production).
Fading to and from black within a scene, from one shot to
the next, is not effective - unless there is the intention to
suggest the passing of time. Otherwise, it quickly becomes
overbearing and distracting for an audience.

The simplest transition from one shot to another is the direct
cut. However, this can often appear quite jarring in the
planetarium. TILT which contains 43 shots only has 5 direct
cuts, 3 of which occur in the rapid opening sequence of a ball
rolling around inside a tilt maze. When direct cuts become
too abrupt, a cross-dissolve can help smooth the transition.
Nearly all of the edits in TILT use a short 10-20 frame crossdissolve. It is important that all of these dissolves are tested
in the dome, as long cross-dissolves can easily become very
distracting.
8. Shot Duration
Another area in which traditional film making is quite distinct
from fulldome production is the actual duration of shots. In
film the average shot length (ASL) has become shorter over
time. According to David Bordwell, ‘the acceleration of cutting
in recent decades can be seen as moving from an ASL range of
8-11 seconds before 1960 and towards a range of 4-6 seconds
in recent years.’
However given the inherent nature of the dome, its massive
screen space and its immersive capability, rapid editing
is difficult to achieve and consequently shot duration is
typically much longer in fulldome productions. Melbourne
Planetarium’s documentary productions Black Holes:
Journey into the Unknown has an ASL of 64.5 seconds, and
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Our Living Climate has an ASL of 57 seconds. This ASL is
effectively halved in our narrative productions of Tycho to the
Moon with an ASL of 32 seconds and TILT, which has an ASL
of 34 seconds.
There are fulldome productions which do have much smaller
ASLs but these are more likely to be music shows, rather
than documentaries or narratives. Nevertheless, it will
be interesting to see whether as audiences become more
familiar with the fulldome environment, and, as the fulldome
film language continues to evolve, whether this will have an
impact upon shot duration.
9. Conclusion
Traditional cinema has now been with us for more than a
century, and over that time it has developed and refined a
film language so well that it is innately understood by film

Website References
Yahoo Fulldome Group (posts 3568 – 3572, 3575 – 3587,
3589, 3590, 3595):
http://groups.yahoo.com/group/fulldome/
Cinemetrics:
http://www.cinemetrics.lv/bordwell.php

PP16: 4k to 8k, the Adler Way

PP17: Data Visualization, CG, Storytelling

Patrick McPike
Adler Planetarium
1300 South Lake Shore Drive, Chicago, Illinois
pmcpike@adlerplanetarium.org

Mark Paternostro
Adler Planetarium
1300 South Lake Shore Drive, Chicago, Illinois
mpaternostro@adlerplanetarium.org

ABSTRACT:

ABSTRACT:

The high resolution of Grainger Sky Theater pushed Adler’s
production group to retool its pipeline to create content
specifically suited for the new theater. This paper will cover
several concepts, techniques and lessons learned from its
experience in 8k dome production. This includes moving from
4k to 8k production, the 8k workflow, the challenges and
solutions faced in the initial production, and using Adler’s
8k experience to predict the future of planetarium show
production.

Commentary and Director’s notes exploring the challenges
and rewards of integrating data-driven visualization with
traditional CG animation to bring enhance scientific accuracy
and cinematic realism to the production of fulldome
storytelling. Talk will deconstruct a scene selection from the
Adler Planetarium sky show “The Searcher” illustrating the
production techniques employed to bring the Searcher story
to life.

PP18: Highly Connected Planetaria: Enabling
Next-Generation Production

its opening show, The Searcher. This 8k show was created
with a production model adapted from earlier 4k productions.
The second show which just opened in May, 2012 was created
using interactive software and up-to-date datasets from NASA
observatories. We are putting into place tools to facilitate
these live data-driven shows. Highly connected planetaria
are likely to play a role in bringing up-to-the-minute massive
datasets to the public in new ways. I will present our plans
to leverage these assets at the Adler and to anticipate the
trajectory of the development of this technology in the future.

Doug Roberts
Adler Planetarium
1300 South Lake Shore Drive, Chicago, Illinois
droberts@adlerplanetarium.org
ABSTRACT:
Adler’s Grainger Sky Theater debuted in the summer 2011 with
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audiences throughout the world. While planetariums have
been around almost as long it is only since the development
of fulldome video in the 1990s that its potential as a narrative
medium has exploded. We as fulldome filmmakers can
learn an inordinate amount by comparing the fulldome and
traditional film mediums – knowing the rules and also when
to break them. Fulldome Cinema is still a new medium, the
fulldome film language is still being defined and we have
much to learn.

PP19: Rendering Planetary Terrains Using
Heterogeneous Data Sets

PP20: Launching a Fulldome Camera Rig to Near
Space

Doug Roberts
Adler Planetarium
1300 South Lake Shore Drive, Chicago, Illinois
droberts@adlerplanetarium.org

Mark SubbaRao
Adler Planetarium
1300 South Lake Shore Drive, Chicago, Illinois
msubbarao@adlerplanetarium.org

ABSTRACT:

ABSTRACT:

We report on a project that allows museum and planetarium
audiences to interact with the surface terrain of planetary
bodies. The application allows for smooth flights or zooms
from a planetary to a surface point of view. This is enabled
by pre-processing the heterogeneous input data to allow
real-time interaction on the current generation of commodity
graphics cards. Interactivity is done with a variety of inputs,
including physical and network-based interactions. It can
work on a single machine or a cluster driving a tiled display
or multi-channel planetarium dome or render out fulldome
video.

This presentation will discuss experiments flying a high
definition camera rig on a weather balloon to the near space
environment. After a quick overview of the Far Horizons
program at the Adler Planetarium, we will discuss some of
the issues involved in attempts to create fulldome video of
the flight. These include: the construction of a stabilization
system, the design and mounting of the camera rig, the
development of a computer vision based tracking system,
and the stitching of the acquired videos into fulldome frames.
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PANEL 1 – Public Astronomy

to the public in perpetuity (Griffith 1916; Injejikian 1985).

PN01: Navigating Celestial Renewal at Griffith
Observatory

Griffith Observatory is one of southern California’s most visible
landmarks, a major southern California tourist attraction, and
of course, the hood ornament of Los Angeles (Krupp 2000).

Dr. E.C. Krupp
Griffith Observatory
2800 East Observatory Road, Los Angeles, California
eckrupp@earthlink.net
When Griffith Observatory opened in 1935 with free public
telescopes, free exhibits, and the third public planetarium
in the U.S. (and the first on the Pacific rim), it relied on the
concept of “the building as instrument” to fulfill Colonel
Griffith J. Griffith’s philanthropic vision of a public observatory
designed to transform visitors into observers through a
direct encounter with the sky. In 2002, after nearly seven
decades of operation and more than 70 million visitors, the
Observatory closed for major renovation and expansion.
Primary goals included historic restoration of the iconic
Los Angeles landmark, transformation of the planetarium,
doubling of public space to improve the visitor experience,
and development of a new comprehensive and integrated
exhibit program. Griffith Observatory reopened in late 2006,
and its renovation and expansion were a genuine “bridge to a
new beginning” that linked the original purpose and character
of Griffith Observatory to the future of public astronomy in
southern California. Discoveries, problems, and solutions—
inevitable in any highly specialized, technically complex, and
public enterprise—surfaced throughout design, construction,
and subsequent operation at Griffith Observatory. These offer
lessons that may be useful to other planetaria and public
observatories. The panel will discuss Griffith Observatory’s
heritage and recent renewal and will spotlight the exhibit
program, planetarium show production and presentation,
and capital funding.
Lots of people are attracted to the romance of the sky and
the scientific revelations of astronomical discovery, and
astronomy has responded with many varied, inspired, and
effective efforts that ignite and inform that public interest. The
planetarium community is part of that response, and Griffith
Observatory—with the third major planetarium in the U.S. and
the first west of the Mississippi and on the Pacific rim (Marché
2005)—has been part of the planetarium community for more
than 77 years. The Observatory celebrated its 75th birthday in
2010 (Krupp 2011b).
The Observatory was the gift of Colonel Griffith J. Griffith, a
Los Angeles entrepreneur and philanthropist. He wasn’t just
interested in astronomy, he was interested in astronomy
and people, and his observatory was intended to humanize
astronomy and make it accessible to the public (anon 1935).
When he left money in his will to build it in the park that
already bore his name, he stipulated it must be operated free
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The architecture and grounds of Griffith Observatory
combine Greek Revival, Beaux Arts, and Thirties
Moderne styles to confer an inviting formality that
elevates the visitor into the celestial realm. (Griffith
Observatory © Justin Donais 2006)
The Observatory occupies a remarkable piece of real estate.
It is visible from everywhere in the Los Angeles basin, and
it has a panoramic view of the earth, sky, and the place
where they meet. Every element of the building is designed
for and dedicated to public astronomy (Archiplan 1990). It is
a municipal observatory, owned and operated by the City of
Los Angeles Department of Recreation and Parks. It’s an icon
in the landscape, and as a public observatory, it is the Los
Angeles linchpin between earth and sky—visibly, physically,
and conceptually (Krupp 2001).
Until the Observatory closed to prepare for major renovation
and expansion in 2002, after nearly seven decades of
operation, over 70 million persons negotiated the urban
landscape to this elevated Beaux Arts outpost on their way to
the stars.
People are drawn to the Observatory to get a little closer to the
sky. Once there, they encounter two primary telescopes that
work day and night to bring people eyeball to the universe:
the twin Zeiss refractor in the east dome and the triple-beam
coelostat in the west dome. In fact, more people have looked
through the Zeiss 12-inch refractor on the east side of the
roof than any other telescope in the world. More people have
seen the magnified face of the sun, spots and all, on Griffith
Observatory’s coelostat than any place else in the world.

Although the record-breaking
longevity of the Mark IV star
projector was a testimony to
Zeiss design, engineering, and
manufacturing, its endurance
was not entirely helpful. We
couldn’t get parts for the Zeiss.
We couldn’t get factory service.

Griffith Observatory’s 12-inch
Zeiss refractor shares the sky with
a Zeiss 9.5-inch refractor mounted
in tandem to permit two visitors
to view simultaneously. The twinZeiss telescope is open for free
viewing every clear night when
the Observatory is open. (Griffith
Observatory, Anthony Cook)
One beam of Griffith Observatory’s
triple-beam coelostat projects a
live white-light image of the sun
on a viewing screen in the West
Rotunda of the Ahmanson Hall of
the Sky, below the solar telescope
dome. Here, an Observatory
Museum Guide provides play-byplay commentary for the transit
of Venus to a standing-room only
crowd on June 5, 2012. (Griffith

And that was just the Zeiss
projector. The planetarium seats
violated the Geneva Convention
and were cited as the most
uncomfortable seats in the
Milky Way Galaxy. When we
closed, much of the planetarium
operated with the technology of
the 1960s...and with seats from
the 1960s...in a setting designed
for the 1930s. Everything else
in the building was failing or
already over the line.

Observatory, John Woodbury)

Celestial events, astronomical
discoveries, and achievements
in space all prompt people to
come to Griffith Observatory
for authentic information and perspective. Television, radio,
and newspaper teams converge on the place for reliable
commentary, scientific context whenever astronomy is in the
news. Griffith Observatory is used as resource for facts and
meaning.
The Observatory’s commanding three-dome profile, its grand
interiors, its stunning location, its formal open grounds,
and its extensive history confer presence and style. From its
unforgettable location on the south slope of Mount Hollywood
in Griffith Park, the Observatory overlooks Hollywood and is
the best place to view the Hollywood Sign.
Despite the high and unrelenting public demand, we closed
Griffith Observatory on January 6, 2002, and we stayed closed
for nearly five years to implement what turned out to be a
$93-million renovation and expansion.
No one close to Griffith Observatory was really happy that it
closed, but everyone was relieved. Griffith Observatory had to
close. Its success had worn it out.
Sixty-seven years of intense public use had left the place on the
edge of the abyss. The Zeiss Mark IV planetarium star projector
had been held together with chewing gum and bailing wire.
Installed in 1964, it had performed without interruption for 38
years, nine years longer than its predecessor. It also logged
twice as many hours as the first projector installed in 1935.
That first Zeiss Mark II projector is actually on display here at
Irene W. Pennington Planetarium.

So, we had to do something, and
guided by a 1990 Master Plan,
Griffith Observatory, the City of Los Angeles, and Friends Of
The Observatory, the Observatory’s non-profit independent
advocacy and support group, identified four fundamental
objectives:
•

Complete restoration of the historic, world-famous
landmark building, City of Los Angeles Cultural and
Historic Monument #168, to meet all modern public
building standards, to preserve all historic building
fabric, and to reinstate every bit of the Observatory’s
original 1935 grandeur

•

Development of a state-of-the-art, immersive planetarium
environment, the Samuel Oschin Planetarium

•

Expansion of public space at Griffith Observatory by
nearly 40,000 square feet, almost entirely underground
to preserve for everyone the Observatory’s famous and
familiar appearance

•

Transformation of all of the exhibit halls with more than
65 new and precedent-shattering exhibits

These goals then became a $93-million engagement with life,
the universe, and everything, and while that number sounds
astronomical, the price is cheap for what we now have. We
reopened the Observatory in November, 2006, after nearly five
years of construction (Krupp 2007 a, b, c). I’m going to tell you
how we spent the money.
It was all pretty straightforward, but there were constraints.
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The 1990 Master Plan (Archiplan 1990)
acknowledged the basic character and
setting of the building and stipulated
that they should not be altered.
The Observatory can be seen from
all around Los Angeles, and when
completed, the Observatory had to look
essentially the same from the entire
surrounding territory. The expansion
had to be invisible.
Also, visitors make a pilgrimage to reach
the Observatory, and by the time they
have completed their trek and ascent,
they are rewarded by the appearance
of the iconic Observatory. That meant
the building had to look essentially the
same to visitors on arrival.
Finally, the impeccable vistas from the
Observatory of the city below and the
sky beyond should not be compromised
by any of the improvements. All that
meant going underground, and going
underground introduced extraordinary
challenges in architecture, construction,
project management, and cost.
The project was driven by the need to
transform and improve the planetarium.
In the new Samuel Oschin
Planetarium, thanks to the
Zeiss Mark IX Universarium
fiber optic star projector,
visitors now encounter
the most gorgeous, the
most accurate, and the
most awe-inspiring domefull of stars in the world.
The advanced full-dome
dynamic digital graphics
animation projected by
the Evans & Sutherland
D3 Digistar laser video
technology complements
that miraculous night sky,
alters the perspective of
everyone who enters, takes
them across the universe,
and always returns them
safely to Los Angeles.
The original interior 75-foot
plaster dome has been
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replaced with a new and even larger
perforated aluminum dome. We wanted
the dome to seem remote, luminous,
and pristine. We wanted a seamless
surface. We wanted a breathtaking
sense of the celestial vault, a cathedral
effect.
Taking advantage of new dome
fabrication technology by Spitz and
sophisticated lighting, we installed a
majestic projection canopy. The room
persuades the audience there is no
ceiling, just an infinite dome of sky.
The interior of the theater is inviting
and oriented to people. The height of
the springline, the setback of the dome,
and the rigorous purity of the horizon,
uncluttered with exposed projectors,
lamps, and ornaments, collude in
fetching illusion. The room is clean.
We treat the dome as an environment,
not as a screen. Titles and artifacts
never appear on the dome. Nothing is
allowed to compromise the effect.
All of these changes and more have been
made in support of another fundamental

principle—live performance. Griffith
Observatory continues to present
programs with a live human being, a
lecturer who conveys the content with
enthusiasm and passion. All of the
planetarium shows are presented live
throughout the day, and at this time
we offer four different shows: Water
Is Life, Centered in the Universe,
Light of the Valkyries, and Time’s
Up. Each program, of course, has
intellectual impact, but it also has
emotional impact, which activates the
imagination and liberates the heart.
The planetarium shows do not have
topics. They have themes, and every
show has a hook, a story, a purpose,
and a punch line. In the planetarium
we are interested in storytelling, not
exposition.
A sense of narrative also drives the
exhibits. They are monumental and
theatric. We are providing concrete
experiences that offer vivid reference
points for better understanding of
the important celestial objects and
meaningful cosmic discoveries. The
approach is not encyclopedic. We are
The character and appearance of
the interior of the Samuel Oschin
Planetarium is meticulously
controlled to minimize distractions
that subvert the illusion of projection
technology. The Zeiss Mark IX
Universarium inhabits the center
of what seems to be a seamless
dome supported on a pure horizon.
(Griffith Observatory © Justin Donais
2006)
All programs in the Samuel Oschin
Planetarium are presented live.
Here, Observatory Lecturer Tom
Schmid narrates Time’s Up, which
leverages the 2012 Maya Calendar
End Times follies on behalf of an
examination of the real nature
of time. The background on the
planetarium dome is part of the
accompanying all-dome animation
of the catastrophic annihilation of
Santa Monica, California, projected
by the Evans & Sutherland D3
Digistar laser video technology.
Griffith Observatory, John Woodbury)

not turning the building into a textbook...or a website (Pine
2006).
In the historic building, the Ann Marie and Jack C. Wilder Hall of
the Eye, in the east, the Ahmanson Hall of the Sky, in the west,
and the Keck Foundation Central Rotunda retain their original
architectural grandeur. They establish how the eye extracts
information from the sky and how the primary objects we see
in the sky, the sun and the moon, modulate our experience of
the sky from the surface of the earth.
Griffith Observatory’s approach adheres to the Observatory’s
fundamental astronomical identity. Griffith Observatory is
an observatory, and the renovation project was mobilized by
the concept of “the building as instrument” (Krupp 2002).
The building is filled with instruments—Zeiss telescope,
triple-beam coelostat, Foucault pendulum, camera obscura,
seismograph, sundial, and more. All of these deliver real data
and real experiences and help transform the visitor into an
observer, of nature and the sky.
The new underground addition transports our visitors from the
familiar and classically elegant upper level to an immersive
environment that emphasizes transformations of our new
perspectives on the universe, perspectives leveraged primarily
by the watershed transformation of human experience that
occurred within the living history of Griffith Observatory—our
entry into space (Krupp 2002).
Just because you actually have a new underground expansion
isn’t good enough, of course. You have to have a way to get
there, and a signature stairway—Gravity’s Stairwell—has
been built near the South Gallery. It leads to a critical cosmic
junction, the Center of Gravity. One route from the Center of
Gravity leads down the Cosmic Connection, which carries
visitors even farther, to the Edge of Space and the Gunther
Depths of Space. The other route from the Center of Gravity
Nearly fourteen billion years of accessorized time propel visitors from
the Big Bang to the present in The Cosmic Connection, which links
The Center of Gravity with The Edge of Space. (Griffith Observatory,
Anthony Cook)

is the Wormhole. It’s the shortcut through the spacetime
continuum, and it leads straight to the Leonard Nimoy Event
Horizon, a 200-seat theater that extends the Observatory’s
programming and educational capabilities.
The curving Cosmic Connection (Krupp 2008b), with its
timeline of cosmic history, from the Big Bang until now, all
showcased with a 165-foot thread of celestial jewelry (Knack
2008) conducts visitors to The Edge of Space, the elevated
mezzanine where pieces of the sky—meteorites, cosmic
rays, a moon rock, and other material from outer space—are
encountered.
This Edge of Space is also the point of departure for the
new large underground exhibit hall, The Gunther Depths of
Space. From this high ground, visitors see planets, stars, and
galaxies, with the new perspectives the space age and new
telescope technology have delivered.
The Gunther Depths of Space is dedicated to the transformation
of cosmic perspective that is unique to this era. We no longer
observe and understand the sky from an observatory bonded
to the ground and framed by the horizon. At every scale, we
have defied gravity and begun to understand the universe as
an environment.
The grandest change in our perspective is the transformation
the wilderness of galaxies into a cosmic neighborhood. We
bring onto stage the stunningly rich and most distant horizon
of the cosmos in The Big Picture, a wall of 114 porcelainenamel-on-steel panels of Palomar Quest digitized sky survey
imagery (Djorgovski 2008). It is the largest astronomical
Although The Big Picture is more than 150 feet long and 20 feet
and documents two million celestial objects—a million of them
galaxies—it displays only one-thousandth of the entire sky, the
amount of sky covered by a finger held at arm’s length. A bronze
statue of Albert Einstein, on the floor of the Richard and Lois
Gunther Depths of Space in Griffith Observatory’s new underground
expansion, makes that point with his finger raised in front of him.
Visitors not only explore a real astronomical data set in The Big
Picture but also sit next to Albert Einstein, perhaps for a picture.
(Griffith Observatory, Anthony Cook)
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picture in the world. One hundred and fifty-two feet long and 20 feet high, it
corresponds to the tiny area of sky I can cover with one finger. It puts more
than a million galaxies within reach of everyone. It puts visitors on the diving
board for a plunge into the expanding universe. This wall is nothing but real
data in a monumental format.
We have also incorporated a new astronomical instrument—the Gottlieb
Transit Corridor—into the architecture of the new construction, and it is
unprecedented in a public setting (Krupp 2007 d). There is nothing like it on
the planet. This instrument reveals to visitors in real time the fundamental
behavior of the sky by marking the passage of the sun and other objects
through the meridian of Griffith Observatory. It reveals the celestial meridian
through architecture, a 150-foot-long corridor bounded by glass walls 20
feet high. Visitors connect what happens in the sky with place, time, and
direction here on earth in dramatic, precise, and content-rich revelations in
light.
For example, the monolith at the south end permits light from the transiting
sun to strike a sculptural, instrumental arc, where it announces the date and
is also captured by sensors, which signal the huge ecliptic map on the west
wall. This map displays the stars through which the sun is passing through
activation by the sun’s own light (Krupp 2008a; Krupp 2011a).
Everything at Griffith Observatory is in accord with Colonel Griffith J. Griffith’s
original vision. His vision was actually energized by the 60-inch telescope
on Mount Wilson, which he happened to visit. When he looked through its
eyepiece to the universe beyond, he said, “If everyone could look through
that telescope it would change the world.” (Ford 1978; Eberts 1996)
How does this work?
Astronomy prompts the big questions.
Big questions invite wonder.
Wonder drives the quest for understanding.
The quest for understanding invests value in accurate
portrayals of nature.
Accurate portrayals of nature enhance survival.
Astronomy, in that sense, helps underwrite our future.
So, Colonel Griffith gave Los Angeles a public observatory and a telescope
that would change the world, and it did. Now, continuing the fulfillment of
his inspired vision, Griffith Observatory is headed, as Buzz Lightyear would
say, to infinity and beyond.
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A live image of the high summer-solstice sun
intercepts the bottom of the meridian arc of the
Gottlieb Transit Corridor and marks the date on
the inscribed calendrical scale. That sunlight
signals the ecliptic chart above and to the left. On
the monumental chart, the sun’s position among
the background stars and the otherwise invisible
stars of the constellation the sun occupies at that
time remain lit during the period the sunlight
moves across the center of the meridian arc and
activates the sensors that run up the middle of
the arc. Throughout the year, the sun’s migration
through the constellations, through the calendar,
and through the meridian is monitored each day at
local noon. (Griffith Observatory, E.C. Krupp)

Griffith Observatory routinely attracts
nearly a million visitors each year, and
astronomical crowds assemble there
for major celestial events. Thousands in
search of a safely filtered view of a deep
partial solar eclipse on May 20, 2012,
blanketed the grounds, where dozens
of free telescopes were operated by
Observatory staff and by volunteers from
the Los Angeles Astronomical Society, the
Los Angeles Sidewalk Astronomers, and
the local chapter of The Planetary Society.
(Griffith Observatory Mark Pine)
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PN02: Tools and Strategies for presenting Earth-based content in live dome presentations
Ka Chun Yu
Denver Museum of Nature & Science
2001 Colorado Blvd., Denver, Colorado
kcyu@dmns.org
ABSTRACT:
The flexibility of virtual environments that can be generated and displayed within digital planetariums mean that a wide variety
of content -- not all of which need be astronomy related -- can be visualized for fulldome audiences. Such technologies can
be used to develop visitor programming where the focus of the audience is directed not up at the sky or into space, but back
down on their home planet. For this panel, representatives from three different institutions that have pioneered live interactive
explorations of the Earth will discuss the tools and strategies they use to engage audiences with Earth-based content using high
resolution satellite imagery, immersive pano-photography, and geospatial data overlays from the Earth and life sciences. The
panelists will also cover the library of scientific data visualization products and story templates https://sites.google.com/site/
worldviewsnetwork/goals/visualization-modules that are being created and archived by the Worldviews Network for Earth
systems and ecological literacy education.

WORSHOP 1- Live Presentations & Technology
W01: Modern Instructional/Event Presentation Technologies for Immersive/Planetarium Theaters
Jeff Bowen
Bowen Technovation
7999 East 88th Street, Indianapolis, Indiana
jeffb@bowentechnovation.com
ABSTRACT:
The modern design for a domed theater should include extensive audio-videocontrol capabilities for instruction, special events,
and other multimedia uses. This package is one of the most overlooked parts of theater upgrade or new construction design. It is
important to futureproof the design so as to avoid potential obsoletion. Discussed examples include: VGA obsoletion. Intel and
AMD have come to an agreement to phase out computer VGA connections beginning in 2013 and expect the technology to be off
all their product lines by 2015. Analog Sunset. All BluRay players have utilities burned into their chipset that will automatically
turn off (or downscale to super low res) the component, composite, VGA and Svideo outputs on December 31, 2013.That means
they will only output HDMI or another digital format. Jeff Bowen and Mike Grznar have designed dozens of packages for theaters
that head off these and other issues and enhance the flexibility of our facility.
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“Modern Instructional/Event Presentation Technologies for
Immersive/Planetarium Theaters”
A Workshop for IPS 2012
By: Mike Grznar, Jeff Bowen
© ℗ 2012 Bowen Technovation, USA

Abstract: The modern design for a domed
theater should include extensive audio-videocontrol capabilities for instruction, special
events, and other multimedia uses. This
package is one of the most overlooked parts of
theater upgrade or new construction design.

“Modern Instructional/Event Presentation Technologies for
Immersive/Planetarium Theaters”
A Workshop for IPS 2012
By: Mike Grznar, Jeff Bowen
© ℗ 2012 Bowen Technovation, USA

Why add such capabilities:
To all-dome video:
Brighter lumens per square foot.
Lose image and text legibility using all dome
warping/blends.
Ease of use. Don’t turn on all-dome system.
Most do not provide hi-res external inputs
Wear and tear on projectors
Wear on matched lamps.
Fallback presentation system.

To optical projectors:
To add BluRay videos, PowerPoint, NASA select,
educational programming.
To extract 5.1 surround sound from these.
To add compatibility with new digital computer outputs.
Equipment stays put and is ready for use.

“Modern Instructional/Event Presentation Technologies for
Immersive/Planetarium Theaters”
A Workshop for IPS 2012
By: Mike Grznar, Jeff Bowen
© ℗ 2012 Bowen Technovation, USA

Special Considerations
VGA Obsoletion
Intel and AMD have come to an agreement to phase out
computer VGA connections beginning in 2013 and expect
the technology to be off all their product lines by 2015.
It will be replaced by HDMI and DisplayPort.
You can read more at
http://www.technewsworld.com/story/71420.html?wlc=13
03832900
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“Modern Instructional/Event Presentation Technologies for
Immersive/Planetarium Theaters”
A Workshop for IPS 2012
By: Mike Grznar, Jeff Bowen
© ℗ 2012 Bowen Technovation, USA

Special Considerations
Analog Sunset
All BlueRay players have utilities burned into their
chipset that will automatically turn off (or downscale to
super low res) the component, composite, VGA and Svideo outputs on December 31, 2013.
This is a Federal law that all manufacturers must adhere
to.
That means they will only output HDMI or another digital
format.

Why not use your all-dome system for nuts & bolts instruction?
1. Lower resolution: 25 times the resolution is typical. See next slide
2. Wear and tear on expensive projectors and lamps.

Why not use your all-dome system for nuts & bolts instruction
1. Resolution: Pixels on the Dome 10’ wide image
All-dome HD Projector = 0.1M pixels on a 12’ wide image in 40 foot dome
= 1.1 K pixels per ft2
Dedicated HD Projector = 2.3M pixels on a 12’ wide image in 40 foot dome
= 25.5K pixels per ft2
20-25x resolution plus impact of light level
1920 x 1200 =2,304,000 pixels per projector
1,450,000 pixels visible per projector on dome for all-dome system
40 x 40 x 3.14/2 = 2512 ft2 dome surface area or 1256 per ½ dome
1154 pixels per ft2 pixels with all-dome projector
12’ w x 7.5’h image = 90 ft2 dome = 2.3M pixels or 25.5K pixels per ft2 dome with one dedicated projector.
12’ w x 7.5’h image = 90 ft2 dome = 0.10M or 1.1K pixels per ft2 dome with all dome projector
20-25 x resolution plus impact of light level
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Basic Signal Path

Future of Obsoleting RGBHV
(VGA) and Futureproofing Video
RGBHV
(VGA)
DVI

HDMI -M

DisplayPort

HDMI -F

Where to locate computer and video inputs.
Computer/ video/ audio
connection in floorbox
under podium

Computer/ video/ audio
connection in floorbox
under podium
Computer/ video/ audio
connection in pop up box
at console.
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Where to locate computer and video inputs.
Floor Box

Console
Pop-Up
Wall Box

Connections

No DVI?
Why?

BluRay and HDTV tuners.

SPDIF digital audio out.
Coax/ toslink optical.
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HDMI Out

Serial /
Ethernet
Control

Distance Limitations
6’

15m

Digital deterioration
due to distance

6’

30’

30’

Corrected digital
signal

Distance Limitations: UTP-CAT5/6
Extenders (Unshielded Twisted Pair)
Extender
CAT5

RGBHV
(VGA)

Routing and Legacy RGBHV
4x1
HDMI.
Audio???
RGBHV to
HDMI
Converter w
Audio
Switcher/Scaler
HDMI, RGBHV
CV, YC (S).
Audio???

4x1
HDMI w 7.1 Audio
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Projection Resolutions

4:3 Aspect Ratio
1440 x 1050
1.5M Pixels

16:9 Aspect Ratio
1920 x 1080
2.1M Pixels

Projection
1-Chip DLP
Advantages
No organic filters
Smoother video
Pixels less visible
More “filmlike” on
DVD and Bluray
Generate "blacker"
blacks
Higher contrast

1-Chip DLP
Dis-advantages
Rainbow effect
bothers some due to
color wheel
More moving parts
(color wheel)
Color wheel
sometimes produces
soft whine

LCD Advantages

LCD Dis-advantages

No color wheel = No
"rainbow effect"
Slightly quieter = No
color wheel

More visible pixels
Some screen door effect on
certain video images
Poorer contrast
Blacks come out lighter
gray than DLP projectors

LED Advantages

LED Dis-advantages

No color wheel = No
"rainbow effect"
Slightly quieter = No
color wheel
Terrific color
Excellent contrast
No lamps!!!!
Lower heat.

Cost
Brightness at this time…
700-1100 ANSI

“Modern Instructional/Event Presentation Technologies for
Immersive/Planetarium Theaters”
A Workshop for IPS 2012
By: Mike Grznar, Jeff Bowen
© ℗ 2012 Bowen Technovation, USA
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W02: LIPS: Live Interactive Planetarium
Symposium - Past, Present, and Future

W03: Interacting with Your Audience Using a
Modular Planetarium Program

Karrie Berglund
Digitalis Education Solutions, Inc.
817 Pacific Avenue, Bremerton, Washington
karrie@DigitalisEducation.com

Dr. Julia Plummer
Pennsylvania State University
164A Chambers Building, University Park,
Pennsylvania
idp17@psu.edu
(Kim Small)

ABSTRACT:
This workshop will: discuss the history of LIPS, why it was
started and by whom; provide an overview of what happened
at LIPS 2011; and cover plans for the future, both short term for
LIPS 2012 (August 7-9) and longer term.

ABSTRACT:
Bring back (or enrich) discussion, live teaching, and
interaction in the planetarium experiences you provide your
audiences! This workshop will demonstrate an example of
how to incorporate live interactive planetarium teaching with
a planetarium program that has been designed in a modular
nature. The program we present targets grades K-2 and
focuses on observations of the Moon, but the methods could
be applied to other content areas and age groups.
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PP21 The Powerful Mayan Astronomer
Adam Barnes
Houston Museum of Natural Science
555 Hermann Park Drive, Houston, Texas
abarnes@hmns.org
(Carolyn Sumners, Ian Enriquez)
ABSTRACT:
The Classic Mayan astronomer played a critical role in Mayan
society as he developed and implemented sky calendars
to determine times for celebrations as well as the planting
and harvesting of crops. His observatories were some of the
most famous Mayan pyramids and temples. His observations
connected the growing season in Yucatan to specific events
in the heavens. Twelve classic Maya structures in 4 major
cities provide critical alignments. Planetarium visitors can
experience each observation and the power it bestowed on the
Mayan astronomer. When the prophecies of these powerful
astronomers failed, the Maya faced a great apocalypse, long
before 2012.
INTRODUCTION
The homeland of the Maya stretches from southern Mexico to
northern Central America. The Classic Maya cities of Uxmal,
Chichen Itza, Tikal, and Palenque have buildings designed
as observatories and are well restored. By recreating these
structures and the night sky for the time and place, we can
replicate how Maya astronomers predicted the critical annual
rains and foretold disasters.
UXMAL
Uxmal is in northwestern Yucatan where porous and drains
without forming rivers and natural akes are rare. Great urban
centers like Uxmal stored
rainwater throughout the
dry season in cisterns
constructed under the
city’s plazas. Every year
the astronomers of
Uxmal watched the sun’s
position in the sky to
confirm the calendar date
when the rains would
arrive. At night they
searched for star patterns
to know when to prepare
for killer hurricanes. The
Pyramid of the Magician

has several alignments with other structures, but only the
western facing temple atop the Pyramid of the Magician
has a compelling solar alignment. On April 12 every spring
the afternoon sun would illuminate the steps and then the
temple interior. This date is exactly two of the 20-day months
in the Mayan ritual 260-day calendar before the sun’s zenith
passage. After the zenith passage, the rains would come. This
warning period allowed the priest to tell farmers to prepare
their fields, to set the exact date for rain ceremonies, and the
ration the city’s remaining water supplies. Although less well
documented, there is an interesting legend of the cupped
hand or Big Dipper. The Big Dipper is not circumpolar in
Yucatan. When it vanished from the evening sky, it could no
longer protect the Maya from hurricanes and its appearance
close to the horizon at sunset could serve as a warning of
hurricanes to come. The last page of the Dresden Codex talks
of a great water disaster and hurricanes are the most familiar
disaster in Yucatan.
CHICHEN ITZA
East of Uxmal lies the city of Chichen Itza, once home to over
35,000 people. Natural sinkholes with fresh water, called
cenotes, attracted the Maya to this area. A cenote forms when
the roof of an under-ground river collapses. These buried rivers
flow throughout the dry season, providing water for drinking.
The El Castillo pyramid dominates Chichen Itza’s main plaza.
It is a temple to the feathered serpent god Kukulcan, whose
head adorns the base of the north staircase balustrade. Using
the steps of this pyramid, the Maya could count all the days
of their solar calendar. Each of its 4 staircases has 91 steps
for 364 steps in all with a top step into the temple – one step
for each day of the year. According to legend, Kukulcan returns
to his pyramid each spring, descending the staircase in an
undulating shadow before the beginning of the rainy season.
This event draws crowds to Chichen Itza for the spring and
fall equinoxes and is caused by the shadow of the pyramid’s
terraces on the sides of the balustrade.
The Caracol at Chichen
Itza has the round shape
of an observatory and
windows aligned to allow
astronomers to watch
Kukulcan who appeared
in the heavens as the
wandering planet Venus.
The Maya believed that
the feathered serpent
was most powerful when
Venus appeared near
the Pleiades star cluster
in the spring. This tiny
Astronomy on Pyramid of the Magician
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top of Temple 4.

cluster became the rattles
adorning his tail. The spring
early evening setting of
the Pleiades preceded the
coming of the rains.

PALENQUE

TIKAL
The Maya carved the great
city of Tikal out of the
rainforest. In this city of up to
90,000, all water came from
the sky. The city depended
on lakes and cisterns to
store rainwater for the dry
season. Limestone quarries
excavated for skyscrapers
became catch basins for
water. Tikal’s rulers cleared square kilometers of rainforest
and channeled the water in swamps to grow crops. Tikal’s
power depended on being able to feed its people and to store
enough water to last until the rains returned.
The astronomers of Tikal used four giant pyramids to predict
when the rainy season would begin. These great temples,
aligned to the rising sun, are covered in stucco and painted
brilliant hues of red, blue, yellow and white. The Maya felled
thousands of trees to heat the ovens that turned limestone
into stucco for these magnificent buildings. From the top of
the tallest pyramid, Temple 4, the Mayan astronomer could
monitor the rising of the sun over other pyramids and distant
coastal mountains. On Dec. 21, the sun rose above Temple 3,
signaling the most southern rising of the sun. The astronomer
could monitor the sun’s changing position at sunrise and would
know that there would be no rain until the sun reached the
King’s pyramid, Temple 1. Temples 3 and 1 lie on an East-West
line so the astronomer could observe sunrise or sunset from
these pyramids on the equinoxes. The rains would not come
until after the sun rose north of Temple 1. Tikal has two Star
Wars connections. In 565 C.E. the neighboring city of Caracol
attacked and defeated
Tikal when Venus first
appeared before sunrise.
Archeaoastronomers
sometimes refer to this
as a “star war”. (It should
also be noted that a solar
eclipse was visible from
Caracol just 3 years after
this defeat.) Also the
Rebel Base scene from
Star Wars Episode 4 was
photographed from the

In the foothills of
Mexico’s
southern
mountains, lies the
Maya city of Palenque.
A spring feeds a
stream flowing under
the main palace,
cascading to the plain
below. Blessed with
abundant rain and
flowing rivers, the
artisans of Palenque
El Castillo at Chichen Itza
had time to create some
of the most elaborate
and exquisite Mayan art and the most delicate of buildings.
Here we find celestial references related to the beginning of
the Maya Long Count (which turns over a new Baktun in 2012).
Alignments of buildings are more difficult because of the hilly
terraced environment. The Temple of Inscriptions, burial site
of the famous king Pacal, the Great, is oriented so the sun
enters the side of the Temple on December 21. The famous
sarcophagus lid shows Pacal reclining in a bowl symbolizing
the sun. At death, following the path of the setting sun, he
supposedly entered the underworld where he conquered the
monster of darkness, whose jaws still encircle him. Above his
body, rises the Mayan sacred ceiba tree, connecting the Earth
and sky, reaching toward the heavens in celebration of Pacal’s
return with the rising sun on December 21. The constellation
Crux represents the ceiba tree along the Milky Way at sunrise.
Pacal’s son built 3 temples to celebrate his father’s and his
own rule. The Temple of the Sun faces winter’s rising sun and
glorifies sacred warfare. The second temple is an Earth temple,
called the Temple of the Foliated Cross for the tree drawn on
the tablet inside. It faces sunset on June 21 at the height of
the growing season. The tallest is the Temple of the Cross, a
Sky temple, facing winter sunset. Its tablet has a third sacred
tree and tells the story
of the 3 hearthstones of
creation around a sacred
fire. The 3 temples
are symbols of the 3
hearthstones and the
Maya chose three stars
in Orion (Rigel, Saiph,
and Alnitak) to represent
the
hearthstones,
which encircle their own
glowing sacred fire, the

Caracol at Chichen Itza
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Orion Nebula. Precession has caused a subtle change in the
sky in the 1,300 years since Pacal’s reign in Palenque. Different
stars now rise with the sun in each season. At the time of Pacal,
the Milky Way band was above the sun at sunrise on the winter
solstice. Now in December, the sun is in front of a dark rift in the
Milky Way, near the direction of the galaxy’s center. This is the
alignment most often described by the 2012 prophecies of doom.

Astronomer on Temple 4, Tikal

Three Temples at Palenque
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Temple of the Sun, Palenque

PP22: Extremophiles and Exoplanets
Tony Butterfield
Houston Museum of Natural Science
555 Hermann Park Drive, Houston, Texas
tonyb@hmns.org
(Adam Barnes, Carolyn Sumners, Ellen Zhou – Houston
Museum of Natural Science)
ABSTRACT:
We are more optimistic
about finding life beyond
Earth than ever before.
Astronomers have found
hundreds of giant planets
orbiting other stars and
many smaller worlds as
well. Meanwhile biologists
have found microscopic
life on Earth in places
they never expected. As
biologists
dramatically
expand the conditions
where life can survive,
astronomers are finding alien planets with environments
suitable for life.
We combine photography of the real-world environments
of extremophiles with animations of newly-discovered
exoplanets and artistic renderings from the Planetary Traveler
Project to visit and identify Earth life that might thrive on
Earth-size exoplanets like Gleise 581d, CoRot7b, Gleise 370b,
and Gleise 667Cc.
INTRODUCTION
Many factors contribute to the stability of our blue life-bearing
world, including the existence of both ocean and landmasses.
Its nearby Moon causes tides, stabilizes Earth’s tilt and slows
its spin. The distant Jupiter redirects asteroids and comets
that could otherwise destroy Earth life. And the sun has been
a stable energy source for billions of years. These are all
factors we must consider in the search for life-bearing worlds
orbiting other stars. More importantly we must understand
the tenacity and adaptability of life on Earth to predict where
life could survive around distant stars. We must also develop
the technologies to detect exoplanets and match them, if
possible, with extremophiles on Earth.
HABITABLE ZONE
To focus their search, astronomers draw a habitable zone
around a star. This zone shows where planets could have
liquid water and where life, as we know it, might be possible.
In the habitable zone for our solar system, Venus lies at the

inner hotter edge, Mars lies at the outer cooler edge, and
Earth orbits in the middle of the habitable zone. For a star
hotter than our sun, the habitable zone is larger and farther
from the star. For a star cooler than our sun, the habitable
zone is smaller and closer to the star. But is being in the
habitable zone enough to guarantee conditions favorable for
the development of life? Could life ever exist beyond this zone?
Are there lessons we can
learn from the tenacity
and adaptability of Earth
life when determining
the
necessary and
sufficient conditions for
life to appear and the
importance of orbits
where planets could
have liquid water? We
must look at Earth as
a laboratory where life
survives in environments
more extreme than all
expectations – ranging
from the hottest and
driest equatorial deserts
to the coldest glaciers near Earth’s poles.
EXTREMOPHILES
The plants, animals, and microbes living on Earth today are
all survivors on a planet that has undergone dramatic change
over 4 and a half billion years. Within a few hundred million
years of its formation, Earth might have had conditions
much like those in the hot springs and volcanic pools of
Yellowstone National Park. Here today we find probable
descendants of ancient life forms – the Archaea, -- surviving
in the most primordial environments. Will microbes like
these tiny survivors be similar to the first aliens we find on
other planets? Scientists discovered these extreme-loving
microbes, which we call extremophiles, in the geysers and hot
springs of Yellowstone National Park. The microbes thriving in
these pools and their runoff channels are called thermophiles.
Their existence at temperatures near the boiling point of
water supports finding life at the inner hotter boundary of
the habitable zone Scientists believe that during the first two
and a half billion years of Earth’s history, microbes called
cyanobacteria gradually transformed the planet’s oxygen-free
atmosphere into one that could support more complex life.
Gradually these bacteria and the algae that appeared later
created an atmosphere that would eventually support human
life. Our discoveries of extremophiles on Earth extend the
possibilities for life in our own solar system and beyond. For
instance, organisms that use chemical energy, not sunlight,
are the most likely life forms beneath the soil of Mars, a planet
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that once had surface water. Deep-sea barophiles could
also live below the surface of icy worlds like Saturn’s moon
Enceladus.

•

2011 First exoplanet of binary star Kepter 16b outer edge
of habitable zone perhaps psychophiles

•

2012 First rocky exoplanet in center of habitable zone
Gliese 667Cc also in triple star system perhaps any Earth
life

DETECTING EXOPLANETS
To detect the presence of an exoplanet, astronomers can
measure the tiny dip in a star’s brightness when an orbiting
planet crosses in front. The dip may be only a fraction of
the star’s total brightness, but if it repeats, it indicates the
presence of a planet crossing in front of its star once in each
orbit. Astronomers can also detect an exoplanet by a tiny shift
in the color of a star as the planet orbits it. The star moves
toward us and then away from us as it responds to the tug
of the orbiting planet. Astronomers can measure a change
as small as a meter per second in the star’s speed, thereby
detecting worlds as small as Earth orbiting other stars.
EXOPLANET FIRSTS
Observatories on Earth and telescopes in space have
discovered well over 700 planets orbiting other stars and
expect to find thousands more. The table below shows the
progression of first discoveries as well as extreme Earth
life that might survive on each exoplanet. The choice of
extremophiles becomes progressively easier as we discover
more Earthlike worlds.
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•

1995 First exoplanet orbiting a sunlike star 51Pegasus b
hot Jupiter-size too hot even for extremophiles

•

2001 First exoplanet in habitable zone of sunlike star HD
28185b Jupiter-size barophiles, endoliths

•

2007 First Earth-size exoplanet in habitable zone Gliese
581d perhaps watery perhaps barophiles

•

2009 First rocky exoplanet CoRot 7 rocky, but hot perhaps
thermophiles

•

2011 First rocky exoplanet in habitable zone Gliese 370b
inner edge of habitable zone perhaps endoliths

SEARCH FOR COMPANIONSHIP
Human waited eagerly and a bit impatiently over 10 years
from the discovery of 51 Pegasus b to the discovery of Gliese
581d, the first Earth-size planet in the habitable zone. Soon
after astronomers announced the existence of a solar system
around Gliese 581, a networking website used a large radio
telescope to beam A Message From Earth. This transmission
is due to reach this system by the year 2029 and the earliest
possible date to receive a response is 2049. As part of its 2009
National Science Week, Cosmos Magazine launched a website
called Hello From Earth to collect messages for transmission
to Gliese 581. In total, 25,880 messages were submitted from
195 countries around the world. There can be no doubt that
humans are eager to find life-bearing exoplanets and welcome
the ongoing discoveries. Conditions required for complex life
are far more specific and demanding than those needed to
support simple organisms. A stable star, water in liquid form,
an atmosphere with water vapor and oxygen, and a protective
magnetic field – if we can find all of these, we could be looking
at a world that can support life and perhaps intelligent life. An
advanced alien civilization will change its world as humans
have changed Earth. We can imagine a distant watery world
with the unique constructions of alien intelligent life. The
ultimate goal of our search is to see if the circumstances that
produced human awareness and creativity occur frequently or
rarely among the stars. The answer will tell us whether we are
unique or one of many intelligent civilizations in the universe.
•

whether civilizations are more likely to survive or to selfdestruct

•

whether we are alone or no longer lonely

PP23: Live Science Lectures Under a Digital Dome

ABSTRACT:

Katie Nagy
Smithsonian National Air & Space Museum
Independence Avenue at Sixth Street, SW, MRC 305,
P.O. Box 37012, Washington, DC
nagyks@si.edu
(Sean O’Brien, David DeVorkin –
National Air & Space Museum)

With the goals of bringing a new type of live educational
programming to our planetarium and highlighting current
astronomy-related research done by Smithsonian scientists,
the National Air & Space Museum debuted a new lecture
series in fall 2011. In the works before lecture, education and
planetarium professionals collaborated with astronomers and
planetary scientists to integrate immersive Digital Sky visuals
into their presentations. Discussion will focus on what we’ve
learned in our first year, audience response and plans for
the future.

PP24: Losing the Dark: A Planetarium PSA about
Light Pollution
Carolyn Collins Petersen
Loch Ness Productions
P.O. Box 924, Nederland, Colorado
http://www.lochnessproductions.com
(Dr. Constance Walker - National Optical Astronomy
Observatories)
ABSTRACT:
Losing the Dark is a PSA video being created for fulldome
theaters by Loch Ness Productions under the direction of

THE PROJECT
As most astronomers (both professional and amateur) and
planetarium professionals know, the problems of light
pollution interfere greatly with the ability to study the sky in
visual wavelengths. As well, residents of many communities
around the world live under light-polluted skies, affecting their
abilities to see the stars and, as shown by a growing body of
medical research, having an impact on health, safety, and everrising energy costs. Organizations such as the International
Dark-Sky Association, as well as astronomy societies and others
work to educate the public about ways to reduce wasteful
lighting. The Education Committee of the International Dark
Sky Association determined that planetariums and science
centers might be useful venues through which to advise
members of the public about the threats by and solutions to
wasteful lighting. Working with fulldome production company
Loch Ness Productions and using visual materials from
Adler Planetarium, NASA, and others, they are at work on a
short “public service announcement” type presentation for
planetarium theaters and other venues.

the International Dark Sky Association Education Committee
headed by Dr. Constance Walker of the National Optical
Astronomy Observatories, and in cooperation with Adler
Planetarium in Chicago. It explains the problems with light
pollution, its effects on life, and three ways in which people
can implement “wise lighting” practices to mitigate light
pollution. The show is also being produced in a flat-screen HD
format for use in classical planetarium and non-dome theaters,
for presentatons by IDA speakers when addressing planning
boards, etc. and will be posted on the IDA and other web sites.
The final length is six minutes for both versions. The intent is
to present the basic facts of light pollution and mitigation and
help open people’s thinking up for further discussion.

to show it, dome masters and a 5.1 soundtrack will also be
available.
Thematic Points of the Show
There are a number of important points to discuss when
presenting issues of light pollution effects. The production
team decided that a simple approach would be best, so that
audiences would come away with several important and
memorable points. Early in the production process, we zeroed
in on the following points to be made:
•

Light pollution is ubiquitous

•

Light pollution is affecting our ability to see and study the
sky

A still of a scene from Losing the Dark. It shows a view though the
cupola of the International Space Station, and how widespread light
pollution really is. Such a striking view illustrates for audiences in a
visceral and real way just how light polluted our planet is.

The title of the presentation is “Losing the Dark”. Early in
the production process, the group decided to make the show
available not just for fulldome, but to create a “flat screen”
movie file that could be used in “classic” planetarium
theaters (that is, those without fulldome video technology),
as well as by educators and others in public lectures and
presentations. The show will be produced in English and
several other languages, including Mandarin Chinese, for
the official premiere at the International Astronomical Union
meeting in Beijing, China in late August, 2012.
Information about how to obtain this show is available from
Loch Ness Productions. It will be available in 4th quarter 2012
for download by any facility that wishes to use it. The video
will be available in a number of fulldome formats and for flat
screen. For those theaters needing to slice the show in order
IPS2012 CONFERENCE PROCEEDINGS
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•

Light pollution has serious effects on human health, and
plant and animal life

•

Light pollution is costing us money and wastes
increasingly scarce fuel resources

•

Light pollution can be abated by applying “wise use”
thinking for lighting design and use

•

There are three simple steps that individuals can take to
help reduce light pollution: turn off unwanted lights, use
shielded lights, place lights only where they are needed

Losing the Dark is a simple and easy to understand
presentation that utilizes striking views of light pollution
to illustrate the main points. Our aim is to have audiences
remember what light pollution does, and that by taking
a few simple steps, they can help reduce the problems
with unshielded lights. By making this show available to
planetariums, educators and other outreach professionals,
we are placing an important informational tool in their hands
to help educate the public about this important topic.
For more information on Losing the Dark, please visit www.
lochnessproductions.com

Losing the Dark is a public service announcement (PSA) style video
illustrating the effects of light pollution and what we can do to
mitigate it.

For more information on light pollution and ways to mitigate
it, visit the International Dark Sky Association at http://www.
darksky.org/

PP25: Outposts on Other Worlds with Analogs on
Earth
Carolyn Sumners
Houston Museum of Natural Science
555 Hermann Park Drive, Houston, Texas
csumners@hmns.org
(Tom Casey - Home Run Pictures)
ABSTRACT:
Assuming that distance limitation can be overcome and we
could make the journey, how would future astronauts live and
work on each planet or moon in our solar system? What kind of
outpost would we build that would support humans and take
advantage of the location’s natural resources while supporting
science and astronomy research?  We have designed wellthought-out outposts so we can see each planet/moon
through the eyes of humans living and working there. Our goal
is to make each world more real by giving it a human context.
To experience the future of human exploration, we also take
audiences to Earth analogs – places where we can simulate
some of the conditions found on other planets.
66

INTRODUCTION
Outposts: Great distance and limited rocket technology keep
us grounded in the Earth-Moon system. Yet what would we do
if we could travel to the different planets in our solar system?
What habitats would we need and what would be the reason
for our mission? These questions lead to designing purposedriven human habitats on the different worlds in out solar
system and using these habitats to introduce the planets in a
more personal way. Many planetarium shows have presented
the different planets with majestic flyovers and even animated
landings. But it is difficult for students to understand
conditions on the planets without experiencing them. So for
this program, we are constructing human outposts to increase
the visual message of conditions on each planet and what it
would be like to be there.
Analogs: Experiences on Earth prepare us to visit the other
planets. NASA now uses Earth analogs for astronaut training,
ranging from the Neutral Buoyancy Lab used to train for the
International Space Station to desert training for exploring the
Moon and Mars. For each planet, there is an Earth analog, a
terrestrial experience that mimics the conditions on the planet

and makes the planet experience more meaningful for audiences. Each Earth analog illustrates the challenges of survival on the
solar system’s different worlds.
CHALLENGE 1:
SMALL, LOW GRAVITY WORLDS
Small worlds present unique challenges, both in mobility in low gravity and in perception of distance with a limited horizon.
We train for a low gravity asteroid mission using the neutral buoyancy experience of climbing undersea cliffs at the NEEMO lab
on Earth. On the Near Earth Asteroid, our habitat is the ship from which we do excursions to the asteroid, much like the Apollo
missions to the Moon.
Near Earth Asteroid
spacecraft assembled from
NASA Orion, SEV and ISS
modules
View of asteroid EVA from
Cupola module

CHALLENGE 2:
WORLDS WITH DENSE ATMOSPHERES
On Earth we could live on blimps or dirigibles, floating in the atmosphere while experiencing the Earth’s surface gravity. Airships
would provide a similar gravitational experience on two very different worlds: Venus and Uranus. At Venus, our outpost is floating
in the atmosphere since the gases that sustain life are lighter than the atmospheric gases of Venus. Our floating outpost has
found a comfortable temperature and pressure range in the Venusian atmosphere. A tall center shaft serves as an elevator/
observation stage, so scientists can travel down into the densely clouded atmosphere. Once below the thick cloud layers, they get
a glimpse of the Venusian surface, possibly a volcano off in the distance with lighting storms all around.
We can’t land on any of the giant worlds because they have no land, but we might want to mine their atmospheres for gases
like Helium 3. On Uranus we create an atmospheric mining outpost that is very different from the floating ship in the Venusian
clouds. Here the outpost’s platform is in orbit, but far enough inside the upper atmosphere for the mining operation. The orbit
is constantly being adjusted because of friction with the atmosphere using thrusters mounted around the platform’s perimeter.
Floating in the atmospheres of Venus and Uranus, the gravity pull is only about 10% less than Earth’s.
Low atmosphere orbiting
Uranus mining spacecraft
with tankers
Floating Venus space station
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CHALLENGE 3:
AN OCEAN ENVIRONMENT
Earth provides the great ocean laboratory for designing missions to explore the seas of other worlds. The only other world with
liquid on the surface is Titan, the largest moon of Saturn. Here ocean exploring takes on new meaning when the liquid is methane
or ethane, but the surrounding terrain has many of the same seacoast features as Earth. Two other worlds are likely to have
oceans, but far below the surface since these worlds do not have an atmosphere to keep liquids from sublimating on the surface:
Enceladus orbiting Saturn and Europa orbiting Jupiter. For these worlds, we would like to explore with surface stations, but also
tunnel down to the oceans below and then use submersibles to exploring under the ice. Europa’s under ice ocean is probably
deeper and larger.
Europa modular “tunneling”
base on surface
Titan’s surface

CHALLENGE 4:
EXPLORING ICE WORLDS
Humans have experience living on ice in extreme Antarctic outposts, including the Amundsen-Scott South Pole Station. These
experiences provide designs of habitats structured for warmth and for exploration. We can imagine such habitats with significant
reinforcement on the distant Kuiper Belt objects of our Solar System – especially Triton, the large captured moon of Neptune, and
Pluto, the former ninth planet. Here, outposts would need to have special constructions to handle the cold and also the more
frequent seismic activity. One theory would see Pluto’s atmosphere becoming completely solid particles and fall similar to a
snowstorm when its orbit is at the greatest distance from the Sun.
Triton “oil rig style” base
with cushioned stilts
Triton base in simulated
environment
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Surface of Pluto
Highly insulated base
modules on surface of Pluto
during “winter”

CHALLENGE 5:
SURVIVAL ON THE DESERT
Arid worlds offer unique challenges for Earth life, which depends on water. Training for two different planets could take place
on the deserts of Earth: the hot deserts of Mercury and the cold deserts of Mars.
Mercury has intolerably hot conditions on the side facing the sun and severe cold on the side in darkness. We can land on
Mercury’s pole to minimize temperature effects and establish a heavily shielded solar observatory and huge solar energy farm.
The visit to Mercury would include a dramatic look at the sun and its magnetic field.
Mars is a cold desert where humans survive with the resources on the planet. We show astronauts exploring a canyon edge
near their colony, a main domed living structure surrounded by auxiliary structures for shuttle/plane landing, crop growing,
power generation, etc. There is a surface roving vehicle nearby and a Mars plane can be seen flying overhead. The show ends
on Mars – featuring our first steps in extending Earth’s environments to the distant planets.
View of Sun from Mercury
observation base
Observation base on
Mercury
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PAPER 4: Planetarium Operations & Technology
PP26: New Trends in Fulldome Projection

ABSTRACT:

Marco Silva
Navegar Foundation
Centro Multimeios Espinho, Av. 24, Nr. 800, Espinho,
Portugal
marco@multimeios.pt
(Antonio Pedrosa – Navegar Foundation)

The standard approach to project the output of a real time
application in a dome implies the access to its source-code,
and in general projection on a dome has been limited to
movies and sky simulators. At Navegar, recent advances made
possible to project the output generated by almost any realtime application without the need to develop a dedicated
interface. These opens the ability to project a large set of other
applications like web browsers, Google Earth, video-streams,
Skype, games, among many other. This possibility not only
contributes to open the horizons of planetariums, but also
changes the paradigm of planetariums making them much
more resourceful and powerful.

PP27: 3D or not 3D?

The 3D wave in cinema has been upon us for several years. Data
from the Large Screen Cinema Association – our flat screen
cousins – shows that the percentage of titles they distributed
in 3D has risen from 50 to 76% just since 2009. Many of these
and others from producers like National Geographic will be
adapted for dome screens. In the film industry, critics have
felt that, “Hugo,” produced and directed by a filmmaker not
known for technical film making, is an important milestone.
It won 5 Oscars and finally signaled that 3D is legit and more
than just for animated films.

Jim Sweitzer, PhD
Science Communications Consultants, LLC
528 N. Ridgeland Avenue, Oak Park, Illinois
Sweitzer@sciencecomms.com
ABSTRACT:
That is the question on the minds of many planetarium
directors and museum executives at least. This presentation
will outline the factors that make embracing stereo 3D an
increasingly timely option. The technological imperative
planetariums often face in serving their publics makes 3D
an attractive option. When compared with the costs and
challenges of going to very high resolution and/or contrast, 3D
could well be the winner too. Finally, stereo show content will
soon catch up and is perfect for engaging visualizations. I will
explore the factors that directors and executives will want to
weigh in making the decision to go 3D.
INTRODUCTION
Today, institutional and planetarium directors who are
planning a new planetarium or upgrading their old one are
faced with a complex array of choices. The options are much
greater than at any time that I can remember and most of it
is due to the expanding universe of digital technology. In the
past few years, 3D stereoscopic projection, or just 3D, has
gone from being a technical possibility to a realistic option.
This paper will explore a way to think about making this
decision that goes beyond just the technical to presenting
the choice in a way that museum executives in charge of the
overall planning can understand. Based upon my experience,
for a wide range of planetarium clients, it will be inevitable
that in the coming years they will decide to outfit their theater
for 3D.
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This brief talk will begin with the assumptions I will use
to base my perspective on the 3D decision. I’m taking a very
specific point of view and frame of reference. Based upon
those assumptions, we can then look at a listing of benefits
we might expect from a technical upgrade of a planetarium
theater. Any upgrade will have costs associated with it and
I will explore those in the third part of the talk. I will then
conclude with both the challenges and opportunities of 3D
in the planetarium.
ASSUMPTIONS
There are many ways one can look at a 3D upgrade. In this
talk I will use the following definitions and assumptions to
argue that 3D is a good option. Many may not agree with my
decision, so I at least thought I’d start with the bases for my
argument.
•

3D – By this I mean 3D stereoscopic projection. This
necessarily means some type of eyewear to separate the
two video channels.

•

Upgrade – I will use this word when I talk about
planetariums that are either literally receiving a projection
system renovation, but also for new planetariums being
designed from scratch.

•

Upper Management’s Perspective – I assume that there are two basic points of view to the decisions involved in upgrading.
One is the planetarium director, who is often more interested in the educational potential and technical capabilities of
an upgrade. I will not be arguing from that point of view. Rather, I will adopt a stance I call Upper Management’s
Perspective. The latter are likely to be very sympathetic to the planetarium director, but they are also often keenly interested
in the planetarium upgrade as a “Cash Cow.” I don’t use that term to be flip, but rather as a realistic metaphor. Think of the
farmer who invests in a dairy cow and then draws a modest income steadily from her milk as opposed to a beef cow that is
raised then slaughtered for a one time big pay out.

•

Technical Drivers – I further assume that the planetarium business, especially decisions on upgrade, are driven and limited
by the display technologies available. Currently, GPUs like those used in video game and 4K imaging chips are the two
principle drivers of planetarium technical innovation. They are the basic currency upon which we will need to base our
projections and costs.

•

Technological Imperative – By this I mean that the planetarium world has a strong need or imperative to use the most
advanced technologies in their upgrades. This is based upon decades of experience with how upper management sells their
planetarium and its content. They might argue that planetarium audiences expect the planetarium to be a bleeding-edge
high-tech experience that deals with space and is future oriented. The Technological Imperative is often the “dark energy”
behind renovations.

•

Qualitative vs. Quantitative Upgrades – Going from a theater that primarily uses an opto-mechanical star projector to
one that features digital projection is a qualitative upgrade. Going from a low resolution or low contrast digital system
to one with higher performance is really only a quantitative upgrade. Upgrading from 2D projection to 3D is a qualitative
difference. This distinction needs to be made when evaluating systems for planetarium upgrades.

BENEFITS OF AN UPGRADE
My analysis will be based upon a cost/benefit analysis. I will start with the benefits upper management might expect from an
upgrade. They can really be divided into two categories: those that lead to actual increases in revenues and those that increase
the institution’s capital.
For an upgrade to become a true “cash cow” it must yield a steady income. It can do this if it enhances the marketability of the
planetarium and if it enables the planetarium to attract new audiences. The 3D decision I will argue will focus primarily on the fact
that it can give a marketing boost that other upgrade options cannot.
Even upper management isn’t only interested in the operating income. They see planetarium upgrades as capital investments as
well. The benefits here are less tangible, but in many ways more important. A planetarium upgrade enables the institution to claim
that they are helping their visitors experience outer space, and even our new information age, in a unique way. Science museums
or science departments are subject to forces of the technological imperative too. A planetarium upgrade is a major investment
that demonstrates the museum is up-to-date in a high profile and exciting way. An upgrade that invests in 3D contributes to the
marketability, uniqueness and technological imperative benefits.
COSTS OF AN UPGRADE
I will use a very broad range of “costs” when evaluating different upgrade approaches. They are displayed in Table 1. This table
is really a way to estimate the relative costs in different categories and not necessarily assign true dollar amounts. The latter is
beyond the scope of this presentation, where I’m simply trying to make an approximation that argues the costs for 3D are less.

Techno Options

8K Resolution

4K Resolution
3D

High Contrast

$

$$

$$$$

Chips & GPUs

$$$$

$$

$

Computing Required

$$$$

$

$

Marketing “Cost”

$$$

$

$$$

Proprietary Technology

Table 1. Costs of
Planetarium Upgrade
Approaches
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There are basically three technology options here, which
are shown in the header column. They are 8K resolution (=
approximate dome master diameter in pixels) versus two
options for 4K resolution, 3D and high contrast. Based upon
the technical drivers, these are the three general options. It is
possible to have 8K resolution and high contrast, but that cost
is quite high and has only happened at the Adler Planetarium
in Chicago. That option is treated as an outlier.
The left hand column lists a way to account for the “costs” of
the different upgrade decisions. These factors are general ones
and don’t include actual operating costs. But the latter are
assumed to not be the ones that go into the actual upgrade
decision regarding 3D.
When one buys a proprietary or unique technology, then one
usually adds to the cost. Today, very high contrast projectors
are unique to the specialized flight simulation market and
planetariums. Pixel for pixel, these projectors are relatively
expensive. They perform well, but they are expensive to
purchase and suffer from the small scale of their market. Their
cost is the highest. 3D requires higher performance projectors
or brighter projectors, so they can be expected to cost more.
Chips and GPUs are the critical components in generating the
planetarium imagery. Here is where high resolution is really
more expensive by a factor of four over simply high contrast.
Because 3D could up to double the required number of
projectors or GPUs, its cost doubles what just a high contrast
system would require.

resolution systems. These systems, in their playback mode,
must simply have a greater supply of pixels and be able to
deliver them faster. In this instance, the cost is four times what
it is for the other options. 4K is a magic number in many ways
because it is the resolution that the cinema industry will be
working towards. It will be quite a while before even cinema
will think they require an 8K chip.
Finally, and I think most importantly, there is a “marketing
cost” to be paid for adopting these different technologies.
3D is a much easier concept to communicate than ideas like
high resolution, high contrast or even science visualization.
Audiences know what 3D is like and one can build off of the
recent success of the 3D used in cinema. This translates to
an easier effort to explain how the upgrade is new. Since few
planetariums or institutions have the luxury of substantial
marketing budgets, this can be seen as an instant rebate.
When all the factors in Table 1 are accounted for, then one might
score 3D as 2/3 to 1/2 the cost of other possible upgrades.
Admittedly, this is a somewhat approximate estimate, but
when there are cost savings across so many categories, and
bigger than just single digit percentages, then it can be useful
for decision makers.
With these benefit and cost arguments, we can then display
another simple table (number 2, below) that an upper manager
could well use to evaluate the question of, “3D or not 3D?”
3D presents more benefits for lower costs. It’s really pretty
basic and simple.

The server computing costs are also much higher for the high-
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High Resolution
and/or
Contrast

à

Benefits

3D

Costs
à

Table 2. Benefits/Costs
Comparison

CHALLENGES AND OPPORTUNTIES

•

Astronomy and Astrophysics are Inherently 3D Subjects
– We don’t live in Edwin Abbott’s, Flatland. Nor are the
stars confined to the surface of a celestial sphere. Many
basic astronomical topics like eclipses and the structure
of the Solar System will be that much easier to explain
with 3D tools. And the questions of modern astrophysics
are currently focused on the structure of the universe and
challenging changes in scale.

•

More Overall 3D Titles to Choose From – The number of
3D shows is increasing. At the same time the number of
titles is broadening in subject matter to non-astronomical
topics. This is good news for planetariums that wish to
attract new audiences.

•

3D works well in Real Time – One needn’t have prerendered full-dome 3D shows, either. Generating two
eye perspectives is possible with nearly all the real time
planetarium software packages.

•

It will Keep Institution on the Bleeding Edge – Finally, 3D
is a good investment because it will keep an institution at
the edge of technical innovation.

The previous analysis, as attractive as it might be, glosses over
some important challenges that 3D faces. Here are a few:
•

•

•

Spherical Symmetry – Effective 3D requires delivering
different channels of video into each eye. But the plane
that bisects these two points of view must also bisect the
line between the individual viewer’s eyes. In a spherical
theater, this is impossible for everyone in all seats at all
times. Flat screen theaters don’t really have this problem.
What this means in practice is that a 3D planetarium
theater, even if it’s omnidirectional, will have seats that
are just not suitable for 3D.
Content and Production – The current catalog of 3D
productions for planetariums is relatively small. But, it is
expected to grow. Just a decade ago the catalog for fulldome videos was similarly limited. Production techniques
too will need to be developed. One of the reasons that 3D
has been successful for Hollywood films is because their
producers have become very sophisticated in the use of
the technique in order to prevent nausea or clichéd use.
Planetarium producers too will have a lot to learn, but
there’s no reason they cannot.
Glasses – Viewing projected 3D images requires some
sort of glasses to separate the right and left eye signals.
There are several ways to do this, though planetariums
are currently limited to chromatic filtering or electronic
switching between the eyes. These glasses must be
purchased, cleaned and re-cycled. It’s much easier, and
cheaper, with a flat screen where glasses with circularly
polarized filters can be used. So, there’s a definite
operating cost, though even if added into the previous
estimate of equipment costs, they are minor.

•

Brightness – Most full-dome video projection systems
have barely enough brightness to illuminate their large
dome screens. And all 3D glasses we might use reduce
the amount of incoming light, even if the projectors are
doubled. Anyone upgrading to 3D needs to insure that the
final brightness is sufficient to deliver a good show.

•

Yet for all those challenges there are at least as many
special opportunities for the upgrades that go 3D. Here
are just a few.

IT’S ONLY A TECHNOLOGICAL TOOL…
I think that I have made a strong case, at least from upper
management’s perspective for 3D when upgrading. I’ve seen
similar forces at work in decision-making through many
planetarium upgrades and am confident that 3D will begin to
take hold going forward.
But there is the danger of overselling it. I’d like to end with the
words of one of the current masters of 3D, James Cameron, from
a early 2012 interview:
“Storytelling is storytelling. You still play by the same
narrative rules. The technology is completely different.
I don’t use one piece of technology that I used when I
started directing. I don’t use film cameras. I don’t do
visual effects the same way. We don’t use miniature
models, it’s all CG now, creating worlds in CG. It’s a
completely different toolset. But the rules of storytelling
are the same. As the French say, plus ça change, plus
c’est la même chose. The more it changes, the more it
stays the same.”
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PP28: Free Software Training and Production in
the Great Lakes Region

users. As such, Blender classes and tutorials have sprung up
both around the internet and in the planetarium community.

Daniel Tell
Morrison Planetarium, California Academy of Sciences
55 Music Concourse Drive, San Francisco, California
daniel.r.tell@gmail.com

Easily one of the best, most thorough programs is operated
by Ron Proctor and the Ott Planetarium, offering a week-long
immersion class to teach planetarians almost anything they
might need to know about Blender.

ABSTRACT:

A few years ago, members of the Great Lakes Planetarium
Association also took an interest in bringing Blender to
everybody. Although we didn’t have the time and resources
for a multi-day class, introductory lessons were developed
to make use of the workshop sessions at the annual GLPA
conference.

In recent years the increased availability of high-quality free
software packages has made it easier than ever to produce
content for planetaria. In the Great Lakes Planetarium
Association, efforts have been taken to introduce and train
planetarians in these programs to better enable theaters of
any budget to improve their presentations. This will include
the overview of our practices so far, the lesson plans and
resources we have generated and are making available, as
well as some of the fruits of our labors.
The planetarium industry has a long history of homebrewed production. For decades planetarians have been
photographing slides and scripting their own programs. As
more theaters transition into the digital age old techniques
are falling by the wayside and new ones are becoming
predominant.
3D graphics production, increasingly, is the heart of producing
planetarium content, and can be used in any theater. Whether
one is generating images to be used on slides, small videos
to be played off DVDs or a video server and projected as part
of a presentation, or even entire fulldome productions, 3D
graphics can benefit every planetarium’s productions.
Although there are many commercial 3D programs, over the
past several years, the free program Blender has become
an increasingly popular program within the planetarium
community. Blender is free, open-source software maintained
by a world-wide community of enthusiastic developers.
Over the years Blender has grown into a robust program,
with features comparable to those of many commercial 3D
programs.
Blender is of particular use and interest to the planetarium
community where 3D graphics are essential, and budgets,
especially for smaller facilities, can often be tight. Using
free software, like Blender, can allow a small planetarium to
increase the quality of their programming at low cost. In the
case of larger facilities, Blender’s library of features, including
compositing, motion capture and distributed rendering
can allow it to be used along with or in place of commercial
packages to save money on large rendering projects.
Blender is not without issues, and its largest is perhaps its
steep learning curve. Although more accessible than ever, its
counterintuitive user interface can still be a challenge for new
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Over the last three years, Chris Janssen, Waylena McCully, and
myself, Dan Tell, have developed and refined our Introduction
to Production with Free Software workshops. Nearly 50
planetarians have passed through the workshop in the past
3 years, and we’ve got the demand to continue it long into
the future, as well as develop intermediate and advanced
workshops. In addition, this spring, Waylena assisted with
the creation of a similar workshop with the Middle Atlantic
Planetarium Society, and we hope, through IPS connections,
to make our lessons and resources available to planetarians
everywhere, so you too can encourage the spread of free
production in your region.
Critical to our workshops are not doing too much. With
only an hour and a half to work with attendees, there’s only
so much we can get through, especially with people who are
absolute beginners to 3D production. It’s an easy mistake,
especially for the experienced who feel comfortable with the
program and can forget how much work it can take to learn
Blender’s interface, and how discouraging it can be without
proper guidance.
A significant portion of the workshop is spent just on learning
Blender’s interface which, as mentioned earlier, is perhaps
the biggest obstacle. Attendees are taken on a tour through
the various menus and screens that make up the interface,
and given experience with the basic commands and keyboard
shortcuts. This includes several that won’t actually be used
during our workshop, but will be essential in allowing them to
continue to explore the software on their own.
We wanted attendees to be able to leave the workshop having
completed a project that would be a useful starting-point for
the future. We agreed on building a planet and animating its
rotation. This would allow us to explore several features of
Blender, and, as planetarians, most of us talk about and need
to illustrate the planets at one time or another.
We proceed step-by-step through building a planet, at each
step trying to explain some of the logic of what we’re doing,
and adding real-world analogies for the computer graphics

work we’re doing. We add a sphere and smooth it, and then
spend remaining time learning basics about materials,
texturing, lighting, and even adding simple animation by
rotating the planet.
Although it might sound simple, working with a large group
with varied levels of computer skills, it does take two or three
instructors about an hour-and-a-half to progress through the
entire workshop. We’ve had good success with two instructors
roving the room helping the students, and one up front slowly
progressing through the steps and their explanations.
Along the way, we’ve learned some other things to streamline
the workshops. Installing the software and any textures we
want to use ahead of time is best, but we always bring half a
dozen flash drives with everything we need on it.

Have engaged, helpful presenters ready to respond to the
pace and abilities of the attendees.
We’ve been presenting this workshop for three years, and
demand to attend remains high, so we’ll continue with a fourth
this year. Students from previous years, meanwhile, have
asked for more, so we’ll also be introducing an intermediate
level workshop that will introduce modeling with Blender.
Blender is becoming a force within the planetarium
community, and we’d like to help encourage its spread by
making our materials and resources available to everyone and
anyone that wants to spread this work.

Blender has both an installer, but also a zipped version that
can be run from its own director without install, and it’s easiest
to distribute this, especially in the case of work laptops, that
may have install privileges locked out. We can also include on
this digital copies of our workshop guide, and other Blender
education materials.

As we technology becomes more essential to planetariums
of all sizes and budgets, production ability is going to be as
important to many planetarians as presentation skills and
astronomy knowledge have been in the past. The planetarium
associations around the world can meet this need, as they
have for decades with training in presentation and space
science, by encouraging more production training, fostering
workshops in how to use a variety of software packages for
planetarium purposes.

Blender is very dependent on having a numeric pad on the
keyboard, and a scrollwheel on the mouse. Although modern,
full-size laptops make provisions for this, with a wide range of
equipment out there, we’re looking at, in the future, providing
scrollwheel mice and USB numpads for use by workshop
participants.

While Blender, as a 3D program, is a critical program for a
producer, there are many other well-developed free programs
that can be used by planetarians. GIMP, Audacity, Hugin and
others all have users in the planetarium community, and the
more we can do to share what we know with others, the better
off all planetariums will be.

Once you’ve taken care of software and hardware, the most
important thing is staffing and running the workshop well.

PP29: Strategies for Cooperative Show
Production
Björn Voss
Planetarium Münster, LWL-Museum für Naturkunde
Sentruper Str. 285, 48161 Münster, Germany
bjoern.voss@lwl.org
ABSTRACT:
Due to financial constraints, most planetariums are barred
from in-house show production or are limited to low-budget
projects. A possible remedy is to share resources among
cooperating planetariums. At Münster Planetarium, Germany,
different approaches to cooperative show production
have been tried, each with its individual advantages and
drawbacks. One particularly successful project with “just the
right” cooperation strategy is presented in depth.

INTRODUCTION
Most planetariums do not have production budgets that allow
for in-house production of complete fulldome shows. At the
same time, there is a strong desire in many planetariums to
present not only commercially available shows, but to create
custom productions. In most German planetariums, for
example, production budgets are not permitting full-fledged
fulldome show production, while many of these planetariums‘
directors are, or used to be, active researchers. This tends
to increase rather than diminish the drive for custom show
production. What is more, many german planetariums are
usually running shows with lengths of 45 or even 60 minutes,
which further causes these institutions not to rely only on the
mostly shorter commercially available titles.
Options for custom show production in a budget-constrained
environment are limited:
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1.

in-house production commensurate with limited
budgets, amounting to very low-cost productions

2.

show production based on targeted fundraising

3.

or show production based on joined funds of more than
one planetarium (or contributed by other cooperations
partners)

(1) is of course pursued by most planetariums, to a degree;
many planetarium show schedules comprise low-budget
productions, often in the form of live-presented shows. The
more promising approaches, though, certainly are (2) and (3).
Joining forces and working on common show projects can be
beneficial especially if not only funds, but also production
assets can be shared. Depending on the individual production
budgets of the participating planetariums, a cooperation can
have different flavors:
•

In the case of very small individual budgets, a goal might
be just to acquire any decent fulldome show, because
funds are neither sufficient for in-house production nor
for licensing commercially available shows. This could be
called an “acquisition“ goal.

•

For larger individual budgets that allow limited in-house
production and some licensing of commercial shows,
mere “acquisition“ will be less of an objective. Rather,
a cooperation might be driven by the desire to create a
specific kind of show that is not commercially available,
and that cannot be produced in-house on one‘s own
funds. One could label this a “content“ goal.

•

Finally, for planetariums with abundant production
budgets allowing full-fledged in-house production,
cooperations are least likely to provide benefits. However,
even large budgets have top limits, so there always will
be projects that are too costly to be carried out even for
such institutions. So, situations might arise in which a
cooperation can still be beneficial.

There are certain disadvantages to cooperation projects,
of course, like the somewhat limited influence that each
partner can exert on the outcome. Furthermore, cooperative
productions resulting in shows that run in many planetariums,
maybe even in some located close to each other, could be
regarded as a negative result, because
•

one might expect to lose part of one’s audience to the
other planetarium “next door“

•

a show running exclusively in one’s own dome could be
considered valuable for its uniqueness

However, it is the experience of the author and many of his
colleagues that planetariums in different cities, even in
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adjacent ones, will normally not be in a competitive situation.
Statistics show that the vast majority of most German
planetarium’s audiences is drawn from non-overlapping areas,
i.e. from the planetarium’s city itself, and its surrounding
areas. Given the high density of planetariums in Germany,
this is a strong statement that should be applicable to most
other planetariums, too. Thus, considerations like the above
are probably not a disadvantage of cooperation projects.
On the other hand, the advantage of cooperating is clear:
Productions that would be prohibitively expensive are
enabled, adding to one‘s show portfolio, and thus increasing
the general quality of one‘s services.
A number of cooperation projects have been carried out by
planetariums in Germany over the past few years. Among
these are examples for different types of cooperation; such
examples can serve to illustrate which type might be most
worthwhile to achieve specific goals:
Touching the Edge of the Universe: This show was
produced in a very large-scale cooperation project of about
30 planetariums and ESA, the European Space Agency. The
planetariums and ESA provided funds for the production,
with ESA contributing the major share. The production was
carried out by a production staff that answered to a board of
planetarium and ESA representatives, but whose daily work
was supervised by ESA as the leading partner in this project.
Thus, the final product was shaped according to ESA‘s vision.
Among the planetariums, some goals remained unfulfilled,
which in retrospect is only natural given the large scope of this
cooperation, and the central role of ESA.
It could be assumed that any such large-scale cooperation will
tend to satisfy only planetariums with “acquisition“ goals,
while those with more specific aims will always have to resign
some of their objectives. This is not only true because one‘s
influence on the cooperative production tends to be inversely
proportional to the number of partners, but also because
communication will be less efficient if the number of partners
is large. Interaction efficiency is paramount in such projects.
It can be achieved if decision rights (which would ideally by
equal among partners, or be commensurate with the amount
of resources contributed) are surrendered in favor of one
“major“, coordinating partner, albeit at the cost of even less
influence on the outcome. In the case of “Touching the Edge
of the Universe“, ESA took most decisions on behalf of all
partners, and the planetariums mainly acted in an advisory
capacity. Thus, such a cooperation is clearly not beneficial if
“content-driven“ goals are pursued. Only if content and other
aspects of a project are suffiently pre-defined as to allow each
partner to pre-evaluate the likely outcome, such a “large“
cooperation can be worthwhile for everyone. Still, it has to
be stressed that the wide scope of “Touching the Edge oft he

Universe“, and the generous contribution by ESA, allowed to
create visuals that would not have been possible in smallerscope cooperations, like those presented below.
Production of individual fulldome scenes: When Münster
planetarium re-opened with its newly installed fulldome
system in 2010, an opening show was produced that was based
on both realtime graphics and pre-rendered fulldome scenes.
Some of these were stock material from different sources,
while others were custom-created. The latter were produced in
cooperation with the planetarium in Kiel (the “Mediendom”).
Both planetariums provided funds to finance the 3d modeling
and animation work, the “Mediendom” contributed render
resources, and Münster Planetarium designed the scenes and
provided the scientific expertise.
Such a two-partner project is of course the easiest and most
heard of kind of cooperation, since it is simply structured,
communication is efficient, and optimum results are
comparatively easy to achieve. However, since just two equal
partners will typically just double available resources, such a
cooperation among small or mid-sized planetariums will be
suited only to achieve limited aims, like producing individual
fulldome scenes, rather than creating entirely pre-rendered
shows.
The Rainbowfish and his friends and In the Depths of
the Cosmos: These recent show productions, one a children’s
show featuring a well-known children’s book character, the
other a slow-paced “general astronomy” show employing
literature citations as a narration device, were both created
in cooperation by the planetariums in Kiel, Münster and
Wolfsburg. The approaches, though were different for these
two projects: While the “Rainbowfish” show was created by
an external production company and planetarium cooperation
was limited to creating the script and pooling funds, the
“Depths of the Cosmos” was a more in-depth cooperation.
Based on a draft script from Kiel planetarium, the final
storyboard was assembled in close coordination of the three
planetariums. Then, a distributed approach for the actual
production work was taken: The majority of scenes was
produced using the realtime graphics systems in Münster and
Kiel, while those scenes that could not be realized through
realtime graphics were outsourced to an external production
company. Remarkable about the realtime graphics work is
that Kiel employs an Evans&Sutherland “Digistar 4” system,
while Münster is running a Sky-Skan “definiti 8k” projection.
Thus, an exchange of scripts was not possible, and two
independent, though coordinated, versions of the show were
created as far as the realtime part is concerned. In theory, both
planetariums could have decided to each create about half of
the realtime scenes, and render these as image sequences.
Both planetariums could then have used each other’s scenes

as pre-rendered fulldome video. This, however, was not a
viable option from Münster Planetarium’s point of view. There,
it was an objective to implement as many scenes as possible
using the own realtime engine, because only realtime
graphics allow to make efficient use of Münsters native “8k”
resolution. Thus, most scenes were created independently on
both systems, and only one realtime scene each was rendered
out and shown as fulldome video on the other system. These
were just the scenes that either only Kiel’s “Digistar 4” or only
Münster’s “Digital Sky 2” could easily create: A depiction of a
rising water level on earth on the one hand, and a fly-through
of the “Tully galaxies” data set rendered with small galaxy
images instead of points objects on the other hand.
In theory, a cooperation of institutions that can exchange
realtime scripts would have been even more beneficial.
The experience made in this project, however, shows that
cooperating across “system boundaries“ is a viable option,
too. Concerning the number of partners, it was realized –
not surprisingly so – that show projects with limited budget
requirements can ideally be produced in a “small“ cooperation
environment, i.e., comprising just three or four partners. This
number still allows every partner to have in-depth discussions
with every other one, without becoming too inefficient. Thus,
most drawbacks of large-size cooperations are avoided, while
arriving at a just sufficient pool of resources.
Distant Worlds – Alien Life?: This is a currently ongoing
show production project with its main focus on the search for
life in the solar system and on exoplanets, but also touching on
topics such as SETI and the fermi paradox. The aim is to create
a 50-minute show that not only comprises the latest exoplanet
discoveries, but also contains a speculative element about
possible appearances of alien life. The show topic required
that realtime graphics can be used only to a small degree, and
that pre-rendered fulldome material has to be created which
in some parts is of the more sophisticated kind. Such scenes
include animations of alien landscapes, character animation
of hypothetical alien life forms, or of orbital structures of a
hypothetical spacefaring alien civilization. Thus, budgetary
requirements for this project are more demanding than for the
above mentioned ones, and assuming similar levels of funding
contributed by each partner, a larger number of contributors is
necessary to acquire sufficient resources.
As outlined above, increasing the number of involved partners
can be disadvantageous when the aim is to implement a
certain set of ideas. Here, six planetariums joined forces,
in a more heterogeneously structured cooperation: While
three partners only provide funding, the majority of in-house
production work is carried out at a single planetarium. The
remaining two partners are providing both funding and some
of their production assets.

IPS2012 CONFERENCE PROCEEDINGS

77

The pooled funding is used to outsource about half the
fulldome animation work and to finance the audio of the show.
In-house production resources are employed for fulldome
renderings at Münster, Bochum, and Wolfsburg planetariums,
as well as for the creation of realtime graphics in Münster,
including modeling custom objects for realtime scenes. The
realtime parts of the show are rendered from “Digital Sky 2”,
and combined with the pre-rendered fulldome elements to
create the final sequence of dome originals. Most partners
will present the production as a purely playback show in their
theatres, while Münster will run it as a sequence of realtime
graphics and pre-rendered video scenes.
This cooperation carries traits of both types that are presented
above: Some centralized coordination, like in the “large”
cooperation with ESA, is required because the number
of six partners is already too large to allow for efficient
communication of everyone to everyone. At the same time, the
ability for each partner to meaningfully contribute to the final
product is retained, through a close involvement of everyone
in each other’s production steps. This is enabled through
regular meetings of all partners (facilitated by the fact that all
partners are located at most 400 km away from Münster), and
more importantly through frequent electronic exchange of test
renderings and similar reference material.
Still, it would probably be impractical to coordinate a
production effort of six partners if everyone tried to push
for the implementation of differing individual visions. Thus
it proved important to fully agree in the first place on aims
and visions concerning the final product. It turned out to be
equally beneficial not to formally vote on any open issues, but

rather use a “soft” decision-making model in which minor
decisions are made in Münster on behalf of all partners, but
with everyone closely monitoring the production progress and
raising discussion items as soon as the need is felt. Then,
in the case of any disagreement, compromises are sought
rather than just voting on possible options. The same is true
for major decisions like the choice of a score composer or the
show title, which were discussed in in-depth meetings.
An important aspect of this is trust among partners, which in
many cases allows to avoid disagreement simply because not
every partner might feel the need to contribute to each open
question. A frequent exchange of information and of reference
material documenting production progress can have the effect
of increasing trust, and this way perhaps even streamline
decision processes: The more trustful an interaction is, the
less unnecessary disagreement is likely to result. Another
trust-building strategy that was pursued is to retain equal
rights of all partners, in spite of very different amounts of
contribution to the project. Such strategies will not always be
possible, but since they proved very beneficial in this project,
they could be considered as highly recommendable.
Thus, a cooperation of about four to seven partners, selected
for their similar goals and visions, and for the likelihood of
trustful interaction, can yield a combination of the best aspects
of “small“ and “large“ cooperations, while avoiding much of
their respective disadvantages. Certainly, the optimum size
and strategy of a cooperation is highly dependent on the
partners involved and on their aims. Still, for typical “midsized“ planetariums with “content-driven“ goals, a project
like the one outlined here might serve as a role model.

PP30: African Art and Planetarium Programs
Andrew K. Johnston
Smithsonian National Air and Space Museum
Einstein Planetarium, Mail code 315, PO Box 37012, Washington DC- johnstona@si.edu
ABSTRACT:
The National Air and Space Museum is presenting a series of public programs in conjunction with the exhibition African Cosmos
at the National Museum of African Art. The exhibition explores inspiration from the sky as reflected in African art. Two types
of planetarium programs are being developed to support the themes of the exhibition, including programs at the Einstein
Planetarium at the National Air and Space Museum’s Einstein Planetarium and at the National Museum of African Art utilizing
a portable planetarium. The development process has included exploring the understanding of African culture and public
understanding of astronomy. The project contains lessons for developing future collaborations between art and science outreach
programs.
INTRODUCTION African Cosmos
The African Cosmos exhibition opened on June 20, 2012 at the National Museum of African Art. African Cosmos: Stellar Arts
explores how the sun, moon, stars, and sky phenomena such as lightning and rainbows inspired the arts of Africa for thousands
78

of years. The exhibit focuses on cosmology and traditional sky
knowledge as reflected in artistic expression. Works of art
include ancient Egyptian and Nubian pieces, 19th and 20th
century works from western and central Africa, and several
contemporary works. Modern astronomy is represented
by including material from the South African Astronomical
Observatory and a kiosk version of the WorldWide Telescope.
Within the exhibit is a small space for educational programs,
where visitors can engage in activities such as designing their
own constellations.
Programs at the Einstein Planetarium and the National
Museum of African Art
The National Air and Space Museum will be presenting
portable planetarium shows at African Art museum on five
Saturdays during the run of African Cosmos. The portable
planetarium will be used to provide visitors and brief
introduction to the sky as seen in different parts of Africa.
We developed a brief presentation to introduce visitors to
the current sky in Washington DC, then moving to northern
Africa. After explaining local time differences, next visitors
will be exposed to an equatorial sky and then the southern
hemisphere. The goal is to introduce a limited number of
celestial objects visible at the different latitudes. On the same
dates as the portable planetarium programs, the National Air
and Space Museum will offer a special live sky lecture at the
Einstein Planetarium. A sky lecture is usually presented on
Saturday mornings, but for these shows the focus will be on
the sky in DC and locations in the southern hemisphere.
Program Content Development
Staff from the National Air and Space Museum and the
National Museum of African Art collaborated to develop
plans for public programs related to African Cosmos. The

team had many discussions about what to include as part of
the public programs. Archeoastronomy sites were a subject
of interest. We eventually decided to focus on visibility of
different objects and constellations at different locations.
For the learning objectives, a first goal was to describe sky
visibility at different latitudes. Visitors will be exposed to the
sky to explore ways people have observed the sky at different
locations. For instance, while the appearance of certain stars
in the Egyptian sky was associated with calendar dates, other
stars and dates would have been required in equatorial and
southern Africa. At the African Art museum, visitors will then
be given the opportunity to explore how viewing the sky could
impact the routines society and everyday life. At the same time
visitors can think of how the sky continues to inspire artistic
expression and their own conceptions of the world around
them.
Lessons for the Future
As the two museums move forward with the collaboration, we
are learning new lessons about how best to share this type
of content for the general public. Among the learning goals
was to explain how sky visibility of stars and constellations
is different at different locations on the Earth. We have found
that this simple goal is of profound importance to the majority
of visitors not accustomed to observing the sky. The secondary
learning goals include the description of a small number of
specific celestial objects and to introduce basic celestial
mechanics that have been observed with simple tools since
early in human history. The National Air and Space Museum
is also collaborating with the National Museum of African
Art on its next major exhibition, Earth Matters. This project
focuses on human connections to the land as seen in artistic
expression and geospatial technology, which we are exploring
for possible planetarium programming.

PANEL 2: Alternate Use of Planetariums
PN03: Roller Coasters, Special Events and Lasers - Oh My!
Matthew Mascheri
Dome3D
391 N. Emory, Elmhurst, Illinois
matt@Dome3D.com
ABSTRACT:
This panel will discuss non-astronomy programming in the dome and if it helps the bottom line while being able to support the
mission of educational institutions. Content creators will discuss various programs and events, and a cross-section of dome
directors will give first-hand experiences of how different types of programming have made an impact on their facilities.
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WORKSHOP 2: Show Production & Art
W04: Science and Symphony Films
Jose Francisco Salgado
Adler Planetarium
1300 S. Lake Shore Drive, Chicago, Illinois
salgado@adlerplanetarium.org
Astronomer and visual artist José Francisco Salgado combines
visual arts with music to produce science films that engage
audiences and inspire them to learn about Earth and the

W05: The Theremin, the Planetarium and You
Jon U. Bell
Hallstrom Planetarium, Indian River State College
3209 Virginia Avenue, Fort Pierce, FL
jbell@irsc.edu
ABSTRACT
In ths workshop, the presenter will introduce participants
to the electronic musical instrument known as a theremin,
provide samples of theremin recordings to listen to, give
instructions on how to play it, and allow some time for
everyone to play it, giving them some “hands-on,” or perhaps
that should be, “hands-off” experience. Two theremins will be
set up for the workshop: a Burns extended B3 model; and a
Moog Etherwave instrument.
INTRODUCTION
I had heard the theremin, of course, when I saw “The Day
the Earth Stood Still.” (The original, really good version
with Michael Rennie and Patricia Neal, of course, scored by
Bernard Herrmann, not that modern remake with what’s-hisname.) When I was a college student I had also heard the
stand-up comedian Robert Klein’s “Oooh-eeee-aaaa-oooo!”
creepy theremin sound effect he vocalized during his routines
and I incorporated it into my own goofy conversations. But
I’d never seen a theremin until I attended a Christmas party
at a friend’s house a few years ago. William McNeely is not
just a friend, but like his colleague and fellow SEPA member
and associate Jonn Serrie, an electronic musician who has
written and performed original compositions at the Hallstrom
Planetarium, both in recordings and in live concerts.
So when I saw the theremin, I had to, had to play it. William let
me do that – thanks! At that time, William didn’t know much
about the classic method of playing it, but he was using it as
an additional sound effect in his compositions. So I started
going through various web sites on my own, and found a
treasure trove of examples and actual lessons available on the
Internet, especially on YouTube. And you can do it too!
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Universe. These films have been presented with live orchestral
music 75 times and have reached more than 140,000 people
in 14 countries and in all seven continents.
In this workshop, Dr. Salgado will give details about the
creative process for producing these science films where
music plays an integral part of the audiovisual experience
instead of being a mere background. He will also discuss how
such films offer a unique educational opportunity to reach
a broader audience in unconventional EPO venues such as
orchestra halls. Excepts of the films will be shown.

Those internet video lessons really help a lot, but at some
point I would of course like to travel abroad and ask a truly
wonderful thereminist, Lydia Kavina, for some professional
instruction – as a young girl, her grandfather’s cousin,
Lev Termin, would visit each weekend and give her
lessons – and she returns the favor by holding her own
theremin workshops. But for now I’m just having fun
working on my own. Still, my hope is that at the next IPS
conference, I won’t be the only one with a theremin in hand.
And then perhaps we can start a theremin orchestra! (Not
a new idea, by the way – Carnegie Hall had one back in the
‘30’s… go to http://www.google.com/imgres?imgurl=http://
www.oddmusic.com/theremin/theremin_carnegie.
jpg&imgrefurl=http://www.oddmusic.com/theremin/
theremin_carnegie.html&usg=__rUo8X0WBxk8cLKIH02nfccY
H00o=&h=952&w=640&sz=164&hl=en&start=2&zoom=1&u
m=1&itbs=1&tbnid=Lf-Gd-uoH1VedM:&tbnh=148&tbnw=99&
prev=/images%3Fq%3Dcarnegie%2Bhall%2Btheremin%2Bor
chestra%26um%3D1%26hl%3Den%26tbs%3Disch:1)
My great source of inspiration for launching a new career as a
thereminist is the performer who did the music for all those
Hollywood movies. It wasn’t Clara Rockmore, who pioneered
the fingering technique used by most theremin enthusiasts
today, but Dr. Samuel Hoffman, a chiropodist (that’s a foot
doctor,) who owned a theremin and happened to be able to
read music – but he was the only thereminist listed in the Los
Angeles yellow pages, so he got the gig! (He probably could
have done more with his theremin career, but his patients
came first.)
THEREMIN HISTORY
The Theremin is the only musical instrument you play without
touching. It was invented in 1919* by Lev Termin (Leon
Theremin), an electronics technician AND a classically trained
musician, who discovered that when he brought his hand
near a radio tube, he could alter the pitch. Theremin called
his invention the “ether wave” or “etherphone.” Gradually
it gained acceptance and within a few years composers were

writing symphonies for it. The Soviet Union’s dictator Vladimir
Lenin was a big fan, (Theremin even gave him lessons!) and
he ordered hundreds built so that the world could be made
aware of the USSR’s technical prowess. Theremin himself
performed to sold-out audiences throughout Europe.
Theremin found fame and fortune when he brought his
marvel to the United States in the late 1920’s. Charlie Chaplin
bought one of his instruments. With his violin, Albert Einstein
played a duet with him. Clara Rockmore, probably the best
thereminist ever, made suggestions that helped improve the
instrument, and she developed a method of playing known as
“aerial fingering” which is still used today. RCA soon built and
sold his etherphones, and it seemed as though the Theremin
would soon replace the piano as the most popular home
instrument.
But it was a lot harder to play than folks initially thought – no
anchor points for the notes, for instance; and it really needed
another musical instrument to accompany it. So the Theremin
slowly faded away – except in the hearts and minds of a
handful of die-hard aficionados, and it eventually was used in
all those sci-fi and horror movies of the ‘40s and ‘50s.

the body of the Theremin, and a loop of metal, usually on
the left side of the instrument. Set the volume with the
knob, then adjust the volume as you play by placing your
left hand on the loop, then lifting it off: the farther your
hand is from the loop, the louder the volume.
3.

The vertical antenna, found on the right side of the
Theremin, allows you to adjust the pitch. Many Theremins
have pitch knobs on the instrument as well. You want the
pitch to go higher as your right hand approaches the
antenna. (It’s possible to adjust the knob so the pitch
drops as you get closer to it, but I don’t know anyone who
does it that way, so until you know what you’re doing, it’s
probably best to “go with the flow.”

4.

Get into a comfortable standing position; don’t sway
or rock or breathe irregularly, as all of your small body
movements can affect the pitch. Also make sure to
keep your body behind the hand that is doing the
pitch modulation, and then keep your hand and arm
movements tiny – remember, it’s all in the wrist – and
the fingers!

5.

Tune your instrument by placing your right hand on the
pitch antenna, then adjusting the control knob so that
you have a good-sized range for your frequencies – too
small a distance, and you have no finesse over the note;
too big a distance, and you’ll end up having to keep
stepping back and forth to play the thing.

6.

Try playing a musical scale and then do some warm-up
exercises like ones used in singing. As you go up the
scale, you’ll find that the distance you need to move your
hand gets smaller: each successive octave requires less
movement, until as you come close to the antenna, a tiny
movement of the fingers makes a lot of notes!

7.

If you want to jump from one note to another without any
of the notes in between being heard, you can drop your
left hand, silencing the Theremin; then lift up to hear the
next note. But sometimes, glissandos sound good.

8.

When you shake or oscillate your pitch hand a little bit,
you can create a vibrato!

9.

When being used to play a tune, the Theremin sounds
best when accompanied by other instruments; all by
itself, it’s best as a special effects sound ( motorcycle
gear shift sound effects and flying saucer takeoffs and
landings are a specialty!)

*The following year, Walther Bauersfeld would invent the
modern electric planetarium for the Carl Zeiss company!
When Theremin came to the U.S., the Soviet government
ordered him to spy for them. In 1938 he was grabbed by the
K.G.B. , labeled anti-Soviet, and sent to a labor camp in Siberia.
Later he was released so that he could create listening “bugs”
for the government. After he was set free, he taught music at
Moscow’s Music Conservatory until his death in 1993.
How it Works
I’m not a technician, so I’ll put this in terms that even I can
understand, but which could be improved upon by quite a few
of you. If you’ve ever put your hand on the “rabbit ears” of an
old TV set in order to improve reception, you’ve experienced
the same thing as Leon Theremin; he simply took it a step
further and figured out how to modulate the sound.
The Theremin has a couple of high frequency oscillating circuits.
Putting your hand, (or any part of your body,) into the electrical
field surrounding the device makes a connection between the
two. The tones that are produced sometimes sounds a bit like
whale song, sometimes like a violin, sometimes like a cello,
sometimes like an oboe – with a theremin, it’s all in the sound
reproduction circuitry!
Basic Tips On How To Play It
1.
2.

Watch a lot of thereminist videos on YouTube, including
the lessons with Thomas Grillo.
The volume is controlled in two places: a control knob on

10. Try using karaoke discs, so that you can use the Theremin
to supply the melody.
11. Choose a few pieces of music that you like, and practice
playing along with them. Make sure the music isn’t so
loud that you can’t hear your Theremin!
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12. Actively listen to the accompanying tune while playing,
and try to play both the same notes as the tune, but also
try various harmonies.

13. Practice, practice, practice!
14. Warm up before you start, then RELAX!

SOME THEREMIN VIDEOS ON YOUTUBE ET AL
Leon Theremin demonstration
http://www.youtube.com/watch?v=w5qf9O6c20o
Clara Rockmore – later years
http://www.youtube.com/watch?v=pSzTPGlNa5U&feature=related
Clara Rockmore – early years
http://www.youtube.com/watch?v=jEl4zCQBv2c&a=qQWwwBuzWj8&playnext_from=ML
Lydia Kavina – Claire de Lune		
http://www.youtube.com/watch?v=Xn4TgYkqdi8
Carolina Eyck – Sting’s “Fragile”		
http://www.youtube.com/watch?v=X6lImGpk0wE
Theremin travesty – Fair Warning: this one is pretty disgusting, especially if kids actually were present when this person “made
love” to his Theremin during his act. Probably the most telling statement is when he proudly declares that he never had a
lesson. Yeah, and it shows.
http://www.youtube.com/watch?v=vyF_UN8g9f0
Thomas Grillo lesson #1
http://www.youtube.com/watch?v=cd4jvtAr8JM&feature=related
Make a Theremin				
http://www.youtube.com/watch?v=cl78K8kU-SY
Make almost anything into a Theremin
http://www.youtube.com/watch?v=PV_w38ldZaE&feature=related
Beach Boys’ “Good Vibrations”: Strictly speaking, not a true Thermin, since it has to be touched, and is called a Tannerin
(‘cause Paul Tanner invented it!)
http://www.youtube.com/watch?v=CelV7EbuV-A
Theremin and Dog
http://www.youtube.com/watch?v=7SJ81lYkSl4
Theremin and Cat
http://www.funnyordie.com/videos/8fe484208e/cat-plays-theremin
Celia Sheen plays Midsomer Murders
http://www.youtube.com/watch?v=YTZK9FNgK74

THEREMIN WEBSITES (Products and History)
http://www.soundslikeburns.com/			
http://www.moogmusic.com/
http://www.pbs.org/opb/historydetectives/investigation/theremin/
http://www.ehow.com/video_6381028_history-theremin.html
http://www.thereminworld.com/Article/14232/what-s-a-theremin82

Websites to look at if you’re trying to master the Dr Who Theme
on the Theremin

The Theremin at the Movies and on TV
Spellbound
The Lost Week End
The Day the Earth Stood Still
Ed Wood
Mars Attacks
Theremin: An Electronic Odyssey
The Big Bang Theory

http://www.youtube.com/watch?v=Y0itrVT_SMs&feature=related
http://www.youtube.com/watch?v=3bWG6w6Cok8
http://www.youtube.com/watch?v=cOLry3GEeio&feature=related
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PP31: SPACE TELESCOPE EDUCATION PROGRAM
RESOURCES
Lucy Albert
Space Telescope Science Institute
3700 San Martin Dr., Baltimore, Maryland
lalbert@stsci.edu
(Carolyn Slivinski - Space Telescope Science Institute)
ABSTRACT:
The Space Telescope Science Institute is the home of public
outreach activities for the Hubble Space Telescope. Two
websites, Amazing Space and HubbleSource, work together
to provide the framework for the Space Telescope Education
Program, which provides free standards-based education
tools for formal and informal educators.
___________________________________________________
The Hubble Space Telescope (HST) recently celebrated the
anniversary of its launch into orbit 22 years ago. With five
separate trips made by astronauts to the telescope for
servicing and repair, the telescope continues to provide new
science to the world. The final servicing mission, in 2009,
installed new instruments that have made this iconic scientific
instrument better than ever.
The Space Telescope Science Institute (STScI) created the
Space Telescope Education Program to “bring the
universe to the formal and informal education communities,
and engage educators and students in the adventure of
scientific discovery.”
The Space Telescope Science Institute’s Office of Public
Outreach produces the Space Telescope Education
Program as a source of standards-based educational
resource tools available freely to the public. Using Hubble

images and data, educators and scientists work in
collaboration to develop curriculum support tools, exhibits,
exhibit support materials and professional development
workshops that meet the needs of the formal and informal
education communities. The program includes two websites,
Amazing Space and HubbleSource, which contain a wide
selection of tools and current science content for the formal
and informal communities. These resources can be utilized
by various education venues and incorporated into shows,
classrooms, and hands-on demonstrations.
Amazing Space – Formal Education
Amazing Space uses the Hubble Space Telescope’s
discoveries to inspire and educate about the wonders of
our universe, offering standards-based activities for K-12
educators and students. The website has a large collection
of science, astronomy, and mathematics Teaching Tools for
educators, and suggests ways to use our resources in the
classroom and provide links to related materials.
The website contains:
•

Graphic Organizers

•

Q&A’s

•

Student Misconceptions

•

Science Content Reading Materials

•

Pictures and Facts

•

Classroom Activities

•

Online Explorations

Space Telescope Education Program resources are a
valued addition to an educator’s “toolbox”. For that reason,
STScI provides sample education resource packets upon
request. This packet contains a sample of free supplemental
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educational materials that are often available in a
downloadable format. Planetariums and science centers may
request education packets in advance of an in-house program
activity.
A sample teacher packet may contain items such as:

Traveling Exhibits:
- Hubble’s Magnificent Universe:
Images from the Hubble Space Telescope
- Visions of the Universe
- Galaxies and Nebulae: Classic Images
from the Hubble Space Telescope

•

Trading Cards: Solar System, Jr. - Early Elementary
(K-3); Galaxies - Middle Grades (6-8)

•

Graphic Organizer: Comparing Rocky & Gas Planets
- Upper Elementary (3-5)

•

Star Witness News Article: Hubble Celebrates a
Stellar Anniversary Upper Elementary or Middle
Grades (3-8)

A wide variety of materials are available from the Space
Telescope Education Program, making it possible to find
resources to fit different types of programs as well as different
audiences. It is therefore possible to construct a classroom
activity, a student or educator workshop, or hands-on
demonstrations with a variety of audiences, and more.

•

Graphic Organizer: Comparing Spiral, Elliptical, and
Irregular Galaxies - Middle Grades or High School
(6-12)

These resources also can be made available to classroom
educators who come to your institution and can be utilized as
pre- and post-visit activities with students.

•

Lithograph and Education Sheet: Mars 2003: Closest
Approach - Middle Grades or High School (6-12)

•

Posters: The Electromagnetic Spectrum# - Middle
Grades or High School (6-12); Stellar Evolution# - High
School (9-12)

The Space Telescope Education Program has a wealth of
K-12 resources that can be used as stand-alone activities, or
woven together to create a complete unit.

# Posters not available online
HubbleSource – Informal Education
HubbleSource includes a collection of resources for formal
and informal educators, developers, interpreters, producers,
and other professionals in museums, planetariums, nature
centers, observatory & park visitor centers, and other free
choice learning venues. It includes science background
information that supports programs and exhibits.

Available through HubbleSource are:
Exhibit Components
•

Black Holes; Light Box Display Transparency Files

Source Materials
•

Video Clips; Immersive Dome Visualizations; Images &
Illustrations; Content Creator’s Toolbox

Events and Services
• Telecons and Webcasts
•
Early News Access
•
News Articles
Exhibits and Shows
•

84

•

ViewSpace

Combining Informal and Formal Education Tools

Figure 1 shows how an informal education resource (a
ViewSpace show about galaxies) can be supported through
formal education tools addressing the same topic, including
science content reading, online explorations, graphic
organizers, student misconceptions, lithographs with
associated classroom activities, online Q+A, and more.
Conclusion
The Space Telescope Science Institute has produced the Space
Telescope Education Program as a source of standardsbased educational resource tools available freely to the
public. Two websites, Amazing Space and HubbleSource,
contain a wide selection of tools and constantly updated
content which provide both formal and informal education
resources. These resources can be utilized by both informal
and formal education venues to improve the shows, classes
and demonstrations that they provide to their audiences
Websites
Amazing Space: http://amazing-space.stsci.edu/
HubbleSource: http://hubblesource.stsci.edu/

Figure 1. Connections between Informal and Formal Education Resources
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PP32: Astronomical observations in Hurbanovo
during the first period of its existence
(1871 – 1918)
Marián Vidovenec
Slovak Central Obsrvatory (Slovenská ústredná hvezdáreň)
Komarnanska 134, Hurbanovo, 9470, Slovak Republic
marian.vidovenec@suh.sk
ABSTRACT:
Observatory in Hurbanovo was established by Nicolaus
Konkoly Thege (1842 – 1916) in 1871 as private observatory.
Thanks to his good connection with outstanding personalities
in astronomy and producers of astronomical instruments all
over the Europe, he equipped with modern instruments his
observatory from its beginnings. Konkoly was skilful man and
he improved a lot of instruments used for his astronomical
observations. His observing program was oriented mainly
to solar observations, observations of planets, comets and
meteorological observations. Later he provided spectra
observations of comets and meteors. Well known are drawings
of planets Jupiter, Mars and red spot on Jupiter surface.

As a 16 year old student he presented parts of a ship steam
engine made by his hands in Pannonhalma secondary school.
He became an assistant of prof. Anian Jedlik a year later in
Physical Institute of Budapest´s University.
He started to work in laboratory in Berlin, when he was 19
years old. One year later he became an owner of title MSc.
and Doctor of business law. During this era he had good
contacts with various observatories, physical and chemical
laboratories and workshops in Göttingen, London, Paris and
in other cities. These contacts he used later during building
up his observatory. He finished his studies in natural sciences
and law at the same time. After graduation on the Faculty of
Law he started to work as a clerk in a county office. He was not
satisfied with the work so he gave up this very soon. He joined
a ship crossing the river Danube as a volunteer. He became a
captain very soon.

Note: Designation Hurbanovo was given to town in 1947. Till
1947 the name of this town was Stara Dala (Slovak language)
or O-Gyalla (Hungarian language). In my paper I will use the
present designation of town – Hurbanovo.
INTRODUCTION
The observatory in Hurbanovo was astablished in 1871 by
Nicolaus Konkoly Thege. I briefly mention a few facts from his
life. He was born on the 20th of January 1842 in Budapest.

Figure 002 Building of the observatory (1875)

He established an observatory on his property in Hurbanovo
in 1871. The Observatory became a high appreciated European
observatory very soon after its establishing.
Konkoly Thege started his meteorological and geophysical
measures and observations in 1867.
Regular meteorological observation began in 1871 after
establishing of the observatory. The meteorological

Figure 001 – Nicolaus Konkoly Thege
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Figure 003 – Tower of meteorological observatory

observatory has been in the same place with the same methods
of measurement since 1901. Konkoly Thege became a regular
member of Hungarian Academy of Science in 1884 and in 1890
he became a director of Hungarian Royal Meteorological and
Geophysical Institute. This way he separated his scientific
activities between meteorology and astronomy.
Geomagnetic observations were provided that time mainly in
Budapest. The observation began to show mistakes by the
influence of rapid urban construction. This is why Konkoly
Thege moved these measurement stepwise to Stara Ďala (now
Hurbanovo).

Figure 005 – Browning refractor

Figure 004 – Geophysical observatory

The Geomagnetic Observatory in Stara Ďala was officially
opened on the 30th of September 1900. The Geomagnetic
observatory has a rare archive of continuous geomagnetic
observations from the same observing place.He was a member
of Hungarian Parliament from 1896 till 1906. He had a great
merit on building up the rail connection between Komárno
and Nové Zámky. Nicolaus Konkoly Thege died on the 17th of
February 1916 in Hurbanovo.

He was a good designer of mechanical instruments. He made
parts of the instruments and they became well known for
their efficiency and elegant visage. For instance his blinck
comparator was later produced by G. Heide (Dresden). Konkoly
Thege made mechanical parts of a 3 inches astrograph. Also
he made some mechanical parts of a new 10 inches Merz—
Konkoly´s refractor which was installed instead of the 10
inches Browning reflector.
Later in 1906 he
connected
the
10 inches Merz—
Konkoly´s
refractor
with the 6 inches
astrograph.
This
astrograph has been
using till 1960 in
Konkoly´s Observatory
in Budapest and the
10 inches Merz—
Konkoly´s
refractor
is in use till present
time in Heliophysical
Observatory
In
Debrecen

As was mentioned earlier, Nicolaus Konkoly Thege established
his observatory in 1871 on his village property in Hurbanovo.
The observatory became one of the best equipped institution
in Europe during few years.
Konkoly noticed very soon, that European level of research
can be obtained just with high quality equipments. This
was a reason, why he travelled across the Europe a lot. He
renewed his former contacts with the best known producers
of astronomical instruments as John Browning in London.
There he ordered instruments for his observatory. The fist
instruments of the Observatory in Hurbanovo were: a small
meridian circle, a 10 inches Browning refractor, a 6 inches
refractor which was sold to Jenő Gothard in 1884 and finally a 4
inches photoheliograph.

Figure 006 - Merz —Konkoly´s refractor

From the beginning
Konkoly – Thege was
interested in meteor
observations.
he
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recorded 1191 meteors during the period 1871-73 and 1367
meteors during the years 1874-76. In 1871 he discovered
meteor shower Alpha Capricornids and in 1874 Kappa Cygnids.
Later he provided a lot of spectroscopic observations of bright
meteors and its trace.

Figure 008 – Coggia comet

Figure 007 – Drawing of sunspots (1872)

Regular Solar observing program began on the 16th of May
1872 when Konkoly Thege made his first drawing of Solar
surface. During the first years it was the determining of the
positions of sunspots. In 1880 he started to determine
Heliographic coordinates of sunspots and groups of sunspots.
Since 1885 the Wolf´s relative number was determined daily
and results were sent to Zurich to Wolf till 1917. For improving
his observations Konkoly Thege built up new solar telescope
in 1877. The Solar observations were the main observing
program in Hurbanovo and Konkoly Thege was one of the first
scientist who provided micrometric measurement of Solar
surface.
Solar system research included visual and photographic
observations of comets, too. It was provided by an application
of detail drawings of comet´s structure and determining
their position and spectroscopic study of them. There was no
interest to discover new comets and asteroids, but mainly to
study their position and their physical character.
The first comet observed by spectroscope in Hurbanovo was
Coggia in 1874 and the last one was Haley in 1910. During
this period there were observation of Big September Comet
in 1883 and Big January Comet – Johannesburg in 1910 in
the Observatory in Hurbanovo, too. Konkoly made connected
together his observations of meteors and comets and he
noticed that there was close connection between them.
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Figure 009 - N. Konkoly a J Hartmann during Haley´s comet
observation

In 1910 Konkoly Thege prepared big campaign of Haley´s
Comet observation. He observed the comet on the 12th of
February, 18/19th of May, 26th of May and the 1st of June.
The closest encounter of comet was on the 18 – 19th of May
1910. During this encounter the tail of the comet crossed
the Earth. So Konkoly´s team utilized all equipment that
was disposable in observatories in Hurbanovo. There were
prepared experiments with spectroscopy of comet, meteor
observation, observation of magnetic field of earth, electricity
of atmosphere and observation of the Sun. Final results of
this encounter observation were, that there were no any
measurable physical deviation on the surface of the Earth and
in the atmosphere.

Figure 010 - Drawing of Mars and Jupiter

Konkoly Thege was interested in planet observations, too. His drawings of Jupiter and Mars are very precise and credible.
Observation of Jupiter was more interesting for him mainly for the reason, that a red spot on its surface became more noticeable
in 1878. Konkoly obtained this information in 1879 and he started to observe Jupiter regularly till 1884 when red spot became
fader. During this period he made 54 drawings of Jupiter. Shapes on surface of Jupiter are dimmed on his drawings. This fit more
to present knowledge that Jupiter´s surface is gaseous. That time astronomers believed that surface of Jupiter is solid.

Figures 011, 012, 013 - Catalogues

The observatory in Hurbanovo participated on star creating catalogues, too. On
the 1st of august 1883 the staff of observatory started work on spectroscopic
catalogue, that included stars from 0° to 15° in declination with brightness to 7.5
mag. There were 90 nights of observations till 29 of august 1889. During one night
there were observed 36 stars on the average, each star was measured twice. The
catalogue was published in 1887 in Halle wit title “Spektroskopische Beobachtung
der Sterne Zwischen 0° und -15° bis zu 7,5ter Grösse”. This catalogue included
spectral type of 2022 stars by Vogel classification. Unfortunately Vogel classification was substituted by Harvards classification,
so the catalogue from Hurbanovo lost its importance very soon after publishing.
The second catalogue made in Hurbanovo was a photometric catalogue. The measurements were provided from the 8th of
September 1904 till the 8th of December 1913 during 380 nights. The observers were Terkan, Tass and Fejes. They provided 6380
observations and the catalogue included magnitudes of 2122 stars brighter than 7,5 mag. from the star field from 0° to 10° in
declination. It was published in 1916 with a title “Photometrische Durchmusterung des südlische Himmels enthaltend alle Sterne
der BD bis zur Grösse 7,5 , Teil I, Zone 0° bis -10° Deklination”. The catalogue was not spread among astronomers, mainly because
of its publishing year, it was the time of war, so its distribution was problematic.
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The first period of existence of the
observatory in Hurbanovo finished in
1918, after end of the First World War.
Austrian-Hungarian Monarchy was
divided to independent Austria, Hungaria
and Czechoslovakia. Hurbanovo became
part of Czechoslovakia and all the
instruments from the astronomical
observatory were moved to Hungaria.
The second period of the observatory in
Hurbanovo started in 1919 and endured
till 1938 and the third period started
in 1964 and it has been remaining till
present time.
Figure 014 – Observatory at present time

PAPER 5: Education and Public Outreach
PP33: Galileo was Right! Using Models to Show
Venus Orbits the Sun
Ken Brandt
Robeson Planetarium and Science Center
420 Caton Road Lumberton, North Carolina
brandt@uncp.edu
ABSTRACT:
This activity is useful for a quick, low cost method of
demonstrating one of Galileo’s observations using his
telescope: the phases of Venus change with time, and Venus
appears to change size as well.
Introduction:
We will use orbital models of Venus to demonstrate the
following:
1.

The moon’s apparent diameter changes very little in the
course of one complete orbit of the Earth.

2.

If Venus orbited the Earth, we would likewise see very
little change in its apparent diameter.

3.

As Venus orbits the Sun, its apparent diameter changes
greatly, and this change is consistent with a Sun-centered
solar system.

What you’ll need:
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•

A tennis ball or other sphere of similar size

•

Stick lamp or other central single light source

•

Open space

•

A partner

What you’ll do:
Arrange the stick lamp in the center of the room. Make sure
that it is the brightest single source of light so cover ‘light
leaks”. Let’s set up a geocentric model first. Hold the ball
at arm’s length, so that your elbow is locked at a 180 degree
angle between your shoulder and the ball. Slowly spin with
the ball, so it appears to go around your head one time.
Does the apparent size of the ball change much? Does the
pattern of light from the lamp striking the ball look familiar?
They should notice that the amount of light shining on the
Moon appears to change from their viewpoint. These are the
phases of the Moon, and you can use this as an opportunity
to defeat the misconception that the Moon’s phases are
caused by shadows, or that the moon shines using its own
light.
Then have students measure the apparent diameter of the
Moon at any 4 points in its orbit around their heads using
the ruler held 10 cm (3 inches) from the tip of their nose. The
students should observe a nearly constant diameter. Point
out that any object in a regular orbit around Earth would
show a similar pattern
You will then move the students away from the edges of the
room, and have them cluster together closer to the lamp
(leave at least 3 meters between them and the lamp). Take
the larger ball, and slowly walk around the students at
a distance of 3 meters away. Ask the students to make
observations of the ball. Try not to let your shadow fall on the
ball (holding it above your head will work nicely).
The students should notice that the ball is changing
phase, and remaining roughly the same apparent
diameter. Students then measure the apparent diameter of
the larger ball at 4 points as you orbit around them, using the

same ruler held at the same distance from their nose. Tell them that you have just demonstrated what Venus would look like to
Galileo if it orbited Earth.
Return the students to the edges of the room. Hold the large ball, and walk around (orbit) the lamp at a distance of 3 meters
from it. Again, hold the ball aloft to keep your shadow from interfering, and ask the students to observe what is similar and
different about the ball (point out that this is the same ball you were just holding a few minutes ago).
They should observe that phases are similar, but the ball appears larger when it’s close and smaller when it’s far away. Then
have them measure at 4 points in your orbit of the Sun with the ruler, using the same procedure as before. They should include
measurements when you are closest to them, and again when you are furthest away from them. After they have completed the
measurements, ask them to draw what Venus looked like when it was closest, and when it was furthest away. Then, show them
Galileo’s drawings of Venus.
Ask them what motion Venus was doing when they drew it (orbiting the lamp) and what motion Venus actually makes in the sky
(orbiting the Sun). Ask them if Galileo was right! Allow lots of time for discussion.
You should point out that this model is way out of scale! If the students’ heads are the Earth, the Moon would be located about
25 feet (7 meters) away, instead of at arm’s length, Venus would be located at least 180 feet away, and the Sun would be the
size of the school building (about 55 meters wide) and located almost 600 feet away!

PP34: What College Students Know (and Don’t
Know) About Astronomy
Kristin Chon
Framingham State University Planetarium
ABSTRACT:
Did you know that the big bang killed the dinosaurs? Or
that Earth is the largest object in our solar system? College
students, like the general public, have many misconceptions
about astronomy. We all make assumptions about what we
think our audience already knows, but are those assumptions
accurate? I surveyed over 400 college students about their
basic astronomy knowledge. In this talk I will describe the
results from this survey and how we can use them to inform
our planetarium presentations.

PP35: Reaching Out Across Our Planet
Carter Emmart
American Museum of Natural History
Central Park West at 79th Street, New York, New York
carter@amnh.org
ABSTRACT:
Simultaneous connection for teaching astronomy between
planetariums and to schools has been proven with technology
over the last decade, but how best to use this capability?
What needs to be taught? How effective are our tools and how
best to reach students not yet sharing in the digital revolution?
We will examine some use cases and events, and look toward
a future of reaching out to a global community that stands to
benefit from understanding how much we interdepend on one
another.
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PP36: Time is of the Essence: “NASA Science and Technology on the Family Calendar” Progress Report
Steve Fentress
Strasenburgh Planetarium, Rochester Museum & Science Center
657 East Avenue, Rochester, New York
Steve_fentress@rmsc.org
ABSTRACT:
Creating an entirely new program requiring regular attendance over several months from families, university students and museum
educators, and to get all those people together, has been challenging and instructive. Funded by grant no. NNX10AD87G from the
National Aeronautics and Space Administration Competitive Program for Science Museums and Planetariums, “NASA Science and
Technology on the Family Calendar” is a three-year project to engage preteens and their families in science learning and with them
to produce a set of family-engaging NASA-themed events. Principal investigator is Rochester Museum & Science Center president
Kate Bennett. The present author serves as project manager. Partners include the Rochester Institute of Technology, the Genesee
Community Charter School, and the Rochester City, Rush-Henrietta and West Irondequoit public school districts. At the two-year
mark, achievements and challenges will be described and recommendations offered for similar future projects.
Here was our opening pitch. This is the actual script from a
promotional video we made.
“Hello, students! Watch your school e-mail for a special
invitation. You and your family are invited to participate in a
new program with the Rochester Museum and Science Center
and the Rochester Institute of Technology: NASA Science and
Technology on the Family Calendar.
“You may have heard of NASA…the National Aeronautics
and Space Administration… the people in charge of the
International Space Station… astronauts… Mars rovers… robot
probes to the moon and other planets… research on future
aircraft… extreme long-distance communication… and even
the search for life in the universe.
You may have heard of RIT, the Rochester Institute of
Technology…one of our region’s major colleges…where
students and teachers design and build technology of the
future. You might want to go to RIT yourself in a few years.
“And you may have heard of RMSC, the Rochester Museum
& Science Center…home of exhibits…the Strasenburgh
Planetarium…summer camps…unusual and fun special
programs and activities designed for kids and families. Maybe
you’ve been to the Museum or Planetarium recently.
“Now we’re doing something new.
“If you sign up by September 13, you and your family can
join a new, free project, “NASA Science and Technology on
the Family Calendar”, to invent new programs and activities
and present them to your friends, neighbors and the general
public at RMSC in 2012.
“You, a parent or guardian, and brothers or sisters if you like,
will get together with other families from your school at RMSC
or RIT about every three or four weeks. Adult science educators
from RMSC and RIT will be there to lead and coordinate the
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events. We’ll try out activities, experiment with technology,
and come up with new ideas that will get people excited about
NASA science and technology. Then you will present your new
activities to regular public visitors at RMSC starting in 2012.
“You and your parent or guardian will be important members
of the project team, communicating by e-mail and in person
to come up with new, fun activities, helping RMSC and RIT get
people excited about science, technology, and NASA. We want
to know what you can invent that we haven’t thought of yet.
“This is a family program. Parents or guardians will be part of
all activities.
“Watch your school e-mail for more information and
instructions on how to sign up for NASA Science and Technology
on the Family Calendar. All students and their families from
your school are invited. But you must sign up by September 13!
“Watch your school e-mail for the invitation. RMSC, RIT, and
NASA are ready to welcome you and your family to NASA
Science and Technology on the Family Calendar!”
That was our pitch to one of our partner schools. In a moment
I’ll tell you how it’s going. First, some background.
The NASA Competitive Program for Science Museums
and Planetariums solicited project proposals that would
strengthen links between formal and informal science
education institutions. RMSC president Kate Bennett is
principal investigator for our project. Co-investigators include
myself, serving as project manager; RMSC education director
Calvin Uzelmeier; Professor Stefi Baum, director of RIT’s
Carlson Center for Imaging Science, and Research Professor
Jake Noel-Storr, director of RIT’s Insight Lab for learning
research. Our proposal was to link our institution with RIT and
six selected partner schools, including:

•

A Charter School with classes in grades K through 6
operating on our museum campus, located in a historic
district about a mile from the center of downtown
Rochester

•

Two elementary schools in the Rochester City School
district, an urban district in which about 80 percent of
students qualify for free or reduced-price lunches

•

A middle school in the West Irondequoit school district,
a close-in suburban district chosen because we had had
good interactions with their science teachers before

•

Two schools in the Rush-Henrietta school district, a
somewhat more distant suburban district close to the RIT
campus.

We recruited an advisory board that would include, among
others, representatives from all the partner schools.
In January 2010 we learned our proposal would be funded. We
proposed to begin work in July 2010, recruiting families from
local schools in fall 2010 and spring 2011.
We began with our on-campus Charter School. The people
there are friends who are willing to try new things. We visited
classes, did an attention-getting science demonstration, and
made our pitch. At first we did not specify even a day of the
week when NASA family meetings would be held, leaving that
for the group to decide through a poll that could be mailed or
e-mailed to us.
Initial meetings with this cohort, as we have come to call a
group of families, took place on weekend afternoons and
weekday evenings, featuring open-ended inquiry activities not
necessarily related to NASA. There was some enthusiasm, but
not a “critical mass” to create enduring interest. Attendance
dwindled to near-zero by the end of the spring 2011 semester.
Meanwhile, recruiting at other schools turned out to be more
difficult that we anticipated. In the Rochester City Schools,
turnover in the administration, including mid-year resignation
of the superintendent, left us looking for a new contact person.
The Rush-Henrietta schools arranged special assemblies for us
at two elementary schools. We presented a show and left signup forms. Students, teachers, the principal, and the director
of science for the district all said it sounded exciting. However,
we got only enough sign-ups to form one small family cohort
that dissolved by attrition by summer. In the West Irondequoit
district we submitted a message to be sent by the district to
seventh-grade families via the school’s e-mail system. That
did not produce enough response to convene a meeting.
As spring semester 2011 ended we decided that spring was a
bad time to introduce a completely new activity into the family
calendar; we should “hit reset” and start again in the fall.
We resolved to change our approach in three ways. First, we

would propose definite days and times right at the beginning,
to give families something more definite to respond to.
Second, rather than spending a predetermined amount of
time on inquiry as a concept, we would plan our activity
meetings to drive each cohort as rapidly as possible toward a
public performance. Third, the job of recruiting from the RushHenrietta district would be turned over entirely to our partners
at Rochester Institute of Technology.
The fall semester began. A new visit to the Charter School
produced a new cohort that began meeting in late fall.
For the Rochester City schools, we used our own contacts and
experience to identify two schools we wanted to work with,
and got approval from the new district science director to
approach the principals. Dr. Charles T. Lunsford School 19, led
by their hardworking principal Eva Thomas, set up a special
evening parent-teacher meeting for us. World of Inquiry school
58 invited us to pitch our project at one of the regular evening
meetings of their inspiring Parent-Teacher Crew.
For the West Irondequoit district, we got permission to make
a video that would be distributed to seventh-grade teachers
to play in their classrooms, to be followed up by an e-mail
from the district. We set a deadline for response. If we had not
recruited at least a dozen families within a couple of weeks, we
would implement plan B, which was to make an open appeal
for additional families via our museum’s Facebook and web
pages and a pitch at a meeting of our large active astronomy
club. We did, in fact, implement plan B and garnered an active
and reliable cohort we now call the “open” group.
At the Rush-Henrietta district, our RIT partners encountered
new, stricter requirements for approval of any message to be
sent home via students. A recruiting letter finally went out in
February 2012.
Family evening meetings started to become regular during
spring 2012. All the cohorts meet on weekday evenings from 6
to 8pm on different days, some at three-week intervals, others
monthly depending on preferences expressed at one of their
early meetings. A good meeting might draw five or six families.
Undergraduate student assistants from RIT, hired by RIT’s
Insight Lab, have done admirable service in helping to set
up and facilitate the evening sessions. But other challenges
remained. At the end of April, our staff program coordinator,
who was budgeted to spend 50 percent FTE on the project
and was the principal person in charge of convening the
family meetings, resigned to take a job outside the museum
field. In an additional distraction, we have found ourselves
searching for a new professional evaluator. In our original
evaluation company, located in another state, our project was
passed down through five staff members each of whom left
the company. As of this writing we are pursuing a local expert
to finish the evaluation component.
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Here is the status of our cohorts as of late June 2012. To avoid
prejudice I will refer to the cohorts as P, Q, R, S, T and U from
here on.
Cohort P has been opinionated but erratic in attendance.
Through a series of brainstorming sessions, this cohort voted
to present “Planet Next: Where are We Going and How Will
We Get There,” noon to 4pm each day for nine days from July
20 (the Apollo 11 anniversary) through July 29 in our museum
lobby. Activities are to include driving LEGO robots over a
planetscape, flying in virtual 3-D over planetary surfaces
using computer software, and drawing a space comic. For this
group’s second-to-last evening meeting before their public
event, we set up all the required equipment and brought in
one of the robotics instructors from our summer camp program
to teach more about LEGO programming. Only one father and
his son showed up. As of this writing we are working on plans
to supplement the exhibit with our own volunteers.
Cohort Q has decided to present “Space Odyssey,” an event
on the theme of colonization of space, in the RMSC Museum
on the weekend of November 3-4, 2012. The date was chosen
for family availability, previous history as a popular date for
Museum visits, and because it is close to the anniversary of
the beginning of continuous occupation of the International
Space Station (November 2, 2000).
The cohort is discussing activities now. Possibilities include:
•

Original video games. At first we envisioned complex
games with final software coding to be done by RIT
students. However, the group’s game scenario is simple
enough to be implemented as a Power Point game the
participants can create themselves. Dr. Jeff Ertzberger’s
Power Point Games site suggests many possibilities at
http://people.uncw.edu/ertzbergerj/ppt_games.html

•

Hydroponic plants, relating to the problem of growing
food in space

•

Building environments for other worlds

•

Original printed handouts, quizzes and coloring sheets
for young children

•

“Space Crafts:” balloon rockets and other inexpensive
make-it-take-it projects

•

Postcard from Space: either through digital manipulation
or a stage set, get a photo of yourself on another world

27, 2013 as its date. The group chose this date because it is
feasible for participating families, reliable in terms of public
visitation, and also coincides with the scheduled opening of
the traveling exhibit “Race: Are We So Different?” at RMSC. In
its most recent meeting, the families discussed the possibility
of producing a panel discussion for that weekend linking
the issues of future contact with extraterrestrial aliens with
the past history of humanity’s encounters with others unlike
themselves.
Cohort S has been scheduled for monthly meetings since
January 2012, but attendance has been irregular. March
attendance was too small to do any work; the April meeting
was cancelled because the school was busy with testing.
The May meeting was productive, with families pitching
ideas for activity days including: a NASA Science Fair, Sid the
Science Kid, an astronaut appearance, prizes, WALL-E, games,
and remote cars. Those who attended the June meeting
chose “photography” as the theme for their event. We are
considering the idea that the best way to lead to success with
this group will be to have them produce an entire day at the
RMSC planetarium and museum in March 2013, being sure to
invite all the students, teachers and families from the school
to attend that day. We are using some of the transportation
allowance in our grant to hire a school bus to transport families
from the school to RMSC and back for their evening meetings.
Cohorts T and U have been meeting on the RIT college campus
since February on nights when the RMSC campus is closed.
One cohort has selected “lasers” as its theme. Public events
for Cohorts T and U will probably occur in May or June 2013.
“NASA Science and Technology on the Family Calendar”
squarely faces a challenge that is commonly known but rarely
discussed explicitly: finding a way to mesh three different
schedules, each with its own most-important days and mostjealously-guarded days off: the schedule of the museum and
its staff; the schedule of a four-year college that is making
the transition from academic quarters to semesters; and the
schedules of families with children attending K-12 schools.
Here are some other lessons we have learned so far:
•

Recruiting through schools takes time and persistence.
Each school building has its own culture and schedule
that must be understood and appreciated.

•

There is no one best way of communicating. E-mail
looks easy but may not be effective. Even if a message
is opened, a busy family may not remember it. At one of
our schools, the principal routinely uses a robo-dialer to
remind families of school events.

•

“Family” is a broad concept today. Our cohorts include
some families comprising two parents and their children

We have encouraged this group to read astronaut Don Pettit’s
blog from the International Space Station for real-life insights
about living in space.
The diverse and energetic Cohort R has chosen “Aliens:
Friend or Foe?” as its theme, and the weekend of January 26-
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who attend together, but also include: the friend who always comes along; a Big Brother team; a teacher with a few of her
most eager students; and a mother, her children and Godchildren. Each of these groups defines itself as a family, and we
accept their definition. We also have parents who must always come late because of work, and siblings younger than the
target age range whose needs must be taken into account. Going until 8pm tests the patience of young children.
•

In one of our families, a father wrote me asking for a written description of our project. He wanted to take it to a family court
judge to make the case that he was creating a healthy environment for his kids and that their mother should not remove
them to another state.

•

Plan on trickle-in activities such as scavenger hunts or puzzles. Coloring sheets help with young children. A meeting
scheduled for 6pm will likely not reach a quorum before about 6:20.

•

Healthy snacks are much appreciated. Some families are skipping or delaying dinner to attend at 6pm session.

•

Have a small fast versatile camera and take many, many pictures. There will be many uses for them. Get model releases from
parents when they sign up.

•

Scan feedback forms and everything else the families write on; keep the files in the cloud.

•

For family activities, a plain, clean meeting room with big tables and big trash cans generates more happy buzz than a fancy
conference room with padded chairs and complex audio-visual systems.

•

Some of our meetings have included “playing in the
planetarium” as an activity for the last 45 minutes.
Freed from the pressure to watch a show, parents
and children are free to walk around, investigate,
ask questions, and try out the green arrow pointer
while a staffer occupies the control console to keep
a very gentle hand on the proceedings. Feedback
forms indicate this is one of the most appreciated
activities in the program.

“NASA Science and Technology on the Family Calendar”
is funded through June 2013. In our original vision, the
family-created events will be repeated at about the
same time in future years, having been designed and
scheduled for maximum family appeal – by families, for
families.

Meeting in the Planetarium lobby, a family cohort
discusses possible themes for their event. Photo
by Rochester Museum & Science Center.
A family cohort experiments with activities. Photo
by Rochester Museum & Science Center.
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Paper 6: International Planetariums
PP37: Connecting Planetaria to Enhance Production and Contents. Networks at a Glance in Spain
Nieves Gordon
Planetario de Pamplona
Sancho Ramirez, s/n, Pamplona, Spain
javarm@pamplanetario.org
( F. Jauregui, M. Perez, J.M. Sanchez)
ABSTRACT:
The digital invasion of the planetarium dome has established new standards, but also a new conception of the production process
of planetarium shows. It is not always possible for medium and even large facilities to accomplish the production of a show “at
home”, as it was the usual way in last decades. Pf course, ideas and scripts can also be created by the professionals working at
the planetarium, often with the collaboration of professional astronomers and researchers from different institutions. But creating
the visual scenarios, the animations and all the post-production issues that fulldome systems require needs not only expensive
equipment and time for rendering and other processes but also A/V experts acquainted with the immersive digital media.
In Spain, 15 years ago, a technical network of planetarians began to work together with the aim of getting not only standards
for dome shows and production. At the time there were no digital planetariums, and most of the shows involved photographic
scenes and video in some places of the dome, besides an opto-mechanical star projector. Some planetaria, Madrid, Pamplona, A
Coruña, Cuenca, Granada, began to move into digital production for the visuals and soundtracks. Time passed and almost all the
planetaria changed in some way or another to the digital fulldome systems.
But the network kept working together, with collaborative projects that began to be important. In 2008, preparing the IYA2009,
a team of 14 planetaria got involved in the production of “Evolution”, a show commemorating both Galileo and Darwin, that
received a budget from the Spanish Ministry of Science and Innovation, as a means for public understanding of science. We
explain the mechanisms for achieving such projects, that have succeeded to create different shows, like: “Starry Night at the
Museum” (2011) and now “Energy for Life” (2012).

PP38: Ghana Planetarium- Turning Our Dream into Reality
Jacob Ashong
Ghana Planetarium
PO Box KA 30585, Kotoka International Airport, Accra, Ghana
jacob_ashong2@yahoo.com
(Jane Ashong)
ABSTRACT:
Our dream to build a science centre and planetarium in Ghana began almost 30 years ago. After visiting planetariums in other
countries, we realized that our country needed a planetarium to inspire and educate our young people. Volunteers from several
nations encouraged and helped us build our planetarium and we had our grand opening in January of 2009. We are the first public
planetarium in Ghana and, as far as we know, in all of West Africa. In the last three years with the help of volunteers, both from
Ghana and abroad, we have inspired a new generation of students to look to the stars, started an astronomy club, helped a local
university begin an astronomy course, updated the astronomical knowledge of teachers, and encouraged those teachers to form
science and astronomy clubs. The dream is alive in Ghana!
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PP39: WPD (Worldwide Planetariums Database)

Slide 5

Daniel Audeon
Planetarium of Nantes
8 rue des Acadiens, Nantes, France
daniel.audeon@mairie-nantes.fr
(Lionel RUIZ - Marseille’s Planetarium)

Currently : 2300 fixed planetariums. The smallest : 3 meters,
the largest : 35 meters (Nagoya – Japan)

ABSTRACT:

•

Photos inside and outside.

The Worldwide Planetariums Database (WPD) is a list of all
planetariums around the world (about 2300), and all their
equipment.

•

System, building, installation, dome.

•

Equipment (brands and models).

•

Exact location (Google Maps, Earth, geographic
coordinates).
History (key dates)

Slide 6
What ? A full description for each planetarium.

•

Permanent updates.

•

A full description for each planetarium with pictures
(building exterior and interior of the dome), their
system, their installation, all equipment (brands and
models), exact location (with Google Maps or geographic
coordinates)

•

•

Free online on the APLF’web site or under Google Earth

Slide 8

•

Differents Tools can be used :
Different kind of lists on web site
Download kmz file (for Google Earth)
Query for database :

following

Slide 7
A model of the MySQL Database by Lionel Ruiz (Marseille’s
Planetarium – France)

Slide 9
How to use the database ?

By country

•

web site of the IPS : www.ips.org

By size

•

web site of the APLF : www.aplf-planetariums.org

By brand (manufacturer)

•

Google Earth (if you downloaded the file)

By system (Optical/digital/hybrid/stereoscopic)

Slide 10

Tilted or oriented
By number of seats

Home page of the web site of the IPS. (Choose in the left side
bar « home »)

Etc…

Slide 11

Web sites : IPS / APLF
Slide 1
Introduction : IPS2012 – LASM BATON ROUGE – Louisiana –
USA
Slide 2
Presentation, APLF (Association of French Speaking
Planetariums) and url website.

Home page of the web site of the IPS. (Choose in the left side
bar « home » ; second level « Planetaria World-wide »)
http://www.ips-planetarium.org/?page=planetariumfinder
Slide 12
Choose the second link « Planetariums in the World »
(interactive World Planetaria Database created by APLF)
http://www.aplf-planetariums.org/en/index.php

http://www.aplf-planetariums.org/

Slide 13

Slide 3

Home page of the website of the APLF

Choice : website or Google Earth
Slide 4

http://www.aplf-planetariums.org/en/index.php
(Home page of the public database)

A tool for all planetarians : it’s easy, it’s free, you can update
your own
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Slide 14

•

Example : you search : BATON ROUGE…

Slide 20

Slide 15

Bottom of the page of LASM

On the Home page of the WPD : You can click on the map or
on the name of the continent (America)

•

Window Google Maps with location

•

Last update

http://www.aplf-planetariums.info/en/index.php?onglet=pla
netariums&menu=liste_world&filtre=AMERICA

Slide 21

Slide 16
On the list of countries of America, click on the country (USA):
http://www.aplf-planetariums.info/en/index.php?onglet=pla
netariums&menu=liste_country&filtre=USA
Slide 17
On this page, you have all planetariums in USA, by states and
by size. It’s a very long list. On your keyboard, you can use
« Ctrl + F »

If you prefer Google Earth
Slide 22
Home page WPD
Click on the icon « Google Earth » to download a small kml file
about 2300 planetarium’s location.
Slide 23
Google Earth over North America (about 33 planetariums in
Mexico and 17 in Canada)

Slide 18

Slide 24

A small window open and you can type a name : « baton
rouge » : it search this name and YOU MUST CLICK ON THE
PICTURE.

Google Earth over Louisiana

Slide 19
The page about the LASM open :
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History (key dates : renovations, rebuilt, upgraded etc.)

Slide 25
Google Earth over LASM Baton Rouge
Slide 26
Google Earth over USA (about 950 planetariums)

•

you can find 3 photos (the building and inside the dome)

•

type of planetarium (museum, school etc)

Slide 27

•

postal or physic adress, zip, city and country

•

geographical coordinates (if you click on, Google Earth
opens just over this dome)

Google Earth over South America (about 40 planetariums in
Brazil)
Slide 28

•

website (official and other)

•

email

Google Earth over Europe (about 100 planetariums in Germany,
92 in Italy, 75 in France, 30 in Spain, 23 in UK, 19 in Poland)

•

phone

Slide 29

•

fax

Google Earth over Asia (170 in China, 50 in Russia, 36 in India)

•

opening date

•

diameter of the dome + number of seats

•

oriented or not

•

tilted or not

•

optical system

•

digital system

•

video system (mark, model, number of video projector,
type of dome)

•

sound

•

other (Imax, lasershow, mobile etc.)

Slide 30
Google Earth over Japan and South Corean (360 in Japan and
40 in South Korea)
Slide 31
Query the database
Slide 32
Home page of WPD
Click on the « Query » below the map

Slide 33

Statistics by types (optical, digital, hybrid)

The Query : choose:

Slide 37

•

by structure (type)

•

by diameter

References : IPS Directory (pdf files : Dale Smith – University
of Bowling Green and Alan Gould – University of Berkeley),
Andreas Scholl in Europe, Osamu Kato and JPS for Japan

•

by seats

•

oriented or not

•

tilted or not

•

by builder

•

optical, digital or hybrid

•

by beamer (video projector)

•

stereoscopic or not

•

by continent

Planetarium of Nantes (french): http://www.nantes.fr/leplanetarium

•

by country

APLF (french): http://www.aplf-planetariums.org/

Slide 34

Slide 38
Different lists : other tab (Links)
Slide 39
Final slide / presentation again
Websites:
WPD: http://www.aplf-planetariums.org/en/index.php

IPS : http://www.ips-planetarium.org/

Statistics by countries (over 10)
Slide 35
Statistics by manufacturers
Slide 36
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PP40: The Role of Al-Khawarizmi Astronomy
Centre as an Astronomical Educational Centre

ii. to support astronomy related activities in schools and
colleges

Kassim Bahali
Al-Khawarizmi Astronomy Centre
Kg. Balik Batu, Tg Bidara,
78300 Masjid Tanah Melaka, Malaysia
kassimhb@gmail.com

iii. to support efforts to develop knowledge of astronomy in
society.

ABSTRACT:
Al-Khawarizmi Astronomy Centre consists of an Observatory,
a planetarium, a robotics observatory, a training centre and
accommodation. The objective of this paper is to discuss the
role played by Al-Khawarizmi Astronomy Centre in Malacca
as an education centre and to discuss the facilities provided
here and the activities carried out for specific target groups.
Introduction
The government has built an astronomy centre with main
objective of raising public awareness in this field. It is
envisaged that the younger generation will be able acquire
and appreciate knowledge of astronomy. This centre was built
in 2002 by the Malacca State Government. Administration
and management of this centre has been placed under the
Malacca State Mufti Department. Mufti department has the
Astronomy division governing matters relating to Astronomy.
The centre located at Tanjung Bidara about 25 km from
historical city of Malacca and 150 km from Kuala Lumpur.
Visitors can come here by car, taxi or bus. The journey takes
about two hours drive from Kuala Lumpur or 30 minutes from
the city of Malacca. The building was built faces the Straits
of Malacca. This centre is named after a Muslim scholar,
Al-Khawarizmi (780 - 850M), who has contributed a lot to
the Islamic civilization, especially in the field of science,
astronomy and Algebra during the reign of the caliphate AlMakmun.
Al-Khawarizmi Astronomy Centre plays a role in education of
astronomy to support learning in schools and colleges.
1.0

Objectives

The objectives of the Al-Khawarizmi Astronomy Centre are
i. to promote awareness in society about the importance of
astronomy

2.0

Facilities

There are a numbers of educational facilities available here.
The facilities provided include an observatory, a planetarium,
a training centre and a hostel for accommodation.
3.0

Observatory

There are two major observatories have been built here. The
first observatory can be controlled manually, while the other
can be controlled remotely.
The first observatory is equipped with a 5 meter dome that
was built locally. The main telescope is a Ritchey-Chretein
with 16-inch (0.41m) diameter, f / 8.4, carbon tube telescope.
It was made by RC Optical Systems, Inc. Apart from the main
telescope is a secondary telescope attached to the main
telescope. The secondary telescope is a Takahasi 5” FS128, a
refractor telescope. The optical system is fluorite apochromatic
double. It comes with the eyepieces and objective lens which
is front full multi coated. Its focal length is 1040 mm with focal
ratio f/8.1.
The telescope system is equipped with a main CCD camera for
astrophotography and imaging research. The main camera is
ST-10XME built by Santa Barbara Instrument Group (SBIG) and
attached to the main telescope. This camera is a self-guiding
camera in the ST series, the ST-10XME contains two CCDs.
In this case, the imaging CCD is an enhanced KAF-3200ME
imaging detector from Kodak. This 3.2 mega pixel CCD has a Full
Frame Resolution of 2184 x 1472 pixels at 6.8 microns making
it an ideal camera for wide field apochromatic refractors. The
guiding CCD is the TC-237H with 657 x 495 pixels.
The type of mount installed is the robotic ParamountME with
german equatorial. It was made by Bisque. Inc. This mount
has high accuracy in pointing and low periodic error. This
mount can carry loads up to 68 kg.
The second observatory is equipped with a 7.4 meter dome.
It was built by ASH-DOME. It is a metal hemisphere dome
formed by a number of interlocking segments providing
strong dome structure. The up and lower style shutter system

Al-Khawarizmi Astronomy Centre
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l to r: RCOS 24”; RCOS 16”; Planetarium

allows an astronomer to view any position in the sky through
a protected viewing aperture. This kind of shutter also keeps
wind turbulence in the observatory to a minimum during
observation operation.

Apart from the main telescope are several small portable
telescope that are Celestron 11” GPS, Meade LX200 8”, Meade
ETX 125, Meade ETX 70, Teodolite Topcon, binocular and
spotting scopes.

The main telescope in this second observatory is also a
Ritchey-Chrétien telescope. The telescope’s primary mirror
diameter is 24” (610 mm) and the second mirror diameter is
9” (22.9 mm) diameter. The focal ratio is f/8.0 and the focal
length is 4880 mm. It was also built by RC Optical Systems, Inc.
The secondary telescope is a Takahasi 5” TOA130 attached to
the main telescope. The main telescope is installed with RCOS
professional series Alt-Az fork mount. The mount comes with
control system that can track with sidereal, true lunar, solar
and NEO satellite rate.

3.1

The telescope system is equipped with a main CCD camera,
STL-11000 by SBIG. This camera is a 35mm format CCD with
11 million pixels. This camera gives a wide field CCD with the
same coverage as 35mm film and this is a new revolution in
astrophotography. This camera is cooled, linear, self-guiding,
16 bits and optimized for high sensitivity and low noise
performance in low light astronomical applications.
This is a robotic telescope system
which is integrated with all the
system components.
System
components consist of domes,
telescopes, CCD cameras, weather
stations,
video
monitoring,
computer and software, and
automation controller. The weather
monitoring station feed many
meteorological data to the main
controller to alert observatory
control and protect observer from
any dangerous climate condition. The video monitoring system
give a continuous visual view of observatory condition, all sky
view, telescope and dome movement and object observed.
The video view can be accessed via internet all over the world.
The automation controller is to enable this observatory to be
controlled remotely.

Planetarium

Planetarium Al-Khawarizmi is another important education
facility in this centre. This is a digital planetarium with 9.1
meters dome and has 90 seats. The Planetarium serves to
simulate the phenomena of the sky such as the motion of
stars, constellations, planets, moon and sun. In addition, a
simulation of the eclipse of the sun and the moon, transiting
planets, comets, and others are shown. With the help of this
planetarium, teaching and learning of astronomy become
easier and interesting for students. As an educational centre,
this planetarium can be transformed into a classroom,
seminar and training rooms.
This digital planetarium system is equipped with a fish eye
projector and starynight dome software and ATM4 controller
that can accept various inputs such as CD, DVD, VHS and
digital camera. Currently, there are a few planetarium shows
such as Oasis in space, Hubble Vision,
Sky Quest, Darkstar Adventures and
Astronaut. The planetarium is also
equipped with three-dimensional
(3D) viewing system. The video
with 3D effects and audio surround
system make the planetarium more
interesting.
3.2 Gallery exhibitions
A gallery is provided on the ground
floor to help curious visitors to
Gallery
gather information about astronomy.
Basic information is provided in the form of astronomical
instruments, astronomical models, posters and brochures.
A number of interactive science games are also available for
visitors. A number of traditional instruments such as Islamic
astrolabe and sundial are displayed.
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3.3

Training centre

A Training centre in the complex was completed in 2008.
It consists of training facilities like a 350-seat auditorium,
a multipurpose hall, an optical laboratory, computer labs,
classrooms, a prayer room and an open square for night sky
and hilal observations. The centre also has accommodation
facilities such as dorms, rooms and apartments. These can
accommodate a total of 180 people at one time.
4.0

Activities

The main focus of activity in this centre is the educational
activity. But research activity is also being undertaken.
4.1

Short courses

Astronomy education activities undertaken, involves short
courses for school and college students. Each course is
conducted according to a module. Duration of the course is 1-3
days for a total of 30 participants. Courses offered include basic
courses on astronomy, basic telescopes, the determination of
Qiblah, prayer time and Rubu ‘Mujayyab (Quadrant).
4.2

Astronomy Club

To encourage the development of astronomy in schools,
astronomy clubs are established in schools. A guide is
provided to help teachers and students to conduct astronomy
activities at the school. The guide contains theory and
practice of propose activity.
Proposed activity

Topic

Lecture

Basic astronomy
The Universe
Solar system
Moon and sun
Stars and galaxies

Observations

Sun observation
Moon observation
Constellations and stars observation
Galaxies, star clusters and nebula
observation

Practice

Built a telescope
Built a Star chart
Built a Sundial
Rubu’ Mujayyab(Quadrant)

Seminar

Seminar on astronomy were conducted to provide a platform
for astronomers to discuss and exchange their view and to
present their research finding. Among the seminars that have
been conducted were Seminar on astronomy education and
the roles of observatories in astronomy. These seminars were
done at state and national level.
4.4

4.5

Workshop

The Astronomy workshop is designed to provide guidance and
basic skills to participant on how to make projects, models
and experiments. Workshop duration is 1 - 3 days with a
total of 30 students. Among the workshops that have been
conducted is how to build a sundial, telescope and star chart.
4.3

From this activity they will be able to know celestial objects
like constellations, planets, stars, galaxy and nebula. They
have the opportunity to learn using the telescope to observe
objects like the moon, planets, nebulae and galaxies.

Night sky observation

4.6

Exhibitions on astronomy are conducted to create awareness
and interest among students and the public. These
exhibitions are conducted at schools, universities, expo and
public venues.
4.7

Night sky observation activity is one of the activities conducted
for students and public. This activity aims to give exposure
and experience on the techniques of night sky observation.

Exhibition

Competition

For the purpose of enhancing appreciation of astronomy
among the students, astronomy competitions are organized.
Some of these competitions are listed as follows;
4.7.1

Online astronomy quiz,

Two categories of quiz are conducted, i. For School ii. For
Public. Both categories are conducted online. They register
and sit for the quiz online. The questions based on school
curriculum consist of solar system, stars, galaxy, nebula,
space exploration, astronomy application in daily life, history
and Islamic astronomy.
4.7.2
Night Sky Observations
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Website competition,

Website competitions are conducted for secondary schools.

Each school has a group that will take part to build a website
on astronomy based on the school curriculum. They should
built their own website within a certain period given. The
purpose of this competition is to encourage student to enrich
their knowledge and experience on astronomy and to publish
it in website.
4.7.3

Bottle rocket competition.

Each school is encouraged to have a group of students that
will take part to build their own rocket. The rocket is made
from 1.5 litre soft drink bottle. They will use air and water
pressure to launch the rocket. With certain limit of air pressure
pumped in, the rocket will go up high in the sky. The altitude
of the rockets depends on the air pressure, amount of water in
the bottle and rocket design. This competition is to encourage
students to apply the physics knowledge they have learnt in
class in their daily life. It is also to enrich their knowledge and
experience in astronomy.
5.0

Conclusion

Al-Khawarizmi Astronomy Centre is able to play its role
as a centre of astronomy education in Malaysia. The

PP41: Sri Lanka Planetarium
K. P. K. Koralagama
Sri Lanka Planetarium
Technology and Research Ministry,
Stanley Wijesundara Mw, Colombo 07,
Sri Lanka
gamapal@yahoo.com
ABSTRACT:
Sri Lanka is an island in the Indian
Ocean. It is 65,000 square kilometers in
size and the population is 20 million. Sri
Lanka has over 30 universities but there
is only one planetarium for the whole
island. Thousands of students visit it
daily. Seating capacity is 570 and dome
diameter is 23.3m. The Carl Zeiss Jena
4 projector and several other additional
projectors are used. Some further
facilities are night sky observation camps
throughout the year, mobile planetarium
presentation and Astro IT unit. We have
a digital mobile planetarium bought last
February and Full dome projector system
will be installed very shortly. There is a

Bottle rocket competition

implementation of the activities here is to support the
activities in schools and colleges based on the curriculum
of the Ministry of Education. With this effort, we believe we
can contribute to the progress and development of astronomy
in Malaysia. Constant improvements should be made to the
activities carried out to improve the quality of astronomy
education in the future.

proposal to establish a science museum
(an Exploratorium) too. As the Head of
the planetarium, my next aims are to
establish an observatory and to set up
another planetarium in remote area of
Sri Lanka.
INTRODUCTION (Note: 30 ppt. slides)
Good morning everybody. I am very happy
to be here today and present this slide
show on Sri Lanka Planetarium. I am the
Head of the Sri Lanka Planetarium.
Sri Lanka is situated in the Indian Ocean.
Its size is 65,000 square kilometers. The
population is about 20 million. Main
economy of the country is agriculture.
Sri Lanka is a tropical country and
there are very beautiful beaches, hills,
waterfalls, rivers and natural lakes, the
best known rain forest in our country is
called Sinharaja and there are so many
other forests as well. There are many
wild life sanctuaries and the best known
are Yala and Wilpaththu. There are
plenty of wild elephants, leopards, deer,

peacocks and, birds for nature lovers to
enjoy.
Our planetarium was established in
1965 on the occasion of an industrial
exhibition to introduce the latest
technology of the time.
The Planetarium dome diameter is
23m. The seating capacity is for 570. We
are opened from Tuesday to Saturday.
Saturday is mainly for the general public
and the most of the school children come
on week days. Presentations are all three
languages Sinhala, Tamil and English.
There are two presentations per day and
when the demand is very high we have
three presentations. The peak period is
usually from February to July.
Since this is the only planetarium in
the country, visitors come from remote
part of the country as well. The demand
for presentations is so high and we are
unable to show the presentations to all
visitors. During the peak months there
are more than 1500 visitors per day.
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Generally 2 hundred thousand visitors
come per year.
Mainly we use Carl Zeiss model 4 star
projector and there are additional
projectors such as X-Y moving projector,
eclipse projector, lightening and
thundering projector, metro shower
projector, etc.
Since these projectors are over 47 years
old, we hope to install full dome digital
projector system in the near future. We
hope it will be completed before the end
of this year. Initially I learnt about this at
IPS conference in 2008 at Chicago. I am
very grateful IPS committee for giving me
the opportunity and financial support.
Also we are hoping to establish a science
museum at our planetarium.
A digital mobile planetarium was
bought last February and there is a very
big demand too. Mobile planetarium
presentations and observation camps
are held weekly throughout the year
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and they are very popular among the
students as well as the general public.
These out- door programs are conducted
free of charge.
In addition to these facilities, there is
an Astro IT lab. Students come here
for their astronomy projects which are
compulsory at school curriculum.
When there are natural phenomena we
conduct observation camps in many
parts of the country as demand is so
high. During the recent Venus transit
we arranged observation platform
at the planetarium. According to the
geographical situation of Sri Lanka we
could observe the latter part of it. This
program was very successful and the
media publicity was so great that more
and more people in the country were
attracted to the planetarium.
Whenever
there
are
eclipses,
planetarium programs become very
popular. People in the rural areas believe

that such phenomenon is unsuitable
to look at. Children are not allowed to
be in outdoor at such time. We educate
the public through the media on how
to observe such phenomena with great
caution.
All these programs are maintained by 15
members of the staff. My next aims are
to establish an observatory and to set up
another planetarium in remote area of
Sri Lanka in the future.
We can observe stars in both
hemispheres as close to the equator;
we can observe the North Star, great
bear, small bear, Cassiopeia as well as
Southern Cross, Scorpios, Sagittarius
are very clearly.
I like to conclude my presentation with
a very warm welcome to our beautiful
tropical island.
Thank you very much.

PP42: The Guinness World Record Planetarium –
Macao Science Center
Steven Ngai
Macao Science Center
Avenida Dr. Sun Yat-Sen, Macau
stevenngai@msc.org.mo
ABSTRACT:
Macao Science Center has obtained the Highest Resolution
3D Planetarium of Guinness World Record at Jan 2010, which

Macao Science Center is a complex facility, which consist of
3 major building blocks: Exhibition Center, Planetarium and
Convention Center. The 5,800 square meters Exhibition Center
and its 14 galleries can accommodate over 450 interactive
exhibits. The 12 permanent galleries are divided into 4
categories, including Science for Young Adults, Technology,
Environment and Lifestyle. Meanwhile, there are 2 galleries
available for special exhibitions. The centerpiece of the
Planetarium is a tilted semi-dome screen with 15.24 meters
(50 foot) in diameter, supported by 8k resolution 3D digital
projection system. The Planetarium has 131 seats equipped
with interactive controls. Its powerful database, coupled with
the amazing projection effects, can take viewers on a journey
traveling freely into space. The 700 square meter Convention
Center includes a multi-functional convention hall and four
small meeting rooms. The multi-functional convention hall is
equipped with professional audio visual facilities.

uses 12 4k projectors to give an equivalent resolution of 8k
x 8k pixels in 3D stereo. It also equips with Multi-lingual
channels and interactive buttons, providing languages
selection, interactive learning, Q&A and voting applications.
Since daily operation involves the 3D glasses and headphones
are different, operation and live sky show experience will be
shared in order to give an idea how it is operated. We also
create our own pre-render sky show and put the IMAX digital
film onto the dome, the production work flow of its own 8k
stereo sky show and IMAX digital format conversion will be
demonstrated as well.

(50 foot), tilted at 15 degrees and can seat 131 people now.

Mr. Hu Jintao, the President of the People’s Republic of China,
officiated the opening ceremony of the Macao Science Center
in the afternoon of 19 December 2009.

The record is made by 12 4k SRX projectors, which located at
the North, South, East and West. Since the projectors cannot
be placed at a rotated status, the only method to adjust their
projection area onto the dome is tilted the projectors, and
they have to placed along the 0, 90, 180 and 270 degrees
position only, to give the optimizing image quality. After that
the INFITEC filter and glass is used to create 3D stereoscopic
view. The INFITEC itself is a passive device, it is different
with the traditional passive linear polarization. The linear
polarization cannot be used in a dome since the dome
surface contains curvature, the polarization direction cannot
be maintained after reflection. The INFITEC is using a passive
technology so call “Wavelength Multiplexing”, it divides the
color spectrum into red, green and blue, it is analog to that a
more red light will pass through the right eye while a reddish
light will pass through the left eye, the same is apply to the
green and blue light spectrum. The Dolby 3D is using the
same “Wavelength Multiplexing” mechanism with different
spectrum configuration compare to INFITEC.

Macao Science Center Planetarium has obtained the Guinness
World Record. The record holds for “The highest resolution
3D planetarium”. The key features including 12 4k resolution
projectors to give an equivalent resolution of 8k by 8k pixels
in 3D. The planetarium’s dome has a diameter of 15.24 meters

The very beginning application to the Guinness World
Record was “The most advanced and highest resolution 3D
planetarium”. We have cut down the “most advanced” due
to the limiting character number of the title. Most people
pay attention to the 8k 3D system only, but the gadgets does
IPS2012 CONFERENCE PROCEEDINGS
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contribute some astonishing experience to the visitors as
well. We offer 4 languages selection for each fulldome shows:
Cantonese, Mandarin, Portuguese and English. Most of the
shows will be broadcast in Cantonese, while visitors can select
and listen to the other languages by using the headphone
embed inside the armrest. We have to produce Cantonese,
Mandarin and Portuguese translation and narration by
ourselves, since almost every show come along with the
English narration only. The interactive buttons providing not
only the languages selection, but also interactive function like
Q&A, survey and polling.

Macao Science Center Planetarium has its own sky show as
well. We have produced some pre-render 10 to 15 minutes sky
show, for the demonstration to VIP group, and also the live sky
show, each with a special topic or astronomy events related.
We use the interactive buttons during the show to interact
with our visitors, so that we know how they think about the
show and its topic.
Our major planetarium program is still the fulldome show.
We have screen four 3D shows and four 2D shows from the
beginning. We screen four new shows every year, two 2D and
two 3D shows. We are benefited by the trend of 3D movie at
the opening year 2010, while 3D movie from Hollywood has
dominated the market. Macao didn’t have any 3D cinema or
theater at that moment, all the people who want to watch 3D
shows have come to our planetarium. We have reached the
record of the 3D versus 2D ratio by 70 versus 30, and the ratio
has changed to 50 versus 50 by 2012. People making choice of
the shows not only because of it is 3D or not now, probably 3D
becomes more common nowadays.
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Although the ratio of watching 3D shows has been decreased,
we still need to launch two 3D fulldome shows annually and
are still looking for 3D fulldome shows for our screening.
Limited by the production of 3D fulldome shows, we are
looking for new sources, ie, IMAX 3D content, and convert
them into dome compatible format. The conversion refers
to the way how Omnimax was transformed, plus on-site test
how it looks like in our dome. We found that the 2D and 3D
conversion could be quite different, while 2D flat images can
be maximize onto the dome, but not same as 3D cases. For
2D flat image, you can warp it by maximum onto the dome,
although some of the corner will be chopped and the edge will
be distorted, however, it provides immersive view to audience
and it looks spectacular. For 3D flat images, since it contains
left eye and right eye images, you have to consider the 3D visual
effect looks consistent for the whole, not only the center part.
Enlarging the images could make the 3D visual effect looks
weird or sick. The way we do it is warp it to 65 to 70 percent
onto the dome, this is because the visitors can only view 65 to
70 percent of dome area while putting the 3D glasses on their
eye. Although it sacrifices the immersive experience, it looks
more comfortable and consistent on the dome.
The way we do the conversion and transformation is using our
production system. The production system consist of server,
storage, render nodes and workstations which is separate
from the theater system. Handling 3D 8k content could be
exhausted, the post production and installation take average
3 to 4 days for each show.
The operation of a 3D planetarium makes difference from
the 2D planetarium as well. First of them is the distribution
and retrieving of 3D glasses, since they are expensive assets,
special attention and additional man power have to deployed
to take care those 3D glasses. Each 3D glass has embedded a
RF tag, sensors has been installed at the exits to make sure no
3D glasses cannot be taken out. The operation of 3D glasses
involves hygiene issues as well, dedicated sanitize station is
used to clean and sterilize the 3D glasses, which has created
quite an intensive work load for the planetarium staff.
We have concluded the aspects of Macao Science Center
Planetarium, its Guinness World Record and the issues behind
it. You may obtain more information by looking at our website
www.msc.org.mo, follow us at Facebook and Weibo, or our
Apps for iOS and Andriod. I hope you like it.

PANEL SESSION 03: PLANETARIUM OPERATIONS
AND TECHNOLOGY
PN4: Managing the Science Centre Planetarium
During a Time of Recession
Ian Dyer
Global Immersion
The Barn, Hurstwood Grange, Hurstwood Lane
Haywards Heath, West Sussex, United Kingdom
ian.dyer@globalimmersion

in the spotlight. In an interactive and dynamic setting, these
Science Centre Managers will share their own experiences
including:
•

Managing operational cost ratios, staffing structure and
political influences in a challenging economic climate

•

Effective, creative and targeted programming to manage
visitor numbers, increase retention rates and lengthen
each visit

•

Managing extended periods between technology
upgrades and staying afloat technology trends

•

...and the big question: how do you keep them coming
back for more?

ABSTRACT:
Led by Ian Dyer of Global Immersion, this panel will place four
senior representatives from Science Centres across the world

WORKSHOP SESSION 06: SHOW PRODUCTION AND EDUCATION
W06: Developmental Characteristics of 4-6 Year Olds: Implications for Experiential Learning
Susan Reynolds Button
Quarks to Clusters, 8793 Horseshoe Lane
Chittenango, New York
sbuttonq2c@gmail.com
ABSTRACT:
Becoming well versed in the developmental characteristics of very young learners that you work with is critical; it will enhance
your power as a presenter. If you address these characteristics when writing lesson plans and include experiential learning
principles your programs will be more effective and entertaining for everyone. During this workshop participants will, through
hands-on participation, analyze some existing lessons. As we experience and then reflect on the lessons we will be able to
identify the characteristics of 4-6 year olds that were addressed. Experiential learning is especially appropriate for this age group.
Participants will practice and develop a deeper understanding by applying the Experiential Learning cycle (experience, share,
process, generalize, apply).

W07: CSI: Flight Adventures
Becky Wolfe
The Children’s Museum of Indianapolis, 3000 N. Meridian St.
Indianapolis, Indianapolis
beckyw@childrensmuseum.org
(Deb Lawson - The Children’s Museum of Indianapolis)
ABSTRACT:
The Children’s Museum of Indianapolis created a multimedia show, Flight Adventures for its planetarium and used
the show as a launch pad for a menu of visitor experiences.
Staff members will share how common goals were in used in
programs and the show and walk participants through the
process of creating programs connected to a full-dome show.

Participants will also discover the flight related curriculum
that can be used by museums and planetariums with a variety
of audiences.
___________________________________________________
Session Goal: Share how The Children’s Museum of
Indianapolis used an original show to develop curriculum and
programs for families, children and educators.
1. Introduction to Children’s Museum of Indianapolis
a. Located in Indianapolis, IN
b. Largest Children’s Museum in the World
c. Home to X permanent exhibits in science
and humanities
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2. Museum Mission

f. Exhibit components

a. To create extraordinary experiences that
have the power to transform the lives of
children and families.
b. Family learning focus
c. Consider the entire experience when
planning exhibits, programs and shows
3. History of Flight Adventures Project
a. Began with brainstorming session with
Academy of Model Aeronautics
b. Reached out to NASA Dryden and other local
institutions
c. Applied for and received CMP4 grant through
NASA
4. Program Partners

g. Model Displays
i.

NASA test models

ii.

Models of aircraft with Indiana
connections

h. Online Content
i. Local PBS documentary – Wings Over
Indiana
6. Flight Adventures Show Trailer
7. Development of Main Messages and Goals
a. Enduring idea: Models are tools we use to
explore the science of flight.
b. Main Messages
i.

Science, technology and math help
us understand how flight works

ii.

Early pioneers of light used models
to advance aviation.

iii.

Free flight models are tools to
test ideas and solve problems to
improve flight performance

iv.

NASA research has used models to
improve flight technology, safety
exploration.

v.

NASA employs a variety of staff
with diverse skills.

vi.

You can be an aviator by making
testing, repairing and flying model
aircraft.

a. Academy of Model Aeronautics
i.

Provided technical assistance

ii.

Helped to secure NASA and other
models

iii.

Provide programming for teachers
and families

b. NASA Dryden
i.

Content and technical assistance

ii.

Allowed museum to film for show

c. WFYI Productions
i.

Local PBS Affiliate with a tradition
of creating original productions

ii.

Filmed

5. Program Components
a. Multi-Media Show

d. Created overall messages and goals for the
project

i.

All program components are built
from show content

e. All programs used shared content and
messaging

ii.

Show is focal point for the project

f. Coordinated program plans

b. School Field Trip Programs
c. Family Programs and Trips
d. Teacher Professional Development
e. Museum Apprentice Program Projects and
mentors
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c. Core team of museum staff to work on
project goals and messages

g. Examples of common messages are found in
the show and programs
8. Program Development Process
a. Used “one-sheets” as communication tool
b. Programs used shared program objects

c. Based up on show content and goals

iii.

d. Collaborated between departments when
developing programs

Explanation of how they are used
in programs

iv.

Connection to multi-media show

9. Flight Adventures Curriculum

e. Box Kites

a. Connected to elements in multi-media show

i.

Demonstration on how to
assemble kites (pre-assembled
kites provided)

ii.

Discussion on ways to fly indoors
in limited program

iii.

Explanation of how they are used
in programs

iv.

Connection to multi-media show

b. Used in teacher PD and as a basis for
programs
c. FPG-9
i.

Virtual and tangible model

ii.

Explanation of how to build and
control glider

iii.

Test flights – if time allows

iv.

Connection to multi-media show

d. DaVinci Parachutes
i.

ii.

f. Program and Curriculum Evaluation
10.Show Response at The Children’s Museum
a. Show evaluation

Demonstration on how to assemble
parachutes (pre-assembled
parachutes provided)
Discussion on how they differ from
modern parachutes

i.

Will begin late summer 2012.

ii.

Using clicker response system in
the planetarium

b. Show attendance since launch

PAPER SESSION NR. 7
PP43: ASTRONOMY DISSEMINATION ACTIVITIES IN SOUTHERN INDIA
DR. P. IYAMPERUMAL
Tamilnadu Science and Technology Centre, B.M. Birla Planetarium
Gandhimandapam Road, Chennai – 600 025, India
driyamperumal@yahoo.com
ABSTRACT:
Science Centres are influential in providing education on modern science and new technologies. It is obvious that formal education has an important role to play. In this regard, Tamilnadu Science and Technology Centre is actively engaged in supplementing and complementing formal science education imparted in schools and colleges. Knowing that children have various notions,
including unscientific thoughts, Tamilnadu Science and Technology Centre, using its Science Centres and Planetariums at
Chennai and Tiruchirappalli, is continuously engaged in promoting the activities described in this paper, to make them rational
thinkers and to develop their personality. Astronomical events are being used at Tamilnadu Science and Technology Centre to
promote scientific knowledge on astronomy. Experimentations arranged during the events help them to develop inferential
knowledge. Further steps are being taken to discover the traditional knowledge and to disseminate and protect them. Details
are presented in the paper.
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Introduction
Science Centres are influential in providing education on
modern science and new technologies. It is obvious that
formal education has an important role to play. In this regard,
Tamilnadu Science and Technology Centre is actively engaged
in supplementing and complementing formal science
education imparted in schools and colleges. Tamilnadu
Science and Technology Centre a nodal Centre in the region
of Tamilnadu, India is ceaselessly engaged in science
popularization activities through its Science Museums and
planetariums at Chennai and Tiruchirappalli. The development
of our society largely depends on its capacity to create, exploit
and disseminate knowledge and, from there, to continuously
innovate. Science Centres have the ability to infuse new ideas
among the minds of the visitors and to spark an interest in
students. The main role of the science communicators is to
help bridge the distance between the scientist and the public,
between the individual and the universe. The Science Centre
professional has assumed the role of both and educator
and inspirer. Constantly, Tamilnadu Science and Technology
Centre takes up topical issues and organise programmes for
communicating the complete details of the topics selected.
The science activities, taken up mentioned in the paper can
help the students in developing inquisitive mind and motivate
them in learning astronomy. Knowing that children have
various notions, including unscientific thoughts, Tamilnadu
Science and Technology Centre, using its Science Centres and
Planetariums at Chennai and Tiruchirappalli, is continuously
engaged in promoting the activities described in this paper, to
make them rational thinkers and to develop their personality.
The Planetariums mentioned above are situated in the State
of Tamilnadu in Southern India. Tamil culture and heritage
are among the most ancient in the world. Tamil is the
fountainhead of all the Dravidian languages. According to
Max Mueller, ‘“Tamil is the most highly cultivated language
and possesses the richest stores of indigenous literature”. It
is agreed by the historians that it must be several millennia
old. The oldest literary work now available in Tamil, named
Tolkappiyam is estimated to belong to 1460 BC. The ancient
Tamil literary works, from the age of Sangam, deal with love,
war, governance and trade, apart from the olden age science
and technology. Sangam literature is a goldmine of information
on heritage of Tamils before they came under Aryan influence.
The Sangam age is said to be relating to a period extending
from about the 3rd century B.C. to the 3rd century A.D. is
widely regarded as the golden age of the ancient Tamils.
At Tamilnadu Science and Technology Centre steps have
been taken to convey the traditional knowledge, by way of
incorporating new exhibits, publishing the books containing
the information on traditional science knowledge based
on careful studies and researches. Steps are being taken to
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digitize the entire information on the exhibits, books and
uplink them in the public domains in the internet. Digitizing
and putting the information in the public domain are the
surest ways to prevent undue patent claims.
1.
Programmes for the Differently Abled and Hearing
Impaired
Melodious and suddenly fluctuating background music to
maintainthe attention of the viewer, colourful illustrations
and animations, special effects, etc., will be best suiting the
requirements of the normal visitors. However, accompanying
the normal visitors we get a good number of visitors with
hearing impairment. Also in the state of Tamilnadu in India,
there are several institutions serving the hearing impaired.
The students from these institutions visit the science centres
of Tamilnadu Science and Technology Centre in groups, they
visit the science galleries and learn by hands-on activities.
They also visit the planetariums; however, they gain not much
of information merely by staring at the images shown there.
India is a very populous country so the number of deaf people
can not be definitely estimated. It is known to be in the millions.
In children, hearing loss can lead to social isolation. Also the
child experiences delayed social development that is in large
part tied to delayed language acquisition. In order to bring
cheers to the life of such children, and to provide education
on astronomy, B. M. Birla Planetarium of Tamilnadu Science
and Technology Centre, Chennai has developed a planetarium
show exclusively for them.
During the past two years, Tamilnadu Science and Technology
Centre organized a good number of ‘spend-a-day-in-sciencecentre’ programmes especially for the hearing impaired. In
these programmes scientific facts were taught with the help
of a sign language interpreter. Sign language is a language
which uses manual communication, body language and lip
patterns instead of sound to convey meaning. In this method
by simultaneously combining hand shapes, orientation and
movement of the hands, arms or body, and facial expressions
the interpreter expresses the information. The programmes
were successful as they were well received by the special
audience. This success was an inspiration for us to develop a
planetarium programme exclusively for the hearing impaired.
For this programme a simple script was developed and it was
interpreted by a sign language interpreter. It was filmed and was
projected using a LCD projector in a corner of the planetarium
dome. After the presentation of each small paragraphs of the
script, the appropriate animation or picture or constellation or
celestial navigation or special effect presentation were shown.
In normal scripts we use ornamental words; here the content
is short and time is more – to enable them to view the pictures
as well as interpreter’s sign language, Celestial Navigation,
seasons, reason for seasons etc. are taught to help them to

gain skills.The pictures were provided with texts and pointers.
Hearing-impaired children score significantly below norms
for hearing children on language and reading measures.
However, some of them who became hearing impaired at later
stages can read text messages easily.
Once in a week a special show is being organized for the
special children. The information about this noble task by the
planetarium prompted several institutions to celebrate the
Helen Keller Day on June 27th at the planetarium. On that day
several shows from the early morning were arranged for the
hearing Impaired.
2.

Transit of Venus

Transits of Mercury and Venus offer opportunities for providing
education to the student community in celestial observations
and experiments. The transit of Venus across the disc of the
Sun is one of the rarest celestial events. After the invention of
the telescope, transits of Venus occurred in the years of 1631,
1639, 1761, 1769, 1874, 1882 and 2004. On 2012 June 6, the
next transits will take place. The entire transit of June 8, 2004
was visible from all the parts of India. Hence, our Centre made
elaborate programmes for the students to involve themselves
in experiments to determine (1) the radius of Earth, (2) ratio
of the radii of orbits of Earth and Venus and finally (3) the
value of the distance to the Sun from the earth, known as
Astronomical Unit, by observing the solar parallax. For the
first two experiments the students were provided with simple
tools of small gnomon or vertical stick mounted on flat base
and altitude-azimuth dial made using protractor. For the third
experiment conducted during the transit of Venus, students
used small telescopes and watches. Transits are helpful in
determining the distance of the Sun from the Earth. Even
though, using the radar technology, presently we know the
accurate distance to the Sun, involving students to use the
transit of Venus to find it can provide a good experience in
astronomical observations, trigonometry, visualization of
planetary movements and team work. This also gives them the
knowledge about the hardships of great scientists of the past
with limited scientific instruments and history.
VAMANA Project
Tamilnadu Science and Technology Centre used this event
as an opportunity to impart quality science education to
students. School teachers and through them school students
were trained to measure the distance to the Sun in three steps.
So, the project was named “VAMANA Project” as in the Indian
mythological story of Vishnu, who measured triple worlds in
three steps. Students are actively engaged in this activity for
the 2012 Transit also.
The distances to the nearby stars and celestial objects can be
determined by measuring the angular difference between the

direction of the object, as seen from two different positions,
known as parallax. If the distance between the observing
sites and the parallax is known the distance to the celestial
object can be estimated. The solar parallax may be defined
as the angle subtended at the Centre of the Sun by the earth’s
radius. If this angle can be measured and the radius of the
Earth is known, we can determine the Astronomical Unit.
By using a simple geometry of the transit, we can deduce the
solar parallax, ps, as
ps = Re(re/rv - 1) Db/d
where, Re is the radius of Earth, re is the radius of the orbit
of Earth and rv is the radius of the orbit of Venus, Db is the
parallax shift to be measured on transit day and d is the
vertical distance between the two observing sites. In the above
expression, we find that the basic requirements for finding the
Astronomical Unit are 1. the radius of the Earth (Re), 2. the ratio
of the sizes of the orbits of the Earth and the Venus (re/rv) and
3. the parallax shift Db at the distance of d.
3.1

Finding the radius of Earth

In about 200 B.C. a Greek Philosopher, Eratosthenes (276
– 195 B.C.) measured the circumference of the Earth, by
measuring the angles caused by the Sun at noon on a same
day at the places of Alexandria and Syene, separated by a
distance of 5000 stadia, which is about 800 kms. The angle
difference was 7.2 o
The size of this angle is proportional to the fraction of Earth’s
circumference, that lies between Syene and Alexandria. We
can express this as follows.
7.2o / 360o = 5000 stadia / Earth’s circumference
In this method, Eratosthenes determined the circumference of
Earth to be 40,000 km. Knowing the circumference he found
the radius of Earth as 6366 km. The correct values of the
circumference and radius of the Earth measured by orbiting
spacecraft are 40,070 km and 6378 km.
For the students to have the thrill and the feel of measuring
the radius of the Earth was arranged using Eratosthenes
method. Specially designed 18 cm long gnomons with flat
bases were distributed to the school students at Chennai,
Kanpur, Kanyakumari, Tiruchirappalli and New Delhi,
plumblines were also provided to set the gnomon vertical.
Training programmes for the school teachers were conducted
at Chennai, Tiruchirappalli and Kanyakumari, for making the
observations. Simultaneously, on the noon of 27, 28 and 29
February 2004, students made the observations of the shadow
angles and reported. The data were exchanged between the
students.
Knowing the distance between, Chennai and Kanpur and the
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distance between Kanyakumari, Tiruchirappalli and New Delhi,
students measured the radius of the Earth fairly accurately.
1500 students were involved in this programme.
3.2. Measuring the ratio of the sizes of the orbits of the Earth
and the Venus (re/rv)
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re	
  

The data collected will be distributed to enable the students
to estimate the Astronomical Unit themselves, using the
expression, ps = Re(re/rv - 1) Db/d
In the following Figure :
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month of May 2012. During the time of transit, the parallactic
shift will be measured by comparing the sets of data collected
between, Kanyakumari and New Delhi, Tiruchirappalli and
New Delhi and Chennai and Kanpur. The distances between
the cities will be provided to the students.
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Fig. 1.

Figure 1. represents the Sun (S) – Earth (E) – Venus (V)
configuration at the time of maximum elongation (q) of the
Venus from the Sun. The elongation was steadily increasing
from the superior conjunction point (X). At the time of
maximum elongation, the line connecting Earth and Venus will
be tangential to the orbit of the Venus and from the Venus, the
Sun and Earth will be at right angle. In this configuration, sin
q gives the ratio of the sizes of the orbits of the Earth and the
Venus (re/rv).
sin q = re/rv
re is nothing but the Astronomical Unit.
Students of the schools selected were provided with simple
altitude azimuth meter made out of a protractor and a plumb
line. They were instructed the methods to find the altitude
and azimuth of the Venus and they recorded the time of
observations. From these values, we computed the elongation
of the Sun, each day, starting from the beginning date of
observation, which was on 20th February 2004. We made
average of the groups of data received from different parts of
the country, and plotted. Surprisingly, the students were very
much successful in estimating the value of re/rv accurately.
The maximum elongation from the graph obtained by the
students was 46.2 degrees which gives the radius of the orbit
of Venus around the sun to be 0.722 Astronomical Unit. The
accepted value for this distance is 0.723 Astronomical units.
3.3

Measuring the parallax shift Db at the distance of d

Telescopes and study materials were distributed among the
students. For the safe observations and for describing the
methods of data collection, workshops will be conducted in the
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Fig. 2 Annular Solar Eclipse 2010

All the rare astronomical events are promptly being used by
Tamilnadu Science and Technology Centre to educate the
scientific importance to the students. A rare celestial event,
annular eclipse of the Sun, took place on 15th January 2010. If
an eclipse of the Sun takes place when the Moon is at apogee,
as its angular size will be smaller than the angular size of the
Sun, it can not completely cover the Sun during the maximum
eclipse. A ring of the Sun will still be visible around the Dark
disk of the moon. This is known as annular eclipse. Earlier, on
November 11, 1901 Tamilnadu witnessed the annular eclipse.
Again on 2019 December 26 Tamilnadu will have annular
eclipse. Sensing that the rare event will enable us to teach the
students to understand the scientific facts about the eclipses,
Tamilnadu Science and Technology Centre organized a three
day National camp on Eclipse observation during 13-15 January
2010 for the school students from all the parts of our country. As
the central line of the shadow path was close to Kanyakumari
it was decided to organise the programme at Kanyakumari.
To select the students to participate the Camp a nationwide
test was organised. The selected students and coordinating
teachers were invited to attend the three-day workshop.
There were 750 participants in all from various parts of India.
The programme was inaugurated on 14th January 2010. The
participants were divided into four groups and parallel sessions
were conducted at two places (Hindi and English). Prior to the
inauguration of the programme, a training programme was
organised at Scott Christian College, Nagercoil, for the college
students of Kanyakumari District to enable them to assist in
the activities the of National Camp.

On 15th January 2010 the students were briefed about the
experiments to be conducted, the dos and the don’ts.. At 5
places white screens were erected to project the Sun’s image
with mirror-ball arrangements. Poles were erected at 10 places
to enable the students to monitor the temperatures. Small
mirrors, balls, thermometers were distributed to the students.
During the eclipse the students observed the temperature
changes, measured the diameters of the images of the Sun
and the Moon and conducted experiments to determine
parameters such as the ratios of the diameters of the sun
and the Moon. During the day, the public and students were
distributed with about 8000 solar goggles and 50 welders’
glasses (shade no. 14) were made available for safe viewing
of solar eclipse. The details about the eclipse were printed in
the form of flex banners and displayed at various parts of the
Kanyakumari town. About 15600 people witnessed the event.
In addition, Tamilnadu Science and Technology Centre
organised Special Training programmes for the school teachers
for safe observation of Annular Solar Eclipse at the cities of
Rameshwaram, Nagapatnam, Vedaranyam, Tiruchirappalli,
and Nagercoil. Teachers were invited from various schools
spread across each of those districts and nearby area. At each
programme about 100 teachers were trained and kits for sun
observation were distributed to them. During the eclipse the
trained teachers organised observational programmes at their
schools.

PP44: Why Science is “Not Interesting”...
What is the Problem?
Kaoru Kimura
Japan Science Foundation/Science Museum Tokyo
2-1 Kitanomaru koen, Chiyoda-ku, Tokyo, Japan
kaoru@jsf.or.jp
ABSTRACT:
Why Science is Not Interesting..., the children have an interest
in the dinosaurs and the stars very much. Is the drift of the
youth away from science still going on? When will it begin
from? Then, I have looked for the key which answer the reason
from the elementary school teachers. The proponent carried
out a survey of elementary school teachers in the 2011 season.
1. Survey of elementary school teachers
The survey consisted of relatively simple astronomy-related
questions. Because the Astronomy is the most favorite subject
for the elementary school children. Astronomy subjects are
starting to
learn at the 4th grade of elementary school in Japan. Subjects

On the third day, the observational data were consolidated
and the inferences were drawn, the timing of the event was
in accordance with the predicted time. The participants were
distributed with study materials and kits. The feedback from
the participants indicated the success of the programme.
Conclusion
The main role of planetariums is to help bridge the distance
between the scientist and the public, between the individual
and the universe. The planetarium professional has assumed
the role of both and educator and inspirer. The activities
mentioned above and several other that are being organised
at Tamilnadu Science and Technology Centre can help the
students in developing inquisitive mind and motivate them
in learning astronomy. Knowing that children have various
notions, including unscientific thoughts, Tamilnadu Science
and Technology Centre, using its planetariums at Chennai and
Tiruchirappalli, is continuously engaged in promoting activities
described in this paper, to make them rational thinkers and to
develop their personality. According to the great Philosopher
Swami Vivekananda, ‘In every exact science, there is a basis.
All knowledge is based upon experience that is inferential
knowledge. So science has a basis which is developed based
on experimentations and results’. Science Centres are the
places where ‘inferential knowledge’ is nurtured.

for 4th graders include the color of stars, the brightness and
motion of the Sun, the Moon and stars. It is important that
elementary school children are able to learn about stars,
the Moon and the planets through the observation from the
ground. It is also important that the cycles of the heavens as
diurnal motion can be understood through the observation.
2. Result from the survey
Answers to these questions revealed an apparent abundance
of misconceptions about the Sun and the Moon. These are
from teachers who are expected to pass their knowledge on
to young students. The situation is further complicated in that
the curriculum states students must learn “by observing.”
3. Why the Science is “not interesting”?
The adults who are elementary school teachers did not learn
astronomy enough when they were in the elementary school,
the middle school and the high school, and Astronomy will
be not set for the most of entrance examination. Therefore,
they did not continue the learning more and they do not have
interest and do not understand Astronomy. For granted that
many children do not think the Astronomy learning in the
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elementary school to be interesting when they do no have a
chance to learn the Astronomy by good experiences.

PP45: Connecting People to Science: An Update
From The ASP

4. Conclusion

Jim Manning

From this, it may be deduced that many elementary teachers
are ill-prepared to teach science, and most of them do not have
direct experience in the field. Moreover, they are indifferent to
the subject. A lot of elementary schools visit the planetariums
to learn a subjects of the Astronomy. It is necessary to discuss
what should we do that Planetarians have tell that Astronomy
is interesting to them exceed basic learning. How do we
construct an approach to the teachers and to the wider public
for astronomy education?

Astronomical Society of the Pacific
390 Ashton Avenue, San Francisco, California
jmanning@astrosociety.org
Paper withdrawn

PP46: We Teach, But Do They Learn?

Grade Experience Evaluated

Carolyn Sumners
Houston Museum of Natural Science
555 Hermann Park Drive, Houston, Texas
csumners@hmns.org

•

6th Mayan Prophecies, planetarium show

•

4th Live interactive astronomy lecture

•

2nd Live astronomy intro, plus a Secret of the
Cardboard Rocket show

ABSTRACT:
The Houston Independent School District asked the Burke
Baker Planetarium staff to collect prepost assessments
to determine what its students were learning from their
planetarium experience. This assessment covered three
grade levels and three very different planetarium programs:
Secret of the Cardboard Rocket at second grade, a live
presentation at fourth grade, and Mayan Prophecies
(meeting social studies learning objectives) at sixth grade.
Test results indicate the strengths and challenges in all three
programs and provide a methodology for other planetarians
to consider in evaluating student learning and in determining
the most effective planetarium teaching experiences.
INTRODUCTION
In the 2011-12 school year, three treatments were evaluated
with three grade levels of students, all in partnership with
the Houston Independent School District, for the purpose of
maximizing the effectiveness of the students’ planetarium
experience in the context of required learning objectives
at the different grade levels. Table 1 lists the grade levels
and planetarium experiences that have been evaluated.
Each planetarium experience is from 45 – 60 minutes long
depending on the arrival of the bus. The live component
that varies with the bus arrival time is not evaluated in this
research.
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All students participating in this research study were from the
urban Houston Independent School District and represented
the demographics of HISD’s 203,000 students (26.2% African
American, 61.9% Hispanic, 7.8% White, 3.1% Asian, 1% other)
and their economic status (80.6% economically disadvantaged
and 64% at risk).
RESEARCH PROTOCOLS and PROCEDURES
The evaluation instrument for each grade was a multiplechoice test where students were instructed to guess if they
did not know the answer. The test consisted of 16 items at 6th
grade, 11 items at 4th grade, and 10 items at 2nd grade. The
2nd grade test had 3 choices, the 4th and 6th grade tests had 4
choices. The 4th and 6th grade were administered as a paperpencil instrument. The 2nd grade test was administered with
an electronic recording system. Students read the questions
silently in the sixth grade, had the questions read aloud as
they were answering them in the fourth grade, and answered
the questions electronically after they were read in the second
grade.
When they arrived at the Museum, students were divided into
two equivalent groups (under the guidance of their teachers).
All bilingual and mainstreamed students were separated so
they participated in the program, but were not in the group
that was tested. Students were either on grade level or gifted
and the distribution of grade level and gifted was balanced

between the two groups. The two groups had three experiences
in different order: a science lab, a planetarium program, and
a Museum tour. All testing occurred in the science lab. The
baseline group took the test upon entering the science lab as
their first field trip experience. The experimental group took
the test upon entering the science lab after they had attended
the planetarium show, followed by the museum tour. The
museum tour did not contain any concepts tested on the
evaluation instrument, but served to separate the testing from
the planetarium experience by 45 minutes.
This testing was instituted to evaluate an ongoing program
with the Houston Independent School District that reached
20,000 students in the 2011-12 school year. Testing was done
only when specific grades and large schools were booked to
satisfy the need for equivalent groups at different grade levels.
All three tested grade levels followed the same schedule of
experiences.
All test items related to Texas Essential Knowledge and Skills
proficiencies in Science and in Social Studies (in the case of
Mayan Prophecies) for the grade level tested. All test items
were prepared in collaboration with science specialists at
the Houston Independent School District and in accordance
with guidelines for the preparation of multiple-choice items.
The evaluation instruments with performance results can be
requested from the author by email and are distributed when
this paper is presented.
For this study, the research hypothesis focused on what
students learn in the planetarium rather than determining
if the planetarium experience affected student performance
on a test. With this research goal, the student answer to
each question is a separate
measurement and we ask if the
performance of the experimental
group that had the planetarium
treatment differs significantly
from the baseline group that
did not have the planetarium
experience. As a design factor, it
was impossible to test the same
students so equivalent groups
were required. These students were
randomized as much as possible in
the sorting process as the program
began, and the classroom teachers
were the authority in determining
if the baseline and experimental
groups were equivalent.
Also the two groups both had a
science lab (not related to the
planetarium experience) after

taking the test and the lab teachers who administered the
test also watched the two groups to see if they performed
equivalently in the science lab activities and in answering
questions in the lab. In three instances data sets were
rejected when the science lab teachers felt the two groups
were not equivalent. When using equivalent groups, the test
does not become part of the treatment by sensitizing students
for what is important in the planetarium experience. Students
in the experimental group had no idea what items would be
on the test or even that they would be taking a test after the
planetarium program. It is also important to note that the
baseline and experimental groups came from the same school
and as much as possible from the same teacher. Schools with
the same performance record on standardized tests were
found to have very different performances on test items, due
in part to the classroom experiences which differed from one
school to another. Therefore, if we could not get what seemed
to be equivalent groups from the same school, the test was
not administered.
The binomial distribution was used as the evaluation protocol
for establishing significance. The performance of the baseline
group indicated what percentage of students should answer a
specific question correctly if there is no treatment effect. The
null hypothesis is that the performance of the experimental
group does not differ from the baseline performance on each
question at a probability level of at least 0.05. In other words,
the performance of the experimental group is not significantly
different from the baseline group at the p<0.05 level. If the
performance of the experimental group is less likely than one
time in twenty trials, the null hypothesis is rejected and we
assume that the planetarium experience did affect student
performance on the specific test item.
SIXTH GRADE RESULTS – Evaluation
of a Planetarium Show
Three different schools were tested,
one group gifted and talented, one
on grade level, and one
performing at or below grade level.
School names are withheld at the
request of HISD since the research
questions focus on the performance
of the planetarium experience rather
than the performance of different
groups of students. All students were
studying Earth science and world
history so the Mayan Prophecies
planetarium show was appropriate.
All groups were at least 25% Hispanic
with the on-grade-level group over
75% Hispanic. Ethnicity was the

IPS2012 CONFERENCE PROCEEDINGS

115

same for the baseline and experimental groups from the same
school and did not seem to have a significant effect on the
performance across the three schools.
Of the 16 test items, 13 showed a significant positive
difference between the performance of the baseline group and
the experimental group at the 0.05 level. Nine of the items
exceeded the 0.01 level. The three remaining items reached
the 0.10 level, but were rejected as not proven significant. In
general the items that achieved the greatest gain in student
learning and thereby the highest significance level had one or
more of the following characteristics:
1.

Baseline student knowledge was low and even indicated
a level of misinformation (performance below the 0.25
level expected by random guessing)

2.

A straightforward correct answer, rather than a complex
concept

3.

Content presented graphically and dramatically in the
planetarium experience, rather than just stated in the
narrative.

4.

Content presented in a long sequence (over 30 seconds)
and/or more than once in the planetarium experience.

backgrounds of students at the end of second grade vary
dramatically and suggest that it is important to interact with
students in the planetarium to determine their background
knowledge while introducing Secret of the
Cardboard Rocket (SCR). Gains at or greater than the 0.01
significance level were achieved on five items that were taught
in both the introduction and in SCR. These concepts were
spoken and illustrated visually in both presentations that the
students received. Four additional questions showed gains,
but not at the 0.01significance level for all schools. These were
presented in either the introduction or in the SCR, but not in
both. The one question on constellation identification showed
no learning gain at all. These results support teaching concepts
multiple times in different settings within a show, especially
for younger learners. Content that was not reinforced within
the planetarium experience was not retained at a significant
level.
FOURTH GRADE RESULTS
The fourth grade results focus only on concepts taught by a
live teacher in a planetarium setting.
Questions were taken from a pre-post assessment of 438
fourth students done in 1999. This study considered student
performance on a 15-question instrument with students
taking the same test, with the pretest and posttest done at the
individual schools. Only students with both pre and posttest
scores were included in this earlier study. Highly significant
and educationally meaningful results were obtained for the
test in 1999.
In this study we chose 11 questions that measured concepts
that we are still teaching in the planetarium in 2012, but using
different visuals. The Planetarium had a full-dome system
in 1999, but a Digistar 1 for the starfield. In 2012 we have a
Digital sky starfield system and a higher resolution full dome
system. Results were surprisingly similar and somewhat
disappointing after 13 years. Questions are listed by the
greatest gain from the baseline performance to the responses
after the planetarium experience. The number in parenthesis
is the percentage of the students who answered the
question correctly in the experimental group, indicating what
percentage of the students actually mastered the concept.
Questions indicating significant learning (0.01 level or better)

SECOND GRADE RESULTS – Evaluation of a show with a live
introduction.
Four equivalent groups of second graders from four different
schools participated in the study with baseline and
experimental groups of 31-32 students each. Significant
differences in performance were seen among the schools
so the results from the 4 groups were not combined. The
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1. Correct drawing of planet orbits
(65% answered correctly)
2. Planet with fastest trip around Sun
(77% answered correctly)
3. Jupiter’s Red Spot close to size of Earth
(69% answered correctly)

4. What you can see in a planetarium
(81% answered correctly)
5. Naming smallest and largest planets
(67% answered correctly)
6. Identification of a star pattern
(40% answered correctly)
7. Knowing why we see few stars in Houston
(54% answered correctly)
Questions achieving learning at the 0.05 level or better
8. Season when sun is highest in sky
(79% answered correctly)
9. Tilt of Earth’s axis causing seasons
(50% answered correctly)
Questions failing to indicate significant learning in 2012, but
significant in 1999 because of large sample size
10. Why stars appear to move across the sky each day
(25% answered correctly)

sun’s annual motion was known by 67% of the students, far
above the success expected from guessing. However, the
presentation in the planetarium experience did not increase
this percentage at all. This aspect of the presentation is also
under review and we are striving for improvement. Both
concepts were presented with student interaction and the
presenter waiting for students to provide the correct response.
The students were observed to be paying attention and trying
to respond correctly. Either the narration or the visuals or both
are not communicating with a significant fraction of the fourth
graders in the planetarium audience.
These concepts are complex and it can be concluded that the
simpler the concept and the stronger the visual, the greater is
the learning. It is also important to recognize that over 90%
of these students had not visited the Museum or Planetarium
before and learning astronomy by observation and interaction
in a dome was a new experience for most students at all three
grade levels.
RECOMMENDATIONS
1.

Write evaluation items from watching the planetarium
experience rather than reading the script. Learning is
more correlated with what students see than with what
they just hear.

2.

Do not assume that students make complex connections
in content just because some respond to your questions
correctly.

3.

Do not rely on prior knowledge in presenting a complex
concept. Misconceptions may play a negative role in
student mastery of a concept.

4.

Share planetarium demonstrations, animations, and
interactive presentations that work.

11. What does the Earth do once a year?
(67% answered correctly)
These last two questions represent different difficult teaching
challenges. The Earth rotation question represents students
guessing in the baseline group and in the experimental group.
The more extensive presentation of this concept, associating
the Earth’s rotation with the motion of the sky, did no better
than the similar, but less visually sophisticated, visuals
used in 1999. New visuals will be tried in 2013 and testing
will continue. It is hoped that we are dealing with a concept
that can be learned by these students once we develop the
most effective presentation. The second question about the
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PP47: Sidewalk Astronomy: Bridge to the Universe

astronomy.

David E. Hostetter
Lafayette Science Museum
433 Jefferson Street, Lafayette, Louisiana
dhostetter@lafayettela.gov

There are a number of reasons to do sidewalk astronomy. I
have to give credit here to Jim Mullaney and IPS President
Dave Weinrich for one of the best reasons—they call it the
“photon connection.” Sure, you can set up a telescope with
a camera and monitor and show spectacular views to several
people at once, but it’s just a picture. No matter how good it
is, there’s a better one somewhere on the Internet. But there’s
something about actually looking through a telescope—having
that live light actually hit your eye—that really resonates with
the public. To me, one of the best reasons to do sidewalk
astronomy is to make it easy for people to look through a
telescope.

ABSTRACT:
Sidewalk astronomy can be a relatively inexpensive, easy,
and effective outreach program for any planetarium. Here are
some suggestions on how to do it and what to expect (good
and bad)!
Sidewalk Astronomy: Bridge to the Universe
Back in 2002, the Lafayette Science Museum opened its
doors in a new location in Lafayette, Louisiana. We went from
being a very small, local museum with moderately dark sky
and plenty of green space to being a much larger, regional
museum in a light polluted downtown, land-locked with
no surrounding property we controlled. Attendance at our
popular weekly telescope nights crashed, and ultimately the
museum cancelled its evening hours.
We also had a long tradition of well-attended star parties
across town at a local park, but lighting there increased
and attendance became erratic. We needed something to
supplement the star parties, some different way to show
people the real sky. Our audience was changing, no longer
as willing to drive a half hour
across town to a star party,
and not really willing to come
downtown at night except for
the bars.
On the other hand, Lafayette’s
downtown was also changing,
with the city making a big
effort to clean the place up and
make it a cultural center with
festivals, concerts, outdoor
plays and movies, and art
walks. People did come to
those events, sometimes in
droves.
With star parties, you set up
telescopes and people come
to you. There’s also sidewalk
astronomy, where you take the
telescope to where you expect
people already will be. We
tried that, and haven’t looked
back. It has its limitations, but
it’s a great way to do public
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Another reason is that the numbers are great! This is more
mercenary, but every person who looks counts as outreach
attendance and we keep careful track. We now have a couple
thousand or more people looking through our telescopes each
year, better than our best years with star parties. Some of the
events are a little nuts: 650 people lined up for a look during
a festival in December, and we’ve done as many as a thousand
there. That’s a lot of people thinking about the sky and a lot of
exposure for the planetarium.
And that’s another good reason to do it: sidewalk astronomy
gets you out into the community reaching people who
otherwise might not think to visit the planetarium (or even
know you exist). Put your facility name on the telescope,
hand them a little program
schedule…and it’s all great
marketing. Do the same event
year after year and people will
start to notice. It helps make
the planetarium part of the
community life.
Finally, another reason to do
sidewalk astronomy is that it’s
just plain fun.

Lafayette Science Museum
Sidewalk astronomy as a festival begins

One nice thing about sidewalk
astronomy is that it’s easy to
plan. You can do it almost any
time—no special celestial
event is needed. You can also
do it day or night. We set up a
solar telescope at lunch time
every
clear
Wednesday
throughout the summer,
showing the sun and sunspots
to downtown workers going to
and from lunch as well as to
families visiting the museum.
We typically show the sun to

People like sidewalk astronomy

Lunchtime solar astronomy

about 400 people each summer, and some of our regulars are
seeing the sunspot cycle develop right in front of them. For Art
Walks, we often do twilight viewing, showing the sun until it
sets behind a building and then showing the moon or a
planet. South Louisiana is famous for its many festivals, and
those are good venues. The park next to the museum hosts a
musical performance each Friday night, and that’s been good
to us, too, particularly the one done for the local university
homecoming each year. That not only gets us into the
community, it helps forge ties to the university. We’ve been to
Mardi Gras parades, local malls, big bookstores like Barnes
and Noble, and even the front of Wal Mart. You might not have
to go far, either—this is something that might work well near
the front entry of a larger museum with a constant flow of
visitors. If there is a good stream of people, there’s possibility
for sidewalk astronomy.

questions, from what programs you are showing to any topic in
astronomy to pseudoscience, but real discussion can be hard
in between observers. Finally, sidewalk astronomy obviously
requires good weather and there is no good back-up for bad
weather since you are not in a building where you can do a
presentation.

Sidewalk astronomy has limitations, of course. There’s a lot
of light pollution, and that severely limits what you can see.
Public telescopes take a real beating. In my opinion, this
is not the place for really top end equipment if you want to
keep it nice. With large crowds, it’s also not an event for a
deep discussion of astronomy. Typically people take a look
and go on to another event. If the crowd is sparse, then you
can have more interesting conversations. Expect all kinds of

A night view where we often do sidewalk astronomy—note the light
pollution shadows!Lunchtime solar astronomy

If you want to try sidewalk astronomy, how might you do it?
First, remember that this is likely a quick hit: lots of people,
looking only briefly, through a lot of light pollution. It’s not
the place for faint fuzzies that can barely be seen. Properly
filtered solar viewing works great in both white light and
H-alpha. At night, I’ve found the most success with the moon,
Jupiter, Saturn, and the crescent Venus. When they aren’t
available, lesser targets include Mars around opposition,
Albireo, epsilon Lyrae, and Alcor and Mizar. In some cases
you can use the Orion Nebula, M13, and the Ring Nebula, but
the light pollution really takes its toll. The Pleiades seem to
be more popular in a finder scope or binoculars than in the
main telescope!
Make it easy on yourself by using a very portable telescope.
We use an old Celestron 8, and if we are near the museum
door, I simply pick it up and walk out with it, ready to go.
When going farther than our sidewalk, we have a Scope Buggy
that works great. If you get something like that, I recommend
Portable telescope, battery, and the accessories bag, on wheels
and ready to go.
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looking for big inflatable tires rather than small solid tires. The small solid tires
bang on every crack in the sidewalk and really beat up the telescope.
We keep the few accessories we need in an old SEPA conference bag hanging
below the telescope, and I made a holder for a battery. Sometimes we use the
battery and sometimes we don’t, depending on how much set up I want to do.
For travel out of the immediate downtown area, we break down the telescope
and put everything on a hand truck for getting it back and forth from our vehicle.
Aside from the battery, I find we don’t need much: a couple eyepieces, a 2 power
Barlow, an old motor drive, a dew zapper, a dew cap, connection wires, and—
very important—a clicker for counting attendance. We set up a lot in the daytime,
so I carry an adjustable magnetic compass. If you know your local magnetic
variation it’s surprising how accurately you can align an equatorial mount. But
that’s about it—the telescope travels light.
I prefer an old manual telescope to anything computerized. In many cases, it’s
easier to set up, but it also has the added advantage of showing visitors that you
don’t have to have an expensive computerized telescope for astronomy.

A footstool is handy for kids.

I like to carry a little fold up footstool for little kids, but remember that little ones
often have trouble looking through a telescope.
Finally, there are a few personal things for success at sidewalk astronomy. You should have a fairly high tolerance for slight chaos
and slightly inebriated observers.
Set up in a safe place, preferably with lots of people flowing by—otherwise it can seem pretty lonely. Don’t carry money. Someone
should know where you are and when you expect to be finished (give or take a couple hours in case you are having a good time!).
Get permission and coordinate with whomever controls the place you set up, particularly if you are doing it at an organized
event. Expect to attract the homeless, some of whom will be surprisingly savvy about astronomy. However, sometimes they
hang around for a long time and that discourages others from stopping so don’t wait for passersby to ask to look through the
telescope—actively invite them. Become adept at encouraging others to stop, for your own protection as well as to accomplish
your educational goal. I’ve seldom had problems with anyone who seemed actively hostile or nuts, but it can happen. That’s why
you want to have others around, along with a cell phone and maybe some pepper spray.
I’ve found sidewalk astronomy to be good for the planetarium and a lot of fun. I recommend it to you as long as you stay safe and
don’t mind a little learning curve.
All images courtesy of the Lafayette Science Museum.
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PAPER 8: International Planetariums
PP48: International Astronomical Union’s
Astronomy for the Developing World
Jim Sweitzer
Science Communications Consultants, LLC
528 N. Ridgeland Avenue, Oak Park, Illinois
sweitzer@sciencecomms.com
(Kevin Govender – South African Astronomical Observatory)
ABSTRACT:
In January 2008, the International Astronomical Union
(IAU) set out to develop a visionary decadal strategic plan
entitled “Astronomy for the Developing World”. In 2011, it
became formalized with the establishment of an Office for
Astronomy Development in Cape Town, South Africa to lead
and coordinate the efforts of volunteers and programs. The IPS
was represented at the initial organizational meeting to help
find ways to assist the IAU’s program with the expertise of
planetarians and to explore avenues to bring planetariums to
places that have never benefited from their use in education.
This presentation will introduce IPS members to this new IAU
program and to show how they might lend their expertise to
this important work.

work of individuals, it structures itself through its various
commissions. Commission 46 works to develop and improve
astronomy education at all grade levels throughout the world.
This includes teaching about astronomy for development,
international schools for young astronomers and maintaining
a network for astronomy school education.
IAU’s Commission 55 is one that is also quite relevant to
planetarians. It is focused on Communicating Astronomy
with the Public (CAP). Several planetarians have seen or
participated in CAP conferences, new media efforts, virtual
astronomy projects and also the Washington Charter of the
IAU.
The International Year of Astronomy (IYA) was a major IAU
educational program that had wide impact worldwide and has
become both the stimulus and model for the “Astronomy for
the Developing World” decadal plan. IYA saw the participation
of some 815 million people in 148 countries. This massive effort
depended upon the official sanction of the United Nations and
UNESCO and was further supported by some 34 organizational
associates. Although many IPS members participated in IYA
activities and events the IPS, as an organization, chose not be
become an associate.

INTRODUCTION

ASTRONOMY FOR THE DEVELOPING WORLD – GENERAL
PLANS

The International Astronomical Union was founded in 1919 to
promote and safeguard the science of astronomy throughout
its membership. It has 9,900 members from 90 countries
around the world who are primarily research astronomers.
Although primarily a research organization, it also promotes
educational programs, especially in the developing world.
IPS members might recall the IAU’s International Year of
Astronomy program that celebrated the 400th anniversary of
Galileo’s invention of the astronomical telescope.

The cover of Astronomy for the Developing World (ADW), shows
the three general contexts in which astronomy plays a key role
in twelve different ways for development. By development, we
mean relevant in helping develop the scientific infrastructure
of the world. The general contexts are “technology and skills,”
“science and research,” and “culture and society.” Even
though the astronomical community is very small, each of
these ways can prove valuable and together give astronomy a
unique catalytic effect.

This paper is to bring IPS members up to speed on a new
decadal strategic program of the IAU that they parallels the
IPS’s efforts to expand astronomy education through the use
of planetariums. This IAU’s program is reflected in a new
strategic plan of the IAU called: “Astronomy for the Developing
World: Building from the IYA 2009.” The IPS allowed me (Jim
Sweitzer) to attend on its behalf at the initial organizational
meeting of the IAU’s Office of Astronomy Development (OAD)
in Cape Town, South Africa, in December of 2011. At the end of
the talk, we will show the different ways the IPS and individual
planetarians might wish to help, participate or propose
programs to the IAU-OAD.

Most planetariums participate in ongoing educational
programming at many levels, much like schools and
universities. But in one way on this diagram planetariums
would seem to be able to play an vital and even leading role.
Under “Culture and Society” is the category: “Perspective –
Immensity of the Universe.” All planetarians know how this
is a common vision gained from their programs. And the IAU
believes, like most experienced astronomy educators, that
this big picture perspective can lead to tolerance and enhance
global citizenship

IAU AND EDUCATION
The IAU recognizes that education is core to its mission to
build and sustain astronomical research worldwide. Since
the IAU is basically a voluntary organization based upon the

Therefore, it should come as no surprise that ADW’s vision
statement is: “Astronomy for a better world!” and it’s
mission statement is: “To help further the use of astronomy
as a tool for development by mobilizing the human and
financial resources necessary in order to realize its scientific,
technological and cultural benefits to society.”
IPS2012 CONFERENCE PROCEEDINGS
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The ADW focuses on influencing all of the following key
elements in its planning:
•

Primary Education

•

Secondary Education

•

Tertiary Education

•

Research

•

Science Public Outreach

•

Partnerships – There is great expertise on both sides of
the IPS/OAD equation. Planetarians I have spoken with
are keenly interested in the cultural astronomy that many
OAD programs are likely to tap. Similarly, planetarians
have great technical and educational expertise that can
help in developing astronomy programs that would make
planetariums easier to launch.

•

Technology – Software for either sky shows or more
didactic planetarium demonstrations can be readily
shared or even developed jointly. Some vendors and
planetarians have also spoken of sharing application
software, data and even equipment. Projects that seek
to develop portable planetariums and software for OAD
“clients” could be particularly promising. Technology
development might also be used as a way to secure
funding and support. One idea to keep in mind is that
digital planetarium technology is the same technology
used for oil and gas exploration. As a result, at least one
of the planetarium equipment vendors has supplied
technology to companies like Royal Dutch Shell and has
offered to help make contacts in that area.

•

Astronomical Data Visualization – Contemporary
planetariums rely upon 3D astrophysical data sets
to tell their astronomical stories. Of course these
data are the primary product of IAU researchers. The
incorporation of astronomical data into software like
Uniview, Nightshade, Digital Sky 2, and even the
WorldWide Telescope (http://www.worldwidetelescope.
org/docs/worldwidetelescopeplanetarium.html) is also
an excellent project for high school or undergraduate
students. Involving researchers, advanced students and
planetarium directors in the development of data for
display in domes could become a good example of an
educational virtuous circle for an IAU/OAD program.

•

Programming -- Because there is the possibility of
mutual programming interests, both astronomical and
cultural between planetariums and OAD efforts, the IPS
might be a channel for collaborations. In addition, some
digital systems, such as Uniview and an upcoming release
from a competitor, are capable of being networked in real
time in what is called an Octopus Session. This would
allow simultaneous programs between planetariums
in Africa, for example. Technically, this has already
been done between the Accra planetarium and the
United States, but it makes even more sense to network
planetarium on the same continent in similar time zones.

•

Science Festivals – The IAU’s International Year of
Astronomy program was essentially a worldwide science
festival. City and regional science festivals are becoming
increasingly popular ways to engage informal audiences

Planetariums are obviously already strong players in the first
and last of these elements, namely primary education and
science public outreach. Planetariums have roles to play in
the other three, but their strongest opportunities will be in the
elementary and public arenas.
The plans and programs outlined in the ADW are only
beginning. They are envisioned to have a decadal and even
longer time frame focus. Appendix A in ADW lists some half
dozen programs that the Astronomy for Development program
has going presently and also lists nearly as many similar
programs that it endorses.
In 2011, the IAU established the Office for Astronomy
Development (OAD) at the South African Astronomical
Observatory in Cape Town, South Africa. One of the authors,
Kevin Govender, leads the efforts as the OAD’s director. South
Africa was chosen in part for this office because the IAU
appreciates that the region of most need of development in
astronomy is Sub-Saharan Africa. The establishment of the
OAD is a key step in the ADW’s plan because it will coordinate
and lead all the programs in its educational portfolio.
The role of volunteers is key to this project. This is because
the budget is limited and the overall goals are global. At the
time of the writing of this paper there are some 340 volunteers
from countries worldwide. Their interests are almost equally
divided between three main areas of interest: Astronomy
for Schools and Children, Astronomy for Universities and
Research, and Astronomy for the Public.
PLANETARIANS AND THE OAD
In December of 2011, the OAD held it’s first meeting of
voluntary stakeholders. The lead author of this paper, Jim
Sweitzer, is an IAU member and volunteered the time and
resources necessary to attend on behalf of the planetarium
community. IPS president, Dave Weinrich, “deputized” Jim on
IPS behalf to represent the wider interests of the planetarium
profession.
The stakeholders at this meeting graciously embraced the
possibility that planetariums can help with the goals of
the ADW. In particular, there are five general areas that Jim
Sweitzer outlined in his report to the IPS:
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in science learning. I suggest that the OAD think about
building on the IAU’s success with IYA and consider
supplying portable planetariums to festivals among
their constituents. The planetarium could then serve as
a physical anchor to other IYA programs, providing a
significant astronomical presence at these festivals.
Sweitzer also noted a significant interest in portable
planetariums at the stakeholder’s meeting. He also reported
to the IPS president on the discussions about portables in
Cape Town:
On the last day of the meeting, a group of about ten
stakeholders met to talk about portable planetariums in
a special half hour session. What follows is a list of notes
on what was presented and discussed. It also lists at the
end the names of the participants at the overall meeting
who expressed interest in being on a joint committee
with the IPS.
I first did a quick slide show on what contemporary
portable planetariums looked like and what the range
of options might be. This included images of inflatable
domes of various sizes and levels of sophistication. There
is interest both in the larger inflatables like those offered
by Elumenati (http://www.dome3d.com/elumenatiproducts) as well as much simpler and smaller domes
like those by Digitalis (http://digitaliseducation.com/).
Next we talked about the software that can run in these
domes. Uniview (http://www.scalingtheuniverse.com/)
was demonstrated. There was particular interest in its
capabilities to link planetariums over the Internet to
make dome casts via what are called Octopus sessions
(http://www.scalingtheuniverse.com/octopus.php).
I
believe that Sky Skan (http://www.skyskan.com/) may
soon introduce this networking feature soon too. Sky
Skan has toured South Africa recently and are one of
several planetarium vendors to invite for help.

•

•

which several participants have used.
•

Networked African Planetariums – As mentioned above,
the opportunity to network planetariums in Africa was of
some interest. This could be a way to also share scientists
as resources as well. Uniview can handle this, but there
will be other options in the coming years too.

•

Training – All the members of the group expressed
concern about training for new planetarium operators in
OAD programs. This could be an area where the IPS might
help directly. And, it should be included explicitly in any
grant applications or in-kind requests to vendors.

•

IPS – Members of the OAD efforts who can join the
International Planetarium Society and also attend their
bi-annual meetings would be an excellent way to get
fully up to speed on portable planetarium technologies,
but also to meet with peers who have had extensive
experience. In particular, OAD portable users would
benefit greatly from being involved in the types of training
offered by Digitalis (http://digitaliseducation.com/index.
html).

•

Unusual Formats & Capacity Challenges – Although not
discussed directly in this short session, there was more
than one request at the meeting to look at ways to present
planetarium content in larger, more open theaters. This
was, in great part because some felt one needed to be
able to present to 100 children at once. This size strains
the limits of normal portable planetariums and might
require further investigation with dome and equipment
suppliers. Although a challenge, this unusual format
could become a interesting opportunity to develop a
large venue that can be operated out under the real night
sky. One attendee referred to it as a then being useful in
a red laser/ green laser program. The red could be for the
computer “planetarium” display and the green for the
real night sky.

During the discussion, several topics came up:

WHAT CAN PLANETARIANS DO?

Microsoft’s World Wide Telescope—(http://www.world
w i d e te l e sco p e . o rg / d o cs / w o r l d w i d e te l e sco p e
planetarium.html). This software has been used by
several of the OAD members and can even be made to
work in small or portable planetariums using a convex
mirror and small projector. The advantage of this software
is that it is free and powerful in many ways. Although not
designed to be used in a planetarium, it might still work
well. The use of this software should be explored with IPS
members who might have used it.

Planetarians, both as individuals, through their organizations
and their vendors, can help the OADs efforts in several ways.

Nightshade/Stellarium–(http://nightshadesoftware.
org/) is another software solution that might be perfect
for OAD projects. It is free and based upon Stellarium,

First, they can volunteer. Although the IAU is known for
limiting its membership to research astronomers, they depend
upon much of their educational programs upon volunteers.
Often these are amateur astronomy groups, but they can
include other science educators and technical experts like
planetarians. To volunteer for the OAD’s programs, sing up at
the following link: www.astronomyfordevelopment.org/index.
php/volunteers
Second, explore ways IPS might participate. The IPS might
feel there are ways to be involved directly or to support the
IPS2012 CONFERENCE PROCEEDINGS
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efforts of the IAU. The OAD’s projects are aimed at the most basic first steps of astronomy education in countries that have few
resources, much less planetariums. A partnership in some program could be the IPS’s most effective way to help develop new
planetariums in locations they have long wanted to bring into their community.
Make project and program proposals. The IAU’s OAD will entertain project proposals that aid with the mission. They don’t have
large sums of funding, but even official support could be very useful. The proposal application is at this link:
http://www.astronomyfordevelopment.org/index.php/oadprojects
Consider twinning. The IAU will be encouraging the twinning of departments of astronomy between the developed and developing
world. Some planetariums might be in a good position to help with this type of partnership.
Finally, focus on portables. The interest in bringing portable planetariums and the experience of using portable planetariums is
probably the best starting point for help that IPS volunteers can give.
CONCLUSION
We believe that the IPS and the IAU’s OAD can help each other’s missions in many ways. The OAD’s overall plan is just beginning
and many of the thoughts expressed above are only seeds too. We look forward to widen this dialog to find learn how to best use
astronomy for a better world.
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PAPER 8: Alternative Use of Planetariums
PP49: Virtual Egyptian Temple in a Dome
Kerry Handron
PublicVR
351 Rolshouse Rd., Pittsburgh, Pennsylvania
Kerry@PublicVR.Org
(Jeffery Jacobson – PublicVR, Annette Schloss - University of
New Hampshire)
ABSTRACT:
We have developed digital dome tour of a cult temple from
ancient Egypt’s Late Period. The temple is a historically
accurate 3D model, which the presenter can navigate at will,
using many of the narrative techniques of an effective live
star show. For example, she may invite audience members to
imagine traveling back in time to visit the temple on a festival
day. This is the product of more than a decade of development
and hundreds of shows. This paper discusses the particular
advantages of the dome for tours of ancient monumental
architecture and provides information on how to put the
temple in your dome.
Introduction
For decades we have used the majesty of the night sky
to take people on virtual tours of our universe, often
drawing on mythology from around the world and presenting
the latest science. We do much the same thin with PublicVR’s
Virtual Egyptian Temple. The ancient Egyptians spend centuries
developing their temples and the art and architecture within
them. These monuments were built to inspire awe and support
the priests as they conducted a range of activities central to
Egyptian life. Educating the public in the structure and nature
of universe, from daily life to the ways of the gods, was very
important.
The virtual temple is an exemplar, an idealized example of
an Egyptian formal temple from the Late Period. Its art and
architecture of the virtual temple were carefully designed to
support the main tenants of the Egyptian theology, and the
dome provides a superior way to read it. Our virtual model is
constructed from parts of real temples and simplified somewhat
to emphasize the theologically important components (Gillam
2011, p28; Troche, 2010). The temple is dedicated to the god,
Horus, a manifestation of Ra, the god of Kingship. The public
was expected to regularly attend temple festivals in temples
where food sharing ensured everyone could eat well from time
to time. Religious rites ensured balance and harmony (MAAT)
and the favor of gods. In an experimental study, we found that
middle school children working with the temple in a dome
display developed a better understanding of it than the control
group who used standard desktop monitors (Jacobson, 2011).

Front of Temple
Closeup of Pylon

During tours, we also found that many of the temple’s key
features are best observed in the full view of a dome, rather
than on a flat screen. Building on the strength of visuals in
the dome to create a strong sense of presence, we found that
the most effective audience engagement tool was to invite
the audience to imagine themselves as citizens of the town
near the temple living in the New Kingdom. This allowed the
presenter to speak in the present tense and to take the role
of a minor priest and explain some of the ceremony. The most
recent versions of the temple and the tours were funded by
the “myDome” project (NSF award 0916098)(Sumners, 2012;
Schloss, 2012).
General Flow of a Public Presentation with Significant Points
of Engagement
The first dramatic point to be made is that Egypt is important
and successful. This is supported in many ways, the first being
that the temple represents Egypt and it is big. The outer pylons
are 80 feet high and adorned with images of the pharaoh
smiting enemies with the support of the gods. The wooden
flagpoles are 100 feet high and in a land of small palms,
represent trade power as they are clearly imported from other
lands. The priests standing at each doorway make the scale of
the temple clear. The audience is invited to survey the images
on the pylon and encouraged to participate in the program by
choosing a particularly intriguing one. All of the images relate
to one of the key themes, that Egypt is important, the Pharaoh
IPS2012 CONFERENCE PROCEEDINGS
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is powerful, Pharoah talks to Horus,
and the people need to honor the gods
through the local temple and priests.
Going inside the Pylons to the outer
courtyard we find the place where the
Egyptians had their daylong festivals.
Here, a close connection with today’s
audience can be made, by asking a few
people to name their favorite foods. The
presenter associates each food with
something the ancient Egyptians ate
and describes it, noting which class of
Egyptian society that food was from, and
therefore where the audience member
would hail from. The discussion of beer,
who will bring it, and why Egyptians
drank so much of it often creates
connections with audience members
previously less engaged.
At this point, a general audience is
almost entirely engaged and we call a
few children to the front to act out the
passage of gifts from the people to the
priest to Horus to the rest of the Gods
and Goddesses and blessings back
down the line. Here we can encourage
the actors to show their respect by bowing and kneeling when
interacting up the line and not when going down. As the rest
of the Gods and Goddesses can be any number of people,
everyone who wants to participate is welcome. This allows the
use of replica artifacts, building on a strength of an objectbased institution.
The show continues into the deeper and more sacred recesses
of the temple, with the audience noticing things and the
presenter putting them in context. Once the statue of the God
is found, the program flow changes and the audience is asked
to stop pretending they are Egyptians and on the way back
out of the temple the presenter makes connections between
ancient Egyptian society and that of today’s audiences. Clear
connections with parades, community festivals, judicial
processes, funding of public buildings and public messaging
help today’s audiences feel connected with the people of
Ancient Egypt.
Audience Engagement Techniques That Transcend the Topic
There are a variety of audience engagement techniques used
effectively in the live star shows that are part of the Virtual
Temple program. Just as in a live star show, different presenters
have different strengths and use these techniques to varying
degrees.
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Hypostyle Hall; Audience in Temple

The virtual world as a vehicle to transport the audience to
different times, places or scales is an intrinsic strength of the
dome. From traditional starshows that include “As the sun
sets….” To amazing renderings of blackholes and the structure
of the universe, the dome serves as a stage to leave the here
and now and explore the other. This is a critical part of the
Virtual Egyptian Temple program, going to a different time and
a different culture.
The value of humor to engage audiences is recognized across the
performance arts. It is especially valuable here, as audiences
may not recognize the form of this production – that of a virtual
tour in a virtual world displayed on the visually immersive
dome. There are some audience members who expect a
star show or a movie and are not prepared to participate,
intellectually, verbally or physically. Once they laugh with the
rest of the audience they have generally accepted the format as
one in which they wish to participate.
Moving the audience members from observers to participants is
an important step in engagement. Many star show presenters
use techniques where audience members are invited to answer
questions, point and ask questions. We utilize many of the
same techniques in the temple show beginning with easy
things like answering opinion type questions and moving to
full commitment by coming to the front of the room and using
the temple as the stage to act out important ritual.

Giving audience members a personal connection with their
life is a powerful tool. Some live star show presenters work
birthdays and anniversaries into discussion of the movement
of the planets and other changes in the night sky. In the temple
show, we ask what people’s favorite foods are and connect
them with things that the Egyptians ate, and sometimes invited
visitors to make personal requests for blessings of the gods.
Sharing information with a high perceived value is another
key to engaging a audience members. If this is a public show,
then at least one person in each group has intrinsic interest,
or the group would not be there, but that does not mean every
member of each group has chosen this topic. Astronomy has
the easy connection that people have chosen to study the
topic for thousands of years, and this is brought in easily by
starting with a large, old, easy to find constellation. For ancient
Egypt, the case needs to be made quickly that these people
had many of the same challenges we do today, and found
ways to solve them that lasted not, hundreds of years, but
thousands of years. Some of these solutions have worked their
way through western civilization to us today as effective tools for
a civilized society. For younger children, not ready for this level
of engagement, usually the vivid image of Pharaoh preparing to
chop off the heads of Egypt’s enemies is a sufficient hook.
Topics for which the Dome is Especially Effective
Compared with a flat screen, the dome is expensive to build,
run and fill with content. Most people’s time in the dome is
limited compared with other visual displays. Therefore care
should be taken to focus on topics that use the dome most
effectively. Certainly understanding how constellations are
related to each other and how things move in the sky fall
into this category. We found the massive architecture of the
Egyptian temples, designed to impress and impart knowledge
to the visitors did as well.
Egyptian temples are especially information rich, with
every feature having a meaning, and all features arranged
purposefully in space. The panoramic view afforded by the
dome, allows audience member to concentrate on the overall
meaning rather than focusing on the physical relationship of
the parts of the structure. A flat screen essentially provides
tunnel vision, obliging the user to piece together the whole by
looking around. A clear corollary in a star show is the setting
sun on one side and the rising full moon on the other. You
cannot show this without the audience having to do some
spatial translation in their minds without an immersive visual
(either virtual or in real space).

virtual world on a computer (Jacobson, 2011).
Other topics that make especially good use of the dome
depend on spatial relationships, such as archeoastronomy or
understanding magnetic fields. Another powerful technique is
zooming to smaller scales, with the bigger things becoming
huge and zipping behind, so topics where multiple scales
are important lend themselves well to dome programming.
Finally anything that requires audiences to imagine a different
place, time or scale utilizes the power of the dome as hosting
a different kind of reality.
Distribution
The temple is available at http://publicvr.org/html/pro_egypt.
html. From there you can open the temple in a web browser, or
download a MAC or PC executable. The software has displays
modes for flat screen, Discovery Dome (e-planetarium), and
the two walled “corner cave”. Open source for the temple
code and artwork will soon be available.
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Corner Cave

The audience’s sense of immersion is stronger in the dome,
so using the “pretend” vehicle to go to other times, places
and scales is more powerful. When students are allowed to
explore the virtual world independently in the dome, they
make more connections than do students exploring the same
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Temple of Horus

PP50: Virtual Forest – Student Directed
Exploration in the Dome
Kerry Handron
PublicVR
351 Rolshouse Rd., Pittsburgh, Pennsylvania
Kerry@PublicVR.Org
(Dr. Annette Schloss - University of New Hampshire, Dr. Jeffery
Jacobson – PublicVR, Laurel Ladwig - Tucana Productions)
ABSTRACT:
Students in the dome take control and navigate through a
Northeastern temperate forest identifying and measuring trees,
measuring the canopy and listening to bird songs. Advancing
the forest 50 and 100 years supports discovering succession
and measuring changing carbon storage. Switching between
summer and winter yields insights into understanding the
canopy. We will note results from programs for middle and
high school audiences as well as informal groups and share
resources for you to put the forest in your dome.
Introduction
We are carrying out research on the potential for virtual
worlds as learning laboratories for the MyDome Project, by
testing different techniques for learners to interact with the
world. Techniques that form the basis for world building and
audience engagement in the forest were developed in two
other MyDome worlds, the Virtual Egyptian Temple (Gillam
2011, p28; Troche, 2010) and Ghosts of Tikal (Sumners 2012)
. In the forest world, students can explore, measure and skip
through time. The measuring tools are virtual and match
those used in studying real forests. We have included bird
songs and a summer/winter toggle. Learning goals include
tree identification, understanding forest succession, canopy
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closure, changing carbon storage and predicting forest
changes. We have evaluated middle and high school students
with a variety of backgrounds and curricula to support the
learning adventure. Funding for most of this research is
through the MyDome Project, supported by the National
Science Foundation’s Information and Intelligent Systems
Human Centered Computing Program(NSF award 0916098).
The main partners are Dr. Annette Schloss at University of
New Hampshire (PI), Dr. Carolyn Sumners, Houston Museum
of Natural Science, Dr. Jeffery Jacobson and Kerry Handron
of PublicVR and the evaluation team of Elizabeth Osche and
Judah Leblang of Lesley University.
Experts in science education now recognize the importance of
supporting students’ development of their cognitive skills to
ask questions, collect and analyze data and answer questions.
Today, advances in interactive computer graphics enable us to
build virtual learning laboratories accessible through visually
immersive displays, such as a digital dome.
Background
Understanding the success of live star shows helped direct
our development of a storyline for the first virtual world for
the MyDome project, the Virtual Egyptian Temple. The temple
itself was developed as part of earlier research projects by
Jeff Jacobson and rebuilt on the Unity3d platform for use in
the portable domes for this project. We completed further
development of the storyline and audience interactions
techniques, along with evaluation of both audiences and
teachers. For this first world a presenter controlled the world
and mediated the students interaction with it (Handron, 2012).
The second MyDome world is Ghosts of Tikal (Sumners,
2012). This was created by the team at the Houston Museum
of Natural Science drawing on research and modeling they

Ghosts of the Tikal

Forest

completed for the planetarium show, Mayan Prophecies.
The virtual world is a highly detailed model of the village of
Tikal just after the population left. Our instructional design
centered on class type demographics with 20-30 students of
approximately the same grade who knew each other ahead
of time. We investigated several scenarios for what students
could accomplish, and found two that worked well for
different levels of time commitment. Classes who could devote
several class periods to the project, did best with a series of
activities beginning with a job application, introductory movie,
assignment to scientific teams, time in the virtual world and
time for sharing of data and group conclusion discussion.
(Most of these classes were from middle schools with a career
planning curriculum.) For groups who could devote less time,
a scavenger hunt with different students looking for different
things was effective in initiating close observation of artistic,
architectural and biological details of the world. Both groups
attempted to address the overarching question of why the
population left the area, and the implications for civilizations
today.

simply flip from one to another. There are five tree species,
Paper Birch, Pin Cherry, Eastern White Pine, American Beech
and Sugar Maple and they change in size and abundance
appropriately in the different ages. The tools for measuring
include a DBH tape (Diameter at Breast Height) and a
densiometer for measuring how open or closed the canopy is.
Bird songs are location triggered and change with the changing
tree species and include cardinal, roughed grouse, chickadee,
red hawk and red-bellied woodpecker. Other sounds include
locust, grasshoppers, crickets and various wind noise.

The Living Forest

Some of our learning goals for students exploring the forest are
the development of various steps of the scientific process along
with taking on the role of scientists. Other goals include gaining
specific knowledge and applying various skills. In all cases the
students needed to be fairly proficient in identifying the five
tree species before they could make significant headway on
scientific questions. We created background materials and
activities to find the best way to help the students quickly and
accurately identify the trees by the leaves and bark. For sixth
grade students with little background, simply the process of
walking through the forest and calling out the trees they saw,
with someone tallying it for each age of the forest created a
chart that showed change in tree species throughout the life
of the forest. Most students were able to work in teams of two

The third world is the focus of this paper, the Living Forest. It is
built on understanding of how students interact as teams in the
virtual world with the addition of focused scientific questions
and tools to answer them. The questions closely mirror what
foresters study today, with data built into the world to answer
a variety of levels of research questions.
The explorable world consists of a 30 by 30 meter plot of forest
set in a nonexplorable larger world. There is an observation
tower and canopy walk for viewing the canopy from above. The
forest can be seen at 10 years, 50 years and 100 years of age,
and in both summer and winter seasons for each. There are
movies showing the growth between ages, or the students can

The introductory levels focus on identifying tree species
and noting the changes in the composition of the forest as
time goes by. Identification of the closing of the canopy and
measurement of it is important in understanding the changes
in the forest. The DBH tool measures diameter at breast height,
a standard measurement of threes, and comparisons between
summer and winter lend insight into how the forest grows. The
latest addition is that of bird songs, with the species of bird
composition changing to mirror the changing tree species.
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Canopy Young and Canopy Old

or tree and keep their own tallies and use this data to answer
questions about the changing species and begin to make
some predictions and guesses to the reasons for the changes.
The second topic to explore is the tree canopy. As a forest
ages, the canopy closes and less light gets to the forest floor.
This is true overall, but not in every spot. For example, when a
tree dies, there is temporarily a hole in the canopy until other
trees fill it. As students’ time in the dome is limited, we found
that identifying observation points for observing the canopy
closure made sure that the students measured a location
that fit the primary learning goal about canopy closure. The
measurement for canopy closure was tested at several levels
and we found that conceptually working with subjective terms
like some, most and nearly all, taught the concept, but a more
scientific analysis yielding a percentage of leaf cover was
popular and required several data collection processes.
For students who could readily identify the trees, the next step
was to investigate how quickly the trees grew. These different
species grow at very different rates and reach very different
maximum sizes. The DBH tool work similarly to the real ones
foresters use, giving us a measurement for each tree. Some
students who were perfectly at ease with trees disappearing
when they were studying the composition of the forest were
confused when the tree they had measured in the young and
middle aged forest was not there in the old forest, leading to
discussion of forest dynamics.
Some of the high school ecology students were already
familiar with the carbon cycle and carbon storage, so a chart
relating DBH to the biomass of the tree by species allowed
them to draw some conclusions related to the carbon storage
of the forest plot.
The bird songs are the latest addition to the world and have
not yet been evaluated with students.
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Evaluation with Audiences
Formal Education – fifth and sixth grade
125 students in Massachusetts and Pennsylvania worked
through several of the activities outlined above and were
engaged and pleased with the experience. Many were unaware
how much the individual trees and composition of the trees
change over time. Teachers found the program valuable, but
thought some activities, like learning to identify the trees was
not an effective use of the dome time, and were clear they
should be done ahead of time. In response, we created an
online tree identification activity focused on the species in our
forest.
Formal Education – Eighth and Twelfth Grade
Both of these groups in a Pennsylvania public school had
been outside earlier in the year observing and measuring
trees. They were very quick with identification and obtained
good data for tree succession and canopy closure. They
were aware of the DBH to biomass conversion, but did not
implement it effectively. It was the day before Christmas break
and engagement was mixed, with some classes focusing well
and others intermittently.
Formal Education – Fifth Grade
This group included 28 gifted fifth graders in a Pennsylvania
public school. Moving the tree identification prior to entering
the dome made the time in the dome more valuable, and the
students may have been faster at learning it. The bird songs
certainly added to the feeling of immersion, but the students
were not adept at identifying the song to see the connection
between the changing bird songs and the changing tree
species.
Informal Education – Teen docents at Carnegie Museum of
Natural History

This is a highly selfselected group of teens
that enjoy spending their
summers and Saturdays
both studying scientific
topics in the natural
world and sharing them
with public audiences.
They tried early versions
of the Living Forest and
were highly engaged,
contributing many ideas
of what could be better.
They showed no signs of
wanting to stop, even after
90 minutes, suggesting that halfday or longer museum programs
using the dome, such as summer camps, can be effective
learning tools (Sumners, 2012).
Conclusions
The virtual forest displayed in the dome is an effective tool
for supporting students as they explore and engage in
aspects of the scientific process. Students successfully collect
data that leads to factual information and supports deeper
investigation into the natural cycles. Some factual information
is better learned outside the dome as it does not make good
use of dome time.
Development of virtual worlds requires similar technical
resources as production of full view video dome shows. This
is well within the scope of many planetariums and production
groups. There are many college programs educating people
with the level-design, object creating, texturing and lighting
needed for production. We found Unity3D (http://unity3d.
com) to be an excellent software platform.

Distribution
Distribution for the
forest is centered on
h t t p : / / p u b l i c v r. o r g /
html/pro_forest.html
where you can currently
explore the world in your
browser, or download a
mac or pc executable.
The executable supports
flat viewing, mirror dome
warping and corner
cave viewing.
There
are links to curriculum
DHB
and discussion pages
and contacts for people
instrumental in the creation of the world.
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PP51: International Festival of Scientific
Visualization & Dome Festa

PP52: Earthquake: The Making of a Geology
Planetarium Show

Shoichi Itoh
National Astronomical Observatory of Japan
2-21-1 Osawa, Mitaka, Tokyo, Japan
shoichi.itoh@nao.ac.jp
(Hidehiko Agata, Akira Hirai, Naotsugu Mikami - NAOJ)

Ryan Wyatt
Morrison Planetarium, California Academy of Sciences
55 Music Concourse Drive, San Francisco, California
rwyatt@calacademy.org

ABSTRACT:
The goal of the International Festival of Scientific Visualization
is to popularize the wonder, interest, surprise and excitement
of natural sciences through images. So we organized people,
who belongs planetarium, science center, institution and
company, into the working committee to make plans.
The purpose of IFSV that we seek is not only to popularize
science movies but also to make a community for exchanging
knowledge and experiences of independent creators each
other to improve quality. We would like to make appeal to
young creators to apply the Short Film Competition for Dome
and for Flat Screen in Dome Festa, the core event of IFSV.
Introduction
Since 2007, the National Astronomical Observatory of Japan
has started the program, “Science Cultural Promotion through
Astronomy Images”, with the goal to popularize science culture
for citizens particularly through astronomy images. Part of this
included the founding in 2009 of the International Festival of
Scientific Visualization (IFSV) and Dome Festa. During festival
people can see scientific films and to participate stamp rally
that were held at cosponsored institutions.
We will host the 3rd IFSV from August 1st to September 30th
this year at various planetariums and science centers in
Japan, and Dome Festa on September 22-26th at Sofia Sakai
Planetarium, Sakai,Osaka. On the Dome Festa we will plan to
run mainly screenings more than 30 title of films created by
various productions not only from Japanese ones but from the
world. We would like to report on these programs and invite
the IPS community to join us.
IFSV was also started Short Film Competition for image creators
of scientific visualization in its program to discover their talent
and to support them since last year. Participating institutions
are 39 in total for 2nd IFSV. About 570,000 people joined the 2nd
IFSV in total and 200 people joined the core program, Dome
Festa at Fuchu Planetarium. I will show the photos of IFSV and
several films which were applied for Short Film Competition.
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ABSTRACT:
For its third full-length fulldome production, “Earthquake:
Evidence of a Restless Planet,” The California Academy of
Sciences eschewed stars in favor of putting our planet in our
planetarium. The 22-minute program introduces audiences to
a perspective on Earth as a geologically-active world in which
humanity must make choices to ensure its prosperity. To create
the program, the Academy’s visualization studio recreated a
variety of environments, ranging from a historically-accurate
representation of 1906 San Francisco to state-of-the art
simulation of ruptures along the San Andreas and Hayward
Faults. This talk reviews the storytelling and visualization
challenges encountered during the production.

PANEL 4: Planetarium Operations and Technology
PN05: Digital Planetariums and Giant Screen
Digital Domes: Conflict or Convergence?
Paul S. Fraser
Blaze Digital Cinema Works
1771 Post Rd. East, #164, Westport, Connecticut
paul@blazedigitalcinema.com
ABSTRACT:
There has been a lot of talk about “convergence” between
film dome theaters and digital fulldome theaters. It’s
understandable, as almost everyone agrees that all film
domes will transition to a digital solution eventually. But what
does convergence really mean in this context? Is it going to
happen, or just wishful thinking? Should it happen?
Let’s first compare the current large-format film dome and
digital fulldome markets.
Film domes – poised for transition to become digital domes
According to the LF Examiner database, there are 99 film
domes worldwide, and this number has been declining
This is a mature, 40-year old business. The first giant-screen
film dome theater, the Reuben H. Fleet Science Center’s
OMNIMAX theater in San Diego, opened in 1973. The Fleet
recently installation of a GSX Fulldome system from Global
Immersion, supplementing the 15/70 IMAX projector which
will continue to be used.
Live-action documentary films are the staple for film domes,
with running times averaging in the 40-minute range. Their
dome screens are tilted, usually at a 30-degree angle,
and seating is always unidirectional. Films are licensed
on a variable fee, gate-share basis. A single, large-format
mechanical film projector with a fisheye lens illuminates a
screen that is about two-thirds of a hemisphere.
Digital planetariums/fulldome theaters
This is obviously a newer sector. The installed base of fulldome
theaters (mostly in planetariums) has been growing steadily
throughout the last decade. The worldwide total (as of April
2012) stands at 1,063, according to Loch Ness Productions’
online database of fulldome theaters. (See www.
lochnessproductions.com/lfco/lfco.html.) Of these,
112 meet or exceed the Giant Screen Cinema Association’s
giant-screen standard of a 60-foot (18-meter) diameter, just
outnumbering the 99 film domes mentioned above, not all of
which qualify as giant screens. (About 15 dome theaters have
both film and fulldome projection systems and thus appear in
both of these lists.)

Another 179 fulldomes are medium size (40–59 feet/12–18
meters). More than 770 are small (less than 40 feet/12 meters
in diameter), including almost 300 portable and/or inflatable
domes.
Pre-rendered fulldome content (as distinct from lectures by
a live presenter) has been dominated by CGI productions,
and the majority of topics are related to astronomy. The only
live-action shows in active distribution are reformatted giantscreen films.
In fulldome theaters, content is typically licensed on a fixedfee basis, paid in advance, for terms of one, three, or five
years, though 25- and even 50-year terms are offered at times,
for not much more than the cost of a three-year license.
Fulldomes use multiple projectors (two to eight) to illuminate
screens that are comparable in size to GS film domes. Dome
tilts ranges from level to 15 degrees. Unidirectional seating
configurations, while more prevalent in the larger domes, are
used in less than a quarter of all digital domes; the majority
— especially those with level or low-angle domes — have
concentric or other seating patterns.
The majority of pre-rendered shows have running times in the
20–25 minute range; a minority have running times greater
than 30 minutes. Only a few shows made for fulldome are more
than 40 minutes. When they install a fulldome system, theater
operators usually also get production tools from their system
integrators that let them create their own CGI shows. They also
use software-controlled digital models of the universe for live,
real-time presentations of planetarium content.
Clearly, there are many differences between these two
sectors, but what do they have in common? Both types
of dome theaters are mainly in institutional settings and
have strong educational mandates. Although topics and
production budgets differ, both favor documentaries. And of
course both offer a genuinely immersive environment.
Thinking about all the differences and similarities, what
are the obstacles to convergence, and what can be done to
overcome them and accelerate the march to convergence?
To answer this, it’s probably most practical to focus on the
convergence between the GS film domes and their comparably
sized digital fulldome counterparts. This suggests an installed
base of roughly 200 domes (the large-format film domes, plus
the giant-screen digital domes). If the medium-size digital
domes are included, the potential converged dome market
becomes almost 400 domes, or about four times the current
film dome count. And that’s just as of today — not factoring in
the continuing growth of digital fulldome theaters.
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of small fulldome theaters are not likely to move to variable
license fees anytime soon. Among them: operating as a cost
center, with no way or need to count attendance or revenue,
they have a fixed annual budget for new show licenses.
Digital dome distribution
Current fulldome distribution logistics don’t look efficient
to outsiders, especially those with interests in giant-screen
film domes migrating to a digital solution. How can the
inefficiencies be addressed? First, the reformatting of liceaction film from other media needs to be standardized and
commoditized. Secondly, the number of encoding formats
needs to be reduced. Ultimately — in the longer term — digital
domes need a true standard, requiring fewer projectors,
ideally, just one powerful, high-resolution projector (although
this is probably more than five years away), so that no slicing
is required, with a single codec and file type.
Digital dome content

Sources: Fulldome screen counts are from Loch Ness Productions’
Fulldome Compendium, April 2012; Large-format film dome counts
are from the LF Examiner database as of April 2012. As noted in the
text, at least 15 theaters are double counted because they have both
film and digital dome systems.

The business model
Perhaps the most important obstacle to convergence is the
difference in business models. Fulldome content license
fees are usually charged on a flat-fee basis. The long-term
growth of a “converged” digital dome market may depend on
the larger digital planetariums fully embracing the variable
license fee model of giant-screen domes— a percentage of
box office or per-head — instead of flat fees.
If variable license fee pricing is widely adopted by digital
planetarium operators, not only will producers will have a
clearer incentive to create better shows, but distributors will
be motivated to provide more marketing support to theaters.
This will lead to a more business-like approach, whereby
fulldome theaters will need to be much more aware of how well
individual shows are doing. When performance is constantly
measured, the better shows will stay on the schedule and the
less successful ones will be rotated out. It would probably
also mean that theaters that don’t charge admission for
their fulldome shows would have an incentive to start. The
fixed-fee approach leads to a “catalog” mentality, enabled
by the distributors, under which theaters simply collect new
titles, and play them to amortize their licensing costs and not
necessarily according to audience demand.
To be fair, there are structural reasons why the many hundreds
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If true convergence is to happen, then digital planetariums
will have to expand their acceptance of documentary content
other than astronomy, and film domes will embrace realtime and pre-rendered digital planetarium content. Fulldome
theaters are showing promising signs of movement with
their growing acceptance of reformatted giant-screen films
and newer digital fulldome productions with science topics
outside of astronomy. However, the reverse is not yet true for
giant-screen domes.
There is good reason to be “skeptical” that there will be true
convergence in content between these two camps. Among
them, film domes are used to programming bigger-budget,
longer films, whereas digital fulldome theaters are used to
shorter films, with smaller budgets, which translate to lower
license fees. Further, digital planetariums are accustomed
to using software and in-theater technical tools, to produce
unique, engaging, real-time content that is presented with the
help of a live narrator. Film dome theaters run pre-produced
content almost exclusively, so adopting this approach would
be quite a change, even after they convert to a digital solution.
Digital dome standards
Perhaps the second biggest obstacle to dome convergence
is the need for a unified set of standards for the digital
dome. This is going to take leadership from key industry
stakeholders and the relevant trade associations, such as the
IPS, GSCA and IMERSA. The DIGSS (Digital Immersive Giant
Screen Specification) was recently created for the giant-screen
domes, though version1.0 still needs to be activated (by the
GSCA) and a “V2.0” will be needed before too long. However,
DIGSS (and DCI – Digital Cinema Initiatives) are designed
for cinemas; they don’t accommodate real-time planetarium

content. And higher frame rates for the higher resolution
projectors are needed.
The reality is that a converged digital dome market may need
standards for both 4K x 4K (for planetarium content), and 4K x
3K (for live-action documentaries), for many years.
‘Where to from here’?
Is convergence a good thing? The answer depends on whom
you ask. Pooling the interests and buying power of the
larger domes especially is more likely to lead to live-action,
dome-centric programming that domes want, and more
sophisticated CGI productions with bigger budgets and higher
production values.

the convergence if it means fewer schedule slots available
for astronomy shows and presenter-led real-time shows.
Conversely, a film dome theater with no heritage of showing
CGI productions about astronomy subjects won’t easily
reposition itself for this type of content.
The dome convergence discussion tends to assume the
continuation of content types that are the staple of dome
theaters’ programming today. But what if a new content form
takes hold with digital dome platforms? Perhaps convergence
will be driven by new digital interactive content well-suited to
the immersive geometry of dome theaters.

Planetarium professionals who pride themselves in their
role as astronomy educators may not be as enamored with

Even if some form of convergence is inevitable, the speed of
it is uncertain. Technology is not really the obstacle –finding
common ground on programming and content is the bigger
issue.

WORKSHOP 4: Show Production Techniques

ABSTRACT:

WO8: Creating Fulldome Content with a DSLR
Camera

The advent of fulldome content for use in planetarium domes
has enriched the very nature of how we immerse our audience.
Many produce fulldome content using advanced 3D graphics
programs. This workshop, however, will show you how to
create your own one-of-a-kind planetarium presentations
using real-world images and video using simply a DSLR
camera and some special lenses.

Derek Demeter
Seminole State College Planetarium
100 Weldon Blvd., Sanford, Florida
demeterd@seminolestate.edu

WORKSHOP 5: Show Production Techniques
W09: Fulldome Production 301
Tom Casey
Home Run Pictures
100 First Avenue, Pittsburgh, Pennsylvania
tom@hrpictures.com
ABSTRACT:
Production for fulldome shows has evolved from a simple “just
getting it up on the dome” to a pipeline that is as complex as
work done for today’s special-effects laden movies. Techniques
such as motion capture, blue screen, and dynamic particle
effects are commonly requested by fulldome storytellers.
And the desire to compete with the audience’s sophisticated
visual appetite has made use of these techniques necessary
to hold the viewer’s interest. This workshop will describe in
detail some of these techniques to further understanding
among planetarium producers as to what is involved and how
best to use and accomplish these advanced techniques. By

detailing the process in a case history style, those attending
will get an inside look at the complex production pipelines
used today. Q&A session will follow this workshop.
INTRODUCTION
At the 1998 London IPS Conference when Home Run Pictures
created the first fulldome animations for Steve Savage and
SkySkan, the only concern was to get “something” in a format
that would look correct on the dome. The techniques for
creating a 360 degree by 180 degree immersive view were
fairly unknown and just flying past the planets in the Solar
System was a challenge. It was enough to just achieve the
feeling of a view where the audience could look around as if
they were really in the scene being projected. But that was
soon to not be enough as time went on.
MORE REAL PLEASE
One of the first tasks was improving the look of what was
the common subject for a planetarium dome… the stars and
planets. Starfields were the first to be debated extensively.
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Did the digital-video versions look like the real sky, were
they as real-looking as the old analog projector systems? As
resolution increased, so did the ability to create something
more easily to suspend the disbelief of the audience. And as
space probes sent back more imagery of the planets, along
with elevation and terrain data that had more resolution, so
did the ability to recreate this in the fulldome environment.
STARFIELDS:
Databases for the stars
have always been readily
available. Online there now
are hundreds of places where
anyone can download an array
of star positions, magnitudes
and color indexes. Any 3D
animation software is capable
of taking these arrays and
positioning stars in their proper
places to create a starfield
for any sky scene you desire.
Depending on your software
package, it may require a little
scripting to read the array and
create your starfield. To get you
started, Home Run Pictures has
provided a pre-formatted text
file of the 40,000 brightness
stars to use with your favorite
software package. You can
download it at our Fulldome@
HomeRunPictures website…
http://www.homerunpictures.
com/fulldome
PLANETS AND MOONS:

now as resolved. As time passes the data becomes higher
is detail as the spacecraft makes multiple passes over the
surface. NASA also provides a toolset called ISIS that allows
various formatting of the data, but this is more for scientific
research. The Adobe Photoshop approach is sufficient for
fulldome content creation. A Utah teacher has detailed
the process quite clearly in a conference paper at this link
http://www.utahscienceteachers.org/2012_Conference_
Handouts.html
Home Run Pictures uses Maya
software for its fulldome work.
Our rendering is accomplished
with Mental Ray on an Apple
Xserve render farm. Mental
Ray has an efficient pipeline for
handling displacement mapped
mesh terrain. It uses a adaptive
tessellation approach and works
very well for creating realistic
planet surfaces from MOLA or
LOLA data.
MOTION CAPTURE:
Getting accurate human motion
is now possible using small
motion capture setups.
If
you need to show astronauts
exploring the surface of Mars or
a future Lunar Olympian doing
a 120 foot pole vault, motion
capture (mocap) will give you very
realistic motion. Small studios
now have setups that can be
within fulldome production
budgets. The 120 foot Lunar pole
vault, unfortunately is beyond
that and needs to be hand
animated. Besides the huge
scale of the “volume” you would
need for a pole vault capture,
the 1/6 G would be difficult to
simulate.

NASA currently has spacecraft
orbiting Mars and the Moon
with sensors that are mapping
the elevations of the terrain.
This data known as MOLA (for
Mars) and LOLA (for Lunar) are
available online. The raw data Accurate starfield for Lunar colony sequence in Houston
There are many systems out
files can be brought into Adobe Museum of Natural Science’s “We Choose Space.”
there with completely different
Photoshop and reformatted
MOLA data used to generate Mars plane sequence flying
capture techniques and each
in a format readable by 3D
through Valles Marineris for Buhl’s “Traveler’s Guide to Mars.”
is suited for particular types
applications to create terrain
of capture. It is usually best
meshes that are accurate
to outsource or rent motion capture needs because of this.
representations of a planet or moon’s surface. The data is in
Also, the data acquired can turn into a technical nightmare
various resolutions and is best represented as a 16bit color file
requiring special skills to debug and attach to the characters
to represent the greatest number of values, thus creating the
in your show. Home Run Pictures uses both Autodesk Maya
most detail. Current data for Mars is quite high in resolution
and Softimage for character work and motion capture data
while Lunar data is still being collected and processed and
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imported into Autodesk Motion Builder.
BLUE OR GREEN SCREEN:
Including a live person in a fulldome show is actually a lot simpler
than you would expect. Access to a blue or green stage can be easy if
you are only looking to do a single person or small group that will not
be moving around much. For example, Home Run Pictures regularly
“borrows” the weatherman’s blue screen setup at the television
station a couple blocks from our studio. The lighting, which is
important to getting a clean key is already set and a simple digital HD
camera can be used to capture your person. Most television stations
have community policies that allow use of their studio spaces for
educational purposes during off-hours. We even were allowed to use
a portable green screen setup once to do a location shoot. There
are Adobe AfterEffects plug ins that are purchasable to take the
digital frames you shoot and create the cutout mask needed to place
the person over you scene. Home Run Pictures uses the Boris FX
Chromakey plugin and it is excellent at creating clean keys. Usually
just placing a plane with the same aspect ratio as the camera image
in the fulldome scene that is textured with the footage is all that is
needed to accomplish what you want. Obviously if your camera is
moving, it can get a little more difficult.
PARTICLES AND FLUIDS:
Nebulas and galaxies… tornados and hurricanes… stormy planet
atmospheres… all are typical requests for planetarium shows. The
main problem is that in the fulldome “stage,” they can become huge
render bottlenecks because of the way most software packages
calculate them. Particles are simply to get the kind of motion
you desire, but may require millions of particles to get the look or
scale you want. The newer fluids capabilities in Autodesk Maya is
somewhat more forgiving, but can also create long render times if not
setup minimally.
For a show about storms, Home Run Pictures used the Maya fluids
capability to create a tornado chase sequence and a hurricane
chasing plane flying into the storm. The fluids are difficult to setup,
but render faster than the millions of particles needed to achieve the
same look. The best approach with particles is to create many layers
with lessor numbers of particles and composite together in Adobe
AfterEffects. One technique we have perfected is to create the motion
we want with particles, but texture them with fluids. This way, you
have more control over the motion and get the larger scale final feel
with the faster rendering fluids. For a rocket launch scene, Home Run
Pictures created the motion for the rocket exhaust moving through
the blast tunnels and rising around the launch pad with particles
and then applied fluid smoke textures to the particles to achieve a
realistic look.
MENTAL RAY RENDERING:
If you are using an animation application that can use Mental Ray
as a rendering option, there are many advantages for fulldome
production. Since Mental Ray is optimized for raytracing, the 360x180

Motion capture astronauts exploring the surface of
Mars for Buhl’s “Traveler’s Guide to Mars.”
Children bluescreened in to scene, CGI T-Rex and
fisheye captured background for Houston Museum
of Natural Science’s “Dinosaur Prophecy.”
Particle driven fluid tornado for Houston Museum
of Natural Science’s “Force Five.”
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view needed for fulldome can be rendered quickly. Whether you use a
camera shader that accomplishes this or render through a virtual lens
surface, render times for 4k or larger resolutions will be must less than
with other renderers.
SCRIPTING FOR COMPLEXITY:
Astronomical scenes can involve very complex “props.” A galaxy with its
billions of stars or a nebula with vast textural variety can be very difficult
to create in the normal “hand” fashion used while modeling in most
animation software packages. If your software allows you to script the
processes involved, it is a good way to handle large scale astronomical
“props.” Although somewhat intimidating at first, learning to script
within a animation package can allow simpler pipelines for the complex
scenes you will need to create. Autodesk Maya has a scripting language
called MEL that is excellent for generating complex scenes that really
are nothing more than many copies of the same thing. For example,
to create a fulldome view of H2 atoms deep inside the core of the Sun
colliding in nuclear fusion fashion is more easy to create following this
approach. Hand animate a few atoms with their electrons orbiting and
then write a basic looping script to repeatedly copy these same atoms
in different locations. You can create thousands of atoms much more
quickly by letting the computer do the work.

Fluids hurricane for Houston Museum of Natural Science’s “Force Five.”
Particle driven fluids for National Geographic’s Russian Proton launch
3D stereo image for Houston Museum of Natural Science’s Night of the Titanic.”

W10: Basic Editing/Compositing for the Dome
Antonio Pedrosa
Navegar Foundation
Centro Multimeios Espinho, Av. 24, Nr. 800, Espinho, Portugal
apedrosa@multimeios.pt
(Marco Silva – Navegar Foundation)
ABSTRACT:
In the digital era, editing and compositing content for a dome is a
crucial and basic and fundamental procedure in the normal operation
of a planetarium and to create pre-rendered content. This workshop
will cover basic aspects of editing/compositing, where the language
of the dome, the nature of the content and the technical aspects
associated with handling the content for spherical spaces will also be
adddressed. It will also focus on the importance of following standards
and the exporting (slicing) of content in order to be projected. Workshop
attendees are encouraged to bring their own computers with Adobe
After Effects installed.
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PAPER 9: Live Presentations and Technologies
PP53: School of Stars: Combining Fulldome
Shows with Live Presentations

PP54: Real-time Show Production at Katsushika
City Museum

Fernando Jauregui
Planetario de Pamplona
Sancho Ramirez, s/n, Pamplona, Spain
Fernando@pamplonetario.org
(R. Manzanal, M. Ruiz, K. Gomez – Planetario de Pamplona)

Mayumi Iuchi
Katsushika City Museum
3-25-1 Shiratori, Katsushika-ku, Tokyo, Japan
katsushika-museum@pearl.ocn.ne.jp
(Tatsuyuki Arai – Katsushika City Museum)

ABSTRACT:

ABSTRACT:

The educational team of the Pamplona Planetarium is
preparing a new edition of our “School of Stars”, our proposal
to the Spanish educational community. Next school year we
are presenting new contents, new fulldome shows and brand
new didactic guides specially thought for students from 3-18
years old. In this presentation, we’ll talk about our fulldome
shows (13 different titles), our strategies to catch the attention
and to motivate students in our live presentations, and about
our didactic guides designed to complement the planetarium
experience with their own work in the classroom. Everyone is
welcome to our School of Stars.

In 2007, our museum introduced digital planetarium
“DigitalSky2” in addition to conventional planetarium. It was
the first system that installed “Digital Universe plug-in” in
Japan. While many other planetariums in Japan are showing
fulldome video, we have been adhering to produce and
perform original, real-time, live shows. Because we do not
think that a digital planetarium is a movie player, we believe
that it is a simulator of the universe. We produce over ten realtime live shows per year, public shows, music shows, school
shows, science lectures, live concerts, and so on. In this
presentation, we introduce our activities and some shows in
Katsushika City Museum.

PP55: 3D Sound for Star Trips in Jena
Rodigast, René
Fraunhofer IDMT
Ehrenbergstrasse 31, 98693 Ilmenau, Thüringen, Germany
rene.rodigast@idmt.fraunhofer.de
(Jürgen Hellwig - Zeiss Planetarium Jena / Sternevent, Jena, Germany)
ABSTRACT:
In November 2011 the Zeiss Planetarium Jena introduced a new fulldome projection and a 3D sound reproduction system. The
new sound system was fitted to the needs of today’s planetarium operation and workflows. The paper introduced the background
and challenges of this project, as well as the functional principles of the sound system and object based 3D sound production.
The system design and configuration, the integration with the projection facilities and the processes of content production and
performance are also discussed.
Introduction
After a long period of evaluation and discussion about the possibilities for an integrated spatial sound system the Jena Zeiss
Planetarium decide the installation of the “SpatialSound wave” 3D audio system by Fraunhofer IDMT. Driven by a growing creative
community around the popular Jena “Fulldome Festival”, lot of new creative tools for working with sound would provided by the
Zeiss planetarium. The new sound system was fully included in the existing audio production and reproduction environment.
Since November 2011 the Zeiss Planetarium used the new 3D sound system in the daily show program and for working on creative
ideas with the new possibilities for placing sound objects on individual places in the dome.
1.

Requirements of the Zeiss Planetarium Jena

The historical environment of the world’s oldest working planetarium gave lot of special challenges for including a new sound
system. Further the “new Jena 3D sound” should prepare together with the installation of the new digital fulldome projection
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system “POWERDOME/VELVET” by Carl Zeiss Company. All
operations for rebuilding the projection and sound system
were done under conditions of running daily shows. With a
very short period of two days closing, the planetarium was
reopened as ”The New Planetarium” on 2011 November 3rd.
One of the main requirements in the Jena Zeiss Planetarium
was the including of an efficient sound reinforcement system
for reproducing three dimensional sound sources by using
the available technical environment. At once the existing
show production has to reproduce in highest audio quality as
possible.
A further requirement was the synchronizing of different
technical equipment like star projector, light, show laser and
particular the new digital fulldome projection system.
2.

Room acoustics

Based on listening experience, measurements and acoustical
simulations in Jena and comparable domes, the room
acoustics was explicit included in the concept of 3D-sound.
So the perforated dome material in combination with different
absorbing material combinations was measured in an
impedance tube (Kundt´s tube). Some references were given
for acoustical provisions behind the existing dome screen.
Also the conditions in the low frequency range (<200Hz) was
analyzed and some references was given. As a consequence
some of the wall material and the covering tissue below
the mobile stage are changed with mineral wool-tissue
combination. Further some parts of the dome screen (on top
of the horizontal line) rear panel was covered face to face with
mineral wool.
As a consequence the “hard” reflection faces was reduced as
possible for more transparent reproduction mainly in the low
frequency (bass) range.
The new sound concept with lot of distributed loudspeakers
reduces the selective sound energy for reducing also the high
reflective energy for more homogeneous sound distribution
over the auditorium [2].
3.

special tracks (speaker channels) like left, right, surround,
center (marginal also in different top levels) the object based
production use individual sound sources with the possibility
for individual placement. Typically in the object based mixing
the tracks of audio productions will used as individual sound
source without mixing to sum or sub mix tracks. An audio
rendering system (“SpatialSound Wave”) is responsible for
“scaling” (rendering) the individual input sources to a setup
of loudspeakers in 3D arrangement. The rendering process
gives the audio input object descriptions like position, time,
source type and further individual parameters. With this, an
individual handling in location and time is given and will be
the basis for creative potential of object based working.
Based on the audio objects and the coordinates of the
speaker arrangement, the rendering processing generates
a set of matrix control coefficients. This algorithm supports
the 3 dimensional speaker setup of the Jena Planetarium. For
using object based coordinates in production process a user
interface based on a 2D view will used.
4.

3D-Sound reproduction system

With the new sound system the creative possibilities and
sound quality became highly increased. From the existing
digital audio workstation as a central play out system a set
of 32 audio sources can free arranged and animated over an
800 square meter dome screen. Now an accurate positioning
of sound and his corresponding video objects is possible.
The installed system [11] is working with 60 individual
controlled dome speakers and 4 subwoofers. The speakers are
placed on the horizon (36 speakers in front of the screen) and
behind the dome (23 speakers behind the screen). Thereby
the horizontal speakers are arranged with different horizontal
distances and the dome speakers are arranged on three rings
on different high levels with one speaker in the zenith. In
figure 1 the speaker setup is shown.

Object based audio production and reproduction

The new “SpatialSound Wave” 3D sound system [9], [10]
based on wave field synthesis (WFS) technology [6], [7], [8].
The system is able to provide an excellent spatial sound
quality with lower number of loudspeakers than a classical
wave field synthesis system. As a combination of a classical
horizontal WFS system and a 3D extension, the system
provides the possibility for positioning and animation of
sound as horizontal or height sources.
The spatial audio reproduction in the new Jena sound system
is using an object based approach. In difference to channel
based audio productions, where audio mix is made for
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Figure 1: 3D speaker setup

Beside the live input (mainly for speaker, narrator) and the
(AC-3 decoded) audio tracks from the POWERDOME/VELVET
system, the “Soundscape” digital audio workstation (DAW) as
central unit for play out audio content and master time code is
used. The “Soundscape” system in Jena is working since 1996.
To connect the DAW to the new 3D sound system the time code
from the “Soundscape” will delivered to the “SpatialSound
Wave” system and is used as object-time base for the 3D
arrangement of the audio sources. Extra the time code coming
from the “Soundscape” is used for all peripheral controlling
like the projection systems UNIVERSARIUM and POWERDOME/
VELVET as also for existing show equipment (light, laser…).
In Figure 2 the operator and production area in the dome is
shown. The left screen shows the “Soundscape” DAW, the
middle screen the “SpatialSound Wave” user interface and
the right screen show the “POWERDOME/VELVET” control
software.
Figure 3 show the mixing setup in the Fraunhofer IDMT 3D
Mixing studio with dome master view (with time code) and the
“Spatial Sound Wave” production interface (“SpaMix”=Spatial
Mix).

5.
New sound possibilities for the Jena Zeiss
Planetarium
In future productions and in the daily working process a lot of
new possibilities for planetarium available.
5.1

Live presentation

The system provides diverse Audio Inputs with the possibility
for live positioning or animation in real-time. While the
narrator is speaking the sound can follow him or can animate
the position of the speaker. For using the dome for conferences
or talks the speaker or question can placed manually to the
right person. On the other hand in live presentations the
speech can fly from the real speaker to the dome screen and
the related content. The using of live sources in the system
is possible with a high quality because the audio latency is
only few milliseconds. This latency in the Jena dome is obvious
lower than the natural sound latency between the speakers
and the auditorium.
5.2

Live music

Based on the possibility to arrange or animate live sources
with low system delay on individual places a new spatial
quality for live music in the dome is given.
By distributing a band or orchestra [4] over the dome the
special acoustics of the dome could be used for typically
dome reverberation. Further a wide acoustical image of the
orchestra gives the listener a realistic impression of concert
atmosphere. Individual and artificially arrangements of sound
provide some creative potential for sound artists, especially in
the field of electronic music. With the synchronic connection
to the fulldome video system or to the star projector a new
kind of event is imaginable.
5.3

Live radio drama

With the “new planetarium” in Jena also a new generation of
radio drama was established. During the first “radio drama
under the star sky” played as surround mix from DVD over
virtual sound sources (see article 5); the next step was a live
radio drama. The artists used the 3D sound system to arrange
live speech, music, noise and live produced FX in the dome.
So a fully live production under using the “special” room
acoustics of a dome in combination with turning and moving
sounds was presented.
The next radio drama like this is in planning. In the figure 4
below the artists are showing in action while the live radio
drama.
5.4
Figure 2: operator’s position in the dome
Figure 3: offline 3D audio mix with dome master view

Live streaming

First object based concert streaming was tested between
Cologne and Berlin, Germany in 2008. By working with
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Figure 4: Radio drama “Invasion from Aldebaran”
in the Zeiss Planetarium Jena

Figure 5: Zeiss planetarium Jena with opening trailer
in the “new planetarium”

sound objects each individual sound, coming from different
instruments or the room, can record and streamed together
with his individual metadata (position, time, source
characteristic,…). Based on the availability of data bandwidth
a complete concert can be streamed from the original
concert hall to the planetarium with the possibility to place
the orchestra like in the real (or new) stage arrangement in
synchronicity to the full dome concert view.

In Jena the “Soundscape” DAW will used as audio production
and play out system. In “Soundscape” 24 audio tracks are
available. Normally the sound tracks should include all the
sounding elements (instruments, voice, ambience, FX,…) of
the production individually as separate track. Thereby a soft
crosstalk is acceptable. The SMPTE, LTC time code coming from
the “Soundscape” DAW is used as time base to the rendering
system. All individual tracks and the time code track will
played out to the rendering system (in Jena a PC with RME
Madi Soundcard).

5.5

Conventional planetarium shows

It is easily possible to reproduce channel based conventional
audio material over an object based reproduction system. In
Jena the conventional shows (5.1) as part of a “POWERDOME/
VELVET” production or other shows transferred to
“Soundscape” will play out to the “SpatialSound Wave”
system. Each channel in this productions can use and placed
as individual sound source (object) with individual position
on horizontal line or in the dome. On this way individual or
standardized source arrangements can create. The positions
are conform to common (5.1, 7.1, 10.1,) speaker arrangements
or can be changed individually. Each of these channels now can
animate in synchronicity to video projection. An improvement
of spatial sound quality is possible also a “revaluation” of
existing shows. The typically sweet spot will enlarge but stay
preserved especially in large domes like in Jena´s 23m dome.
5.6

Object based planetarium shows

For shows that include the 3D sound from the beginning of the
production process the “SpatialSound Wave” system provide
a wide range of creative possibilities. The first using of the new
3D sound system in Jena was the presentation of the trailer
for the opening ceremony in the “new planetarium”. Already
5 month later on the Jena “Full Dome Festival” 4 productions
with 3D sound mix was introduced – adapted to the Jena 3D
sound system. Figure 5 is showing a dome view of the opening
trailer for the “new planetarium”
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On the graphical user interface “SpaMix” as part of the
“SpatialSound Wave” system the channels will shown as
objects and can arranged in a bird view of the planetarium
system.
5.7

Interactive shows

With the possibility for live positioning of spatial stable audio
sources in real time and on individual positions in the dome
some new possibilities for interaction with the auditorium
exist. In Jena the next steps in this direction is to use the sound
positioning to support a voting tool. As an example the “yes”
vote can place in one part of the dome (maybe in connection
with a visualized voting object) – the “no” vote have to place
in the opposite part of the dome. Next idea is to interact
directly with the auditorium over smart phones. Because the
3D sound system based on an absolute coordinate system
and the included OSC protocol, the moving of sound sources
can controlled directly by an interactive device.
Conclusion
The new 3D sound system “SpatialSound Wave” in the Zeiss
Planetarium is used since November 2011 in daily operation
with mostly seven shows per day. Most of the daily shows run
in static mode with traditional 5.1.-content over a fix setup of
five virtual sound sources and one sub channel (4 woofers).

Some shows became a special setup of virtual sound sources
depends on the content. All the running shows shall adapted
next time to individual setups for improvement of the spatial
sound quality.
Actually 3 trailer and 2 shows are available that use the
new sound system in mind of real 3D sound with static and
moving sound objects. The “Fulldome Festival 2012”, which
happened in May this year, was the first big challenge of the
new sound system with a lot of different shows from the entire
world. Most of the shows were played out in standard static
5 channel mode with different acoustical experience with the
system.
Today lot of creative producers wants to work with the new
possibilities of 3D sound in relation with there own produced
content. Next year the Jena “Full dome Festival 2013”wants to
launch a new price category: the “Spatial Sound Award”.
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ABSTRACT:
The incorporation of new technologies has caused a change
in the dynamics of planetary events, especially those
dedicated to children and adolescents. Computed animation,
audiovisual resources are so shocking that do not give
much room for dialogue and interaction. The Buenos Aires
Planetarium has a long tradition in live entertainment with
the added value of public participation. The live shows make
it possible for Planetary still retaining its essence, remain a
popular science center, especially in the field of astronomy,
which is not comparable to a movie theater or a classroom
because it is not even a documentary film project of formal
school classes. The paper is intended not to lose the essence
of the planetarium
Introduction
Galileo Galilei Planetarium, located in Parque Tres de Febrero,
is dependent of the Ministry of Culture, Government of Buenos
Aires and just completed 45 years of operation. For many years

it was the only in the country but later another planetariums
emerged in Rosario, Malargüe, La Punta and soon the La
Plata. Buenos Aires, capital of Argentina has a population of
2,900,000 people, which together with the Metropolitan Area
complete a population of about 12,000,000 people.
The Buenos Aires Planetarium “Galileo Galilei”
The Building
The building has five floors, six staircases (one spiral) and a
circular room of 20 meters in diameter with 260 new seats 4D.
The hemispherical dome is coated internally with renewed
aluminum plates, which serve as a screen.
The entrance to the building is via a bridge, dodging the
emptiness of a big pot of 47 m. in diameter, whose bottom
emerge architectural volumes isolated by a large reflecting
pool. In the slabs of the driveway, brought from the Patagonia,
you can find ammonites, marine fossils extinct for about
100 million years. On the esplanade of access you can see a
metallic meteorite founded in 1965 in Chaco.
Climbing up the scales of the lobby, you enter to the first
floor of exhibitions which is triangular platform. Here is the
Museum, where permanent or temporary exhibitions are
offered and there is in exhibits a moon rock brought to Earth
Apollo XI for the Planetarium.
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On the second floor is the projection room completely
renovated in technology and in building from December 2011:
planetarium projector model MEGASTAR II A; system full dome
immersive video DigitalSky Sky Skan II, new projection dome
and 260 seats have 4D a system for interactive participation.
The building has two basements. It descends from the entrance
hall by a spiral staircase. In the first of them is a specialized
library, administrative offices and management. For the
same steps, we reach the second ground (and underground)
where are located the tank, the engine room and audiovisual
production department.
The Planetarium function
Since its beginnings, the Galileo Galilei Planetarium was very
visited by the public. Its unique architecture, advanced for its
time, added to the magic that awakened her wonderful sky
Zeiss projector V model made that this
 institution became an
icon of the city and one of the most visited Planetary in the
world with an average than 350,000 visitors per year. Of the
total, almost 200,000 are students who attend 5 functions
daily since Tuesday through Friday.
Fortunately today we have been able to preserve and increase
the number of our attendees and the Galilei Planetarium
has established itself as a meeting place and respect of
the disclosure and non-formal education in astronomy and
relates sciences.
Most of our attendees are local, continue our activities and are
aware of schedule changes.
The student shows are in live, made entirely in the Planetarium
and are divided into levels from the early education level to
the Tertiary and University to which we provide the function
of Astronomy and Celestial Mechanics position with the use
of the excellent resources celestial coordinates and auxiliary
lines providing global instruments.
My experience over 35 years in the Planetarium of Buenos
Aires, leads me to say that it’s very important the active
participation of the public. This dialogue is established, is
the “value added” of the shows, which makes spectators feel
not a movie but the protagonists of experience they will never
forget.
Many comments we receive from the public, about their
feelings when it gets dark and the stars appear and how
interesting and entertaining is the treatment of the contents.
The shows for younger children require the use of different
teaching tools. The staging and the story leading to the active
participation of children who inadvertently acquire knowledge
and in a fun way. The task of the relater, is very important and
with a great responsibility for the success of the shows.
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The Planetarium disseminates, publicizes and popularizes
knowledge of science as a social product that requires
mediators who can socialize knowledge so as to reach the
vast majority of people. Our work bridges disseminator for the
reconstruction of complex conceptual fields in simple terms
that are understood by different audiences.
When we talk about outreach for young audiences “bridge”
links that appear to be distant extremes: children and science.
But not as far as we imagine. Think how much they have in
common children and scientists: his curiosity, his thirst to
see, his desire to know and to know more, to observe, explore
and experiment to prove or disprove hypotheses. In summary,
the ability to look with different eyes.
In every child which is integrated, inquiry and plays an
investigator is founded, a builder of his own knowledge. In
every research scientist is a tireless inquisitive child.
The family shows are divided into a first part live, with
the description of the sky of the date, the mention of the
constellations and planets visible and a second recorded
portion, in this new stage, is ” Journey to the stars”, the show
produced by the New York Planetarium.
The technological change that opened in December 2011
led us to a change in the way we produce and assemble
our shows. But one thing I argue and promote from this
International Planetary is that we must not forget the essence
of a Planetarium. We must not forget that the Planetary are
so named because that’s the name of the instrument or
equipment that makes the projection and that is the heart of
the institution.
New technologies are a great temptation for all kinds of
activities and have different themes in the projection room.
We cannot consider the projection of stars as a backdrop
or decorative element. The stars are the main actors in any
projection and should not be put aside to discuss other topics
that can be very interesting but do not require the equipment
of a planetarium. Do not forget that the planetariums are not
cinemas or even classrooms. The shows are unique, they are
not movies not documentaries or classes which are given in
the projection room. If so, would not need a circular room and
a dome, or not a planetary instrument.
The experience during my years of work at the Planetarium
of Buenos Aires has convinced me of the importance of
new technologies for the realization of the shows, but also
that we must not forget the essence and the mission of the
planetarium in its task of popularization of science in the field
of astronomy and related sciences.

PP57: GIVE ME A LIVE PROGRAM!
Dale W. Smith
Bowling Green State University Planetarium
Dept. of Physics & Astronomy, Bowling Green, Ohio
dsmith@newton.bgsu.edu
ABSTRACT:
An unusually large fraction of school groups this
year have requested live rather than prerecorded
programs. I will describe some of our live programs
and some of the facets of live programs that may
make them attractive to teachers.
Introduction
In the past year, more teachers than ever before have
requested live programs when booking a field trip to the
planetarium for their classes. We are still a traditional
planetarium with a large roster of prerecorded programs on
a wide range of astronomical and interdisciplinary topics and
a more limited roster of live programs, though all programs
feature a live introduction and a question and answer time
at the end. Our neighboring fulldome planetarium at the
University of Toledo has also noticed the same trend toward
choosing live programs.
Since teachers are under increasing pressure to meet statewide
science standards, it may seem that live programs are more
focused on meeting standards, and hence are more likely to
be selected. We encourage schools coming from a distance
(a bus ride of an hour or more) to choose two programs, one
pre-recorded and one live, in order to experience different
program styles and to make the long ride worth the time and
expense.
Our live programs are designed to make maximum use of the
planetarium’s resources to show the sky in a way that the
teacher cannot easily do back in the classroom and to avoid
explanations better done by teacher in school. They are also
designed to be simple and to bypass use of much projection
technology, aside from the star projector. They usually feature
just me (the presenter, after all, is one of the planetarium’s
resources), the star projector, and a few physical props, and
are adapted to the grade and level of the visiting class.
The following describe some of our more popular live
programs. We are a 12.2-meter (40-foot) planetarium with a
horizontal dome, horizontal floor, epicentric seating, and a
classic Minolta II-B star projector. The programs are naturally
refined to match our equipment and my personal style.
Anyone using variations of them elsewhere would of course
need to adapt them to their own equipment and style.

Figure 1. Star Shapes props

Star Shapes
Star Shapes is a 30-minute program designed for preschool
and kindergarten classes of ages 4-5. The goal is to show the
kids that it’s fun to watch the night sky and that the stars can
make “star pictures” in the sky. The program was designed
by planetarium volunteer Dori Anderson, who also did the
artwork.
I restrict the group size to a maximum of about 20 students
because the group dynamics change if there are more
students than that. Most preschools do not try to bring more
than about 20 students; if they do, I require them to break
into smaller groups and I repeat the program as needed.
Occasionally a public school will want to bring more than 20
kindergarteners for a single sitting, in which case I normally
run the program “Larry Cat in Space” from Loch Ness.
Since I am tall and the students are short, we have the
students sit on the floor in a half-circle and I sit at the center of
the half-circle, making sure there are no students behind me.
Teachers sit with the students, but any other accompanying
adults sit behind them in the planetarium chairs.
First I want to get the students used to the round room, so after
welcoming them to the planetarium (probably a new word
for them), I begin by asking who had breakfast that morning
(or lunch that noon for an afternoon program), then what they
had for breakfast (or lunch). Usually I’ll suggest leftover pizza,
which gets a laugh from everyone. Then I ask them what
was the shape of the room they ate in, which of course was
a square or rectangle. Then I turn to the planetarium. “What
shape is the wall?” “A circle” “What shape is the ceiling?”
“A circle.” “What shape is the whole room?” “A circle.” “Do
you have any round rooms like this at home?” “No” (though
occasionally “yes”). Then I ask why we make the planetarium
a round room, and eventually lead them to the idea that we’ll
make the ceiling into the sky and see stars up there.
Next it’s story time, using a series of watercolor storyboards.
Two children are skywatching and see lights in the sky at
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up and walk to back of the room where the control console is,
and I very slowly dim the lights, taking a minute or two to do
that so no one gets scared. Then we find the rectangle, the
snowman (Orion), and the piece of pizza (Hyades), while also
noting which stars are red and which are blue. Perhaps I’ll
next show some diurnal motion, and then it’s morning and
lights up.
I wrap up by telling the kids a secret (while the adults cover
their ears): that if you want to stay up late at light, offer to take
your parents outside and show them the stars.
Figure 1. Sample watercolor

night. “What are the lights?” “Stars!” The stars are drawn as
dots, not as five-pointed stars. We see that some are white,
some are yellow, some are red, some are blue—so they see
that stars come in different colors. Then the boy says he sees
a rectangle (Orion) in the sky. We find the stars and connect
the dots (with a water-soluble marker!) so everyone sees
the rectangle, which has red, blue, and yellow stars. The
rectangle becomes a snowman. Next the girl sees a triangle
(the Hyades) with a red star. “What’s red and shaped like
a triangle?” Before long: “pizza!” I then move on briefly to
drawings of Cygnus and Leo. Now they have seen several “star
pictures” in the sky so are ready for the word “constellation.”

This program has worked well for many years, with the same
teachers rebooking it year after year. The only complaints have
come from a group that without warning brought far more than
the specified maximum number of students and from leaders
who complained that a price of $1/person is overcharging.
Day and Night
Day and Night is a 30-minute program designed for grade one.
Its goal is to teach that day and night occur because the Earth
spins on its axis. Of course the students cannot visualize this
in 3-dimensional space, so they will learn it as a fact. The
program is based on an old 1970s Spitz workshop, but has
been heavily modified and adapted.

Now, after listening for a while, it’s time for them to do
something—make their own constellation. We pass out black
construction paper, white peel-off Avery dots, and bright
crayons, and they make constellations. When done, we collect
the leftovers in a garbage pile, teaching (as Sharon Shanks
notes in her editorial in the June Planetarian) some good
citizenship besides the astronomy.
Then, very unfairly because I don’t have any samples to pass
out, I ask who likes cookies. Then I ask them what ingredients
(though I don’t use that word) we need to make cookies. They
usually can name a long list, inevitably including chocolate
chips. Then who likes to paint, and what are the things we
need to make a painting, and again they come up with a long
list. Now I am ready to make a star and tell them that to make
a star, we need just one thing—hydrogen (a new word for
them), but lots of it. Then I show a picture of a star-forming
region with colorful gas and a lot of bright stars.
Finally, the last storyboard, a drawing of the Sun carrying a
lunch pail with the letter “H” on it. I ask them what words
start with the letter H that describe the Sun, and continue
until they have said both “hot” (easy) and “hydrogen” (not so
easy since it is a new word to them). “We see the Sun in the
daytime. What do we see at night?” “Stars!”
At last, it’s time for the planetarium’s star field. We now stand

146

Figure 3. Day and Night props.

I begin by teaching that the Earth is shaped like a ball. “If
you ride up in a balloon and look down, what do you see?”
“Grass, houses, cars.” “If you ride up far enough, you can see
the whole Earth.” Then I show a poster of the Earth and ask
if the Earth is shaped like a pancake or like a ball. “A ball”,
and then I hold up a globe of the Earth. Beside it are globes

for the Moon (a painted basketball) and the Sun (a beach ball).
Next I have a student walk with me around the perimeter of
the planetarium, always going forward, but coming back to
where we started, an analogy of course to walking around the
ball-shaped Earth
Next we see the Sun moving across the sky in diurnal motion.
Here I make two points, first that it looks as if the Sun is
moving around us each day and second that although the Sun
looks flat on the sky, it is really a globe.
Now I call for a volunteer and
seat a student in a swivel
chair. The student is the
Earth. I hold the beach ball
sun globe, stand in front of
the student, and ask if it is
daytime or nighttime for the
student. Nearly everyone
answers daytime. Then I ask
how to make it nighttime for
the student, and suggest
the answer by starting to
walk around to the other
side of the student. Almost
inevitably, the class corrects
me and tells me we need to
turn the student around, and
we do so.
Next we repeat this
demonstration in a different
way. I place an Earth globe
on the chair with a large postit note stuck to Earth to show
where we are on it. Then I take
an old overhead projector
and turn it on, shining on the
Earth. I ask the class if it’s daytime or nighttime where the
post-it note is. Nearly everyone answers daytime. Then I ask
how to make it nighttime, and as before suggest the answer by
starting to move the overhead projector to the other side of the
chair. Again, the class corrects me and tells me that we need
to turn the globe around instead. Finally, in the light of the
overhead, I’ll hold the globe up and spin it around, mimicking
the passage of day and night. The point is made, though as
a fact, not a concept, since the students can’t yet visualize all
this in 3-dimensional space.
Finally, we wrap up with a brief look at the star field and some
constellations and the turning of the night sky.
Directions and Sun & Seasons
Directions (30-45 minutes, grade 2) and Sun & Seasons (45-

60 minutes, grades 3-6) are related programs. The goal of
Directions is to show that our four directions are connected
with the motions of the Sun and stars in the sky. The goal
of Sun & Seasons is to show the varying path of the Sun in
different seasons and with different latitudes. The maximum
group size is about 55 (two classes), though I prefer smaller
groups.
After welcoming the students and introducing the program, I
call for volunteers who take signs labeled N, E, S, and W to
the four cardinal points. Then
I ask where the class we they
think the Sun is going to rise
on December 21, the first
day of winter. Answers are
usually random, especially if
the class is young, and then
I call for volunteers to ready
to take signs labeled “Dec”
to where we see the Sun rise
and set in December. Then
I turn on the star projector’s
December rising Sun and send
the “sunrise” volunteer to
that azimuth with his or her
sign. Then we bring the Sun
to noon, seeing that it is in the
south, but low in the sky. Then
I ask where people think the
Sun is going to set, move it to
setting, and send a volunteer
to that azimuth with a sign.
Next we proceed in a similar
way to do the March 21 and
June 21 sun paths. When
Figure 4. Directions props
moving the June 21 sun, I
usually stop it a while after
rising and ask who thinks it is going to make the zenith at
noon. Many hands go up. Then I ask who is willing to make a
bet with me about this—a pizza! Many hands stay up. I make
a show of counting the hands, and set the sun back in motion
and let it move without saying a word. Soon they see the noon
sun will be high in the sky but not at the zenith. Point made,
effectively and with humor. We are at latitude 41° north, so
the program would have to be adapted as needed at other
latitudes.
For younger classes, their predictions do not get any better
as we move to March and June, but for older clases, the
predictions may get somewhat better.
With students with signs now standing at the cardinal points
and at the winter, spring, and summer rising and setting
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points, I now summarize
what we have seen:
east is where the sun
rises, south is where
it is at noon, west is
where it sets, and the
seasonal variations. I
do not try to explain why
any of this happens,
rather just showing the
concrete
phenomena
the planetarium is set up
so well to demonstrate
and leaving the ”why”
explanation for the
teacher back in the
classroom.
Finally, in Directions,
(after letting all the volunteers return their signs and sit down)
we turn to north. At last I turn the star field on, show a couple
constellations, and then show the North Star standing still as
the sky turns, and thus completing the connections between
the sky motions and the directions.
For older classes, in Sun & Seasons, I may skip the “north”
direction and stay with the June 21 sun, going first to a northerly
latitude to get a midnight sun, and then to the southern
hemisphere and to the point that seasons are opposite in the
northern and southern hemispheres. As above, I do not try to
explain why these latitude variations happen, but simply show
the concrete phenomena uncluttered by the full explanations.
Watching the Sun
Watching the Sun is a workshop-style program similar to Sun
& Seasons, but is intended for smaller groups in grades 5 and
up, and it runs about 60-75 minutes more in a laboratory style.
It covers similar sun paths as Sun & Seasons, beginning with
December 21, March 21, and June 21 at our home latitude,
and then moving to more northerly and southerly latitudes
on June 21, but this time with
measurements of rising and
setting azimuth and midday
altitude using coordinate grids
projected on the dome.
Each student is given a
worksheet. For each sun
path, they are asked to make
predictions of rising and
setting azimuth, midday
altitude, and whether the
midday sun is north or south
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of the zenith. Then we
run the sun path with
the star projector and
read and record the
coordinates.
For the first sun path,
the predictions are little
more than guesses, but
as we proceed to new
dates, the predictions
improve. Then as we go
north, the predictions are
less likely to be accurate,
and most students
are caught by surprise
by the midnight sun.
Figure 5. Watching the Sun worksheet
Likewise, as we go to the
southern hemisphere,
the predictions are again not likely to be accurate nor to place
the midday sun north of the zenith. All these surprises lead
to effective teaching moments, especially to the opposite
seasons in the southern hemisphere.
As above, I do not try to explain why any of these sun paths
behave as they do, rather just emphasizing the concrete
results. Since I have traveled extensively to the high arctic
and to the southern hemisphere, I can describe these
latitude variations from first-hand experience—for example,
seeing autumn colors and falling leaves in Melbourne in May.
Throughout, I underscore that making these predictions is
difficult and the students should not be disappointed if their
predictions were not very accurate. Seeing the adults also
predict poorly helps reassure the students.
Name that Planet!
Name that Planet is a 45-75 minute game-show style program
designed for grades 2-6. The length and level of the program
vary with the grade and the level of preparation of the class.
Intended to be run after the class has studied the planets
in school, the program has
the goal of reinforcing what
the teacher has covered and
showing connections among
the planets.
It needs a
minimum of about 20 students
and works up to about 55
students.

Figure 6. Name that Planet props.

The program makes limited
use of the star projector, but
begins by showing the current
evening sky, what planets
are visible, and a couple

constellations.Next I break the class
into teams, with one team for the Sun,
one for the Moon, one for each of the
planets, and one for the asteroids. Each
team gets a large sign with its name.
Usually I assign adjacent rows on one
side of the center aisle to the terrestrial
planets and rows on the other side to
the Jovian planets.
Then I project pictures on the dome
of planets, features on the planets, or
moons. I describe each picture with a
clue such as “I am the largest planet”,
“I am a large canyon on the red desert
planet”, or “I am a volcano you will
never see because my planet is always
covered by clouds.” The class has to
tell me what planet is being shown.
After (eventually) getting the correct
answer, I give a laminated print of the
picture to the appropriate team, so that
by the end, the Mercury team has all
the Mercury pictures, the Venus team
has all the Venus pictures, and so on.
The first series of pictures is of whole
planets, and here I gauge the level of

preparation of the class and adjust the
level of helpfulness of my subsequent
clues appropriately. If it’s a second
grade class, my clues are very helpful.
If it’s a well-prepared sixth grade class,
my clues will be much more sparse. I
try to vary who I call on so as to avoid
choosing the same students all the
time and generally avoid people whose
hands go up before I start the clue!
After the “whole planet” pictures,
the next several series are from the
terrestrial planets, and in order
they cover craters, maria, canyons,
volcanoes, lava flows, water and ice,
rocks, and small worlds. In this way,
the students see features that are
common among terrestrial planets.
Then we turn to the Jovian planets,
with series covering clouds, storms,
rings, moons of Jupiter and Saturn, and
moons of Uranus and Neptune. Again
the students see features in common
among the Jovian planets.
There are 80 pictures altogether, a
legacy of the days of using 80-slide

PP58: Shackleton Station, Exploring Sustainable
Futures
Carolyn Sumners and Tony Butterfield
Houston Museum of Natural Science
555 Hermann Park Drive, Houston, Texas
csumners@hmns.org, tonyb@hmns.org
(Andy Patel, Zack Tavlin, Derek Janek, Meghan Brinton,
Brenna Johnson – HMNS)
ABSTRACT:
Unity 3D provides a platform for real-time interactive,
full-dome, large-group immersive experiences. We have
determined that students can work in teams to explore an
environment in the dome, but they must be challenged by an
engaging question. The more complex the question, the more
effective the full-dome
simulation can be in letting students form their own
conclusions. Two different interactive adventures are
being developed: Ghosts of Tikal and Shackleton Station.
Groups explore each location, looking for clues about how

trays rather than PowerPoint. In any
case, more images than that would
be too many. One fifth-grade teacher
recently requested that this program
run 90 minutes, and when I wrapped
up after 60 minutes, complained that
the program was too long.
Once done, I have each team stand
up in succession and hold up their
pictures, and I make a brief summary of
the planet. Then we do question and
answer, usually having to stop because
we are out of time rather than because
the questions run out.
Finally, if time and weather permit,
we go outside and do a walk-off of the
planets using the scale 1 AU = 3 steps.
Nine students get to be planets and
everyone else together is the Sun. The
terrestrial planets are just a few steps
from the Sun, but the Jovian planets
stretch out to greater and greater
distances. This is the most effective
way I know of showing how far away the
outer planets are and I use it with my
university astronomy classes as well.

humans survive and thrive in these very different isolated
environments. Through this interaction, students discover
that the Mayan city of Tikal and a lunar colony at the South
Pole share the same challenges in managing resources and
sustaining a population.
INTRODUCTION
The Houston Museum of Natural Science has developed a
process for rendering Unity 3D environments onto the dome
so that groups of students in a dome setting can explore a
complex environment. The first “game” we developed was
Ghosts of Tikal. Players must find clues from exploring the
ruins of a Mayan city about what happened to Tikal and why
it was abandoned around the year 900 CE. Quickly clues are
found in the complex temple structures that are realistically
modeled in Unity 3D and the behaviors of the ghosts that
players find throughout the ruin. It becomes clear that the
Classic Maya culture was not sustainable, but why? What
clues in the game tell young archaeologist players what went
wrong and
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caused the city to be abandoned? Challenges will
also face a lunar colony. It is as isolated as Tikal with
only modest trade possible. Tikal lost the ability to
sustain its civilization. What could go wrong on the
Moon? That’s the motivation for our game under
development called Shackleton Station.
RATIONALE FOR THE LUNAR COLONY
Can humans live beyond the protective cocoon of
Earth? This question becomes more germane as
we revitalize and repurpose the human spaceflight
program after Shuttle. Private companies are designing
ships to visit the ISS and private companies around the
world are taking up the challenge of landing a robot
on the Moon. But what is the purpose? Where are the
human spaceflight activities of today leading us in the
future. If the ultimate goal is to live offworld, then the
first step is to create a sustainable
environment on the moon, one that could survive
indefinitely with a permanent population. This moon
base must provide the needs of colonists, be selfsufficient through in situ production and trade with
Earth, be a place where humans could live safely for
an extended period and perhaps provide resources
to raise a family. The 3D colony model that meets
these criteria is placed on a digital elevation map of
Shackleton Crater at the Moon’s South Pole along
with landing pads, solar farms, and other support
structures. Students can explore Shackleton Station
and decide what works and what is still needed for
this to be a permanent lunar colony.

Topography of Shackleton Crater

SELF-SUFFICIENT COLONY DESIGN
The Astronomy Department of the Houston Museum
of Natural Science challenged the graduate student
architects of the Sasakawa International Center for
Space Architecture at the University of Houston to
design a sustainable moon base. For their graduate
Shackleton Station in crater wall
theses, these students accepted the challenge of
designing a buildable and livable moon base –
addressing a variety of sustainability concerns. This paper highlights their design efforts and the subsequent efforts of summer
interns at HMNS to create a sustainable lunar environment that would attract both colonists and eventually tourists.
COLONY IN SHACKLETON CRATER
Shackleton crater is located at the moon’s south pole and contains areas in perpetual darkness and areas in perpetual sunlight
during the lunar month. Strategic planning for the solar farm guarantees almost a constant supply of electricity. Mining ice in the
crater floor provides oxygen to breathe, hydrogen and oxygen for rocket fuel, and water to support life and to shield life in the
event of a solar storm. The crater walls also provide a degree of protection from radiation.
The proposed colony for 80 people consists of 85 pressurized modules (ISS has 15) and a pressurized volume of 571,657 ft3
(29,561 ft3 for the ISS). There are 5 kinds of modules: vertical circulation modules, horizontal circulation modules, inflatable
modules, airlocks, and cupolas or entertainment modules on top of the different stacks of modules. The power consumption is
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Living Quarters Inflatable; Allocation of habitats

manufacturing materials
from the regolith. Except
for repairs, these factories
will be manned by robots,
operated from the colony
control center.

1 megawatt (ISS is just over
100 kilowatts) and requires
over 500,000 ft3 of solar
panels (ISS has 35,000 ft3).
There are 7 living quarters
inflatables with a thousand
square feet of floor area
divided into 3 apartments
of 200 square feet each
for 4 people (plus steeping
above and storage below),
a circulation corridor of 100
square feet and a commons
area of 350 square feet
to be shared by the 12
people. Restrooms and
food preparation are in the
central hard sided cylinder.
Food growing requires
8 inflatable modules –
each with a fish tank and
grow beds for plants. The
fish tanks and grow beds
exchange oxygen and
carbon dioxide in a semiclosed system. Beyond fish,
efforts to model an effective
method for managing
meat protein has been
unsuccessful. Colonists will
need to be selfsufficient
in vegetables, grains, and
fish, but may have to trade
with Earth for additional
meat protein.

MANUFACTURING
REGOLITH

Grow Beds in Habitat; Inside the farm

Additional cylinders can be added for tourists or for a
retirement community. Besides the living quarters, there are
commercial facilities for mining ice, smelting regolith, and

FROM

As an example of the use of
in situ resources,consider
what can be done with
lunar regolith once the
colony is set up and the
production routine is
established.
Regolith
contains 40% oxygen, 20%
silicon, 12% iron, 8.5%
calcium, 7.5% aluminum,
4.8% magnesium, 4.5%
titanium, and .33% sodium.
In order to create a moon
base that is economically
viable, much of the
construction has to use in
situ resources and

these in situ resources
can be mined for trade
with Earth. Pure nickeliron could be collected
by magnetic separation.
Lunar silica could be
used to create glass fiber.
Shackleton Station from crater floor
Aluminum
is
readily
available as well. Pure nickel-iron creates a very strong
metallic alloy. It is equivalent to the strength of high-grade
wrought iron with similar properties to stainless steel. Since
there is no atmosphere on the moon, the iron does not rust. In
order to power a lunar colony, large quantities of solar panels
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must be created. A static frame
solar cell is preferred (like the rigid thin film solar panels
in the International Space Station), mounted to track the
sun moving slowly along the horizon during the month.
Using a system of gradual deployment, unmanned rovers
can establish a manufacturing base that could create solar
panels. Gradually, the solar panel plant could be built up to
the capacity of the required megawatt. Concentrators could
also be used to increase the power output of a solar array.
Low mass structures will suffice due to the lack of wind and
the 1/6g surface gravity. The reflective surfaces could either
be aluminum sheets or thin 1.5 micron thick foils. Everyone
in the colony will work at tasks from farming, to robotic
manufacturing and operations, to systems maintenance
and repair, and to physicians, technicians, and nurses.
Classes can be taught from Earth and the latest movies
and concerts can be streamed directly to the entertainment
center. Students will explore the moon base inside a dome
with the structures all around them and decide what is still
needed for a place to live beyond Earth.

PP59: Live Presentation at the Adler Planetarium
Mark Webb
Adler Planetarium
1300 South Lake Shore Drive, Chicago, Illinois
mwebb@adlerplanetarium.org
ABSTRACT:
With two planetarium domes in operation, the Adler will
present more than 6500 astronomy programs next year.
Nearly half, 47&, will feature a live presenter. This paper
examines the variety of programming, audience response,
and operational issues of supporting live programs.
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Shackleton Station in crater wall
All images from the Shackleton Station Lunar Colony were developed
by space architecture graduate students at the Sasakawa International
Center for Space Architecture (SICSA) at the University of Houston.

PANEL 8: Fulldome Operations
PN10: Fulldome Essentials
Antonio Pedrosa
Navegar Foundation
Centro Multimeios Espinho, Av. 24, Nr. 800, Espinho,
Portugal
apedrosa@multimeios.pt
ABSTRACT:
This session intends to present the basics around digital
planetariums and in particular fulldome. It will be an
introductory session, covering some fundamental subjects:
What is fulldome, what is the current state of the dome,
standards, the language of fulldome, animation in fulldome,
real imagery for the dome, music and sound for fulldome
and work flow. This session is mostly dedicated to those
that want to start or are having their first contact with digital
planetariums, and what are the basics around content
production for the dome.

PANEL 5: International Collaboration
PN06: Best Practices in International
Collaborations
Greg Andrews
Sci-Port: Louisiana’s Science Center
820 Clyde Fant Parkway, Shreveport, Louisiana
gandrews@sciport.org
Other Panelists: Michael Daut -Evans & Sutherland, Giorgia
Givone - Infin.to Planetarium, Shawn Laatsch - Imiloa
Astronomy Center of Hawaii
ABSTRACT:
Presenters will elaborate on past success and challenges
in international collaborations. Michael Daut of Evans &
Sutherland (E&S, Salt Lake City, Utah), which has produced
over 20 fulldome shows for planetariums worldwide, will
elaborate on the importance of defining objectives and
holding strategic meetings with key personnel. Greg Andrews
of Sci-Port: Louisiana’s Science Center (Shreveport, Louisiana)
and Giorgia Giovne of Infini.to (Turin, Italy) will discuss their
very different experiences with two cycles of the Museums
and Community Collaborations Abroad (MCCA) grant program;
and Shawn Laatsch of Imiloa (Hilo, Hawaii) will elaborate on
lessons learned during his collaborations with the National
Astronomical Observaotories of Japan (NAOJ) and the Rio
Planetarium.
The panel will conclude with a combined summary of best
practices to give attendees a foundation for success in
international ventures.

Evans & Sutherland
Michael Daut
International collaborations to create fulldome productions
can be a richly rewarding experience both for audiences
and for the members of the production team, or they can be
fraught with misunderstandings, incorrect assumptions and
frustrations. There are some general principles that can help
steer the collaboration toward success and away from failure.
As a case study, I would like to discuss the project created for
the re-opening of the Royal Observatory Greenwich that was
ultimately presented to Her Majesty, Queen Elizabeth II.
The planetarium was scheduled to open in about 30 days and
the opening show that the planetarium’s in house team had
been developing was rejected for various reasons, and they
had no show and almost no time. The team at ROG contacted
E&S to see if there was a way that we could assist them with
creating their opening show.
Now you might say that this example may not apply as an
international collaboration because we all speak English, and
that makes everything a lot easier. Maybe, but the common
language could have led to bad assumptions and poor
practices. The language may be the same, but the culture and
approach to doing business is different.
This leads to principle number 1: Define Expectations and
Agree to These in Advance. The middle of a production is not
the ideal time for negotiation. Try to get all of the deliverables,
responsibilities, deadlines, schedules and budgets worked
out before you begin the production. Meet about these face
to face if you can. Don’t discount the human touch, especially
in an age when we increasingly depersonalize communication
through email and text messages. Be clear about what you
will be able to deliver if the client’s budget is limited, and
help them understand why you can provide certain things and
cannot provide other things. Also define who is charge of the
production and who needs to approve it and how often. Make
sure that anything that gets approved cannot be changed
once it has been approved, or you will never stop working on
the show. Also know who the audience will be. Will it be a
primarily American audience, a primarily foreign audience, or
a truly international audience in which the show will have to
work for both or even multiple cultures. This leads to the next
principle.
Principle number 2: Take Time for Clear Communication. Don’t
rush through conversations because your time is limited.
This is not a time saver. You will just create more crisismanagement meetings later when you really don’t have time
for them.
Principle number 3: Don’t Assume They Understand. This
is a hard one, since we all know what we meant to say, but
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unfortunately our perception becomes our reality. Bad
assumptions or misunderstandings can haunt you throughout
the production, or at the worst will leave your international
collaborator feeling disappointed in your work at the end of
the production process.
Principle number 4: Listen to your Collaborator’s Ideas. Even
if you are in charge of producing the show, listen to and seek
out ideas from your collaborators, and have regular reviews of
work in progress. Filmmaking is a collaborative art, and many
wonderful surprises can happen if you are open to these.
Principle number 5: Give and Receive Honest Feedback and
Criticism. No one likes this “C” word, but it is essential,
especially in international collaborations to listen to what your
collaborators have to say. No one on the team knows their
culture and mindset better than your collaborators do.
Principle number 6: Make Necessary Changes and Avoid
Making Expensive Changes. This gets into crystal ball wisdom.
Hindsight is obvious, but foresight is often cloudy. This is
where experience can be your best guide to avoid expensive
mistakes in the process.
Principle number 7: Share Your Successes and Failures with
Your Team. No one succeeds or fails alone, so don’t take all
the credit and don’t take all the blame.
Final principle: Evaluate and Learn. Take time to meet when
the production is complete to evaluate what worked great,
what could have been better, and what just didn’t work at
all. No production is perfect, and every production is an
opportunity to learn and grow. This evaluation process also
opens the door to future collaborations.
Infini.to Planetarium and Sci-Port: Louisiana’s Science
Center
Giorgia Giovne and Greg Andrews, respectively
In August, 2011, Sci-Port: Louisiana’s Science Center received
a grant for the 2011 Museums & Community Collaborations
Abroad (MCCA) program by the American Association of
Museums (AAM) and the U.S. Department of State’s Bureau
of Educational and Culturual Affairs. The MCCA program
pairs museums in the United States with museums abroad
for a cross-cultural exchange. Sci-Port partnered with Infini.
to Planetarium in Torino, Italy on a project entitled “Not Just
Another Building on the Street” to create a planetarium
program with the help of teachers from their respective regions.
The two institutions, both of which are Digistar 3 sites, had
worked together in the past in 2010 on a similar project titled
“Not Just Another Brick on the Wall” that featured students in
Louisiana and Italy working directly with the planetarium staff.
The difference this time was the teachers would serve as the
conduit between the students and the planetarium staff.

154

Both projects focused on using the planetarium as a medium
to promote the planetarium as a place for teens. Students
decided upon the outline, the graphics, audio and other
pertinent aspects of the show. The projects also focused
on cultural exchange between the Italian students and the
Louisianan students. How to do this and to do this within
the context of utilizing the planetarium was a challenge.
Additionally, the participating institutions needed to develop
a way to communicate with each other and a way to interact
with the general public. Language and cultural barriers
needed to be addressed to accomplish these goals.
Despite these and other common goals, each cycle generated
unique solutions. During the first cycle, students made usage
of Skype and Facebook to communicate. During the second
cycle, students funneled information via Wikispaces. During
the first cycle, a select number of students were chosen for
the project; the second cycle incorporated 6 classrooms, 3
from each city. During the first cycle, students exchanged
cultural information primarily by direct contact via Skype
and Facebook, and by traveling to each host city. During the
second cycle, students exchanged information via a pen pal
format and thru a gift exchange managed by the educators.
Imiloa Astronomy Center of Hawaii
Shawn Laatsch
Imiloa Astronomy Center is located in Hilo, Hawaii and
promotes Hawaiian culture, language, history and
astronomy. The site features the world’s first stereoscopic
3-D planetarium in the world. Imiloa is part of the University
of Hawaii and is located near several observatories that are
used for world-class international astronomical research,
thus creating the opportunity to collaborate with many
organizations. Discussion will two levels of international
collaboration: Imiloa’s involvement with the National
Astronomical Observatory of Japan (Subaru Telescope), Joint
Astronomy Centre (United Kingdom Infrared Telescope) and
the international collaboration for the show “Two Small Pieces
of Glass” for the International Year of Astronomy 2009.

PANEL 5: ALTERNATIVE USE OF PLANETARIUMS

PANEL 9: ASTRONOMY AND SCIENCE

PN07: Earth Sciences in a Planetarium Environment

PN11: The Large Synoptic Survey Telescope

Tom Kwasnitschka
Seafloor Visualization Laboratory
GEOMAR | Helmholtz Centre for Ocean Research Kiel,
Wischhofstr. 1-3, Geb. 8a, Kiel, Germany
tkwasnitschka@geomar.de
Panelists: Ryan Wyatt – California Academy of Science, Dr. Ka
Chun Yu – Denver Museum of Natural Science, Prof. Donna
Cox / R. Patterson – NCSA (?)

Mark SubbaRao
Adler Planetarium
1300 South Lake Shore Drive, Chicago, Illinois
msubbaro@adlerplanetarium.org
Panelists: Suzanne Jacoby and Tim Axelrod – LSST
Corporation, Martin Ratcliffe – Sky-Skan

ABSTRACT:
Planetariums have traditionally been places where the public
was taught about the sky and astrophysics in general. Today,
the wide adaptation of virtual globes and web map services is
contributing to a new understanding of our planet – anyone is
now able to compare local maps to satellite views and global
imagery. How can planetariums embrace this more detailed
view of our planet as part of the universe we regularly offer,
and how can we gain a leading role stimulating new impulses
of earth science literacy among our patrons?

ABSTRACT:
The LSST is a revolutionary survey telescope that was listed
as the top ground based priority in the National Academies’
Astronomy and Astrophysics Decadal Survey. The LSST will
create a “movie of the sky”, covering most of the sky visible
from its location in Chile twice a week, for ten years. This
panel will discuss the scientific goals for the survey, the data
products produced and the survey’s education and public
outreach activities. We will finish with a give and take session
with the audience on how best to engage the planetarium
community with LSST data and science.

Four speakers will present success stories and case studies
of geoscience topics in a planetarium or dome:
1.

Visualizing the Seafloor – The ARENA Project (T.
Kwasnitschka, GEOMAR)

2.

Stories of Environmental Impact - The WorldViews
Network (Dr. K.C. Yu, DMNS)

3.

Earth in Motion – Visualizations for “Dynamic Earth”
(Prof. D. Cox / R. Patterson, NCSA)

4.

The Ground Beneath Our Feet – Geology in the Dome (R.
Wyatt, Calacademy)
Following the presentations, we will discuss the
following practical aspects and invite the audience to
participate:

5.

Looking down, not up: Major differences between
astrophysical and earth science data.

6.

Funding and political relevance: How do you attract
funding and why do these topics matter?

7.

Synergy in content development: People live in the
places you are talking about!

8.

Audience expectations and programming structure: How
do earth sciences fit your own curriculum?

Dome Village 8A, Workshop 5: Show Production
Techniques
W11: Using Keynote to build fulldome digital
shows in Warped Media
Judi James
Brazosport Planetarium
400 College Blvd., Clute, Texas
jamesjudi@rocketmail.com
(Ash Enterprises)
ABSTRACT:
Images and film clips can be used to create professional
looking fulldome shows with Mac Keynote. With its large
curved surface, choosing and placing media on the dome can
be problematic and rewarding. See a number of techniques I
have found for building successful presentations in Warped
Media.
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THURSDAY, 26 JULY
PAPER 10: Show Production and Art
PP60: Shakespeare in the Dome
Donna C. Pierce
Highland Park ISD Pierce Planetarium
4220 Emerson, Dallas, Texas
dc_pierce@earthlink.net
ABSTRACT:
The thought that man is a cosmic being, a fragment of a star, is
one that Shakespeare shares with mankind. “He has clothed
in words of beauty and dignity the mystery of human destiny.”
As planetarium directors we have an audience just waiting
to come as Shakespeare is required reading in most school
districts!
Introduction
Let your mind wander on what you can do with the following:
Astronomers had first been astrologers casting horoscopes to
earn a living. The 16th Century was a busy period for those
versed in the interpretation of the heavenly movements. The
Elizabethan believed the celestial display was created for his
personal benefit. The Zodiac was a profound influence.
Where Romeo and Juliet star crossed lovers? Light plays an
important part of this love story as Romeo says his first sight of
her “he never saw true beauty till that night. If love be blind,
it best agrees with night. Come civil night though sober suited
matron all in black. Light carrying beams that, like Cupid’s
arrows, were shot into receiving, and to be sure receptive
eyes. Star twinkle in their spheres. Come gentle night, come
loving black borrowed night.” Juliet: and when I shall die
take him and cut him out in little stars and he will make the
face of heaven so fine that all the world will be in love with
night and pay no worship to the garish sun. Consequence of
death seen from the hanging stars (planetarians should have
no trouble with this one). Juliet: my husband is on Earth, my
faith in heaven. How shall that return again to Earth unless
that husband send it to me from Heaven? Astronomically
determined fate? Romeo: is it ever so – then I defy you, stars.
The heaven finds means to kill your joys with love. Brightness
and intensity of the starlight is an indication of their love.
Juliet uses light-related metaphors in speaking of Romeo and
their love. Romeo compares Juliet’s eyes as being bright stars.
“The vaulty heavens is high about our heads.” “So smile
the heavens upon this holy act that after hours with sorrow
chide us not” - future predictions? “The all seeing Sun - the
golden window of the East.” Moon information is very import
as Juliet’s birthday was on the full moon and “moonshine’s
watery beams and monthly changes in circled orbs.” “A
156

glowing peace this morning with it brings the Sun for sorrow
will not show his head.” “Parting is such sweet sorry that I
shall say good night till it be morrow” (opportunity for lesson
on seasons – no wonder Shakespeare chose summer nights!).
A pair of star-crossed lovers for certain. The popularity of
Romeo & Juliet is the largest and most persuasive celebration
of romantic love in Western literature. Man, at all times, was
considered to be at the center looking up at the inner surfaces
of the firmament. Nature, of all things, remains at rest – it is
motion that must be explained. (Use Ptolemy information on
geocentric universe here.) There are 3 kinds of irony in Romeo
& Juliet: verbal, situational and dramatic. Greatest mystery
begins and ends with man!
Julius Caesar: nor heaven, nor earth, have been at peace
tonight. What mean you, Caesar: Think you to walk forth
– you shall not stir out of your house today. When beggars
die, they are not comets seen – the heavens themselves
blaze forth the death of princes.
Seasons: are written on the celestial dome.
Conversation in Julius Caesar: “here lies the East; doth not
the day break here? No. O, pardon sir, it doth; and yon gray
lines that fret the clouds are messengers of the day! You
shall confess that you both deceived. Here as I point my
sword, the Sun arises, which is a great way growing on the
South, weighing the youthful season of the year (another
opportunity for lesson on seasons). Some two months
hence, up high toward the North he first present his fire;
and the high East stands as the Capitol, directly here.”
Caesar: I could be well moved, if I were as you; if I could
pray to move, prayers would move me; but I am constant
as the Northern star of which true fixed and resting quality
there is no fellow in the firmament (circumpolar lesson).
“The skies are painted with unnumbered sparks, they are
all fire and everyone doth shire; but there’s but one in all
doth hold his place so in the world.”
Caesar is unmoved by his own or other impulses – just as
the North Star is unmoved by the unnumbered sparks of fire.
Brutus (talking about a meteor shower): the exhalations
whizzing in the air give so much light that I may read by them.
Finale: “The fault Dear Brutus is not in our stars, but in
ourselves, that we are underlings.” Now admit it – you
probably have your presentation for Julius Caesar well on
its way!
Another one that I present at Highland Park High School is
Oedipus – an honest to gosh Greek tragedy and so perfect
for presentation in a planetarium.

This story is founded on Greek myths and people in awe
and wonder of the stars; their fortunes, future and their
existence by the Sun, Moon and stars. After all, mythology
is an explanation of something in nature and Zeus, Athena,
Artemis and Apollo are the main gods. No one can make
the gods do more than the god’s will (an aspect of man’s
fate). Oedipus believes he can evade what the gods have
predicted. He is, after all, a self-made man and won ruler
ship of Thebes through his own accomplishments. But
notice the double attitude towards knowledge of the gods
and how it runs through this story. Man finds himself in
a Universe that imposes terrible penalties upon those who
break its laws. Though these are the very laws that no
human being can fully understand and even the gods have
their flaws. “Can one that can really see see what those that
cannot see see.” (you may need to read that last sentence
more than once). But Oedipus is blind to the truth when he
could see but when he finally does see the truth ironically
he blinds himself. Oedipus ran headlong into the destiny
he was trying to defend! Everything must come to an end
and so did the rule of Zeus and the other Olympian gods.
“All that is left of their glory on Earth are broken temples
and noble statues BUT the constellations put up by the gods
still glitter on their dark blue vault of the sky there for you
and for me.”
Not a day goes by that the English teachers don’t thank me
for presenting Shakespeare in the Dome.

PP61: Musical Content Licensing in the Planetarium
Jonn Serrie
900 Colono Creek Drive
Lawrenceville, Georgia
jserrie@bellsouth.net
ABSTRACT:
In this paper, I’d like to discuss musical content licensing
and requirements and how they apply to the planetarium. We
will explore different types of licenses and talk about the role
of music publishers and performance rights organizations.
We can all see how music and its use in the marketplace is
constantly evolving, but the essence is contained under solid
definitions in government and corporate business models.
And we can examine several of these definitions.
Music is considered intellectual property in the business
sense, much like books, movies, visual arts, computer code,
etc. As in real estate property, it is regulated by federal law,
governmental and contractual arrangements. And basically
like real estate, the owner of the intellectual property “rents”

the use of it for a certain period of time and under a certain fee
structure to an end user.
The word Licensing means “permission to use” and is granted
by the owner. The word Copyright refers to the copyright owner,
who has the exclusive right to perform the work and grants
licenses for public performances of the work.
Music publishers act as the administrative entity of the owner’s
musical compositions. In some cases it is the artist who owns
the compositions and functions as the publishing entity as
well. In other cases it is the record company. Music publishers
set the conditions and payment, either in a set fee format, a
subscription based format, or a custom arrangement.
Publishing information is usually found on the record sleeve,
CD liner notes or meta-data sources. With the internet it is a
little easier to look up and contact a particular music publisher
in order to use a particular musical composition, however it
can still take time to accomplish. Pricing, conditions of use
and restrictions vary greatly between music publishers.
Mechanical and Synchronization music licenses
A Mechanical License is permission from the owner of the
master recording to “glue” the music to a ‘mechanical”
medium or device such as CDs, cassettes, records, film, the
internet itself, so the music can be heard and purchased
by the public. The U.S. Government and record companies
mainly deal with setting the cost of mechanical licenses since
this is a major step in releasing a recorded work in the public
marketplace.
A Synchronization License grants permission from the owner
of the master recordings to use the music in “sync” with
visuals, television, DVD, videos, computer programs, laser
shows, planetarium shows, etc. The synchronization license
is a major aspect for the use of music in planetarium theaters
and there are variations and combinations that can be tailored
to the situation.
Performance Rights Organizations
ASCAP (American Society of Composers, Authors and
Publishers) and BMI (Broadcast Music International) are
two well known performance rights organizations. They
monitor the performances of the music on various broadcast
media including radio, television, internet, movie theatres,
restaurants, planetariums, bars, train stations, anywhere
the music is performed in a broadcast medium. They are the
organizations, along with foreign affiliates like SESAC and
JASRAC, who collect royalties on behalf of the owner in a
number of venues, situations and arrangements.
Performance rights organizations and copyright owners can
issue a variety of custom licenses that match the needs of
the planetarium facility, including “one-off” licenses for
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events or concerts, annual licenses for a specific use such as
a planetarium, a comprehensive blanket license covering all
uses of music in the facility, and the granting of an unlimited
lifetime license to the facility from a custom music source and
copyright owner.
Most composers, songwriters, music publishers and other
music copyright owners are represented by a performance
rights licensing organization and the repertories of these
organizations include millions of compositions. One thing
to remember is that generally, express permission from the
artist or record label is not needed if the music is played in the
dome along with visuals for a performance based show. This
is covered by the facility’s in-place ASCAP or BMI licensing
agreement.

laws can be complex, arcane and difficult to interpret. It takes
competent legal counsel to wade through the details and
make sure everything is in order before proceeding.
I’d like to open it up now for questions and observations and
thank you for attending this paper session..
Reference Resources
ASCAP
BMI
Troy Klyber; American Association of Museums
Mike Murray; Clark Planetarium

Custom Sources of Music
In some cases, planetarium facilities have contractual
arrangements with commercial music libraries, recording
studios or “work for hire” custom scores by composers and
the performance rights for the music are covered in those
contracts. Commercial music libraries can set their own
pricing structure, arrangements, limitations, use and other
conditions. Libraries use subscription based services, annual
fee structures, the granting of lifetime licenses or other unique
arrangements.
For playing music which is not licensed under a commercial
music library or private source, the appropriate license should
be obtained from the performance rights organization. Both
ASCAP and BMI offer specific licenses for museums in a “rate
per performance” structure.
Planetariums that sell visual content for show productions
often will not include, or “synchronize” the music on their
customer delivery medium, since this would constitute
and require a music license. The end user in this case is
responsible to acquire the music separately and secure the
appropriate music performance licenses to play it in their
planetarium theater.
There is a lot of music listed in the Public Domain category due
to expiration of the copyright term or failure of the copyright
holder to observe all of the formalities required by copyright
law. Public Domain works are not protected by copyright
law and can be generally used by anyone without a license.
Several online sources such as PD Info.com list a large number
of musical works in the public domain.
Legal Considerations
Museums and planetariums are encouraged to consult with
legal counsel when applying copyright law to their particular
circumstances to determine if all applicable terms are being
properly considered and followed. And in legal areas like this,
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PAPER 10: Show Production and Education
PP62: The (MC)2 Science Collaborative and Ohio
Standards-Based Planetarium Programs at the
Anderson Hancock Planetarium
Ann E. Bragg
Anderson Hancock Planetarium
Marietta College, 215 Fifth Street, Marietta, Ohio
ann.bragg@marietta.edu
ABSTRACT:
For the past two years, I have been involved in a collaboration
between Marietta College and Marietta City Schools. The
goal of the collaboration is to provide opportunities for all K-5
classes within the district to visit campus and/or receive a visit
from a College faculty member in order to engage in activities
aligned with Ohio’s Earth & Space Science Indicators, part of
Ohio’s Academic Content Standards. I will discuss the work of
the collaboration to date, efforts to expand the program into
other areas of science, and plans to address the revised Ohio
Academic Content Standards.
Introduction
Marietta College is a contemporary liberal arts college located
in Marietta, Ohio, a small city of approximately 15,000 people
in Appalachian Ohio. Full-time enrollment is about 1400
students. Thanks to the generosity of a successful alumnus,
Dave Rickey, the College recently added a 40-foot planetarium
containing a Chronos Hybrid projection system. Named
the “Anderson Hancock Planetarium” after two emeritus
physics professors, Les Anderson and Whit Hancock, the
facility opened in May 2009. Since opening, we have offered
programs at no cost for school group from all grades, amongst
other public outreach efforts.
While we welcome visits from school groups from a wide

geographical area, the (MC)2 Science Collaborative is a
cooperative venture between Marietta College and one
school district in particular, Marietta City Schools. The
local district contains one high school, one middle school
and four elementary schools. Each elementary school has
2-3 classes per grade. The middle school plus some of the
elementary schools are within walking distance of campus.
The collaboration’s purpose is to utilize some of the resources
of the College to enhance the science education of students in
the local school district.
The collaboration first began in the middle of the 2009-2010
school year when I was invited to begin attending meetings
with Dave Jeffrey, a geology professor at Marietta College,
and Tasha Werry, then a fifth grade science teacher from the
district, who had already worked together on some geologyrelated school visits to the College. We agreed upon an initial
goal of creating 1-2 hour activities for grades K-5 addressing
the Ohio Department of Education’s Academic Content
Standards in Earth & Space Sciences. We spent the remainder
of the school year planning the activities, visiting the district’s
Science Committee, and looking for grant money.
During the 2010-2011 academic year, we piloted our program.
We began on July 28, 2010 with a one day program for
elementary school teachers from the district during which
we previewed some of the activities and discussed how
scheduling would work. To improve participation, one teacher
at each of the elementary schools acted as a site coordinator,
encouraging other teachers to schedule their visits. Over the
course of that year, classes from grades 1, 3 and 4 participated
in geology-related activities, some of which were held at the
College and some of which were held at the students’ schools.
Those from grades K, 2 and 5 visited the planetarium for space
science-related activities. A description of each planetarium
program, as well as the relevant Earth & Space Science
Indicators can be found at the end of this paper. While three
of the four elementary schools sent all three grades (K, 2, 5)
to the planetarium, the fourth school sent only their second
grade.
During the 2011-2012 school year, a Marietta College chemistry
professor, Kevin Pate, joined the collaboration, extending it
beyond the area of Earth and Space Science. Participation
in space science-related activities improved, with all
relevant grades from all four elementary schools visiting the
planetarium over the course of the year. Two of the elementary
schools brought their fifth grade twice, and one brought their
fifth grade for a double program. Although many of these
classes would have visited the planetarium regardless,
as a result of the collaboration the programs presented to
each school within the district were consistent and contentstandard-focused. And because it became a district-wide
program, we had close to 100% participation, with students

from classrooms across the district getting comparable
experiences.
The 2011-2012 school year saw another addition to the
collaboration, “Meet a Scientist Day.” This day was largely
organized by Tasha Werry, now a grant coordinator in the
district, as an opportunity for fifth graders to visit campus and
hear from scientists in a variety of disciplines. The goals of
the day were to maintain student excitement about science
and encourage them to think about attending college in the
future. And so on May 10, 2012, all fifth grade classes from
the Marietta City Schools spent the day on campus. The day
was divided into 30-minute blocks, during which small groups
of students rotated through a number of activities, including a
campus tour, lunch in the cafeteria, and visits with a number of
different scientists on campus. Because all of the fifth graders
had already visited the planetarium during the year, with most
groups coming in the spring, my presentation to the various
groups was “lights on.” We talked a bit about astronomy as
a career, places where astronomers work, and what research
telescopes look like as opposed to what backyard telescopes
look like. The presentation was very image-heavy and went off
on various tangents during different iterations as students asked
very different sorts of questions from one session to the next.
Moving forward, we foresee a few challenges as well as some
opportunities. We are continuing to add new disciplines to the
collaboration in an incremental manner; next year biology will
be included thanks to the participation of a Marietta College
biology professor, Katy Lustofin. While the program is clearly
getting students excited about the various sciences, consistent
assessment is needed to demonstrate to grant agencies that
student learning is improving. Perhaps the biggest challenge
ahead comes from the pending changes to Ohio’s Academic
Content Standards. The new standards are set to take effect
fully in 2014 and the elementary schools intend to begin using
the new guidelines during the 2012-2013 academic year.
Responding to these changes will involve reworking many
of the programs to match the newer standards, as well as
shuffling which grades attend which types of programs (e.g.,
astronomy, geology, chemistry). For example, all astronomyrelated standards are being eliminated from the second
grade, and many are being added to the fifth grade. This
reworking and reshuffling is also an opportunity, however, to
incorporate what we are learning now during the pilot years of
the (MC)2 Science Collaborative in order to create even better
opportunities for our area’s students.
Program Descriptions (yet to be revised to reflect the new
Content Standards)
Kindergarten:
Earth & Space Science Indicator #1: Observe that the sun
can be seen only in the daytime, but the moon can be seen
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sometimes at night and sometimes during the day.
(60 minute program, including time for student
questions) The kindergarten program focuses on the daynight cycle. The presenter will illustrate this cycle on the
dome. Students will point at the Sun and follow it across the
sky; when it sets, that is night. Students will be shown that
there are stars up even during day, we just can’t see them
because of the bright daytime sky! Students will be shown the
sky at various days and times (last day of school? Christmas?
Current day? A birthday? Etc.) and note the presence or
absence of the moon during the day/night. This program will
be supplemented with some star patterns (constellations) and
planet comparisons for fun.
Second grade:
Earth & Space Science Indicator #1: Recognize that there are
more stars in the sky than anyone can easily count.
Earth & Space Science Indicator #2: Observe and describe
how the sun, moon, and stars all appear to move slowly across
the sky

Earth & Space Science Indicator #4: Explain that stars are
like the Sun, some being smaller and some larger, but so far
away that they look like points of light.
(Program #1; 60 minutes; includes 10 minutes for
questions) Stars, Sun and Rotating Sky: Students will
prepare for their visit by doing kinesthetic astronomy at school.
In the dome, the presenter will illustrate the day-night cycle
on dome and remind them that *we* are the ones moving.
Students will stand up and do part of kinesthetic astronomy
again. The presenter will point out various stars of various
types and show side-by-side size comparisons. Students will
watch the fulldome program Secrets of the Sun.
(Program #2; 60 minutes; includes 10 minutes for
questions) Earth and the Solar System: Students will
view the Solar System from space, the observing orbits of the
various objects, with the objects in motion. We will fly around
the solar system and see properties of the orbits. We will
zoom in to the Earth-Moon system and see the Moon orbit the
Earth. We will zoom closer to Earth and see Earth as a planet.
Finally, we will land on Earth and observe moon phases.

Earth & Space Science Indicator #3: Observe and describe
how the moon appears a little different every day but looks
nearly the same again about every four weeks.
(75-90 minute program, including a paper-based
activity and time for questions) The second grade
program begins with the daytime sky and slowly moves
forward through a simulated 24 hour period. The slow motion
of all objects across the sky will be emphasized. Then,
viewers will return to the nighttime sky and observe the
number of stars. Students will attempt to guess how many are
visible. The presenter will give an estimate and explain that
there are many more that we cannot see without a telescope.
Finally, viewers will move to a time when the moon is visible
and then move forward in one-day increments and watch how
the moon’s shape changes. Students will track the changing
shape of the moon on a calendar. Finally, students will watch
the fulldome program Secret of the Cardboard Rocket.
Fifth grade:
Earth & Space Science Indicator #1: Describe how night and
day are caused by Earth’s rotation.
Earth & Space Science Indicator #2: Explain that the Earth
is one of several planets to orbit the sun, and that the moon
orbits Earth.
Earth & Space Science Indicator #3: Describe the
characteristics of Earth and its orbit about the Sun (e.g., ¾ of
Earths surface is covered by a layer of water, the entire planet
surrounded by a thin blanket of air, elliptical orbit, tilted axis,
and spherical planet).
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PP63: STEM STARS: How Underserved Middle
School Students Created Planetarium Shows
Noreen Grice
You Can Do Astronomy LLC
125 Jones Drive, New Britain, Connecticut
noreen@youcandoastronomy.com
(Dennis Dawson, Professor of Astronomy - Western
Connecticut State University)
ABSTRACT:
The Danbury, Connecticut public school system and Western
Connecticut State University collaborated on a three-year
grant funded by the National Oceanic and Atmospheric
Administration (NOAA). The STEM Summer Experience grant
(2010 – 2012) targeted twenty disadvantaged, minority and
female middle school students with the goal of exposing them
to activities and hands-on explorations in topics of science
and technology. Astronomy was one of the topics included in
the NOAA grant.
Many of the students had never attended a planetarium show
before, yet they worked as a team to research and create their
own planetarium show. The students presented their show
on a special family night at the Western Connecticut State
University Planetarium. Parents and students expressed
excitement about visiting the WCSU Planetarium. The
authors believe this sort of course could be offered at other
planetariums as a bridge to new beginnings.

INTRODUCTION
Danbury is a city that covers about 42 square miles, located
in the southwestern corner of Connecticut near the New
York border. It is the seventh largest city in Connecticut. Its
population is almost 81,000 people, with just over 21% of
those under the age of 18. Nearly 39% of Danbury’s residents
speak a language other than English at home. More than 82%
of people 25 years or older are high school graduates, but less
than 31% of them have earned a Bachelors or higher degree.
THE STEM SUMMER EXPERIENCE
The Danbury Public Schools, in collaboration with Dr. Theodora
Pinou (Department of Biological and Environmental Sciences
at Western Connecticut State University), received funding
from NOAA (NOAA Grant # NA10NES4400005) to present a
two-week camp for middle school students with coursework
in mathematics, physical sciences, engineering and computer
technology. This three-year grant supported summer programs
for twenty middle school students (8 boys and 12 girls) in an
intensive, summer camp experience focused on the integration
of science, technology, engineering, and mathematics (STEM)
fields. The goal of the grant was to expose students to careers
in the STEM fields through hands-on science and technology
experiences.
The student participants were identified through teacher
and guidance counselor recommendations as academically
capable and in the target groups of disadvantaged, minority
and female. Because there were more than 20 students
who fit these requirements, the final students were selected
through a school lottery. Each participant received two camp
shirts, a backpack, a water bottle, a USB memory stick and
a notebook. Parents and students signed a commitment
contract and participated in a pre-and post- camp science
motivation survey.
The two-week STEM Summer Experience program was
organized around a daily science theme. Students participated
in activities about global positioning satellites (GPS),
water testing, marine life, astronomy, weather forecasting,
robotics, anatomy, engineering design, writing journals and
college planning. Field experiences included trips to Atlantis
Marine World, Mystic Seaport, the Liberty Science Center,
the Connecticut Science Center, a broadcast studio at WNTH
(ABC Channel 8), a hydroelectric power station and the NASA
Wallops Space Flight Facility.
THE STEM ASTRONOMY EXPERIENCE
The authors (Noreen, Dennis) served as astronomy instructors
for each of the three summers. On the appointed astronomythemed day, the students and teachers joined us at 9 a.m.
at the Science Building on the WCSU Mid-town campus. We
introduced ourselves by relaying our backgrounds in a way to

which many of the students could relate. We had both been
raised by single parents (mothers), yet we had still been able
to study science in college and pursue our dream of science
careers. We wanted the students to know that if we could
succeed, they could also.
Through images and discussion, the students learned about
what astronomers study, the kinds of equipment they might
use and the places to which they could travel. Noreen spoke
about her background in the planetarium field and science
education, while Dennis spoke about his research and
teaching.
Students received a red-bulb flashlight and a book about
identifying constellations before assembling their own
planispheres (star wheels). Following this activity, the class
went into the hallway and created a 20-foot scale model of
the solar system.
Next, the class traveled by bus to WCSU’s Westside campus,
had lunch, and then went to the computer center. Most of
the students had never visited a planetarium theater but
were told that they would be creating a planetarium program
that they would present that evening. In order to make the
program production more manageable, the show was divided
into a magazine-style format. This allowed students to work
in groups to create ten-minute modules. In 2011, the students
were divided into three groups, each with a special focus and
presentation style.
Group 1 presented their module as an adventure. Their story
began with information on planned NASA and international
missions to Mars, the greatest distance astronauts have
traveled in space, descriptions of Biosphere 1 and Biosphere
2 and a comparison of travelling to Mars with living in
Biosphere.
Group 2 presented their module as a mystery. Their story
began with a discussion of astrobiology, what it means for
something to be “alive,” a comparison of the temperatures
and atmospheres of Earth, Mars and Venus and a discussion
of where we have found life on Earth in unexpected places.
Group 3 may have had the most challenging task: they had
to make their presentation include scenes of comedy. They
began with a discussion of space spinoffs and their benefits,
as well as how to imagine and create new space spinoffs.
Each group of students worked together to research
information and find accompanying images for their story.
Then they had to convert their information into a ten-minute
script, with each student having their own portion of the script
to present live. The images were saved to memory sticks, and
Noreen combined them into one PowerPoint program. Each
image included a text caption, helpful for people who are
hearing impaired or non-native English speakers. Students
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were given blank storyboard pages to help them organize their
thoughts and scripts.
Two and a half hours later, after script research and
development, we left the computer center and walked to the
WCSU Planetarium. The Western Connecticut State University
Planetarium can accommodate 45 visitors per show. The
theater features a manually operated Spitz A3p star projector,
as well as three slide projectors and a video projector that
are connected to planetarium computers. All programs are
presented live.
The students were wide-eyed as they took their seats around
the star projector. They spent almost an hour looking at
the stars in the planetarium and learning how to use the
planispheres that they had assembled earlier in the day.
The PowerPoint program was transferred to the Planetarium
computer; then each group of students took a turn standing
near the console and reading their part of the script as we
presented the images on the dome.
At the nearby WCSU Westside Student Center, the parents
joined us for a family dinner, where they were told about
the forthcoming planetarium show and shown the student
planispheres. An hour later, we all gathered at the WCSU
Planetarium. There were too many people for one show, so
the group was split in half: one group went to the observatory
side of the building and viewed the moon through the 20inch telescope with Dennis, while the other group went to the
planetarium with Noreen; then the groups were switched.
The planetarium show began with a tour of the night sky.
Like the students, the parents and siblings who had never
attended a planetarium program before were amazed to see

the stars projected on the dome. Visible star patterns for the
time of year were explored along with simple ways to find
them. After viewing the stars, we moved on to the STEM STARS
planetarium show. One, by one, the student groups stood
near the console and confidently read their parts.
In the first year of the STEM summer program, students
presenting in the planetarium were bashful, and it was
difficult to hear some of them speaking. Starting with the
second year, a portable microphone and speaker has been
available. With microphone in hand, all of the students
became confident public speakers. The families were both
pleased and impressed with the work done by the students
and the resulting planetarium shows.
CONCLUSION
Each summer, the students spent a 12-hour day learning
about astronomy topics and creating a unique planetarium
show. They demonstrated research and knowledge about their
particular topic, produced scripts, integrated visuals, and
practiced their public presentation skills. In keeping with an
astronomy/space science theme, the students also traveled to
the NASA Wallops Space Flight Facility in Virginia, where they
met with NASA technicians, engineers and educators, and
even got to sit in the mission control center. At the end of the
summer, post motivational survey data showed a significant
increase in female motivation for STEM topics.
Dr. Theodora Pinou reviewed the student journals at the end
of the summer and compared pre- and post-instructional
knowledge. From the journals, she gleaned overall student
content knowledge had increased at least 60% in these areas:
Identify at least 4 heavenly bodies accurately
Photo caption: Noreen Grice and Dennis
Dawson with the 2011 STEM Summer
Experience students outside the Western
Connecticut State University Planetarium/
Observatory Building.
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Explain how to estimate the size of planets and stars accurately
Estimate the distance between Earth and two planets or stars
Know that WCSU has a planetarium and observatory

Teaching (pp. 25-32). Arlington, VA: National Science Teachers Association
Press.
Pinou, Theodora (2010). Progress Report 2010 on Student Opportunity
for Learning (May 2010 – May 2011), NOAA Grant # NA10NES4400005,

Explain how to navigate by stars (with use of star map)

Western CT State University

Throughout the STEM Summer Experience, students recorded
scientific content, experiences and ideas in their daily
journals. Two students wrote:

Ridlon, Chantal and Pinou, Theodora (2011). Student Motivation to Learn

“On July 11, 2011, our STEM camp experienced astronomy with
Dr. Dennis Dawson and Noreen Grice. They taught us how
diverse our universe really is. We were able to understand
how planets, stars, solar systems and galaxies were created.
We were also able to perform in a planetarium at Western
Connecticut State University. This experience was truly
amazing to both of us.”– Meghan and Monisha

STEM Content Through Information Education: A Comparison
Between Make and Female Students, Western Connecticut State
University research presentation
U.S. Census Bureau – Danbury, CT Quick Facts
http://quickfacts.census.gov/qfd/states/09/0918430.html

REFERENCES:
Glynn, S.M. & Koballa, T.R. 2006. Motivation to Learn in College
Science. In J.J. Mintzes, & W.H. Leonard, Handbook of College Science

PP64: Can Graphs Be Beautiful?

There is a wide variety of reasons that this is possibly true:

Tanya Hill
Museum Victoria
GPO Box 666, Melbourne 3001, Victoria, Australia
thill@museum.vic.gov.au

•

astronomy is an accessible science – at its most basic
level almost anyone can look at the night sky and wonder

•

there’s an element of fascination – mystery clearly
surrounds what’s out there and what might be our place
in the Universe

•

it’s full of strange stuff – black holes, supernova, gamma
ray bursts, are just some of the examples that ignite the
human imagination

•

space as the final frontier – humanity is captivated by
exploration, the danger, the resourcefulness and the
creativity needed to overcome our limitations are all
present when it comes to learning more about space

•

it is beautiful – the cross-over between science and art is
strong and astronomy takes full advantage of this.

ABSTRACT:
Astronomy is the lucky science. We have such wonderful
imagery to share with the public and excite their imaginations.
So is there a place for graphical information as well? I will share
with you the graphs that I love to include in my presentations.
We will explore how graphs can add interest to your topic and
discuss methods for widening their appeal to your audience.
1. Introduction
Regardless of their area of expertise, all scientists share a
passion for their craft. They love to hunt for something new
and contribute knowledge to advance their field. But there is
something special about astronomy which has captured the
enduring interest of generations of people. The proliferation
of planetariums is just one manifestation of the support and
enthusiasm which the public shares for astronomy.
When it comes to astronomy the sense of wonder, awe,
inspiration and creativity is readily acknowledged. Scientists
may see these connections no matter what field they are
working in, but for astronomy the general public readily grasps
the connections too.

It is this last point that I’d like to discuss in this paper.
Astronomy is a fabulously visual science. For centuries the
night sky has fascinated cultures around the world. It’s hard
to believe that it was just some 40 years ago, that we acquired
our first views of the Earth as a planet floating in space. Since
then there’s been a flood of brilliant cosmic vistas – the first
close-ups of the planets of our Solar System, the views of the
Universe in all the different wavelengths and of course, the
unbeatable depths of the Hubble Space Telescope.
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With
such
fantastic
imagery readily available,
is there a need to present
anything more? Is there a
place for graphical data to
sit side-by-side with such
imagery? I’d argue there is,
providing that the context
and interpretation of the
graphical information is
clearly delivered so as to
spark further interest in
the science of astronomy.

isn’t a random line, or one
used to guide the eye, it is
what scientists call a black
body spectrum, or in other
words, it’s a theoretical
prediction and yet it fits the
data perfectly.

The theoretical curve
describes how much
energy is radiated at each
wavelength for a special
type of object called a black
Figure 1: The Cosmic Microwave Background radiation
body or one that absorbs
as measured by COBE.1
all radiation directed at it.
2. The Cosmic Microwave
The key thing is that the
Background - The Sexy
shape of this curve, most
Graph
notably where the peak
If there was ever going to be a graph, in any field of science,
appears, tells us the temperature of the object.
deserving the title of ‘sexy’,
This graph measures the spectrum to an accuracy of 0.005%
it has to be this: the Cosmic Background Explorer’s (COBE)
and tells us that the CMB has a temperature of 2.726 K. It
measurement of the Cosmic Microwave Background (CMB) as
supports the Big Bang theory and has helped to shape our
shown in Figure 1.
understanding of the early Universe. That an observation
made in modern times can reveal the conditions of the
Now, of course, what I mean by sexy is in the broad sense of
Universe as it was over 13 billion years ago and to such high
the word; this is a graph that is appealing and glamorous. It is
precision, is remarkable. This is an example of the incredible
an astronomer’s dream.
things astronomers can do.
On a science level the graph represents two years of data from
The effort of producing this graph, together with further results
the Cosmic Background Explorer. Launched in 1989, COBE’s
from the COBE mission, earned astronomers John Mather and
mission was to peer right back to the very beginnings of our
George Smoot the 2006 Nobel Prize for Physics. Now that’s
Universe and precisely map out the remnants of the Big Bang.
got to make it sexy, don’t you think?
COBE was following up on
the observations made by
3. Galaxy Rotation Curves - the
Penzias and Wilson, over
‘Behind the Scenes’ Graph
20 years earlier, when
Sometimes it is not necessarily the
they realised that the faint
graph itself that is important but the
signals they could detect
opportunity it represents to tell the
from everywhere across the
story behind the science. All graphs
sky, had originated from
have a story – the ‘blood, sweat and
a time when the Universe
tears’ or just sheer hard work that goes
was incredibly dense and
into producing a humble splattering
intensely hot.
of dots and lines. The graph shown
The individual points on
in Figure 2 of the rotation curves of
the graph are the COBE
galaxies produced by Vera Rubin is
data. They even include
certainly one of those.
error bars which are so
small they’re hard to see.
But the remarkable thing
This is a ground breaking graph. It
about this graph, and the
established the existence of dark
thing that makes it ‘sexy’,
matter, thereby opening up an entire
is the line linking those
new branch of astronomy. Dark
data points together. This
2
matter had been hinted at 40 years
Figure 2: The rotation curves for 16 spiral galaxies.
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relationship), Annie Jump
Cannon (who developed the
classification scheme for
stellar spectra) Ruby PayneScott (the first female radio
The galaxy rotation curves
astronomer) and Jocelyn
plot out how fast stars are
Bell Burnell (who discovered
orbiting around a galaxy in
pulsars) to name a few.
relation to their distance
Highlighting the fabulous
from the galaxy’s centre.
female astronomers of the
The galaxies studied by
past and openly discussing
Rubin were beautiful spiral
gender discrimination, are
Figure 3: Schematic examples of galaxy rotation curves.
galaxies. If you look at such
small steps that can help
a galaxy, it is clear that most
overcome some of the barriers
of the light is concentrated in the central core. Once you move
that still face today’s female scientists.
out towards the edge of the galaxy, there is less light and
4. Dark Energy - the Forensic Graph
presumably less stars.
earlier, but Rubin’s work
consolidated the problem,
providing astronomers with
substantial evidence.

It was therefore expected that most of a galaxy’s mass would
lie at the heart of the galaxy. If this was so, then spiral galaxies
could be considered analogous to our Solar System. The Sun,
at the centre of the Solar System, holds over 99.8% of the
mass of the Solar System. When we measure how fast the
planets orbit the Sun, it is found that as the distance to the
Sun increases, the planets orbit more slowly. Mercury (the
closest planet), zips around at 48km/s, while Neptune (the
furthest planet) travels at a more leisurely pace of 5km/s.
In graphical terms, the rotation curves are seen to drop off
(see Figure 3) and this is exactly what Rubin was expecting
to find with the rotation curves of the spiral galaxies. What a
shock it must have been when, galaxy after galaxy, the rotation
curves did not drop away but instead stayed completely level.
Graphically too, it shows such a stark contrast as Figure 3
shows.
It was absolutely cleat that something unexpected was going
on. If the outer stars of the galaxies were moving that fast,
then each galaxy should have been flying apart. There has to
be more mass in the galaxies, holding everything together,
and yet this mass is not traced out by the light of stars. It is
hidden and therein lies the evidence for dark matter.
Part of the beauty of this graph is also the story of the
amazing woman that created it. Like myself, Vera Rubin was
fascinated by the stars as a child. However, unlike me, she
did not always receive positive encouragement to pursue
a career in astronomy. She was famously told in 1948, that
“Princeton does not accept women”, a policy that would not
be abandoned until 1975.
Fortunately Rubin was supported by her family and managed
to find institutions where her astronomy could flourish. There
have been many such pioneering women in astronomy:
Henrietta Leavitt (who developed the cepheid-luminosity

Twice a year, I present a series of special evening classes at
the Melboune Planetarium to discuss the latest events in
astronomy (reference other paper). A topic that is current and
popular is dark energy. It is intriguing for everyone, scientists
and the public alike, to know that we have stumbled across
something that, like dark matter, has radically changed our
understanding of the Universe. More so, it is such a complete
and utter mystery.
“I especially enjoyed the final session, Dark Energy
where seemingly unrelated asides and sub-plots
came together as well as any thriller into a fantastic
finale. As an astrophysics hobbyist I hope there are
more to come.”
This encouraging quote from one audience member, succinctly
describes how I frame my dark energy presentation. I think of it
as a detective story. The beautiful graph which I include in this
presentation, is not immediately sexy or attention-grabbing,
but earns its place because it describes how everything comes
together. It represents the lightbulb moment, when I can
feel my audience accepting that dark energy may exist, even
though we may not understand what it is.
Before this graph can be revealed, three astronomical
observations must first be discussed. These are distant
supernovae, the CMB and baryonic acoustic oscillations (BAO).
Each of these topics provide separate and unrelated clues to
the existence of dark energy – the notation that the expansion
of the Universe which began with the Big Bang, now appears
to be accelerating.
In 2011, Saul Perlmutter, Brian Schmidt and Adam Riess
received the Nobel Prize for Physics for their discovery of the
accelerating expansion of the Universe through observations
of distant supernovae. The work was done a decade earlier,
when their two teams, one headed by Perlmutter and the
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other by Schmidt, independently
discovered that distant supernovae
were fainter and therefore more
distant than expected. Adam
Reiss explains that when they
first plugged their data into their
computer programs the result was
a universe that has negative mass.
This of course, didn’t make sense
until they realised that they had
made a wrong assumption. Gravity
was though to be working against
the Universe’s expansion, and
thus causing the expansion to slow
down. If the expansion was instead
accelerating, then everything fell
nicely into place.

take in what they can, some might even
find that the majority is just too much
of a stretch to consider further but are
happy to know that there are scientists
out there who seem to understand it all.
Now is the moment of the reveal – and
theatrics always work and should be part
of the delivery of any public talk. I present
Figure 4, which graphically represents
the information just discussed. The
supernova results tell us the ratio of
matter to dark energy in the Universe
should fall in the blue area, the CMB the
orange area and the BAO the green area.
Figure 4: The observational constraints that
lead to the existence of dark energy.3

The second piece of the story is
provided by COBE’s successor, the
Wilkinson Microwave Anisotropy Probe (WMAP), which has
measured temperature changes in the CMB down to the
level of one part per million. Data from WMAP has shown
that we live in a flat universe, one where our basic laws of
geometry – such as the angles of a triangle add up to 180°
or parallel lines always remain parallel or the circumference
of a circle is equal to its diameter multiplied by pi – are true
across the entire Universe.
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These are all separate observations,
exploring different ways of looking at our
Universe. There is no reason that any of
these should be preferred or coincide. And yet, there it is – at
the position relating to a Universe filled with approximately
30% matter and 70% dark energy all three observations are
in agreement.
Something is obviously going on here – and for the moment
dark energy is what we’ll call it.
5. Conclusion

The final piece of the puzzle is the BAO. These are ripples
in space that were frozen into place 380,000 years after the
Big Bang. Imagine throwing a pebble into a pond. Ripples
begin to expand outwards and we take a photograph of
these ripples – they appear frozen in time. Such ripples are
captured in the CMB and we can compare the size of the
ripples as they appeared then in the early universe, to how
they appear now in present day, mapped out by the large
scale structure of the Universe.

I have presented here three graphs, each with their own
unique story. As demonstrated, a few graphs can provide
structure and context for a broad range of astronomical topics
and can also be used to drive a narrative. Graphs are the way
that a scientist evaluates data and sharing this experience
with the general public can lead to a deeper understanding
of science.

Admittedly, some of this is tricky stuff and there are differing
degrees at which an audience member will take up the
information. Some will follow along confidently, others will

J. C. Mather, et al. 1990, Astrophysical Journal, 354, L37
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PP65: Planet Properties through Student
Productions
Jack L. Northrup
Dr. Martin Luther King Jr. Planetarium
3720 Florence Blvd., Omaha, Nebraska
jlnorthrup@fbx.com
ABSTRACT:
At times, teaching students information about the planets is
like preparing for a game of Trivial Pursuit. I used the goal of
the students designing their own planet as a tool to learn the
properties of planets, not just memorizing facts.
Introduction
Often when teaching about the properties of planets I would
get the feeling that I was preparing my students to go on a
trivia game show. “I would like to take, The Red Planet for
$100” I decided to change up the traditional planet property
unit by having the students make their own planet. The final
product was to be a visualization of a planet for the dome.
Animated Name
As a way for the students to be introduced to the production
program used in the planetarium, Blender, I have the students
make a quick 90 frame clip of their names. The students use a
template file: AnimatedName.blend to choose two animation
effects and the color for names. It is interesting to see the
number of students who select black for a font color, which is
invisible against the black domemaster
Mercator Projection Map
When studying the appearances of the planets such as if
a planet has craters or atmosphere I have the students use
Mercator maps to compare and contrast the planets. This
leads to the students designing a surface for their planet, they
use DesignerMap.odg (an OpenOffice file that is formatted to
be twice as wide as it is tall) to make a Mercator projection
of the for next step. They also practice application skills by
exporting the map as a .png file.
Designer Planet
There are a couple of topics within planetary properties that
are relationship based; semi-major axis to period of revolution
and mass & radius to gravity. So after doing activities on
these topics I have the students use the image of their planets
and a template file called source.blend. It allows the students

to map their image to a sphere and name it. There are areas
in the template for students to make up there own distance
from the sun and period of rotation, then they use their skills
to calculate the period of revolution. Another part of the
template is for the students to select their own planetary mass
and radius to use to calculate the gravity. Students are then
able to customize their planet’s appearance by changing the
size of the sphere. The sphere’s rotation is set by default to
one rotation per 360 frames and the whole template is 720
frames.
Planet Landscape
While examining panoramas and images from the surface of
several planets the students are given the chance to design a
portion of the surface of their planet. They use the template
file, landscape.blend, to create the surface and texture it. The
output of this file is 1000 frames.
Alien
If a student wants they can design n alien that could exist on
their planet, if the planet is low gravity the alien could float or
be fragile in construction to high mass that that may have a
blocky, rigid form. The students were limited to 720 frames.
Advanced projects
This was an open-ended self guided opportunity for the
students to expand the planet project in their own direction.
One student designed a city for the audience to fly over but
they were limited to 1000 frames.
Bringing it all together
During the course of the unit I combine the student projects
in two different styles. The first is when the students first
animate their names I render the files to a single movie
of the student names. This provides them a chance to see
the product of their work. It also is a good chance for kids
to see that their color choice didn’t work on the dome. Once
additional parts were completed I asked the students how
they wanted it to be rendered, by student or by topic. One
path was to group the students files together; name, planet,
landscape, alien. The other by topic was to take all the student
name files and make a segment followed by a segment of just
planets and landscapes. All of the classes asked to have
the show grouped by students. Each student did up to 3530
frames or nearly 2 minutes of content.
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PANEL 6: Education and Public Outreach
PN08: What Public Astronomical Knowledge is
Most Important?
Lars Broman
Strömstad Academy
SE45280 Strömstad, Sweden
lars.broman@stromstadakademi.se
(Martin George - Launceston Planetarium, Launceston,
Tasmania, Australia; Tom Mason - Armagh Planetarium,
Armagh, Northern Ireland, United Kingdom)
ABSTRACT:
Public Understanding of Astronomy PUA is regarded as
an important part of Public Understanding of Science. An
international PUS Research Group has been formed with the
hub in Strömstad Academy in Sweden. The group’s first task
has been to create a questionnaire, suitable for use with
planetarium audiences; this questionnaire is described. The
second task is to interview professional astronomers what
in their subject they think is most important that the general
public has some understanding of. The third task is to find out
what astronomical knowledge professional planetarians think
is most important to bring their audiences. The present panel
session at IPS’12 is an initial pilot study aiming at forming a
set of questions or topics to be used in structured interviews
of planetarians.

three) from 10 countries have joined a project group. Our
first task was to find out what the general public knows, and
a preliminary version of a questionnaire with 15 questions,
based on trial use by Mariana Back at National Museum of
Technology in Stockholm, Sweden and Nataliya Kovalenko at
Kiev Planetarium in Ukraine was agreed upon and presented
at IPS’10 in Alexandria [3].
The questionnaire has been translated into 10 different
languages (including 3 different English versions): Estonian,
French, German, Italian, Latvian, Norwegian, south
hemisphere English, Swedish, UK English, and US English.
The 15 questions were divided between 7 that each study
must include plus 8 questions which the study conductor
may choose to use none, some, or all. Each of them has 3
distractions out of which the respondent circles the best one.
A few personal questions complete the questionnaire (US
English version):
1.

Why do we have seasons on Earth?

2.

Why does the Moon shows different phases (new, half,
full, etc.)?

3.

The Sun radiates lots of heat and light. But where does
the energy come from?

4.

How old is the Earth?

5.

What is, in your opinion, the most important task in
astronomy?

In the article I do and I understand the international R&D
project Public Understanding of Astronomy PUA was initially
presented in Planetarian [1], starting with suggesting four
reasons why PUA is important:

6.

Which one of these do you not regard as a science?

7.

What are stars?

(1) The earth is a lonely planet in a vast space, not as crowded
as the impression one gets from science fiction movies. For
humans to move from a destroyed earth to another hospitable
planet is just impossible. This doesn’t work even in fiction;
see e.g. the presentation of Anira in Planetarian [2].

X2 Where is the center of the Universe?

1. Introduction: PUA Project and Questionnaire

(2) The earth is a planet alive with a dead sister and a dead
brother. Venus is too hot for life due (also) to too much
greenhouse gas, while Mars is too cold due (also) to too little
greenhouse gas.
(3) Our universe is 13.5 billion years old, the earth 4.5 billion
years old and life on earth 3.5 billion years old - in sharp
disagreement with the holy books of the Abrahamic religions.
(4) Astronomy is a very fascinating science, much more so than
the superstition astrology.
An interdisciplinary and international project on PUA was
then proposed, and to date 13 researchers (including us
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X1 How do they move?

X3 What is a year?
X4 Humans and apes.
X5 What is a galaxy?
X6 How many people have walked on the surface of Mars?
X7 What is the most likely cause of the last decades of global
warming?
X8 The nearest major galaxy to us is the Andromeda galaxy.
How long does it take for a
flash of light in the Andromeda galaxy to reach us?
You who would like to use the questionnaire – and thus
contribute to the research – can get a complete questionnaire
in the language of your choice from Lars Broman. You are asked
to hand out the questionnaire to at least 100 planetarium

visitors (and have them filled in before the show), and to fill in
the individual results in a PUA report Excel sheet.
Three fairly extensive studies have to-date been done, one in
Italy (by Pablo Pellisier), one in Latvia (by Jānos Gedrovics) and
one in Germany (by Inga Gryl). Analysis of the studies is on its
way.
2. Asking Astronomers and Planetarians: What PUA is most
Important?
The second task of the PUA project will be to ask professionals
what general public astronomy they regard as the most
important. PUA project group member Ernst van Groningen
will coordinate a sub-task, asking astronomy researchers
what they think.
This IPS’12 panel marks the beginning of a similar subtask,
asking professional planetarians what they think. So, after
some initial words by the three panelists, a questionnaire will
be handed out to the auditorium and everyone is ask to give,
in her/his view, the three (or more) most important questions
in astronomy that they think the general public ought to
know – and maybe subsequently tries to include in her/his
programs. The questionnaires are anonymous for those who
prefer that, but all who write their email address will receive a
summary of the answers received.
After the questionnaires have been collected, there will be
time for some discussion between the audience and the
panel. One crucial question might be: Do planetarians try to
convey important knowledge to their audiences or do they for
this-or-that reason concentrate on other items for their shows?
Once the answers have been analyzed, an interview guide will
be made and used in interviews with planetarians in different
countries. Of special interest will be to compare the views
of planetarians with those of astronomers. It is hoped that
results from this study can be presented at IPS’14.

PN09: Directions in Education (IPS Education
Committee)
Jack L. Northrup
Dr. Martin Luther King Jr. Planetarium
3720 Florence Blvd.
Omaha, Nebraska
jlnorthrup@fbx.com

3. Concluding Remarks: What Comes Next?
In a way, it seems that so far, the PUA group is doing what
Swedes call “walking like a cat around hot porridge”. With
the background knowledge of what the general public – and
certain groups based on age, gender, education, and if they
think astronomy is important or fun – and what astronomers
and planetarians say is important, it is time for the ultimate
questions: Do audiences learn some important astronomy
from their planetarium visits? And do their attitudes to
astronomy change?
It is not so easy to get useful answers to these questions.
Obviously, planetarium visits have to be studied in their
context. Not in astronomy, but in geology, an interesting
study was done by Merete Frøyland [4]. She could show that
junior high school students acquired much more knowledge
on minerals if the school lessons were complemented with a
visit to a geological museum (with interactive activities) and
to an old silver mine, experiencing how mining was done in
the old days. She could even show that the studied school
group afterwards did better in a test than a group of university
geology students did on the same test.
Planetarians interested in participating in the PUA project
are invited to contact Lars Broman during IPS’12 or by email
(address at the top).
References
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[2] Ott, Aadu and Broman, Lars (1998). Aniara: On a Space Epic and its
Author. Planetarian Vol 27. No 2; see also http://www.ips-planetarium.
org/?page=a_ottandbroman1988
[3] Panel discussion at IPS’10 in Alexandria, Egypt (2010). Panelists were the
authors plus Nataliya Kovalenko and James Sweitzer.
[4] Frøyland, Merete (2002). Fra gråstein til ekte sølv. Universitetet i Oslo
(PhD Thesis).

ABSTRACT:
The purpose of this panel is to address movements and
directions in astronomy education and planetarium education.
These include the US national science standards and the uses
of networking in instruction.
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WORKSHOP 6: International Collaboration

ABSTRACT:

W12: Astronomical Experiences With Real
and Virtual Travels

This workshop is designed to explore some unique and
successful initiatives of international collaboration between
planetariums. Our goal is to inspire and assist colleagues in
other countries to develop similar meaningful experiences.

Susan R. Button
Quarks to Clusters
8793 Horseshoe Lane, Chittenango, New York
sbuttonq2c@gmail.com
(Simonetta Ercoli, “Ignazio Danti” planetarium, San Sisto
Perugia – Italy; Loris Ramponi, Osservatorio Serafino Zani,
Lumezzane – Italy; Michele Wistisen, Casper Planetarium,
Casper, Wyoming; Joseph E. Ciotti, Hokolani Imaginarium,
Windward Community College, Kanèohe, Hawaîi)

Since 1995 American planetarians have traveled to Italy as
winners of a special contest. The winners organized interactive
planetarium lessons in English for students, who study
English, in various Italian cities. The experiences of these
educators, as documented in their lessons and final reports,
have been collected and published this year for IPS members.
During this workshop some participants, both winners and
Italian organizers, in this and other travel experiences will
relate how these collaborations were established and how
it has enhanced the work and lives of everyone involved.
Participants will also experience an interactive lesson
conducted through SKYPE.

WORKSHOP 7: Fulldome Standards
W13: Imersa Fulldome Standards Forum
Ed Lantz
IMERSA, Inc
1201 W. 5th Street, Suite F-80, Los Angles, California
ed@imersa.org
(Ryan Wyatt – California Academy of Sciences; Dan Neafus – Denver Museum of Nature & Science
ABSTRACT:
Open industry forum on fulldome standards including dome master specification led by IMERSA in cooperation with affiliate
organizations and volunteers.
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POSTER SESSION
PS01: Infinito: An Unconventional Use of the
Planetarium
Giorgia Givone
Associazione Apriticielo - Infinito Planetarium
Strada Observatorio 30, 10025 Pino Torinese, Torino, Italy
giorgia.givone@gmail.com
(Eleonora Monge, Simona Rachetto, Simona Romaniello,
Emanuele Balboni, Marco Brusa, Alba Cappa, Marialuigia
Chiarappa, Giulia Ferriani - Infinito Planetarium - info@
planetarioditorino.it)
ABSTRACT:
The digital planetarium becomes the ideal place for new
communication techniques: shows are created on the most
current scientific topics and are continually updated according
to the newest discoveries. Then the planetarium can be used
as an instrument for creative workshops for children. Last, but
not least, the digital planetarium becomes a real theatre where
the audience and the actors are immersed into the scene
projected on the dome.
Infini.to – Planetarium and Museum of Astronomy and Space
is located on the amazing hill of Turin, in the north of Italy. The
main attraction of Infini.to, his beating heart is the Planetarium,
one of the latest generation of digital planetarium (Evans &
Sutherland Digistar 3).
In the Planetarium you can watch several shows: the billboard
is made up of almost 20 shows produced entirely by the
“Planetarium Team”, a group that works on the production of
storyboarding, the drafting of texts, 3D graphics and mixing of
music. As if it were a movie production company!
Here astronomy can be explained with uncommon instruments:
the museum becomes a sky theater, a place where the
audience can be the real protagonist of the show and the
communicators become a fantastic mix between an actor and a
science explainer (“explain-actors”).
“Where are the others?” is the latest show
produced by the “Planetarium Team”. It deals
with the search for extrasolar planets and
extraterrestrial life, from the simplest to the most
complex and evolved shape. The aim is to answer
the question: are we alone in the universe?
“Cosmic shots” is a play, divided into seven
special moments, which tells the fascinating
theory of Big Bang according to a photon
and a neutrino. The planetarium is used
like a dynamical, evocative and immersive
scenography.
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“The planets circus” is a show and a workshop designed specifically for kids.
Using the metaphors of the circus, planets of the Solar System become funny characters: Jupiter is the Fire Eater, Mars the lion
tamer and obviously Pluto the dwarf! The instrument of the metaphor allows to convey concepts and fix them in the kids’ memory.

PS02: The Workshop and Festival
in Immersive Cinema 2012
Antonio Pedrosa
Navegar Foundation
Centro Multimeios Espinho. Av. 24 Nr. 800, 4500-202
Espinho, Portugal
apedrosa@multimeios.pt
ABSTRACT:
Navegar Foundation has been developing substantial efforts
in the organization of conferences, workshops and festivals
in the field of fulldome. We would like to present in this
session a double event that is going to be held in October,
at the Espinho planetarium in Portugal. It’s the Workshop in
Immersive Cinema followed by the Immersive Film Festival,
that will take place from the 2nd to the 7th October 2012. The
workshop will gather a group of very knowledgeable people in
the Immersive film filed, addressing many aspects involved
in the production of fulldome content. The Festival will screen
many of the most recent productions, both short clips and full
shows.
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PS03: The Science Behind The Searcher
Mark SubbaRao
Adler Planetarium
1300 S. Lake Shore Drive, Chicago, Illinois
msubbarao@adlerplanetarium.org
ABSTRACT:
The Searcher was the initial production in the Adler’s
renovated Grainger Sky Theater. The story is told from the
point of view of an Alien searching for his lost civilization.
To reinforce and extend the science that went in to the
production, a mini-exhibit of six posters were created and
placed at the exits of the theater. These interactive posters
contain visual barcodes allowing planetarium visitors to play
back scientific visualizations on their smartphones. This
meta-poster describes the creation and effectiveness of this
show support strategy.

PS04: Vacation in Space - An Educational Program
for Grades 4 to 6

decisions and designing technical drawings.
How we do it

Aase Roland Jacobsen and Martin Holst
The Steno Museum, University of Aarhus
C.F. Moellers Alle 2, 8000 Aarhus C, Denmark
aase.jacobsen@si.au.dk & martin.holst@si.au.dk
ABSTRACT:
Every year many school groups visit The Steno Museum, and
join one of our educational program. In the new “Vacation
in space” the students are going to be engineers building a
recreation center in space. In the planetarium they will get
knowledge about gravity, astronauts and living conditions in
space. They will decide which planet or moon to build on or
orbit around using The Magic Planet Globe. Finally, they get to
choose between 10 events, where they will have to deal with
solar storms, energy savings, arrange exploring tours for the
tourists or hire new staff.
Key words: microgravity, rock planet, gas planet, temperature,
air pressure, wind speed, star, gravity, orbit.
Introduction
Which planet would be exiting to visit for a vacation? In
this educational programme you and your class will be the
engineer designing a vacation centre in space. Being in space
is a challenge - what can you expect? How do you want to
build it, so that the guest will feel comfortable and do exciting
things?
Background
In 2009 we had a Magic Planet Globe installed in our exhibit
area. So it was a good opportunity to develop a new free
educational workshop: “The Spacebox”. The subject themes
are astronomy and planetary science using The Magic Planet
and surrounding exhibits. It is very useful to combine this
educational activity with a planetarium show about our Solar
System or microgravity.
Goals
By mixing fantasy and facts the students will obtain conceptual
understanding and learn abut the physical state of gas planets
and rock planets, but also deal with the effect of microgravity.
Strategy
It is important that students use skills as creativity, discussions
techniques and argumentations in the learning process. But it
is also a goal to create a connection between fantasy and actual
physical environmental conditions in space, and then end up
with a product: a vacation centre that takes these factors in
account. In addition, the students get practical experience
by measuring, building models, doing observations, making

Photo credit: Aase Roland Jacobsen

Step 1
The students will get a box with instruments so that they can
measure temperature, wind speed and pressure for today’s
outdoor environment on the day of this fieldtrip.
Step 2
Using Magic Planet Globe to choose a planet and describe
weather conditions for the planet. Compare with weather
conditions on Earth.
Step 3
The students get to choose between different events. Some
will have time for 2; some will do more, and necessarily not
doing the same events. That is one of our points!
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Events examples:
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PS05: Adventures in Public Outreach: An
Astronomy Grad Student’s Perspective
Elizabeth Klimek
Department of Astronomy, New Mexico State University
P.O. Box 3001, MSC 4500, Las Cruces, New Mexico
eklime@nmsu.edu
ABSTRACT:
I am fortunate to be part of a scientific research department
that is highly active in public outreach. Here, I describe
some of the public outreach projects I have recently been
involved in as a graduate student in the New Mexico State
University Astronomy Department. One such project involves
establishing a partnership with the Oñate Planetarium, the
only planetarium in Las Cruces, New Mexico.

PS08: Undergraduate Astronomy Students’
Worldviews and Beliefs about the role of science
in society: Initial Results
Benjamin Mendelsohn
West Valley Community College
14000 Fruitvale Avenue, Saratoga, California - Benjamin.
mendelsohn@wvm.edu
ABSTRACT:
Presentation of initial results of new research to uncover
general education astronomy students’ worldviews and their
ideas about the role science plays in society. In Spring 2012,
students’ written responses were collected to several openended, provocative questions about the impact science has
had in areas such as the economy, their daily lives and their
fundamental beliefs about the nature of reality.

PS06: Sharing the Universe
James Manning
Astronomical Society of the Pacific
POSTER WITHDRAWN

PS07: The Electronic Universe: Using Social Media
in the Planetarium
Michael P. McConville,
The Planetarium at Seminole State College of Florida
Seminole Community College, 100 Weldon Blvd., Sanford,
Florida
mcconvillem@seminolestate.edu
ABSTRACT:
The emergence of online social media has forever changed
how we communicate and interact with one another. There
are now more avenues than ever for reaching audiences with
information that matters to them. We’ll explore the inner
workings of some of the most popular social media sites as
well as some lesser-known sites that may still be great ways
to reach the public. Topics will include the history and reach of
social media, tips and tricks for fully utilizing the potential of
each site, and a selection of best practices.
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PS09: Worldviews Network: Initial Evaluation
Results from Bioregional Community Dialogues
Ka Chun Yu
Denver Museum of Nature & Science
2001 Colorado Blvd., Denver, Colorado - kcyu@dmns.org
(Rachel Connolly, NOVA/WGBH, David McConville, The
Elumenati, Ned Gardiner, NOAA Climate Program Office,
Healy Hamilton, University of California, Berkeley, Ryan
Wyatt, California Academy of Sciences)
ABSTRACT:
Planetariums are in the unique position to convene and support
community dialogues surrounding local ecological impacts of
global change. The Worldviews Network (www.worldviews.
net) is a collaboration of informal science institutions (ISIs),
researchers, and educators creating immersive experiences in
modern digital planetariums to place Earth within its cosmic
context and connect audiences with ecological and biodiversity
issues in their local region. The project links Network partners
with community-based organizations to co-produce interactive
planetarium programs for promoting ecological literacy that
show processes and interactions across time at cosmic,
global, and bioregional scales. The professional development
strategy supports a national network of partners in the areas
of technology skills, pedagogy, and content knowledge. Based
on video and written assessment feedback from visitors of our
first Worldviews events, this poster presents initial evaluation
findings about the impact that these strategies are having
on our audiences and partners. These findings show that
engaging the public and NGO partners in sustainability and
design dialogues framed with immersive visualization is a
powerful way to maintain the relevance of ISIs within their
communities.

PS10: Galactic Educational Trail and Other Projects
of the Hradec Kralove Observatory

PS12: Science Education at Johann Palisa
Observatory and Planetarium

Miroslav Broz, Hradec Kralove
Observatory and Planetarium
Zamecek 456, Hradec Kralove, Czech Republic
mira@astrohk.cz

Adam Fišer
Johann Palisa Observatory and Planetarium
VŠB - Technical University of Ostrava, 17. listopdu 15,
Ostrava-Poruba, Czech Republic
adam.fiser@vsb.cz
(Ivana Cešková, Tomáš Gráf, Miroslav Otisk)

ABSTRACT:
A consistent scale model of the Solar System (a so called
“planetary trail”) is an essential tool to fully understand
sizes and distances of the Sun and planets. We extended this
concept to our Milky Way Galaxy too. In the 1 : 180e12 scale,
we installed 12 stops with information tables in the beautiful
surroundings of the Hradec Kralove observatory. We describe
major well-known object like Pleiades, Orion Nebula, Crab
Nebula, M22 globular cluster and briefly discuss extra-galactic
objects (e.g. the Large Magellanic Cloud). The total length of the
trail is 9.5 kilometers.
We also introduce an ongoing project of the new planetarium
(including a new building) which is to be equipped with a fulldome digital projection system. This investment is co-financed
by the EU Structural funds, Hradec Kralove region and the
Czech Republic state budget.

PS11: Czech Internet Course of Astronomy Basics
Jiri Dusek,
Brno Observatory and Planetarium
Kravi Hora 2, Brno, Czech Republic – dusek@hvezdarna.cz
ABSTRACT:

ABSTRACT:
Since 1980 Johann Palisa Observatory and Planetarium (JPOP)
has offered multimedia shows for people of all ages. Our aim
is to demonstrate to our visitors the amazing laws that govern
the Universe, but to do it in such a way that they do not see
our efforts as formal teaching. After more than 30 years of
showing the beauties of the night sky to the public, JPOP
commits itself to new activities. The complete reconstruction
and conversion within the next two years from now will
bring new great ways of teaching the kids and youth at our
Interactive Exhibits Gallery and a Science Lab and participate
in Cosmical Connections educational program.
Since 1980 Johann Palisa Observatory and Planetarium
(JPOP) has offered multimedia shows for people of all ages. It
is the only educational facility of its kind in the city of Ostrava
and the whole Moravian-Silesian Region.
Operated by a VŠB - Technological Univesity of Ostrava, the
JPOP is designed to reveal the fascinating world of astronomy
and space exploration and to advance and promote the
knowledge and understanding of related sciences like
geology, aerospace and physics.

The Brno Observatory and Planetarium has been organizing an
Internet Course of Astronomy Basics since 2010. This e-learning
project is focused on pupils and students from all the Czech
Republic, who are older than 13 years of age and have acquired
the basics of mathematics and physics. The course consists of
92 chapters divided into two parts. The participants will acquire
information about the events in the sky, learn to observe the
night as well as the day sky and will find answers to various
questions. The course has been available since July 2011 on
www.hvezdarna.cz/astrokurz (in Czech, we are thinking of an
English version).

Our aim is to demonstrate to our visitors the amazing laws
that govern the Universe, but to do it in such a way that they
do not see our efforts as formal teaching. We are dedicated
to astronomy education for all levels, from nursery through
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to retirement age. However our special attention is paid on
school groups in order to broaden the their science education
and to help the teachers by offering them our educational
programs and equipment.
All our shows are partly interactive with follow-up talks and
discussions, sun observation and additional lectures. sun
observations with proper explanation may take place next to
the JPOP’s premises or in the observatory dome as well as in
other places that are within our range of operation (schools
and shopping centers in Moravian-Silesian Region).

The complete reconstruction and conversion within the next
two years from now will bring new great ways of teaching the
kids and youth at our Interactive Exhibits Gallery and a Science
Lab. Our new educational program includes workshops called
Science Fiction and Science Facts, where students will learn
more about the (un)realities of ‘movie physics’, and will be
given an opportunity to do related physics experiments and
study related science.

We also run an astronomical course for general public. The
graduates can become and in some cases do become our
part time employees. Every year we organize the Astronomical
Olympiad for high school students on national level. Last but
not least we offer some informal and funny activities that are
appreciated by both kids and their parents.

The Cosmical Connections educational program is currently
being developed by our educators and teachers from local
schools. The aim is to show how certain natural phenomena
are related to space. The program consists of several learning
modules and each of them includes a new planetarium show,
worksheets, hands-on activities and online tests.

After more than 30 years of showing the beauties of the night
sky to the public, the JPOP commits itself to new activities.
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PS13: The New IPS Website
Alan Gould
Lawrence Hall of Science, University of California, Berkeley
1 Centennial Drive #5200, Berkeley, California
agould@berkeley.edu
ABSTRACT:
The new IPS website has many features and capabilities
that IPS here-to-fore has contemplated but never actualized.
Thanks to decisive action by IPS Executive branch, we now
have lots of interesting capabilities for communication among
IPS subgroups, including committees and special interest
groups. This poster is a summary of new IPS website features
and an invitation to partake of its capabilities , and even join
the IPS Website Committee to help make the IPS website as
useful as it possibly can be.
POSTER TEXT
The new IPS website was launched in April 2012, with the bulk
of the content transferred over from the previous website. We
owe many thanks to Ken Wilson and Jim Peck of the Science
Museum of Virginia for the many years that the IPS website
was hosted there. In the screenshot of the upper part of the
new IPS home page (Fig. 1) note the left navigation categories,
some of which are carried over from the previous site, but
some new.

Figure 1: The upper part of the new IPS website.

Figure 2 shows how content from the old site aligns with the
new site.
Not listed in the table are some new categories as well as the
“Members Only” category. Members Only material in the new
site is not visible to visitors who do not sign in through the
username and password boxes in the upper right corner of the
home page. Members can change their own passwords in the
new site. Things that are available for Members Only include:
IPS Directory (of IP members), IPS Resource Directory (Vendors
& Products), past issues of The Planetarian, music and media
for planetariums.

Figure 2. Table showing how the old IPS website categories map
to the new website.

There are some new categories associated with new
functionality of the IPS website, also only available to
members who can log in to the site:
a. Renew Your Membership (under Membership Info). This is
one of a number of new features that are highly useful to our
beloved Treasurer, Shawn Laatsch. The new site offers a highly
user-friendly and powerful database for serving membership
functions. This feature also serves our IPS Directory curator,
Dale Smith.
b. Groups. Groups can be formed from any subset of IPS
members, and those groups can have group forums for sharing
information and conducting business right on the website.
The first groups to be formed are the IPS Council and IPS
Officers. We anticipate a number of IPS Committees to set up
Group areas as well. Groups have a number of communication
tools available to them, including e-mail lists and areas to
post documents. If you are a Committee Chair or member of
a committee and have ideas for adding material relevant to
your committee, by all means form a group. Feel free to contact
the author (Alan Gould) about how to put material on the IPS
website.
c. Career Center. This area has a lot more member functionality
than the old Jobs area. Any member can log in and post a job
or search the listings for jobs available.
Corporate Members have, as benefit of membership, the
privilege of having their logos displayed on the IPS home
page, with links to their respective websites. See Fig. 3.
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INVITATION TO JOIN THE IPS WEB COMMITTEE
If you are looking for a way to participate in IPS in a new and
meaningful way consider joining the IPS Web Committee
- you will be welcomed enthusiastically. Please take an
invitation slip at the bottom of this poster as reminder for
you to contact the Web Committee Chair (and author of this
poster) about joining the Committee:
Alan Gould <agould@berkeley.edu>
International Planetarium Society
Web Committee Chair
http://www.ips-planetarium.org
Figure 3. Corporate logos are displayed in the bottom half of the IPS home page.

PS14: The Biggest Planetarium at Nagoya City
Science Museum

PS16: Hardware and Software Used in the
Observatory and Planetarium Johann Palisa

Shuji Kobayashi
Nagoya City Science Museum
17-1 Sakae 2-Chome Naka-ku, Nagoya, Aichi, Japan
kobayashi@nagoya-p.jp

Miroslav Otisk
Johann Palisa Observatory and Planetarium
VŠB - Technical University of Ostrava, 17. listopadu 15,
Ostrava, Czech Republic
miroslav.otisk@vsb.cz

No abstract submitted.

ABSTRACT:

PS15: History and Current Status of Planetariums
in Korea
Kang Hwan Lee
Gwacheon National Science Museum
110 Sanghabeol – si, Gyeonggi – do, Korea
kanghwan@mest.go.kr
ABSTRACT:
The first planetarium in Korea appeared in 1969. Since then,
about 6 new planetariums have been built per year in average.
Now, there are more than 70 planetariums in Korea, and most
of them are equipped with digital system. About half of the
planetariums are located in science museums and science
centers. We will introduce the history and current status of
planetariums in Korea. In addition, we will introduce the plan
of 2012 International Planetarium Movie Festival that is to
be held in Gwacheon National Science Museum in October.
The first IPMF in 2010 was quite successful and many Korean
planetariums purchased movies presented there. IPMF
2012 will be a good opportunity to choose proper movies for
planetariums in Korea.
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Hardware and Software Used in the Observatory and
Planetarium Johann Palisa. Types of devices used in the
planetarium performance. Warping realtime software
solutions for dome projections and stereoscopy.
Text:
Currently, we use more projection in planetarium. Among
the available characters include stereoscopic projection
implemented SCISS Uniview with technology Infitec and two
Barco projectors IconH500 wideangle lens. SCISS Uniview
projection is primarily used for live shows moderated.
Software AV Stumpfl Wings Platinum, and Macromedia
Director we use for classical planetarium shows. Software
AV Stumpfl has benefits for program makers in the GUI
interface. Warping Image is achieved very simply the image
of any resolution, or image for more projectors supporting
soft edge blending. Wings Platinum can play back the entire
show content immediately in realtime at full quality on any
number of network synchronized media servers with up to
four display outputs each. Each output supports resolutions
beyond Full HD. This realtime rendering allows immediate
and last minute changes. A project for a multidisplay show in
addition to audiovisual media may also contain commands
for complex peripheral hardware installations. Any number of
show control channels are available for switching and control
functions, e.g. DMX512, MIDI, 0-10V, RS232/485, switches,
TCP/IP, UDP, etc.

PS17: Poloniny Dark-Sky Park Slovakia
Marian Vidovenec
Slovak Central Observatory
Komarnanska 134, Hurbanovo, 94701 Slovak Republic
marian.vidovenec@suh.sk
(Peter Begeni, Pavol Rapavý - Slovak Union of Amateur
Astronomers (Slovesnký zväz astronómov amatérov)
Rimavská Sobota
ABSTRACT:
Dark-Sky Park is located on the territory of the Poloniny National
Park, which has exceptionally low density of habitation. As it
is also the less frequently visited national park in Slovakia,
the human influence to its environment is minimal. The Park
rests on the borders with Poland and Ukraine. Concerning
the light pollution, the Poloniny National Park is the darkest
area in Slovakia. The 49th parallel passes through the Park.
Astronomical observatory and planetarium at the Kolonica
saddle is situated on the territory of the Poloniny Dark-Sky
Park. The main instrument is VNT – the Vihorlat National
Telescope with the primary mirror of 1 m in diameter.
Location of the Dark-Sky park
The Poloniny Dark-Sky Park is located on the territory of the
Poloniny National Park, which has exceptionally low density
of habitation. As it is also the less frequently visited national
park in Slovakia, the human influence to its environment
is minimal. The Park rests on the borders with Poland and
Ukraine. There are two neighbouring parks: the Bieszczadzki
National Park in Poland and the Uzhanskij National Natural
Park in Ukraine. Concerning the light pollution, the Poloniny
Figure 001

National Park is the darkest area in Slovakia. The natural night
darkness and the night biorhythms of all the living species are
not disturbed. Thanks to this, there is an exceptionally high
concentration of endemic and endangered species of plants
and animals. The 49th parallel passes through the Park. The
view point and the information board describing the Poloniny
Dark-Sky Park is located near the Starina reservoir.
The role of the Poloniny Dark-Sky Park
The role of the Poloniny Dark-Sky Park is to inform the
laymen and the professional community of exceptional night
preservation environment in the territory, educate
in protection issues night-time environment and light
pollution, promote and protect the natural dark night sky,
which is the basis of protecting the natural environment from
light pollution.
Declaration:
The Poloniny Dark-Sky Park was officially proclaimed on the
occasion of the International Year of Biodiversity on December
3rd, 2010 based on the Memorandum of the following
partnership organisations:
- Astronomical Institute, Slovak Academy of Sciences
- Slovak Union of Amateur Astronomers
- Poloniny National Park
- Faculty of Sciences, Pavol Jozef Šafárik University-in Košice
- Slovak Astronomical Society
- Vihorlat Observatory Humenné
Light pollution is light with undesired effects scattered in the
atmosphere. It is human-made light, artificially added to the
night countryside. It is light not shining where we need it – on
the road – but on the clouds, stars, on the forest and into the
windows of people, who need to rest during the night.
Figure 002
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Figure 004

Figure 003

The human body is adapted to the regular 24-hour rhythm,
which is synchronized by virtue of the hormone melatonin.
It is produced only in darkness; otherwise its production
is disrupted. This may lead to sleep disorders, fatigue,
fretfulness, headache, etc. The hormone melatonin acts
preventively against oncological diseases, obesity, diabetes
and gallstone formation, it decelerates the process of aging.
The occurrence of the hormone melatonin has also been
demonstrated in animals and even in plants. They also have
the circadian rhythm encoded in their genes. Daylight animals
and plants suffer from the lack of darkness like humans. On
the other hand, nocturnal animals are dependent on darkness
(livelihood, migration, reproduction). Light pollution disrupts
whole ecosystems and disrupts the links in them.

3.

Do not shine into the eyes of pedestrians, drivers,
employees and guests!

4.

Do not shine where it is not really necessary! Do not shine
unnecessarily strongly!

5.

Never shine above the horizon or simply into the air!

What we really do not have to do:
1.

Do not shine to the other piece of land and areas, as for
instance, to the neighbouring yards, gardens!

2.

Do not shine into the forest, on the slope above your
village, into the windows of houses, only on the
pavement, road or other such area!
Figure 005
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What is the benefit?
1.

We will save energy on unnecessary lighting, thus lowering
the burden on your budget and the environmental.

2.

By reducing the glare, street traffic becomes safer.

3.

Tranquil sleep for people, less disturbed biorhythms of
nocturnal animals.

4.

Thanks to functional and regulated lightening, our towns
and villages will be safer and will look more interesting
and attractive.

5.

The sky will be again dark and full of stars.

Figure 006

been enlisted in the UNESCO’s World Heritage List since 2007.
The Poloniny Dark-Sky Park (48 519 ha) is demarcated by
There have been sites of European importance NATURA 2000
Poloniny National Park (29 805 ha), its protection zone (10 973
in the park since 2004. The park is part of the International
ha) and a select area in the cadastral territory of the villages
Biosphere Reservation the East Carpathians declared by
of Kolonica, Ladomirov, Klenová, Kalná Roztoka and Ruská
UNESCO in 1998, the only one in the world which contains
Volová (7 740 ha). The park is Slovakia’s darkest site, where
the joined territories of three countries (213 211 ha). Wooden
the night sky is preserved in its natural appearance. There are
temples (tserkov) of the Byzantine Rite –
only a few such sites in the civilized
Figures 007, 008, 009
national cultural monuments – are part
world. The average sky brightness*
of the protected area. The oldest are from
in the park is 21,5 mag/arcsec2.
the 17th century. Some of them still hold
Depending on place and atmospheric
Divine Liturgy to this day. The highest hill
conditions, it varies between 21.3 and
Kremenec (1208 m) is the easternmost
21.7 mag/arcsec2. The appearance of
point of Slovakia, where the borders of
the sky corresponds to degree 2 or 3
Ukraine, Poland and Slovakia have their
on the Bortle Dark-Sky Scale. All the
common point. near the horizon.
objects and phenomena typical for a
natural sky are visible in good weather,
Some “Mosts” in Slovakia:
such as zodiacal light**, zodiacal
band and counterglow). The naked-eye
• the largest complex of primeval forests
limiting magnitude is usually 7.4 mag.
• the easternmost point in Slovakia
* measured with the Unihedron Sky
• the greatest number of national cultural
Quality Meter.
monuments of all national parks in
** depicted in the photograph, as
Slovakia – the wooden temples
crosses the Milky Way at upper right,
• the biggest water reservoir for drinking
near the horizon.
water in Central Europe - Starina (60
Astronomical observatory at the
million m3 of water)
Kolonica saddle is situated on
• the highest frequency of big forest
the territory of the Poloniny Darkanimals (gray wolfs, brown bears,
Sky Park between Kolonica and
European Bisons, wild cats, Eurasian
Ladomirov villages. It is a branch of
lynxes)
the Vihorlat Observatory Humenné.
The main instrument is VNT – the
• the highest-placed military cemetery
Vihorlat National Telescope with the
of the First World War on the Hodošík
primary mirror of 1 m in diameter. The
mountain (851 m)
quality of the night sky predestines
• part of the only UNESCO reservation in
this observatory for mining of
the world (1998) made up by the joined
quality scientific data as well as
territories of three countries (213 211 ha)
for dissemination actions and the
development of astro-tourism. There
are accommodation opportunities
on the premises of the observatory
and a planetarium, built in the frame
of the project “Carpathian Sky –
development of tourist products based
on astronomy in the area of the PolishSlovak border”
Poloniny National Park is the
easternmost Slovak national park with
vast indigenous fir and beech forests
and the primeval forests Stužica,
Rožok and Havešová, which have
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PS18: Integrating iPods Into the Planetarium
Setting Using Astraeus
Paul Zeleski
Campbell County School District Planetarium
1000 Lakeway Rd. Gillette, Wyomming
pzeleski@ccsd.k12.wy.us
(Jon Griffin and Joey Gray - Rasmussen & Associates
Advertising, Nebraska)
ABSTRACT:
Astraeus education platform is a free and open-source
solution for teaching students of the 21st century with 21st
century technology.
Planetariums do a great job presenting audio and visual
lessons. However, while under the dome there is a missing
kinesthetic aspect. This system adds that kinesthetic aspect
into under dome presentations. Astaeus not only helps with
meeting the divergent educational needs of your students,
but will also help you spend more time teaching and less time
learning new technologies at the expense of your students.
Students not only need to stay on task, but exercise their
understanding of concepts being taught. Astraeus gives you
the opportunity to let your students interact with the classroom
like never before: in a relevant, modern, and meaningful way.
With an iPod, Android phone, or other mobile device each of
your students will be answering questions, taking polls, even
tracing constellations all in real time.
Astraeus is designed to work on commodity hardware.
Because of its cross platform nature, most of the required
hardware may already be deployed. Federal and State grants
may be available to help with the rest.
For additional information about the requirements and uses
of the Astraeus system please contact Paul Zeleski, Jon Griffin,
or Joey Gray.
Astraeus System For Planetariums
There are many different aspects to the Astraeus system that
are of benefit to planetariums. The audience will interact with
the system in three main ways. The first use is as a quizzing/
survey device. Lessons will begin and end with a quiz about
the general topics of the lessons. This will hopefully show
what students are learning and if they knew it coming in or
learned it as part of the presentation. This aspect can also
be used to allow the audience to give opinions and vote on
choices. For example if the presenter is giving a star tour and
is showing the visible planets the audience may want to learn
more about the planets. With a quick survey the presenter can
determine which planets to talk about and in what order the
audience wants to hear about them. For example, if Mars and
Venus are available to be seen the presenter may want to talk
186

about the wonderfully strange thing about Venus as Earth’s
twin. The audience will likely want to hear about Mars as it is in
the media and movies so often. Even though the presenter will
discuss both planets the audience will be more attentive to
the discussion as they got to pick which one to talk about and
when. This is a key component of Love and Logic type teaching.
By allowing students choice they are happier, better behaved,
and more attentive because they are making decisions and
learning about what they want. For planetariums that can be
automated this can allow for audience driven shows giving
them a whole new planetarium experience.
The second interaction the audience will have with the system
is as an informational display. Through out the presentations
the presenter may wish to display the basic facts they want the
audience to retain. While talking about planetary motion the
presenter can display a picture, animation, and text of Kepler’s
three laws. This can happen on the dome and the iPods at the
same time. If a student misses hearing something they can
look at the iPod to review what has been said. The text can also
be presented in multiple languages. This aspect of the system
has the potential for deeper learning and understanding.
The presenter maintains ultimate control over what is being
displayed on the touch screens so the information is always
current to the presenter’s discussion.
The last major aspect of the system the audience will encounter
is the ability to trace constellations on the touch screen before
trying to find them in the stars. Constellations are very difficult
for many people to find. Part of the problem is all you can do
is look and point. Overlays and drawing with lasers helps, but
the audience is still left to look without being able to touch. The
presenter can show what constellation they want the audience
to find, show the picture, then have the audience trace it out
in a connect the dots type way on the iPod, and finally look
for it in the stars. This added drawing with your finger make
the shapes more real and familiar. This increases the chances
that students will actually find what they are looking for. The
constellations on the screens can also be displayed in many
different orientations to fit with the current view. Since every
audience member has a touch screen they can give a more
honest answer when you ask them as a group if they saw the
constellation. They can give a more honest answer on the iPod
without the peer pressure of raising hands or talking.
The Astraeus educational platform offers a low cost way
to add a more engaging and interactive experience to your
planetarium. To learn more about how Astraeus can work for
you or how to obtain this system please contact Paul Zeleski,
Jon Griffin, or Joey Gray.

PS19: Stereoscopic projection in planetarium - a
fad or a long-term trend?

PS22: Songs in the Key of Earth - The Only Planet
with Love

Tomas Graf
Johann Palisa Observatory and Planetarium
VŠB - Technical University of Ostrava, 17. Listodu 15, OstravaPoruba, Czech Republic
tomas.graf@vsb.cz

Patricia Shih
Shih Enterprises, Inc.
27 Oakland Street, Huntington, New York
patricia@patriciashih.com

ABSTRACT:
A brief review of various kinds of the stereoscopic projection
and the consideration of their use in planetariums. Information
about the installation of the widescreen stereoscopic
projection (3D) Infitec in planetarium in Ostrava (Czech
Republic) in 2010. The description of the dramaturgy of shows
which contain the stereoscopic projection elements. Objective
benefit for a visitor and experiences gained during the two
year-long functioning which are based on the questionnaire
research.

ABSTRACT:
A new planetarium show addressing care and love for the
Earth and each other.
PS23: Maryland Journeys to New Horizons
Wendy Ackerman
Maryland Science Center
601 Light Street, Baltimore, Maryland
wack@marylandsciencecenter.org
(Patricia Seaton, H.B. Owens Science Center
pxts13@yahoo.com)

PS20: Austin Planetarium: The Path to Reality

ABSTRACT:

Torvald Hessel
Austin Planetarium
3925 W. Braker Lane, Austin, Texas
thessel@austinplanetarium.org

The New Horizons mission - designed, manufactured,
controlled, and supported by several different teams of
scientists and educators in the state of Maryland - is well on
its way to its 2015 arrival to Pluto.

ABSTRACT:

The mission’s primary objective - to explore the third zone of
the solar system, Pluto and the Kuiper Belt region, is yours to
share through creative education/public outreach efforts.

The Austin Planetarium has made some major progress in the
past year by partnering with KUD International and developing
the project as part of a mixed-use development. We have
come significantly closer to securing the site. Plus, as part of
the financial structure, the Austin Planetarium will receive $31
million towards construction.
PS21: From Planetarium to Kosmotorium
Lars Petersen
Orion Planetarium
University of Aarhus, Sovej 36, Jels, 6630 Rodding, Denmark
larsp@orion.au.dk
ABSTRACT:
At the Orion Planetarium, we plan to extend the exciting facility
with a new building housing exhibitions and activity areas on
astronomy and cosmology. The concept, plans, themes and
the physical structure of the Kosmotorium will be detailed.

Science teams from the Johns Hopkins University Applied
Physics Lab of Laurel, MD and the NASA-Goddard Space Flight
Center of Greenbelt, MD partner with education teams from
the Maryland Science Center of Baltimore, MD and the Howard
B. Owens Science Center of Prince George’s County, MD.
New Horizons collaborators are making two outreach
resources available to you. First, the planetarium program,
“New Horizons: Bridge to the Beginning” explores the design
process of the spacecraft by looking for clues in the sky.
Second, a series of short programs for Science on a Sphere is
in production and the first installment is ready for download.
BODY OF POSTER:
Partnerships with the Johns Hopkins University Applied
Physics Lab have made, and will continue to make, several
events and resources available to the Planetarium/Science
Center community.
These New Horizons outreach resources are available now:
•

“New Horizons: Bridge to the Beginning” from Howard B.
Owens Science Center
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•

Science on a Sphere program short from Maryland
Science Center

MARYLAND SCIENCE CENTER (MSC)
Past New Horizons initiatives at MSC
Educator Workshops 2007 & 2011
Space Day event 2007
“Planet Trek”, school Planetarium program 2008-2011
Hubble Space Telescope planet gallery exhibit includes Pluto
(2009)
Pluto Day/Family Science Day event 2009
Summer Space Camp week 2009
Customized “Starball” performances 2010
Ongoing New Horizons initiatives at MSC
Scale model on display with backlit image in SpaceLink
exhibit Zero Gravity photo station in SpaceLink exhibit

Past New Horizons initiatives at HBOSC
Development of planetarium program, “New Horizons: Bridge
to the Beginning” geared towards upper elementary and
above, with a focus on:
•

Design process of the spacecraft

•

Importance of studying astronomical objects at different
wavelengths of light

•

The importance of Pluto in our study of the Solar System

Astronomical Society of Greenbelt presentation in 2011
Middle Atlantic Planetarium Society presentations in 2007,
2008, 2009, 2012
Western Alliance of Planetariums Conference presentations in
2010, 2011
Ongoing New Horizons initiatives at HBOSC

Coming New Horizons initiatives to MSC

Distribution of planetarium showkit and slide sets as
requested

Next program short in the Science on a Sphere series

Coming New Horizons initiatives to HBOSC

Teacher workshop Spring 2013

Development of second planetarium program, geared toward
a younger audience/family audience

Solar System Exploration image wall 2013
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HOWARD B. OWENS SCIENCE CENTER (HBOSC)

PS24: Cosmic Colors: An Adventure Along the
Spectrum
Bob Bonadurer
Daniel M. Soref Planetarium, Milwaukee Public Museum
800 West Wells Street, Milwaukee, Wisconsin
bonadurer@mpm.edu
ABSTRACT:
The Great Lakes Planetarium Association (GLPA) recently
produced a dynamic new planetarium show called Cosmic
Colors: An Adventure Along the Spectrum. The show
premiered at the GLPA Conference in Champaign, IL in October
2011 and is now available for a nominal cost at the GLPA
website. The show is available in full dome and as a traditional
planetarium show.
Cosmic Colors takes your visitors on a wondrous journey
across the entire electromagnetic spectrum. The show
unveils the many reasons for color—like why the sky is blue
and why Mars is red. Amazing journeys are found throughout
the show—like taking a tour within a plant leaf or inside the
human eye. You will even see the actual color of a dinosaur-based on recent evidence. Cosmic Colors Get is an amazing
adventure for all ages!

about energy and light in the formal and informal classroom.
Educational sources could include NASA like their introductory
website:
http://missionscience.nasa.gov/ems/01_intro.
html Almost any introductory astronomy textbook will have
chapters on the electromagnetic spectrum.
The target audience for Cosmic Colors is grades 5 and up
and almost any public audience. It also works very well for
general public audiences. The show is playful enough to hold
the attention of younger children ages 5 and up.
Show History & Outline
The show’s idea originated with Dave DeRemer, the Director
at the Horwitz Planetarium in Waukesha, Wisconsin. Being a
traditional planetarium, Dave invited me to help develop the
show with my experience in full dome production.
The next step was to get permission from the GLPA executive
committee. Once approved with a modest budget, production
started. It took one year to make the show. Mr. DeRemer and
I worked on the outline of the show and the general goals we
wanted to communicate. Writing the script would wait until the
visuals were mostly completed. Besides Dave and me, many
volunteer hours were involved with the making of this show.

Education Goals & Target Audience
The main goal of Cosmic Colors: An Adventure Along the
Spectrum is to inspire audiences on the causes of colors and
the entire electromagnetic spectrum. While an educational
fact or two maybe retained by some viewers, it is hoped that
audiences appreciate and validate the efforts of astronomers
and physicists worldwide.

Full Dome Master from Opening Scene

Young Girl Answers Why Saturn is Yellow

Like most planetarium shows, Cosmic Colors is introductory
in nature. A myriad of educational opportunities exist to teach

Matt Wooten, our producer here at the Daniel M. Soref
Planetarium, was instrumental in helping create parts of the
show and pulling it all together visually. He also mastered
all the sound production. Perhaps though, Matt’s greatest
contribution was filming sequences with our Planetarium’s
Red Camera. Matt had some great ideas and wild shots as you
will read later.
Volunteer animations came from Waylena McCully at the
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Staerkel Planetarium in Champaign, IL and Daniel Tell at
the Chaffee Planetarium in Grand Rapids, IL.

•

SCENE 1:

Collage Introduction

•

SCENE 2:

Title Sequence

•

SCENE 3:

Imagine No Color

Anne Bruvold helped provide some awesome time lapse of
the aurora in full dome. Anne is from the Northern Lights
Planetarium in Norway.

•

SCENE 4:

Color Interviews with Kids

•

SCENE 5:

Atoms & Aurora

Randy Landsberg, form Kavli Institute for Cosmological
Physics, worked with the Adler Planetarium to provide the
CARMA radio telescope footage.

•

SCENE 6: Prisms, Rainbows & Newton

•

SCENE 7:

COLOR TALK

•

SCENE 8:

Blue Sky, Red Sky

•

SCENE 9:

Color Dinosaur—Sinosauropteryx

•

SCENE 10:

Eye

•

SCENE 11:

House Waves

•

SCENE 12:

SPECTRUM TALK

•

SCENE 13:

Sun & Earth

•

SCENE 14:

Conclusion

•

SCENE 15:

End Titles

Outside animations were purchased at a reasonable cost
from Robin Sip at Mirage 3D in the Netherlands and George
Fleenor from GeoGraphics Imaging in Florida.

Many staff members here at the Milwaukee Public Museum
were tapped to provide voice narration and play an actor
for various scenes. For example, Judy Atkinson, our Human
Resources Director, is the voice of infrared.
The GLPA executive committee provided great feedback as
the show was being developed. One example came from
Geoff Holt from the school district planetarium in Madison,
WI. Geoff recommended a scene where the planetarium
stars could be used—meaning no video or slides. So
the scene with amateur astronomers looking through
telescopes was created.

Productions Stories

and confidence, and ok, maybe
even sadness sometimes.”

Narration:
Learning should be fun. If the Colors
and Spectrum came alive and started
talking, that would be fun. So that’s
what we did. We also hoped it would
keep people engaged with the show
and of course, not breaking any
planetarium’s top rule—no sleeping!
Not having money or time to create
figure animations, we had the colors
and spectrum talk with voice only. Red
became a sultry, exotic read. Yellow
was more showy. See script samples
below:
•

•
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OUTLINE:

“Ah, the Rosette Nebula—look at
all the gorgeous red color! That’s
me. I’m red. Some say I symbolize
passion, love. And yes, even
anger.”
“Hello! I’m blue. Look how I
majestically fill your sea and sky.
My many shades embody calm

•

“Like—ah, hello out there. I’m
radio.
I’m the looooongest
wavelength. You know all about
me…toolin’ down the road—
checking out some tunes.”

•

“Listen to me—chattering—
talking too fast. I’m a gammaray. I’m the most energetic part
of the spectrum—and the most
dangerous!
Like with these
nuclear explosions.”

As for voice talent, we did hire some
local actors—but we also saved money
and did a lot of our own narrations.
Dave DeRemer did the radio voice in
a cool way. And Matt Wooten read
the script for the Black, White & Gray
section.
Visuals:
Cosmic Colors is an eclectic mix. We
worked with visuals from practically

every source! They include stills, green
screen scenes, Red camera full dome
video, time lapse video and full dome
animations from GLPA volunteers and
vendors. And one animation was free.
Below are some examples.

Rosette Nebula Used as Full Dome Still
Image

The above image is a still of the Rosette
Nebula from NASA. We panned the
image and filled at least 15 seconds of
the show with it and it worked great.

When the narrator says anger, we
rattled the image back and forth.

Dogs on a Winter Landscape in the Black &

Some cool radio telescope footage was
obtained FREE with the help of Randy
Landsberg, Director of Public Outreach
at the Kavli Institute for Cosmological
Physics. The telescopes were from
CARMA—the Combined Array for
Research in Millimeter-wave Astronomy.
The Adler Planetarium also assisted in
this endeavor. Photography was done
by José Francisco Salgado and assisted
by Doug Roberts and Randy Landsberg.

White Scene

Taken During Vacation for Green Full Dome
Image

Knowing we would need a lot of filler
full dome images as each color was
introduced, I took many pictures during
a few vacations and a few ended up in
the show—like the above green image.

wanted to make it a fun scene. It was
winter when we were discussing this,
so a snow scene gained momentum.
Matt Wooten mentioned he had some
black and white dogs and the scene
was captured. Kids love it when the dog
sticks its face in the Red Camera.

Fire Scene Teaches How Infrared Works

Human Eye Animation for its own Scene

Green Screen of Families with Background
Animation by Mirage 3D

Why the sky is blue and why it is
red sometimes absolutely had to be
answered in the show about colors.
Thanks to Mirage 3D, we worked out a
great 90 second animation illustrating
how the atmosphere scatter light
differently depending on how much
air you’re looking through. The above
image is part of the ending of the scene.
You can’t forget about black, white
and gray in doing a colors show. So we
made sure they received their credit.
The reflection of light in equal parts
is the key education message, but we

Another key factor in telling the story
of color is the human eye. GLPA’s own
Dan Tell volunteered his own time to
create this 70 second scene telling all
about the eye parts—the pupil, iris,
lens, cornea, retina, rods & cones, and
the optic nerve!

CARMA Telescopes for the Radio Scene

Infrared cameras see the invisible—and
we wanted to capture that full dome.
Matt Wooten had a contact at a local
fire department and they had a test fire
coming up. He rigged our Red camera—
and himself—to film the fire safely! It
was a fantastic success. Matt braved
the hot conditions and the firefighters
were extremely cooperative. They
placed their infrared camera in front
of our Red Camera and we were able to
capture how infrared technology works!

Bank Executive Gets Set to Use UV to Spot
Fake Money
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For ultraviolet, we wanted to give an everyday example that
audiences could relate to. Spotting counterfeit money was
one way. We created a mock UV scene where bank executives
use simple UV scanners (purchased for $5.00) to look for fake
money. One of the bank executives was Luke Whitting, one of
our animation interns who did the whole House Waves scene.
The other banker was Kim Eubanks from our HR department.
Anyway, a Milwaukee bank used in the film, American
Gangsters starring Johnny Depp, was an ideal choice to film
this UV scene. The movies companies paid over $200,000 to
film there. GLPA had to pay $400—not too bad.

Show Distribution:
Cosmic Colors: An Adventure Along the Spectrum is
available from GLPA at a nominal cost. It is available in full
dome and as a traditional planetarium show.
To order directly, please visit the GLPA website at http://
glpaweb.org For more show distribution questions, please
contact:
Dave Leake
William M. Staerkel Planetarium
Parkland College
2400 West Bradley Avenue
Champaign, IL 61821-1806
(217) 351-2567
dleake@parkland.edu
About the Great lakes Planetarium Association
The Great Lakes Planetarium Association (GLPA) is a
professional organization dedicated to supporting astronomy
or space science education through planetariums, and offers
membership to all individuals in any way connected with the
operation of planetariums regardless of geographic location.
GLPA is an affiliate of the International Planetarium Society
(IPS) and the National Science Teachers Association (NSTA).

My Doctor Agreed to Help Us Out for the X ray Scene.

I recently had a hip replacement. I also had a doctor’s visit
coming up. Matt Wooten suggested we film it with the Red
Camera—great idea! My doc was very agreeable and the whole
thing took less than 30 minutes. We used one our animation
interns, Jason Atero, as the patient. Jason also worked on the
gamma ray scene. Cost for this scene? Nothing. Ok, maybe
some gas money to drive there.
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