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Note from the Editor
												
These Proceedings contain texts for many of the papers given at the IPS 2014 conference in Beijing,
China. They also contain abstracts of papers for which no text was submitted by the speaker.
I thank all authors who contributed texts of their papers and the Beijing Planetarium for preparing a
preliminary version of these Proceedings before I became Editor in June 2016. After becoming Editor,
I made three calls for texts to speakers from whom we had not received texts; these were made in July
2016, December 2016, and January 2017, and I thank those who responded. I have edited the texts
written in English as a second language for clarity and to make them sound natural to a native speaker.
For uniformity, all names are listed in Western order (given name, family name).
Grateful thanks to the conference organizers and sponsors and to all participants in this landmark IPS
conference.
Thanks to Wade Kemp for assistance in preparation of these Proceedings.
Dale W. Smith
Proceedings Editor & IPS Publications Chair
Professor & Planetarium Director, Bowling Green State University
February 2017
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Opening Speech by IPS President
Thomas W. Kraupe
President of IPS

												
Dear Mrs. Cheng Donhong,
Dear Dr. Jin Zhu,
Honoured Guests,
Dear planetarians and representatives from around the world,
It is my great pleasure to welcome you on behalf of the International Planetarium Society IPS to the 22nd biennial
conference. This year 2014 is the Chinese “Year of the Horse”, associated with the “element” wood. It is said that
horses are gifted entertainers and wood stands for creative will, renewal, decisiveness, … and success! This is the
perfect year for us planetarians to meet in China. We planetarians are indeed horses—we are entertainers with a
passion for beauty and the movements and rhythms of the cosmos we are part of. We are (as we say in Germany)
“carved from the right wood”—we are “the right stuff” to create entertaining and educative experiences for people
of all ages.
Oskar von Miller, the founder of Deutsches Museum in Munich and visionary behind the idea of a planetarium
did not have in mind a museum of constellations or the starry sky―when he deliberated this with Zeiss engineers—but instead he had in mind a “world model”, an immersive model of our concepts of the universe. Ninety years—almost a century—since the early days of “first light” of a star projector in the center of the dome in
Munich, creativity has continued to rule under the domes of planetariums, revolutionizing and rejuvenating the
immersive experience.
“Digital Fulldome Projection”, a technology which was introduced less than 20 years ago at the 1996 conference
of the International Planetarium Society (IPS) at the Osaka Science Center (Japan) allows planetariums to immerse audiences in any environment—hence to “transport” them anywhere: Planetariums are now “cruise ships
for the mind”. They allow us to change our perspective—they educate our imagination. They empower us to
change direction: the direction of thinking ….. educating for imagination ….. is “Educating for the future” Dr.
Jin Zhu has very wisely chosen this theme for IPS 2014.
Some may say: Planetariums are expensive …. Well, John F. Kennedy once said: “There is only one thing which
is in the long run more expensive than education: no education” The value of planetariums for education is outstanding! Projection into a dome brings a sense of immersion that can´t be duplicated anywhere else, and this
immersive experience is a powerful inspirational and educational tool. You have brain in your head and a dome
around you, so you can steer yourself in any direction and boldly go …. where no one has gone before…..
IPS 2014 is here to bring our brains together under the domes of Beijing Planetarium in a unique event. It is part
of the mission of IPS to enable sharing of ideas, insights, and creative work in domes around the globe. And China not only has a long history of innovation and scientific excellence which is second to none—it is well prepared
for the future.
Just a few days ago I had the privilege of visiting the mindblowing Shanghai Science and Technology Museum
and Shanghai Observatory. I saw the new 65-meter radio telescope and learned about the world’s largest radio
telescope in the making ... a giant new 500-meter dish. And there will a new big planetarium for Shanghai that is
being built .... Everywhere I went, I was not only fascinated by technologies but with people ....
Education is about people—it will only be successful if you can touch both mind and hearts of people! And the
friendliness, hospitality, and open mind of all the wonderful people here in China is staggering! So this conferiii

ence is happening at the right place and in the right spirit to bring together tradition and the future. It is about
change and Change management! I thank our membership, Council, and my fellow Officers that they support
me and allowed me to work on this conference with our host Dr. Jin Zhu. We move forward and innovate in this
conference with many new components leading up to our IPS Vision 2020. We will focus on science and data
visualisation and on professional development for our membership.
Another innovative component of IPS 2014 is the “IPS-Macao-Fulldome-Festival”—the first fulldome and planetarium content festival fully supported by IPS. The Festival adjudication process was a pre-conference event of
IPS 2014. 30 carefully selected fulldome shows were screened. Six awards were already handed out last Friday
at the Macao Science Center. Six more fulldome productions will be awarded during this conference and you will
be able to see the award winning shows in the brand-new 3d-digital theater of Beijing Planetarium. I salute Dr.
C-K Yip and President Peter Lam at Macao Science Center who worked very closely with Dr. Jin Zhu and Steven
Soong, Head of Digital Studio of Beijing Planetarium for pulling this festival off. Let us jointly move forward
and embrace the future of planetariums... I have this “Happy Buddha” in my hand—a wonderful gift I received
yesterday.
Happy Buddha ….. Happy Planetarian! Indeed I am already very happy about what has been achieved …. and
about seeing you all here! Participants from 43 countries are here.
Let me ask you: For whom of you is this the first ever IPS conference? .... Wonderful that you are here—you will
shape with us the future of planetariums—and we all will make many new friends here in Beijing! Along with
our team of IPS officers and on behalf of IPS council I want to thank our host, Dr. Jin Zhu, Beijing Planetarium
for his vision and dedication and all sponsors and partners for making the IPS 2014 conference become reality.
I wish us all a great conference!
May we all enjoy and be inspired by what will immerse us here in Beijing!
Thank you –
Xiexie (chi chi)
(Chinese words...)
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ASTRONOMY EDUCATION AT AL-KHAWARIZMI ASTRONOMY CENTRE
Kassim Bahali
Al-Khawarizmi Astronomy Centre
Alor Gajah, Melaka
MALAYSIA
kassimhb@gmail.com
Abstract: This paper will discuss educational activities carried out at the Al-Khawarizmi
Astronomy Complex. The aim of these activities is to educate students and people
about astronomy, and to create awareness and appreciation of the importance and
contributions of astronomy in daily life. These activities have several topics that feature
basic information, concepts, and skills. These activities are arranged in such a way that
students can choose to work on any activities.
1.0 Introduction

3.0 Facilities

Al-Khawarizmi Astronomy centre was built in 2002 by the
Malacca State Government. Administration and management of
this centre was placed under the Melaka State Mufti Department.
Mufti department has the Astronomy division governing matters
relating to Astronomy.

3.1 Observatory
Two major observatories have been built here. The first
observatory is equipped with a 5-meter dome. The main
telescope is a Ritchey-Chretien with 16-inch (0.41m) diameter,
f/8.4, carbon tube telescope.

This centre is located at Tanjung Bidara about 25 km from
Melaka historical city 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 facing the sea, the Straits
of Malacca. This centre is named after Muslim scholar, AlKhawarizmi (780-850M), whose enormous contribution in the
field of science, astronomy, and algebra in Islamic civilization
during the reign of the caliphate of Al-Makmun.

The second observatory equipped with a 7.4-meter dome
and a main telescope with 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.
The first observatory can be controlled manually, while the
latter has remote control.
3.2 Planetarium

The aims of astronomy education at Al-Khawarizmi
Astronomy Centre are to create awareness and appreciation of
the importance and contributions of astronomy in daily lives,
and to play a role in education of astronomy to support learning
in schools and colleges.

Planetarium Al-Khawarizmi is a digital planetarium with a
9.1-meter dome and has 90 seats. This planetarium serves as
a simulation of 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 Planetarium,
teaching and learning astronomy becomes easier and interesting
for students. As an educational centre, this planetarium can be
transformed into a classroom, seminar, and training rooms.

2.0 Objectives
The objectives of the Al-Khawarizmi Astronomy Centre are
i. to promote awareness in society about the importance
of astronomy
ii. to support astronomy activities in schools and colleges
iii. to support efforts to develop astronomy knowledge in
society.
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The modules covered the following topics.
No
1
2

Module

Topic

Introduction
Astronomy

to • Astronomy in ancient

Astronomy
daily life

in • Tides

• Basic Astronomy
• Moon phases
• Calendar
• Time

3

Planetarium

Earth and
system

3.3 Training Centre

• Moon
• Sun

This centre is equipped with training facilities such as the
350-seat auditorium, multipurpose hall, optical laboratories,
computer labs, classrooms, prayer room, and an open deck for
night sky and hilal (new moon) observation. This centre also
has accommodation consisting of dorms, rooms, and apartment
units.

• Eclipse
• Planets
• Satellites
4

4.0 Educational Activities

Star aand galaxies

• Asteroids, comets
• Physical of start

• Classificatoin of stars

The main focus of activities at this centre is educational
activities. The target groups are students and public. This centre
does not has the regular registered student but the students come
from primary and secondary schools in Melaka and other states
in Malaysia. The students also come from the higher learning
centres such as colleges and universities.

• Constellations
• Types of galaxies
5

• Milky Way

Islamic Astronomy • Direction of Qibla
• Prayer time

4.1 Modules
Learning approach is based on modules. Here are the
modules;
Module 1:
Module 2
Module 3:
Module 4:
Module 5:
Module 6:
Module 7:

• Seasons

solar • Earth

Introduction to Astronomy
Astronomy in daily life
Earth and solar system
Stars and Galaxies
Islamic astronomy
Traditional Instrumentations
Telescope

• Islamic Calendar

6

T r a d i t i o n a l • Sundial
Astronomical
• Quadrant
Instruments

7

Telescopes

• Astrolabe

• Principles of telescope
• Type of telescope

4.2 Courses

These modules are conducted in short course activities.
Duration of the course is 1-3 days for a total of 30 participants.

The activities in these courses conducted through lectures,
workshops and observations.
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Activity
Lecture

Observations

Workshops

Module/Topic
Module 1
Module 2
Module 3
Module 4
Module 5
Module 6
Module 7
• Sun observation
•

Moon observation

•

Constellations
observation

•
•

Galaxies, star clusters and
nebula observation
Making a telescope

•

Making a Star chart

•

Making a Sundial

•

Making a Quadrant

•

(Rubu’ Mujayyab)

and

stars

Diagram 1.1 Rubu’ Mujayyab /Sine Quadrant
In diagram 1.2, ABC is a right triangle, R is the radius of
the quadrant, X is length on horizontal axis and Y is length on
vertical axis, θ is an angle; then sin θ = Y/R = Y/60, Cos θ = X/R
= Y/60, Tan θ = Y/X

Among the interesting activities are Quadrant workshop and
night sky observation.
Quadrant workshop
The quadrant, also known as Rubu’ in Arabic, is an
astronomical instrument widely used in the Islamic era. It was
introduced by Abu Abdullah Muhammad ibn Musa also known
as Al-Khawarizmi, a Muslim scholar who lived during Abbasid
Empire in Baghdad (780-850).
Diagram 1.2

King (1987) identified four types of quadrants that were
produced by Muslim astronomers. One of them is the sine
quadrant or called Rubu’ Mujayyab in Arabic . It was used
for solving trigonometric problems and taking astronomical
observations. Its defining feature is a graph-paper like grid on
one side that is divided into sixty equal intervals on each axis
and is also bounded by a 90 degree graduated arc. A cord was
attached to the apex of the quadrant with a bead at the end of it
to act as a plumb bob.

Problem solving example
tan θ = sin 23.25º / kos 40.0,
tan θ = 23.5 / 46
then θ = 27.5

In the Quadrant workshop, students were taught how to
make a sine quadrant from used or recycle material. This is a
multipurpose astronomical instrument. With the quadrant they
did these activities:
solve trigonometry problems
measure the altitude of celestial objects such as the Moon,
the Sun, and planets.
measure the height of a building
determine the direction of Kaabah in Mecca
tell time
know the position of the Sun in which zodiac on any date.

3

Night sky observation
Night sky observation activity is carried out every month
before full moon between 8.00 and 10.00 pm. About 40 to 80
students attended this activity every session.
The students learned how to read the star chart. With the
star chart they can find planets, constellations and stars. They
also learned to use telescope to observe planets, nebula, and
galaxies. The planets that they observed were Mercury, Venus,
Mars, Jupiter, and Saturn. The constellations that they observed
included Orion, Scorpius, Libra, Gemini, Big Dipper, Sagittarius,
Leo, and Canis Major. The Milky Way and Andromeda were
among the interesting galaxies they observed. Most of the
students were excited and enjoyed this activity.

Star chart
Conclusion
From these educational activities we hoped to achieve the
objective of educating students and people about astronomy,
and to create awareness and appreciation of the importance and
contributions of astronomy in daily life.
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SUGGESTIONS FOR SOME BEST EDUCATIONAL PRACTICES
Jeanne E. Bishop
Westlake Schools Planetarium
24525 Hilliard Road
Westlake, Ohio 44145 USA
jeanneebishop@wowway.com
Abstract: Both research in education and psychology and experience have shown that
a number of ways of communicating ideas are successful. In this paper many of these
techniques will be discussed, including concepts possible as a result of brain development,
use of different senses, movement, and analogies. Ideas for stimulating motivation in the
planetarium also will be considered.
As a result of educational practices being incorporated in
public school and university planetariums for many years, there
is a growing set of good practices, a body of understandings and
techniques, which have shown themselves useful in Planetarium
programs or in lessons in adjacent classrooms that accompany
the planetarium programs. I am going to discuss some general
considerations and then some specific ideas that seem to work
well for all audiences. My paper is a set of generalizations
based on research in psychology and education and a body of
experience. My own doctoral dissertation (1981), done in the
planetarium, helped me conclude what (and what not) astronomy
to teach both in and out of the planetarium at different ages.
First, there is a well-understood hierarchy of stages of
learning, both logical and spatial, which the French researcher
Jean Piaget carefully determined. He found that very young
children have different ways of thinking than do older children.
Of course, brighter or slower children pass through the stages at
different times than average children. Many very young children
do not understand cause and effect and will try to put two facts
together that are not related. As children get older they love
facts, but still do not engage in deductive thinking. Competent
deductive thinking seems possible for most by about age 15;
although some have noted that even university students have
trouble with graphs like the H-R Diagram. In a planetarium
very young children can think of going- point to point, but do
not have the spatial ability to imagine a detailed constellation.
We need to keep the limitations of developmental learning in
mind as we prepare lessons both in the planetarium and out for
different ages. A program developed for age 10 students will not
be right for age 5 students. Generally, people become able to
think about more complex concepts as they grow older. Another
point from psychology, is that by the time most people are adults,
they can remember 7 unrelated items—seven numbers, seven
colors, seven names. This has been referred to as “Miller‘s
Magic Number 7”. If we try to give our adult audiences more
than 7 unrelated facts, most will have trouble remembering.
Younger audiences will have trouble remembering even fewer
than 7 unrelated facts. The way we get beyond the 7 unrelated
items to learn a lot more is to have separation connections
which relate the groups of 7 or fewer items, in a process called
“chunking.” For instance, suppose we want to give an overview

of the organization of the universe. We can start with a group of
facts about the Sun and its position, and then give another group
of names and descriptions for planets, moons, asteroids, comets,
and meteoroids. Nearby stars, the Milky Way Galaxy, the Local
Group, and the Universe as a whole, each with its description,
can be considered as a chunk of learning. The entire lecturedemonstration might have over 50 details, but because the
information is chunked into successive levels of the universe, an
audience learns the details easily.
Second, we need to consider the particular culture of the
audience. A program prepared by a U.S. producer probably
will not exactly match with needs and expectations of a Chinese
audience; a Russian program will not exactly match with needs
and expectations of a French audience, and so on. And this
is true independent of language. There are particular ways of
thinking, cultural understandings, humor, attention span, and
school level expectations that vary widely. If a group of Chinese
or Italian students is learning English, a U.S., U.K, or Australian
pre-recorded program could be useful. However, one needs to
watch for the differences in thinking of the two cultures, the
culture in which the program was prepared and the culture
where the program is presented. When I served as the teacher
in Italy to teach in a portable planetarium for a week, I noticed
that the Italian high school students I encountered had complete
understanding of the seasons, mentally manipulating the Earth
based view of the sun‘s path on the equinoxes and solstices with
the revolving axis-tipped Earth, called “projective ability” by
Piaget. But many students in United States high school do not
yet have this ability. And remember that there are divisions
of culture within a country, and micro-cultures even within a
community that distinguish the children and adults who come to
our planetariums.
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Third, children and even adults have preferred ways of
learning. Although much has been made of right-brain and leftbrain abilities, it now seems that the brain is resilient enough that
many abilities once thought to occur on just one brain side are
possible to learn on either. The left-brain side has been said to
be the logical-language side, while the right side is the spatialvisual-musical-creative-emotional side. Since there does seem
to be a focus for abilities on each brain side, and children are

usually either “left brain dominant” and “right brain dominant,”
children will prefer certain ways of learning. I think it is
important to include learning that uses both sides of the brain,
for the benefit of each child and for the benefit of the diversity of
children in our audiences. So while our lessons have language
and are logically constructed, the right-brain visual, musical,
and inspirational components of our programs are important and
should not be ignored. In fact, the creative-inspirational aspect
of a planetarium program can be its most influential feature.
There are other considerations for preferred ways of learning.
Students may learn best by hearing an explanation or by acting
out (kinesthetic) methods. The idea that “a picture is worth a
thousand words”—the visual preference, is true for many, but
not all. So what educational practices are useful and workable
across cultures and for different ages?
The visual possibilities offered by any planetarium make the
planetarium a prime location for visual experiences in astronomy
learning. The evening sky (constellations, stars, planets) is
ideally taught and discussed in the planetarium. Today we have
computer sky games and applications for i-phones that allow
you to know the stars around you, but these cannot substitute for
a knowledgeable person discussing and pointing out things in
the sky as it appears at any time and place. We must remember
to let our pointer or laser move slowly as we point out objects
for our audiences. The Earth-based view of the celestial sphere,
the seasonal changes of the sun‘s path, the moon‘s motion
and phases, and the planets‘ motions are beautifully shown in
a planetarium. In order for students to completely understand
the seasonal sun paths, lunar phases, and planet motion, it is
necessary to spend time developing the in space-based view. This
can be done in classrooms or, if there is time, in learning areas
close to the planetarium. The ultimate goal is for the student to
be able to mentally jump back and forth between the earth-based
view and the in-space based view. Piaget calls this a “projective
ability,” imagining from two points of view. Only when this
happens, does the learner really understand a concept like
seasons or lunar phases. To help students have projective ability
understanding of seasons, experience with both the earth-based
view of the sky (which the planetarium gives) and the in-spacebased view of the sky is important. I think that we should use
the planetarium to give the young student many opportunities to
have the Earth-based view of the sky. In the classroom, models
can be used to show the in-space view of these phenomena. By
the time a student is about 13-14 years old, with experiences
of both the earth-based view and the in-space view, a student
is developmentally ready to have the projective understanding
of seasons or lunar phases. At about this age the brain’s corpus
collosum, a line of tissue between the left and right brain sides
develops firmly enough to allow the understanding of projective
astronomy concepts. My own research in 1981 in a planetarium
with only an Earth-based view showed that at even this age many
students had trouble with full understanding of seasons and
lunar phases. I was delighted to read the research article in the
December 2013 issue of Planetarian by Pierre Chastenay from
Montreal, in which he shows that the superior visual aspects of
the digital planetarium in teaching students lunar phases at this
age. He found that the view-from-space abilities of a digital
planetarium helped students better discard their misconceptions.
I predict that, done appropriately, the digital planetarium will

prove to be a huge help in teaching students basic astronomy
concepts.
Although the planetarium is typically geared to a visitor
sitting in one seat throughout a program, some movement is
possible. And movement, or kinesthetic activity, can help
all students learn and remember, even if they are not strong
kinesthetic learners. Movement can be singing of a song,
standing and pointing, or completion of worksheets. In a firstgrade program I present, students stand to sing a little song,
“This is the way the sun goes,” and point out the sun‘s path
for the beginning of each season. In this lesson the amount
of twist the child must make changes—the child twists most
for the summer solstice and least for the winter solstice. In
supplemental lessons to go with a planetarium program, a wide
variety of kinesthetic activities which enact the space-based
view are possible: moon motion including librations, a solar
system model; comet development and movement; evolution of
a sun-type star and evolution of a massive star; and even the
Big Bang. See the Astronomical Society of the Pacific DVD
of Astronomy Activities and Resources, “The Universe at Your
Fingertips.” Students can clap at a steady rate for time intervals,
e.g., to find the difference in time for a day at different seasons.
Requiring the learner to do something is a powerful factor
in learning. When we provide science worksheets, students can
discover and record many things on worksheets with horizon
and directions shown: paths of the Sun on the Equinoxes and
Solstices, Moon phases, current or specialized planet positions
(like a Venus cycle), the changing positions of the Big Dipper
during rotation (the star clock) or different positions of the
North Celestial Pole during a precession cycle. Students can
take the data they gathered in the planetarium back to their
science classrooms to continue discussion about the topic. But
an art experience can be introduced by giving students a chance
to reproduce what they see, such as a lunar or solar eclipse,
both within the program and during extended follow-up time.
Students can use markers, crayons, and other media to represent
what they see. Sometimes participation takes the form of
interaction with a teacher or technology, such as in a questionanswer period.
Even without extra materials, students can become involved.
Students simply can repeat a constellation, star name, or other
term after the teacher. Students can be encouraged to ask
questions about topics at particular times in a program, or, with
planning, students can be ready to contribute certain information
or short descriptions at different points in the program, material
that they prepared before the program and brought to the
program ready to be involved.
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Analogies help us learn and remember. By likening the
texture of greater space to soapsuds, a reddening of starlight
to the receding train horn that falls in pitch or the structure of
small blue-gray soil particles on Mars to blueberries, a teacher
or lecturer can bring quicker understanding to audiences. Most
effective are analogies that refer to more than one sense. Color
and sound is a good combination. In the recent Cosmos #3
television program, Neil DeGrasse Tyson combined color and
sound with wavelengths for a beautiful presentation of the
electromagnetic spectrum. Another good word that describes

similarities is a simile, as in one thing is like another. For instance,
when the asteroid impact that probably caused dinosaurs and
many other species to become extinct occurred in the Yucatan
Peninsula 60 million years ago, the temperature of the air a few
seconds after the hit was like a pizza oven. Galaxy drawings
covering the outside of a balloon are like the galaxies spread
apart from each other by the rubber of the balloon surface. The
air inside the balloon is like time. But of course, an analogy
or a simile should be appropriate. And when it is important to
preventing a misconception, the things that are incorrect in an
analogy should be explained.

The psychologist Jean Piaget liked to use the terms
“assimilation” and “accommodation.” Assimilation is the easy
addition of new ideas to a previous concept framework, such as
learning more about the Solar System after you already know
that the Solar System is a group of smaller bodies revolving
about the Sun. Accommodation is a lot harder—it needs to
occur when new information will not fit into an old framework.
Accommodation is a continuous goal of human learning.
Accommodation is what we want our students to do—to arrive
at new and better ideas of the contents and processes of the
Universe. If someone who at first believed the Ptolemaic Solar
System to be true were trying to understand the phases of Venus,
he could not do so. He would have to reject the Ptolemaic ideas.
This would be accommodation. Sometimes accommodation is
so difficult that it is fought by the learner. Something has to
give, since the two ideas will not work together. If you get a
puzzled or belligerent look from a student, if may be that he or
she is accommodating. Accommodation may be as simple as
having to understand why there is no Earth in the planetarium
sky. One way to set up students for accommodation is to supply
a “discrepant event.” That is something should not seem right
to the student and he or she will puzzle over it, particularly with
guided questions. For instance, if the planet Jupiter is seen close
to the Sun in the planetarium sky, closer than Venus, it may not
make sense. The student knows that Venus is closer in distance
to the Sun than Jupiter. With a 3-D model showing Jupiter far
behind the Sun when the Sun and Jupiter are viewed from Earth,
and the teacher asking students to focus on what they see in the
model from the position of Earth, students should understand.
But developmental research shows they will probably not “get
it” or really understand until they are over 10 years old. Here
developmental learning level is an important consideration. If
we present this type of accommodation opportunity too early,
a misconception may result, so we must be careful. If we can
design appropriate lessons which encourage accommodation,
the planetarium will not only be a valuable facility for learning
astronomy, but a place where students might reach higher levels
of thinking. To restructure thinking into new and better views
of how nature is and works is a goal of science and all human
learning. If students can have experiences in our planetariums
that help them reach more advanced levels of thinking, what can
be more valuable than that? By setting up lessons using proven
educational practices and making efforts to include experiences
that have typically been referred to as “right-brained”—creative
and inspirational experiences, we can make the most of our
limited contact time.

It has been shown that motivation plays a huge part in what
is learned. So we search for ways to motivate our students. A
proven way to interest anyone is self-reference, that is having
something in a lesson which makes the student view himself or
herself as part of the program. This immersion is possible with
myths and other story-telling. But other techniques also can
be used. A human character, an animal, or an animated object
can narrate, and audiences will relate to this character. Some of
the best full-dome shows incorporate a character or characters
with which an audience can identify. The Chinese lunar rover
Yutu persons on China‘s Weibo very effectively counseled
Earth-bound fans to take heart in her 42 days of success in
lunar exploration and to comfort the Chang‘e Lander when it
discovered Yutu’s death. Millions of people world-wide related
to the personified Yutu. (Actually, it turned out that Yutu can
still transmit but can no longer move.)
Questions or descriptions that include the word “you” are
also good self-reference techniques. For instance, after going
over information about the sizes or distances in space, the
teacher could ask students “How does this information make
you feel?” Another thing we can do in a planetarium program
is to let students plan a small part or direction of the program.
For instance, one can give the group a chance to choose an
alternate myth from a different culture, rather than simply recite
the Greek story. (Note: the teacher should be prepared for this
and know all possibilities well.) Or if you are taking students to
different latitudes to seen the sky, ask students where they would
like to go first: the North Pole, the South Pole or the Equator. Or
should you observe the waxing crescent moon or the full moon
in starting a cycle of lunar observations?
Motivation is best when it is intrinsic, that is when the
student really wants to know or understand. If students can
come to the planetarium with particular questions to which they
need to find answers or generate a list of questions to which
they want answers before the planetarium presentation (and
if you, the planetarium teacher know this set of questions and
include answers within a presentation) students will be listening
carefully to find the desired information.
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NEWS AND FREE FULLDOME MATERIALS FROM ESO’S OBSERVATORIES
Lars Lindberg Christensen
European Southern Observatory (ESO)
Karl-Schwarzschild-Str. 2
D-85748 Garching
GERMANY
lars@eso.org
Max Rößner
Luis Calçada
Abstract: I will present the latest developments at ALMA, E-EL T, Paranal, and La Silla.
A particular focus will be on our efforts to provide free fulldome footage and stills to
the community, and on the future efforts to facilitate weekly dome updates from our
observatories (as part of the IPS Science and Data Visualization Task Force).
Astronomy from space and from the ground

About ESO

For many in the planetarium community, the most famous
space telescopes hold a special significance. More than 100
space telescopes are working above the Earth’s atmosphere and
can therefore see electromagnetic radiation that does not reach
us on the ground. They are also not affected by the distortions
caused by the atmosphere, and so produce sharper images.

The European Southern Observatory (ESO) is the foremost
intergovernmental science and technology organisation in
astronomy and the world’s most productive astronomical
observatory. It carries out an ambitious programme focused on
the design, construction, and operation of powerful ground-based
observing facilities for astronomy, enabling important scientific
discoveries. ESO also plays a leading role in promoting and
organising cooperation in astronomical research.

Fig. 1: Astronomy from the ground and space. The
atmosphere protects us from some of the electromagnetic
radiation arriving from space. Except for the atmospheric
“windows” in the visible, near-infrared, and radio, observations
have to be done with space telescopes. Credit: ESO

Fig. 2 The number of peer-reviewed science papers
produced with data from the biggest observatories in space and
on the ground. For the last few years, ESO data have led to
more papers than even the Hubble Space Telescope.

This is, however, not to say that ground-based telescopes
cannot compete. There are important reasons that ground- and
space-based telescopes complement each other. It is easier to
keep up with the technological development of instruments,
computers, and more on the ground. The telescopes are generally
much cheaper (per aperture unit area) and can be much larger.
And the latest developments in adaptive optics and laser guide
stars make it possible to compensate for most of the atmospheric
distortions.

ESO operates three unique world-class observing sites
in the Atacama Desert region of Chile: La Silla, Paranal, and
Chajnantor. ESO’s first site is at La Silla, a 2400 m high
mountain 600 km north of Santiago de Chile. It is equipped
with several optical telescopes with mirror diameters of up to
3.6 metres. The 3.5-metre New Technology Telescope broke
new ground for telescope engineering and design and was the
first in the world to have a computer-controlled main mirror, a
technology developed at ESO and now applied to most of the
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world‘s current large telescopes. The ESO 3.6-metre telescope
is now home to the world’s foremost exoplanet hunter; HARPS
(High Accuracy Radial velocity Planet Searcher), a spectrograph
with unrivalled precision.

on behalf of the Onsala Space Observatory, the Max Planck
Institute for Radio Astronomy, and ESO itself.
The next step beyond the VLT is to build the European
Extremely Large optical/infrared Telescope (E-ELT) with a
39-metre primary mirror. The E-ELT will be “the world’s biggest
eye on the sky”—the largest optical/near-infrared telescope in
the world. The E-ELT will address many of the most pressing
unsolved questions in astronomy. In time it may revolutionise
our perception of the Universe, much as Galileo’s telescope
did 400 years ago. The green light for E-ELT construction was
given in late 2014, and first light is planned for 2024.

While La Silla remains at the forefront of astronomy, and
is the second most scientifically productive ground-based
astronomical observatory, the Paranal site trumps that. It is
located at 2600 metres above sea level and is home to the Very
Large Telescope (VLT), VISTA, the world‘s largest survey
telescope and the VLT Survey Telescope, the largest visiblelight survey telescope. Paranal is situated about 130 km south
of Antofagasta in Chile, 12 km inland from the Pacific coast in
one of the driest areas in the world. Scientific operations began
in 1999 and have led to many extremely successful research
programmes.

The ESO Headquarters are located in Garching, near Munich,
Germany. This is the scientific, technical and administrative
centre of ESO where technical development programmes are
carried out to provide the observatories with the most advanced
instruments.

The VLT is a most unusual telescope, based on the latest
technology. It is not just one telescope, but an array of four “Unit
Telescopes”, each with a main mirror of 8.2 metres in diameter.
With one such telescope, images of celestial objects as faint as
magnitude 30 have been obtained in a one-hour exposure. This
corresponds to seeing objects that are four billion times fainter
than those visible with the naked eye.

About the ESO Supernova Planetarium & Visitor Centre
If ESO‘s telescope programme is in a period of rapid
development, the same is also true on the outreach side. In 2013
ESO was gifted a large planetarium and visitor centre by the
Klaus Tschira Stiftung (KTS) in cooperation with the Heidelberg
Institute for Theoretical Studies (HITS, a German foundation).
Starting from late 2017 ESO will open the doors and run the
facility.

The VLT also has four additional 1.8-metre movable
“Auxiliary Telescopes”. One of the most exciting features of
the VLT is the option to use it as a giant optical interferometer
(the VLT Interferometer or VLTI). This is done by combining
the light from several of the telescopes, whether the Unit
Telescopes or Auxiliary Telescopes. In this interferometric
mode, the telescope has a vision as sharp as that of a telescope
with a mirror diameter equal to the separation between the most
distant mirrors. For the VLTI with the Auxiliary Telescopes, this
is up to 200 metres.
Each year, almost 2000 proposals are made to use ESO
telescopes, the requests amounting to between four and six times
as many nights as are available. ESO is the most productive
ground-based observatory in the world; its operation yields
many peer-reviewed publications. In 2015 alone, 860 refereed
papers based on ESO data were published.

The ESO Supernova Planetarium & Visitor Centre will
open in mid-2017. [Tiff: http://eso.eso.org/~lchriste/trans/
planetarian/ ]

The Atacama Large Millimeter/submillimeter Array
(ALMA), the largest ground-based astronomy project in
existence, is a revolutionary facility for world astronomy.
ALMA is comprised of an array of 66 12-metre and 7-metre
diameter antennas observing at millimetre and submillimetre
wavelengths. ALMA started scientific observations in 2011
and was inaugurated in 2013. It is located on the high altitude
Llano de Chajnantor, at 5000 m elevation—one of the highest
astronomical observatory sites in the world. ALMA is a
partnership between ESO (representing its Member States), the
NSF (USA) and NINS (Japan), together with the NRC (Canada),
the NSC and ASIAA (Taiwan), and KASI (South Korea),
in cooperation with the Republic of Chile. The Joint ALMA
Observatory is operated by ESO, AUI/NRAO and NAOJ.
The Chajnantor site is also home to the 12-metre APEX
millimetre and submillimetre telescope, operated by ESO

The ESO Supernova Planetarium & Visitor Centre will be
a cutting-edge astronomy centre located at the site of ESO‘s
Headquarters in Garching bei München, providing the public
with an immersive experience that will leave visitors in awe of
the Universe we live in. The Centre will provide school classes
and families with an unforgettable learning experience, where
even the most abstract and distant topics in astronomy and
physics are explained and visualised in an innovative way.
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The heart of the ESO Supernova is a planetarium with stateof-the-art projection technology and a scientifically accurate
three-dimensional astronomical database. This ensures a unique
and authentic immersive experience that allows the visitors to
fly to the stars—and almost to the edge of the Universe. Our
programme of shows, suitable for all ages, is displayed on the
360-degree dome that is 14 metres in diameter. Each show also
contains a live component, moderated by one of our presenters.

All shows and other activities are offered in both German and
English.
Walking along the 284-metre-long exhibition path, the
visitor can investigate the 13 display themes, be introduced to
the science and technology behind modern astronomy and learn
about our place in the Universe. All 2200 m2 of the exhibition
is packed with fascinating, interactive and virtually-enhanced
exhibition material.
All activities—the exhibition, the planetarium shows,
educational workshops and guided tours—are offered free of
charge!
The ESO Supernova offers an extended educational
programme, including special planetarium shows and guided
tours for children of all ages (from Kindergarten to Grade 13),
workshops, educational material for teachers to be used in the
visitor centre or in the classroom and much more. Everything is
available in both English and German.
A free fulldome still of ALMA for use in planetariums.
Credit: Y. Beletsky (LCO)/ESO. [Tiff: http://www.eso.org/
public/archives/images/publicationtiff/uhd_9428_panorama.tif
]
Our work with the planetarium community follows
explicitly from requests made by the outreach community at
conferences and in reports (for example, via ASTRONET20 and
the Communicating Astronomy with the Public conferences21).
ESO strongly supports the idea that planetariums are places
where scientific knowledge can be disseminated in an attractive
and entertaining way. Our focus is on providing “raw”
fulldome material for free, in an effort to support producers and
planetariums in producing their own astronomical educational
shows on low budgets.

We want to emphasise to our friends in the planetarium
community that the ESO Supernova is the world‘s first “opensource planetarium”. Due to ESO‘s intergovernmental status we
are obliged to serve the Member States and beyond, so for us the
ESO Supernova is a way to deliver free planetarium, educational,
and exhibition content to the entire community. To better serve
the community ESO has been expanding its outreach mission
over the last few years to deliver increasingly high quality
content in the form of visuals and texts. For the visuals, the
production line was upgraded from standard definition (SD) to
high definition (HD) in 2007, and then to Ultra High Definition
by delivering hundreds of free videos from 2013 in UHD
resolution from the ESO and ESA/Hubble video archives16 .
In 2014 fulldome visuals in 4k resolution were introduced to
support the planetarium community17. So far this collection
consists of more than 200 free fulldome clips and movies,
which are partly based on original images taken through ESO‘s
telescopes. Earlier collaborations for commercial fulldome
productions18 were also made with the Association of Frenchspeaking Planetariums (APLF)19 and the Hamburg planetarium.

We also provide hundreds of 360 degree panoramic images,
and will in the future facilitate daily news and data as part of
the IPS Science and Data Visualization Task Force in a project
called Data2Dome. This is one of our big projects for the ESO
Supernova—an “astronomical weatherman” system which—
with the help of the community, especially the vendors—will
become the first real-time, data-driven distribution system
for planetariums worldwide. Every morning, planetarium
presenters around the world will be able to select interesting
news and dataset previews downloaded overnight—for example,
planetary maps, images of sky objects, tabular data, event data—
and mark the full datasets and metadata for download and for
possible inclusion in live show segments during the day.
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Journey to the Centre of the Milky Way, a free fulldome minishow from ESO. In 2014 ESO produced a free seven-minute
fulldome mini-show entitled Journey to the Centre of the Milky
Way enhanced by the epic Sacred Site soundtrack from Michael
Stearns. The show was embraced by the community with
enthusiasm, encouraging us to work on more ambitious material.
[tiff: http://www.eso.org/public/archives/elec_posters/original/
elec_poster_0049.tif]

The poster for From Earth to the Universe, the world‘s
first freely downloadable full-length fulldome show. [tiff:
http://www.eso.org/public/archives/elec_posters/original/elec_
poster_0050.tif]
ESO’s education and Public Outreach Department (ePOD)
and the Supernova Planetarium proudly released their first
complete full-length 4k fulldome documentary in June 2015
under the title From Earth to the Universe22.
This simple, but visually impressive, 30-minute voyage
through time and space conveys, through an arresting
combination of sights and sounds, an experience of the Universe
as it is revealed to us by science.
It is directed by the promising young (23 years old!) Greek
filmmaker Theofanis N. Matsopoulos, and features a sweeping
soundtrack from the Norwegian composer Johan B. Monell.
Viewers can revel in the splendour of the various worlds in the
Solar System and the ferocity of the scorching Sun. We leave
Earth to take the audience out to the colourful birthplaces and
burial grounds of stars, and still further out, beyond the Milky
Way, to the immensity of myriad galaxies. Along the way, the
audience will learn about the history of astronomy, the invention
of the telescope, and today‘s giant telescope arrays that allow us
to probe ever deeper into the Universe.
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The movie is based on visualizations from data captured by
the largest telescopes in the world, such as the Hubble Space
Telescope and the VLT in Chile. It is suitable for primary and
secondary students, as well as families.

The show had its world premiere at the New Digital
Planetarium of the Eugenides Foundation in Athens, Greece,
and at the Hamburg planetarium in Germany, on 22 June 2015.
It has since been downloaded by, and shown in, planetariums
worldwide. Thanks to the hard work of our partners in Hamburg
and Athens, the planetarium soundtracks and scripts are available
in English, German, Greek and numerous other languages. The
show is available in various formats for direct download: 202
4k, 2k, 1.5k and preview23.

Footnotes

From Earth to the Universe is the world’s first freely
downloadable full-length fulldome show24.

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

16 http://www.eso.org/public/videos
17 http://supernova.eso.org/for-planetariums/
18 http://www.eso.org/public/products/planetariumshows/

20 http://www.astronet-eu.org/

We believe there is a need also for free clips and shows,
especially for small domes with limited budgets within which
the procurement of shows becomes a financial or even practical
impossibility. We are aware of the needs of the fulldome movie
industry and do not wish to undermine their profitability, but
rather aim to expand the available material in a particular part of
the astronomy show spectrum.
A 30-minute full-length fulldome movie can reach 400
gigabytes in size, depending on the format, which stretches the
ability of most internet connections. However since internet
connection speeds generally increase with time, we believe that
if we provide excellent access to the material the community
will eventually be able to present the show.

21

http://www.communicatingastronomy.org/meetings/index.
html

22

http://supernova.eso.org/programme/planetarium-shows/
fettu/

23 http://www.eso.org/public/videos/eso-fettu/
24 http://www.eso.org/public/announcements/ann15040/
25 http://supernova.eso.org/for-planetariums/

We encourage anyone interested to subscribe to the RSS
feeds for our fulldome content25 and be notified whenever there
is new content. And keep scanning the IPS web page that acts
as a portal for interesting new materials.
Sadly, since IPS 2014, Dr Klaus Tschira passed away
unexpectedly on 31 March 2015 in Heidelberg at the age of
74. Klaus Tschira was a devoted supporter of science education
and astronomy, and we have pledged to make his dream of
communicating astronomy widely come true. We aim to make a
difference to pupils, laypeople, and the outreach and planetarium
community worldwide, and hope our free materials will be of
assistance to you.
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CNAO, WHERE THE STAR BEGAN TO SHINE
Yan Dai
Department of Popularization for Astronomy
Beijing Planetarium
138 Xizhimenwai Street
Beijing 100044
CHINA
daiyan@bjp.org.cn
Abstract: The Chinese National Astronomy Olympiad (CNAO) was established in 2002.
In the continuous development of 13 years, it has become an important astronomy
education activity nation widely, and it has an increasing impact on the teenage astronomy
amateurs. At present, CNAO has formed a complete schedule: the national preliminary
in March, the national final and the national team trials in May, the national team training
in July, and participating in three international competitions (IOAA, IAO, APAO) from
August to December. In recent years, the CNAO national team has accomplished good
scores in international contests. By showing their enthusiasm and the wisdom of Chinese
style, they’ve made profound friendship with teachers and classmates of other countries.
Introduction of Chinese National Astronomy Olympiad

Preliminary continually used a communication match. Thirtyseven students who got the best scores in the preliminary could
join in the final. The final competition was held in the form of
closed-book exam to decide the first, second, and third prizes,
which also chose the members of national team for the 8th IAO.
Although this competition was held in a small scale, it was an
important reform to let it become a fair and formal national
competition.

The Chinese National Astronomy Olympiad, hereinafter
referred to as CNAO, is an astronomy competition for teenagers
organized by Popularization Committee of the Chinese
Astronomical Society, Beijing Planetarium, Beijing Normal
University Department of Astronomy, Amateur Astronomer
magazine, and the Beijing Astronomical Society.

In 2004, the Chinese National Astronomy Olympiad
Organizing Committee was established and launched the “Outline
of Chinese National Astronomy Olympiad”. There was also an
important change this year. The committee set up the preliminary
sub-divisions. The Committee staff took examination papers to
these places and conducted examinations in the same time. This
new kind of mode made a remarkable enhancement of fairness.
Meanwhile, it made a boost of communication between students,
the Committee, and undertaking members, schools, or science
museums mostly.

International Olympiad on Astronomy originated in the
former Soviet Union. Moscow of Russia, and Crimea of Ukraine
began to organize the Astronomy Olympiad shortly after World
War II. In the fall of 1996, the Eurasian Astronomical Society
successfully hosted the 1st International Astronomy Olympiad
(IAO).
In 1999, China began to pay close attention to IAO. We
hoped to take this opportunity to strengthen the academic
exchange with other countries, and began to prepare to participate
in this tournament. In 2000, Amateur Astronomer magazine
published the questions of IAO for the first time. After that,
Amateur Astronomer magazine held the 1st “Chinese National
Astronomy Communication Match” in 2002, and the Chinese
National Astronomy Olympiad was officially held in 2003.
In the first two years of CNAO, 2002 and 2003, the
competition was held in the form of a communication match.
Amateur Astronomer magazine published the questions, and
students from different places answered these questions and
mailed them back to the magazine, and then the magazine
organized experts to decide the awards. In 2003, CNAO was
divided into two stages, the preliminary and the final. The
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The year of 2005 was a milestone year for CNAO. During
the Labor Day holiday, the final examination and invitation
examination were held in Hancunhe village, Fangshan District,
Beijing. Forty-five selected students took part in the final exam,
while more than 100 students, whose score did not reach the
line, took part in the invitation exam. There were also three
students from Estonia participating in the game. An important
adjustment of rules was announced during this examination.
From this year forward, the examination would include three
steps: theory round, observation round, and practice round.
Visiting an observatory and a welcome party were added into
the schedule for the first time. Above all, Beijing Planetarium
hosted 10th IAO in this autumn. It was not only the first time for

China to host IAO, but also for the first time IAO was held out
of Europe. A total of 83 students from 19 countries participated
in this activity. Students from China made good communication
with other countries and got 3 gold, 2 silver, and 3 bronze
medals.

the same time. The national final examination and the selection
contest for the national team are held during the vacation of Labor
Day. And the training for the national team is arranged during
the summer vacation for a week. After all, these students of the
national team will participate in different kinds of international
astronomical competitions.

Current situation of CNAO

As time goes on, CNAO becomes more and more popular.
The number of students who take part in the preliminary broke
through 1000 in 2006, and 2000 in 2012.

After 13 years of development, CNAO has already entered
a steady development period. Every year CNAO is held in
a perfect operation mode: January and February is for the
application. The preliminary examination will be held on a
Saturday afternoon of March at every nationwide exam siteat

China’s participation
Olympiad

The influence of CNAO is also increasing year by year. By
setting the location of the final contest, the work of popularization
for astronomical education is inclined to underdeveloped
regions, especially for the western region of China. In 2010 the
CNAO final examination came to Guyuan of Ningxia province,
in 2012 to Urumqi of Xinjiang province, in 2013 to Kunming of
Yunnan province. These measures greatly promoted the local
astronomical popularization. Many local students got the chance
to contact astronomy and CNAO. Especially, the Guyuan area
becames new force of CNAO. It has become one of the three
largest nationwide exam areas in the past two years.

in

International

Astronomical

China participated in the International Astronomical
Olympiad in 2002 for the first time. Professor He from Beijing
Normal University and President Wen from Amateur Astronomer
led three students to take part in the 7th IAO at North Caucasus
Special Astrophysical Observatory in Russia. In that tournament,
Li Zeng, a student from Chongqing, won a silver medal, which
was the first medal that a Chinese player got in International
Astronomical Olympiad. China’s first gold medal did not come
slowly. In 2003, at the 8th International Astronomy Olympiad in
Stockholm, Sweden, Li Zeng continued the good play. He won
the first gold medal for China and got the best score at the same
time. Since then, China has kept attending the International
Astronomical Olympiad and taking very good results.

On March 22 of this year, the preliminary of CNAO was
held simultaneously in 21 cities across the country. There
were 2442 students from 29 provinces participating in the
game, including Anhui, Beijing, Chongqing, Fujian, Gansu,
Guangdong, Guangxi, Guizhou, Hebei, Henan, Heilongjiang,
Hubei, Hunan, Jilin, Jiangsu, Jiangxi, Liaoning, Inner Mongolia,
Ningxia, Qinghai, Shandong, Shanxi, Shaanxi, Shanghai,
Sichuan, Tianjin, Xinjiang, Yunnan, and Zhejiang.

In 2005, the International Astronomical Olympiad
Committee held the 1st Asia and the Pacific Astronomy
Olympiad (APAO) in Irkutsk, Russia. Except being absent in the
4th APAO in Bishkek, Kyrgyzstan in 2008, China participated in
all such astronomical events, and became a top team.

From April 16th to 20th, the final examination of this year
was successfully held in Shunyi, Beijing, with 103 students and
36 team leaders and observers participating in the game. After
the theory round, observation round, and practice round test, 18
students have won the gold medal, 19 students the silver medal,
and 18 students the bronze medal. A student from Dingxi of
Gansu province got the top score of senior group, while a student
from Xining of Qinghai province got the top of junior group.
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In 2007, there was another international astronomical
Olympiad event, the International Astronomy and Astrophysics
Olympiad (IOAA). It is sponsored by several countries
participating in IAO, and it is intended to allow more students to
have the opportunity to participate in international competitions.
The inaugural tournament was held in Chiang Mai, Thailand, at
the 80th birthday of the King of Thailand Bhumibol. The princess
Sirindhorn attended the opening ceremony. This competition
got the recognition of the International Astronomical Union

(IAU), and became one of the most important international
astronomical competitions. As one of the sponsor country,
China takes part in all this competition.
While participating in the international astronomical
Olympiads, China has also successfully hosted a number of
international competitions. In addition to the 10th IAO in
Beijing in 2005, China also hosted the following games: in
2007, Xiamen Double Ten School hosted the 3rd APAO. In
2009, Hangzhou High School hosted the 14th IAO. And in
2010, Beijing Planetarium organized the 4th IOAA.
After several years of unremitting efforts, China has become
an important member of International Astronomical Olympiad.
In recent years, Chinese students have had good performances
in the international competitions.
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VIRTUAL TRAVELS WAITING FOR THE WORLD EXPOSITION
Simonetta Ercoli
“Starlight… a handy planetarium” Association
Piscile
ITALY
mirusi7678@gmail.com
Loris Ramponi
Centro Studi e Ricerche Serafino Zani
Lumezzane
ITALY
osservatorio@serafinozani.it
Abstract: Your facility can become a double interactive window on the world treasures.
Imagine combining in a live show for your planetarium the sky projection with a travel
in a far place. Invite your audience to discover the incredible night sky panorama of a
far and dark natural site and the most interesting places of another city. This original
virtual trip can connect two different planetariums, from your location to another place.
Your facility can become a “webcam” to discover a far natural park, where the show of
the night will be preserved also for the future generations, and treasures of history, art
and science of the nearest city. The same live show can be shared with different facilities.
• The second part of the paper suggest transforming the dome like a food pyramid (the
top of the pyramid is the zenith, while the lower part of the pyramid is the horizon line)
to diffuse the knowledge of the best nutritional practices. The projection invites the
audience to discuss the question: which are the best “foods” for the brain? • The third
part of the paper is connected with the World Exposition that will be held in Milan (Italy)
from May 1 to October 31. The special 2015 program “Discover the treasures and the
Star itineraries of Brescia and Perugia” will be discussed and the topic “Feeding the
planet, energy for life” that is the main subject of the World Exposition will be presented.
Discover two cities with the sky in the eyes

central part of the event describes the night sky of the period.
The city itinerary is presented through a video, or a power point
or a fulldome projection. Each facility interested to collaborate
in the proposal prepares the city images that will be included
during the event. These materials can be used more than once, in
all the occasions that the events, in collaboration with different
cities, will be proposed. The main sites of a city don’t change;
therefore the program can be used many times, also for different
years.

The UNESCO list of world heritage sites is well known.
It contains the most important places of our planet that must
be protected also for the future generations. The list doesn’t
include the amazing celestial sky visible in very dark areas, but
for planetarians that is the ideal first world heritage.
When the stars appear in our facilities we have the possibility
to remind our audience how wonderful the dark night sky is.
The planetarium is a powerful tool to diffuse the memory of the
real night sky.
Italy is one of the countries with the longest list of world
heritages sites. Many places in our country are full of history,
art, and beautiful things to see and discover. We have connected
these two facts in a special public program called “Discover two
cities with the sky in the eyes” (the exact title includes the name
of the two cities: “From A to B with the sky in the eyes”).
The cities described during the program are different each
time. The program in fact is devoted to the description of the
main history and art itineraries of both the cities, while the
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dome in the following way. As known in the food pyramid
carbohydrates, proteins and fats are situated in different
positions. At the top there are foods that are better to reduce
in our diet, while at bottom of the pyramid there are the most
important foods necessary each day on our table. It isn’t difficult
to describe a giant food pyramid under the dome.
Without drawing a triangle on the dome, it is enough to
project on the horizon—which is the base of our ideal pyramid—
the images of the most important foods, while the zenith of the
dome corresponds to the top of the pyramid.
We can also introduce in this special planetarium program
the idea of the best “food” for our brain, mainly for the young
audience. The goal is to promote cultural interests among the
young generation. Therefore we can prepare an interactive
program that involves children and students drawing a “food”
pyramid for the brain.
The “foods” that we would like to talk are the activities that
promote individual interests in culture and science. For example
on the horizon of the dome appear images that are among the
main activities to improve the knowledge such as books and
instruments for natural science and sky observations.
In the middle of the dome can appear images about museums,
science centers, planetariums, public observatories, natural and
zoological parks, all the sites where children can find interesting
things to see, instruments to use and interactive activities to do.
The description of the list of the local most interesting sites is
in connection with the topics introduced in the first part of this
paper.

Each time that program includes the presentation of two
cities. The two facilities where the initiative will be organized
provide for a skype connection during the event. In fact this
public program is divided in three parts: 1, presentation of the
itinerary of one of the two cities; 2, description of the night sky
of the period; 3, presentation of the itinerary of the second city.

At the top of the “food” pyramid for the brain (on the zenith
of the dome) we can include for example a remote control for
TV, and other activities that are less helpful to improve the
capacity of the brain.

One of the parts of the program, in particular the description
of the second city, will be presented with a connection through
Skype. We can instead project a video of the far city, but in this
case we haven’t the possibility to interact with the audience of
the second city, to do questions and to share the event, at the
same time, with a far public.

Expo 2015, May 1 to October
All the previous topics of this paper are connected with
the last part of this communication. We would like to invite
our colleagues to Italy next year on the occasion of the world
exposition that will be in Milan from May 1st to October 2015.

Our first experiences have been organized only in Italy, but
we can also imagine involving facilities abroad. In this case it is
necessary to provide for an interpreter.

We have prepared a special itinerary that allows the
possibility of discovering two Italian cities, world heritage sites,
Brescia and Perugia, the first only one hour from Milan and the
second close to Florence and Rome. The itinerary includes also
the “Astronomical trails in Brescia and Perugia” that allow the
possibility of discovering the historical and scientific sites of the
two cites.

This tourist program is in relation with the world exposition
that will be held in Milan, Italy, in 2015. For this reason the
second part of this paper suggests describing the food pyramid
under the planetarium dome. Why the food pyramid? Because
nutrition is the main topic of the 2015 world exposition.

We invite our colleagues to join us during the world
exposition or to collaborate through Skype for the special
program “Discover two cities with the sky in the eyes”.

Food Pyramid
The best rules for the nutrition are an important subject in
Italy. The importance in Italy of the quality of the food is a
well-known subject, in particular the Mediterranean diet. We
can imagine describing the food pyramid under the planetarium

Colleagues interested in these proposals are invited to
contact the authors of this paper. Join us and enjoy Italy!
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THE HANDY PLANETARIUM
Simonetta Ercoli
“StarLight… a handy planetarium” Association
Piscile
ITALY
mirusi7678@gmail.com
Abstract: “The most incomprehensible thing of the Universe is the fact that it is
comprehensible” (A. Einstein). This is the thought that drives the “StarLight ... a handy
planetarium” Association to introduce students to the incomprehensible. “A handy
planetarium” is a paper model of the Northern celestial hemisphere and a small part of
the Southern one. All the Northern constellations are represented, as well as the ones on
the ecliptic, both with conventional star maps and with pictures, created by Mr. Giovanni
Murelli, an architect from Todi, Italy. Students have to hold the model in their hands and
describe it in great detail, following a specific chart. In this way they can learn the basic
information about the celestial sphere by themselves. Students can work alone, in pairs,
or in teams according the format of the paper model. This workshop is for middle and
high school students, but “A handy planetarium” can be also used with primary school
students as support for other kinds of workshops.
Albert Einstein said: “The most incomprehensible thing
about the Universe is that it is comprehensible.” Discovering
the incomprehensible ….. from a tiny “handy Planetarium” to
the immense “Universe around us” is the thought that drives the
“StarLight… a handy planetarium” Association to introduce
students and people to the incomprehensible.
The group, made up of members of the former working
team at the Ignazio Danti Planetarium until the end of the
2012-13 school year, has now branched out on its own, with
activities for schools and the general public—activities that are
the fruit of numerous years’ experience by teachers, planetarians,
and laboratory technicians in the field of astronomy.

It is mostly used in workshops for middle and high school
students, who can work alone, in pairs or in teams, according
the format of the paper model (Ø 18cm, 28cm e 38cm). The
handy planetarium is also used as support in some workshops for
primary school students.

Formal lessons and practical sessions take place in schools,
while conferences, lectures, and observations for the public are
held in different venues. StarLight also offers a maximum of
three scientific tours a year.

Inside, the handy planetarium is divided in twelve
vertical slices, each of which coincides with a month, and
in five horizontal bands. There isn’t a graduated grid and so
measurements are only approximate, but this is enough to
understand the correspondence between part of the Earth
surface and overhanging sky.

Some StarLight’s works are in collaboration with:
PlanIt—the Italian Planetarium Association
IPS—the International Planetarium Society
ANISN—the Natural Science Teachers Association sez.
Umbria
GAP—the Perusia Archeological Group

The workshop is organized so that students can learn basic
information about the celestial sphere by themselves, doing a
detailed description of the model and its following movements.

What is “… a handy planetarium”?

The first students have to describe the model in great
detail, according a specific work sheet divided in three parts:
general shape, outside, and inside. In each one there are some
numbered spaces to complete with the most important parts of
the model. Some empty spaces can also be used to write more
elements than basic ones.

It is a paper model of the Northern celestial hemisphere and
a small part of the Southern one. All the Northern constellations
are represented, as well as the ones on the ecliptic both with
conventional star maps and with pictures, created by Mr.
Giovanni Murelli, an architect from Todi, Italy.
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At the end of each phase there is the check with a
correction grid: the more parts are listed by students the more
observation is accurate. During this phase more information
is provided to complete the topic, for example terminology,
names of more constellations, myths, apparent motion, etc.

In the second step students move the planetarium, simulating the
observer’s position at different latitudes. They have to observe
carefully what happens during the movement and report it
on a second work sheet, also divided in three parts: handy
planetarium perpendicular to observer, sight the rim of handy
planetarium with Pole Star, sight the rim of handy planetarium
with in-between band.
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BREAKING THE CYCLE:
THE MELBOURNE PLANETARIUM UPGRADE PROJECT
Andrew Greenwood
Head, Production & Technical Services
Museums Victoria
GPO Box 666
Melbourne
Victoria
AUSTRALIA
agreenwood@museum.vic.gov.au
Abstract: Nothing is more certain than change—and this certainly applies to the technology
behind our planetarium systems. In 2012, the Melbourne Planetarium (Australia) found
itself with a rapidly aging and obsolete system, and was once again facing the challenges
of acquiring capital renewal funding to reinstate them to their former glory. This was
to be the third major bid for capital works in 15 years and it was clear that this cycle of
uncertain funding would continue to be a challenge well into the future. By using cost of
life philosophy and an innovative approach to finance, Museum Victoria has achieved an
assured renewal program and the ability to maintain contemporary technology without
the shackles of capital funding. The cycle has been broken. I will describe the new
approach taken by Museum Victoria to achieve a secure renewal strategy and to ensure
that the Planetarium keeps pace with the progress of technology well into the future.
As Head of Production & Technical Services for Museum
Victoria my role includes ensuring that technology used in
exhibitions works well for the life of those exhibitions. In many
cases that will be for more than ten years and so our plans need
to include the regular replacement or upgrade of equipment, and
with that comes the challenge of funding…

Without a good system to view the stars (content), a
planetarium fails to be…
This is the case study of how we chose a solution to the
problem and the lessons learned along the way.

A key point is that generally, the life-cycle of technology
is shortening but our quality expectations are increasing due to
our experience with contemporary technology. This is mostly
reflected in our own opinions and operating requirements rather
than visitor expectations, but it is an important consideration.
Within Museum Victoria we view the Planetarium as an
exhibition experience. That allows me to take responsibility for
the planetarium systems and to manage them to provide the tools
for the “experience” given by the astronomers, educators, and
presenters. The life of a planetarium is obviously more than ten
years so to support the high cost of planetarium technology, a
special plan is needed.

Background:

I have seen many cases where exhibition technology is
allowed to get old and deliver a poor experience. But planetarium
technology wears out in the same way as any equipment and also
needs to be regularly maintained and replaced. It can be argued
that not renewing planetarium technology creates a bigger issue
than normal exhibition technology because it is central to a major
experience that may generate revenue and profile. Therefore, it
can have a very big impact on the business.

The Melbourne Planetarium. From 1965 the MV McKay
Planetarium in Melbourne—with a GOTO optical projector.
From 1999 it was relocated to Scienceworks—16m horizontal
dome with a DigiStar II and slide projectors and some video.
New 5.1 Audio installed. From 2005 the system was upgraded
to a SkySkan Digital Sky system with 6 x Barco CRT projectors.
Same audio
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Our Challenge:

Apart from a few tweaks along the way, this tells a familiar
story of major capital investment in equipment. Each upgrade
requires a special bid for funds which is a major undertaking
requiring energy, perseverance, dedication, and uncertain
success…

The Barco CRT projectors were dying…
It all worked well—no complaints from our visitors (which
is important—what are our main stakeholders telling us and are
their expectations being met?) but we knew...

Throughout the life of our planetarium, funding management
existed in isolation:
• 1999

Moving to a new location.
Technical equipment comes as part of the
project.

• 2005

Operation and ready for IPS 2006.
The conference provided the driver to renew
the equipment.

The projectors were dim and colour realisation poor.
Barco had End Of Life (EOL) and End Of Service (EOS)
them with a cut-off date of Dec 2013. The projectors were
obsolete and could not be supported affordably.
The Cathode Ray Tubes (CRT) were rated for 9000 hours.
Ours had exceeded 22,000 hours...

The point to note here is that we have never considered our
Planetarium to be anything other than a permanent offering to
Melbourne. It’s been around since 1965 and we expect to keep
having a Planetarium for the future. So why don’t we manage it
as a permanent offering and plan for the future as we would our
other museum product?

To replace the tubes would cost over AUD $100,000 but we
would still be left with obsolete and unsupported projectors.
Failures were frequent and contracted support costs getting
higher…
Risk management of the planetarium told us that we were
approaching unacceptable risk to the regular operation of the
planetarium and to our revenue and reputation. We had to do
something…
However, whilst plenty of work was done to highlight the
issue to senior stakeholders, there was no major capital funds
available, no sinking fund and maintenance funds (operating)
were reducing. We were against the clock and with few options.
In addition, I knew that whatever we did to renew or replace
the equipment now, we would be in the same position in 5-7
years again… It is a cycle.
But
But once you start to look at projectors, you need to look at
everything else...
•

A new engine would be needed to drive new projectors.

•

The existing audio system was c 1999 and would
perform poorly with any new visual system.

•

Our production servers and storage would not be
suitable for a new system and were also managed
separately by our ICT department.

•

The dome was painted for CRT - 48%. Never cleaned.
And OHS became an issue in accessing it.

It was clear that we couldn’t address any single part in isolation and that we needed to integrate all the Planetarium systems
into a renewal cycle...
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Needed

Our Solution:

So, we needed to achieve three things before we could undertake an upgrade:

As a funding plan we decided to pursue funding for a lease of
the whole of the planetarium systems: New systems (projectors
and computers), new audio and new production system.

•

INTEGRATE all of the planetarium parts into a
single management system so that all were treated
as dependant pieces of the same puzzle. Treat the
planetarium with the respect it deserves and remove
any ambiguity that may exist around its operation and
management.

•

PLACE that integrated system into a renewal cycle so
that we can forward plan. What are the renewal cycles
of the component parts? How do they fit together?

•

PLAN a new way of achieving funding that didn’t need
a change event every few years.

Leasing was a suitable solution because:

Integration was easy—it was just a case of finding out the
right information and bringing it all together. There was no
obstruction to this process. Talk to stakeholders, get their views,
communicate how it all fits together and promote the benefits
of integrated management. Challenges may occur if there are
budgets that need to be brought together under one control…
Figuring out a renewal cycle was fairly straightforward
although you do need to manage “want” against “need”. Balance
visitor expectations against our own (expert) expectations so
that you don’t turn over equipment unnecessarily. Some parts
of the system don’t need as regular replacement and they have
less of an impact on the visitor experience. You need to be a bit
ruthless. We considered three packages: Planetarium system,
audio system and production system—all of which could handle
separate renewal cycles.
Funding could only be sought from the Government as the
museum had no capacity to provide it itself. Understanding the
regular grant and funding process from Government was essential
to see what our opportunities were—and what constraints they
brought. The main issue with Government funds, if you get it,
is time… It is seldom immediately available.

•

•
Leasing effectively spreads the cost of
“owning”/operating an asset.

•

Given that equipment, upon disposal is often worthless
(within a museum sense) the cost of leasing is not
much more, over time, than the cost of buying. In our
case, we were quoted 8-10% increase in capital cost
over the whole period…

•

The business case to Government impressed on the
education benefits that arise from planetariums with
supporting figures of attendance and impact.

•

A compelling case was made regarding the life span
of equipment and how the existing planetarium was
reflected in that.

•

Risks were emphasised at all levels.

•

The long term benefits of our planetarium to the
State and its impact on education and science were
emphasised to promote the need for ongoing funding
for future upgrades.

•

A carefully specified, planned and budgeted case was
developed, informed by quotes from multiple leasing
providers, to develop “an annual asking figure” for
leasing.

•

• … which we got J

The Famous Bathtub Curve!
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A clear and colourful graphical model to show why
technology needs replacing. Government people would say to
me “ah, you’re the bathtub person!” Easily understood and a bit

fun, it got their attention.

•

Lease negotiations and contracts—complex…

The bathtub curve applies to people too!!!!

•

Paying back the lease —easy!

This picture and title always resonates with stakeholders and
applying it to other items, including people, makes it relevant.

Outcomes:

Our Findings:

AUD$253k PA awarded from July 2013. This would
be added to the MV recurrent budget and handed over for
our management. The government saw this as a worthwhile
investment in the long-term benefits of the Melbourne
Planetarium for the State of Victoria. It met key segments for
Government.
But planning a project around the funding was a challenge.
We had funding but it didn’t suit the “natural order” of a project.
•

We had to keep the existing equipment running for
another year.

•

Specification and procurement of a replacement
system takes time – but it needed to be done quickly so
that the equipment could be changed over ASAP.

•

Some system suppliers were from overseas. Leases
directly with an overseas supplier were not favoured
by our leasing providers. Therefore, MV needed to
capitally finance the project so as to place the orders.
For this to happen, we had to get a loan from our
reserves.

•

A Sale & Leaseback arrangement was made. MV
would buy the equipment from the overseas suppliers
and then sell it back to the leasing company, and then
lease it back from them.

•

The reserve loan was then paid back in full.

•

Project risk planning and procurement—complex…

1.

Leasing providers want to make money. You can lease
at a system level if you are willing to persevere and the
risks are managed.

2.

Go to market. Talk to the banks. Be nice to your Finance department. We got a very good leasing deal
because this was a new experience for the leasing company… and we are a good organisation to work with.
Find out what the fees are, what the return provisions
are and what the renewal options are. All the leasing
companies we talked to were happy to deal at a system
level. Getting a picking list/manifest from the supplier
was really all they wanted. They were happy to pick
out the big (expensive) items to judge the package value. However, a planetarium is a unique item for a leasing company given that they can’t easily sell off the
asset at the end of the lease or re-purpose it... Both
sides need to assess and manage the risk.
When you are tendering for the supply and considering ultimately leasing, ask for a break up of prices as
hardware, software and installation/commissioning –
so that you are aware of the balance of what can and
can’t be leased.
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3.

Leaseback works. It was new territory for MV, complex and time consuming to arrange. Establishing this
represented a single large risk to MV - required a lot
of consideration, risk management and legal reviews
-costs supported by the project. So the first time is difficult, but it gets easier. We have used S&LB in other
instances since then…

One lease for the whole planetarium. Packaging allows
you to better manage the parts of the planetarium. We Sale &
Leaseback for the planetarium and audio systems; two leases.
We did a separate direct lease for the production equipment.
By doing this we can make decisions in the future that won’t
necessarily affect the whole planetarium. E.g. swap out the
projectors earlier in the term because something new and shiny
has come along. Or, to meet evolving visitor and stakeholder
demands. Renewal cycles can also be tweaked.

Summary
We not only achieved a new planetarium, but established
a lot of new processes, initiatives and therefore options for the
future. The Museum is stronger for this. The planetarium now
has a life beyond the equipment installed.

Z4-year periods seems good for the projectors. Three years
is too short and five years was difficult to get. It depends on the
leasing provider. But choose your favoured period and work
from there. We may renew for a year after the initial term has
come up while we plan a better replacement, or we may not…
All of our leases are 4 years. The audio may be rolled on for a
few years and eventually bought out if we choose.

Some lessons learned:

Not all costs can be leased. Non-leasable costs include
training, some commissioning costs, freight and clearance, legal
advice etc… We had to pay those directly, finding alternate
budget sources.
Managing a lease is necessary and leasing providers can
provide you with an online portal into the detail of the lease and
the equipment. Know your lease and what options you have.
This might not be best managed by your Finance department and
you need this info to make strategic decisions during the life of
the lease and the equipment leased.
You still need an operating and maintenance budget.
Obligations under the lease will include keeping it working and
that it can be handed back to the lease company in that state.
Consider including the maintenance and extended warranty in
the leasing package. It can be done. We bought a lot of spare
parts—as we are in Australia, including a whole spare projector.
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•

I do wish that the awarded money was index linked.
It’s not. This will cause problems by about the third
upgrade…

•

Supplier contract management, progress payments,
defects liability periods and leasing arrangements mix
badly.

•

We got an excellent initial quote on the lease finance
but the time it took to negotiate agreements exceeded
the quote period and we had to get re-quoted. The
subsequent quote wasn’t as good… Time therefore is
of essence.

•

I’ve learnt that the cost of finance varies a lot and
depends on the “deal”, the equipment/package you
want to finance and the term of the lease. In other
cases we’ve been quoted 16% cost of finance.

•

I wish I’d included the maintenance and warranty in
the leasing packages. Done once, done right. Same
contracts. Avoid exchange rate fluctuations…

•

Following a project management methodology really
works. You will be audited, especially if you are
rolling out a new financial process…

•

Time passes very quickly. 4-years is not very long,
especially if you intend to upgrade every period.
Research, planning and procurement for a decent
upgrade will take ~ 18-months…

•

Make sure that you have a new show to launch the
upgraded planetarium. Of course…

•

I have had many requests to include auditorium
seating in future upgrade plans. They are hard and
expensive to maintain. Nobody wants to…

•

And the dome needs consideration too…
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GAMA: A NEW ASTRONOMICAL DATASET EXPLORING COSMOLOGY AND GALAXY
EVOLUTION
Tanya Hill
Museums Victoria
Melbourne Planetarium, Scienceworks
GPO Box 666
Melbourne 3001 Victoria
AUSTRALIA
thill@museum.vic.gov.au
Abstract: Digital planetariums have the exceptional ability to introduce planetarium
audiences to modern astronomy. Being able to fly through the stars of the Milky Way
and drift among the galaxies of our Universe is an experience that cannot be achieved
elsewhere and from our experience at the Melbourne Planetarium (Australia) it’s one
that audiences particularly delight in. Here we present a new astronomical dataset
called GAMA—Galaxy and Mass Assembly. It combines observations from a number of
observatories, both ground and space-based, to better understand how galaxies form and
evolve. The survey consists of 300,000 galaxies and complements previous surveys such
as the Sloan Digital Sky Survey (SDSS), the 2dF Galaxy Redshift Survey (2dFGRS), and
the Millennium Galaxy Catalogue (MGC). Discover how this new survey is being used to
engage the public and how the planetarium can become a tool for research astronomers
wanting to know more from their data.
The original role of the planetarium was to recreate the night
sky. The stars were accurately positioned in the sky overhead
and the movement of the Sun, Moon and planets were tracked
relative to the stars. At the time when planetarium projectors
were being developed, the stars were the entire known universe.
The concept of the universe filled with galaxies as we know it
today had not yet been established.

our universe than what can be seen in the sky overhead. With
modern digital planetariums we have the ability to not only
connect people with the night sky but to also provide them with
the experience of better knowing our universe in a way that is
impossible to achieve in other ways.

The world’s first planetarium projector, the Zeiss Mark I, had
its public demonstration at the Deutsches Museum, Munich on
October 21, 1923. Only a few weeks prior to this, on the night
of October 5-6, 1923, American astronomer, Edwin Hubble first
discovered a Cepheid variable in the Andromeda Galaxy, which
at the time was known as the Andromeda Nebula (Carnegie
Science, n.d.). By observing this variable star and its regular
change in brightness, Hubble was able to estimate its distance
and discovered that it was not part of our own Milky Way. As
we now know, the Milky Way and the Andromeda Nebula are
two separate galaxies. With this discovery the universe became
bigger than anyone had ever imagined in the early 20th century.

When the Hayden Planetarium of the American Museum
of Natural History reopened in the year 2000, it included a
wonderful new development for planetariums: the NASAsupported Digital Universe atlas (American Museum of Natural
History, n.d.). Digital Universe is an amalgamation of many
astronomical datasets, including objects of our Solar System,
the stars and star clusters of our Milky Way Galaxy, and the
surveys of galaxies near and far. It can be used to take audiences
on a stunning tour of the Universe from the planets, through
the Milky Way, and right out to the most distant galaxies and
quasars.

Are you ready to take a trip to the far reaches of space?

The experience of Digital Universe is a planetarium is
absolutely amazing. As stated in the article Virtual Universe,
published in the Natural History magazine “The observable
universe is immense beyond any ordinary experience, but not
beyond the human ability to chart, visualize, and share.” (Abbott,
Emmart & Wyatt, n.d.). With today’s digital planetarium,
we have at our fingertips a wealth of modern astronomical
knowledge to explore and share with audiences.

Recreating the night sky remains a much-loved aspect of
many planetarium programs and presentations such as “The Sky
Tonight” tap into audiences’ expectations that they will leave the
planetarium better knowing the night sky as it can be seen from
their backyards, windows, or balconies.
But ninety years on from that first public demonstration of
a planetarium projector we now know there’s so much more to
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Ticket to the Universe

Another positive outcome of Ticket to the Universe was that
our staff enjoy presenting the show as much as our audiences
enjoy experiencing it. It has been invigorating for planetarium
presenters to feel that they are providing audiences with such
up-to-date knowledge of our understanding of the universe. It
was also an excellent challenge and learning opportunity for
staff that was much appreciated.

In 2012, at the Melbourne Planetarium we began regularly
presenting a live planetarium show based on Digital Universe.
The show is called Ticket to the Universe, and it was developed
from a special evening presentation that I would give to adult
audiences a couple of times a year.
There were two stumbling blocks that had to be overcome
before Ticket to the Universe could be developed into a regular
public show. The first was convincing Museum management
that family audiences (in this case, children at least 8 years old
and above) could enjoy and understand the show. The second
was that it was possible for our planetarium staff to be trained
to deliver the show in a consistent and well-informed manner.

When up-to-date needs updating
My area of interest in astronomical research has always
been extragalactic astronomy or the study of objects beyond our
Milky Way Galaxy. I was thrilled that Digital Universe included
the Nearby Galaxy Atlas compiled by research astronomer Brent
Tully at the Institute for Astronomy, Hawaii (Tully & Fisher,
1987), as well as galaxy datasets from the more distant universe
via the American Sloan Digital Sky Survey (SDSS; SDSS n.d.1)
and the Australian 2dF Galaxy Redshift Survey (2dFGRS;
Colless n.d.)

I’m pleased to say that we have been successful on both
accounts. Ticket to the Universe is promoted to the public as
“an amazing guided tour of our vast and incredible Universe.
Our planetarium presenters will fly you off planet Earth and out
beyond the stars” (Melbourne Planetarium n.d.).

However, when Ticket to the Universe began showing in
2012, these galaxy datasets were a decade old. The SDSS was
continuing to release new data—the first data release as included
in Digital Universe was from 2003 (SDSS Collaboration 2003),
while the latest data release (at time of writing) is version 13,
which was made available August 2016 (SDSS Collaboration
2016). The 2dFGRS was released in 2001 and had since been
complemented by the 6dF Galaxy Survey (6dFGS) which had
its final release in 2009 (6dFGS 2014) and newer Australian
surveys, such as GAMA (Galaxy and Mass Assembly; GAMA
n.d.) and the WiggleZ Dark Energy Survey (WiggleZ 2014).

Audiences of all ages have responded well to the content
and delivery style. The show begins with a tour of the night sky,
and for those younger members of the audience, we explain that
before they can be astronauts touring the Universe, they first
need to understand where they will be going. Once the night sky
segment is concluded we recommend that people “buckle up”
ready for their trip to space. This establishes a great atmosphere
and prepares the audience for their flight through the virtual
universe.
Audiences can provide unsolicited comments via the
Planetarium’s website and the following are responses submitted
in regards to the show Ticket to the Universe:

It had been my expectation that new galaxy datasets would
be included in Digital Universe as they became available. But
perhaps this wasn’t going to be the case? In 2011, I contacted
Professor Andrew Hopkins, a colleague of mine at the Australian
Astronomical Observatory (formerly the Anglo-Australian
Observatory; AAO), who was also a Principal Investigator for
the new GAMA survey being undertaken at the AAO.

We had our four year old with us and we all loved the
programme.
It made us think about our place in the universe in a new and
different way and managed to convey very complex concepts in
a way that made perfect sense.

He and fellow GAMA Principal Investigator, Professor
Simon Driver from the University of Western Australia agreed
to provide me with access to the GAMA database. What’s more,
they also provided data for all publicly released galaxy datasets
available at that time, as shown in Table 1.

The structure and pace of the program was fantastic and it
definitely made the most of the technology.
A big thanks to the presenter … who really made the
program very interesting.
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Table 1. Galaxy Datasets
Dataset

Release

Total

Density of

Red-

Light

Date

Galaxies

Galaxies

shift

Years

Telescope

Purpose
Description

(Gyrs)

NORTHERN
Sloan Digital Sky
Survey - Data Release
10
http://www.sdss.
org/

2013

1.8 million
galaxies

z<1

8

2.5m, Apache
Telescope was
Point Observatory, purpose built for 3D
New Mexico
mapping
project,
taking spectra and
images

Sloan DSS –
Quasars
http://www.sdss.
org/

2013

300,000
QSOs

z<7

12.7

2.5m, Apache
As per Sloan
Point Observatory, DSS
New Mexico

2Mass Redshift
Survey (CfA)
h t t p s : / /
w w w. c f a . h a r v a r d .
edu/~dfabricant/
huchra/2mass/

2006

4 4 , 5 0 0
galaxies

z < 0.1

1.4

6dF
/
distribution of
CTIO / 1.2m galaxies and dark
Fred
Lawrance matter in the local
W h i p p l e universe
Observatory

VIMOS
VLT
Deep Survey (VVDS)
https://arxiv.org/
abs/1307.0545

2005

3 5 , 0 1 6
galaxies
422 QSOs

z < 6.7

> 13

8.2m
VLT
European deep
–
European pencil beam survey
S o u t h e r n
Observatory

Deep 2 (Keck II)
http://deep.ps.uci.

2003

3 8 , 3 4 8
galaxies

z < 1.4

8

Keck
Telescope

Las
Campanas
Redshift
http://heasarc.
gsfc.nasa.gov/
w3browse/all/lcrscat.
html

1996

2 6 , 4 1 8
galaxies

z < 0.2

2.4

L
a
s
first
attempts
C a m p a n a s to map the local
O b s e r v a t o r y , universe
Chile

The CfA Redshift
Catalogue
(zcat),
Harvard
h t t p s : / /
w w w. c f a . h a r v a r d .
edu/~dfabricant/
huchra/zcat/

1995

4 0 , 0 0 0
galaxies

z < 0.1

1.4

Smithsonian
first
attempts
A s t r o p h y s i c a l to map the local
Observatory
universe

2dF GRS (Galaxy
Redshift Survey)
h t t p : / /
www.2dfgrs.net/

2001

227,000
galaxies

z < 0.5

5

2dF
/
mapping large
Anglo-Australian scale structure
Telescope (AAT)

2dF Quasars
h t t p : / /
www.2dfquasar.org/

2001

115,000
QSOs

z<3

11.5

2dF / AAT

As per 2dF GRS

2SLAQ
(2dFSDSS
LRG
and
Quasars)
http://www.2slaq.
info/

2006

1 5 , 0 0 0
galaxies
5,645 QSOs

z < 2.5

LRG: 6
Quasars: 11

2dF / AAT

joint survey:
Luminous Red
Galaxies - evolution
massive galaxies
Quasars
A
l
s
o
gravitational lensing
where the LRG
in the foreground
and quasar in the
background

edu/

II

evolution
of
galaxies and clusters

SOUTHERN
150/deg2
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6dF
http://www-wfau.
roe.ac.uk/6dFGS/

2009

115,000
galaxies

7/deg2

z < 0.2

2.4

WiggleZ
Dark
Energy Survey
http://wigglez.
swin.edu.au/site/

2011

215,000
galaxies

240 / deg2

z<1

8

GAMA (Galaxy
and Mass Assembly)
h t t p : / / w w w.
gama-survey.org/

2014

300,000
galaxies

1300/deg2

z < 0.6

6

6dF / UK
mapping
Schmidt Telescope universe

local

AAOmega /

dark energy –
pattern of galaxy
structure

AAOmega
/ AAT and other
telescopes

galaxy
and
cluster evolution

AAT

The Datasets – Australian Southern Sky Surveys

Now armed with a wealth of extragalactic astronomical
data, I called on the help of Sky-Skan (in particular, Martin
Ratcliffe, Mike Sperry, and Martin Weiss) to work out a way
for incorporating the data into the planetarium system. SkySkan provided software to convert the astronomical coordinate
system (consisting of the equatorial coordinate system of right
ascension and declination along with distance as measured in
redshift) to the X-Y-Z coordinates used by the planetarium
system.

The following section provides details about the southern
sky surveys carried out in Australia using the 4-metre AngloAustralian Telescope (AAT) operated by the AAO and located at
Siding Spring Observatory in northern New South Wales (AAO
2017b). Fulldome images of these surveys, as well as the SDSS,
are provided in Figures 1-7.
2dF Galaxy Redshift Survey (2dFGRS; 2001):

After much data-wrangling, the new databases were
uploaded to the Melbourne Planetarium system to be used in
our public presentations. It was reassuring to see how well the
newly added datasets, particularly the 6dFGRS and GAMA,
aligned with the original 2dFGRS, showing that the coordinate
conversion had worked as planned.

Along with the SDSS, this survey marked a new era in our
understanding of the large-scale structure of the universe. The
survey utilised a new instrument, called 2dF that was designed
and built by the AAO and operated on the AAT. The remarkable
thing about the 2dF instrument is that it can observe a twodegree Field (hence its name) and using 392 optical fibres it can
measure the spectra of up to 392 galaxies in a single pointing.

These datasets were presented for the first time to the
planetarium community at the 2014 International Planetarium
Society Conference (Beijing, China), during Sky-Skan’s
planetarium dome demonstrations.

This was a technological marvel. In one night, instead of
observing around a dozen or so galaxies, the advent of 2dF
meant that spectra could be obtained for 2,500 galaxies. It was
a truly astronomical increase that produced a detailed map of
the structure of the universe. This structure consisting of the
filaments and walls of galaxies contrasting with the emptiness
of the voids was mapped from the southern hemisphere out to a
distance of 5 billion light years.

It was exciting to discover that the planetarium community
were as excited about these newly uploaded galaxy datasets
as I was. There was much interest in seeing how the early
galaxy surveys, such as the Harvard-Smithsonian Center for
Astrophysics Redshift Survey (ZCAT; Huchra n.d.) gives way
to the much larger and broader surveys of 2dFGRS and SDSS
(Release 1).
Taking a closer look at the Australian Southern Hemisphere
data, it’s easy to see how the 6dFGRS complements the 2dFGRS
by providing a more detailed map of the local universe. While
the later wide beam surveys of GAMA and WiggleZ may not
cover as broad a region as the 2dFGRS, but they extend much
further in distance and also deeper in magnitude.
What is most overwhelming, and was enthusiastically
observed during the presentation in Beijing, is the growth of the
SDSS over the last decade. From almost 700,000 galaxies and
close to 87,000 quasars as included in the early data release from
Digital Universe, the updated SDSS showed 1.8 million galaxies
and 300,000 quasars. It is a truly spectacular sight and an
achievement of the planetarium system that so many datapoints
can be handled simultaneously.
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Figure 1. Distribution of the 2dFGRS shown in yellow.

Figure 2. Distribution of the 6dFGRS shown in red.

6dF Galaxy Survey (6dFGS; 2009)

2dF-SDSS Survey Luminous Red Galaxies and Quasars
(2SLAQ; 2006)

This follow up survey to the 2dFGRS was undertaken for
five years, during the period 2001-2005. Like the 2dFGRS, it
was managed by the AAO and used a purpose built spectroscopic
instrument called 6dF that could observe a six-degree field and
used 150 optical fibres. The instrument operated on the 1.2-metre
UK Schmidt Telescope at Siding Spring Observatory. The final
dataset was released in 2009 and while the survey doesn’t cover
as much distance (or redshift) as the 2dFGRS, it does cover 80%
of the southern sky, which is a greater breadth than the 2dFGRS.

This smaller survey utilised the 2dF instrument on the AAT
to obtain spectra of luminous red galaxies (LRGs) and quasars
as selected from high-quality imaging data obtained via the
SDSS. It is a nice example of combining two different studies
to achieve best outcomes.
The main focus of the survey was to observe LRGs to a
distance of six billion light years (Cannon et al. 2006). LRGs
are massive elliptical galaxies. Their star-forming activity has
finished and they now consist of an older stellar population that
is passively evolving (i.e. the stars are fading away with time).
LRGs are important for detecting clustering of galaxies, as they
are typically found in regions where the galaxy density is high.
They are also useful for understanding the evolution of massive
galaxies. For instance, how do galaxies grow to be so massive
and what triggers the end of their star formation and/or causes
the galaxies to run out of gas to form new stars?

The targets for the 6dFGRS survey were chosen from nearinfrared (NIR) imaging surveys, rather than optical imaging
surveys. The longer wavelength of NIR light means that it is
not so readily blocked by dust as compared to visible light and
NIR light is also predominantly emitted by old stars. Therefore,
the 6dFGRS was able to observe galaxies with older stellar
populations and could also target galaxies closer to the zone of
avoidance or the plane of the Milky Way than was achieved with
the 2dFGRS. The survey was able to clearly define superclusters
and galaxy walls as well as confirming 500 voids.
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The survey aimed to examine the effect of dark energy by
observing the distribution pattern (or wiggles) of galaxies across
a range of redshifts (i.e. distance). In the early universe, pressure
waves established a pattern or preferred pairing of galaxies
(known as Baryonic Acoustic Oscillations). This pattern is
locked into the universe’s structure so that as the universe
expands and as dark energy causes this expansion to accelerate,
the galaxy pattern will be stretched along with it. The idea of
WiggleZ is to investigate the nature of dark energy by seeing
how the preferred distribution pattern of galaxies has stretched
over time.
WiggleZ is the deepest galaxy survey ever completed in
Australia to date. The most distant galaxies observed are 8
billion light years away, corresponding to a time when the
Universe was less than half its current age. It was also the first
survey to detect the pattern of galaxy clustering so long ago in
the universe’s history.
WiggleZ also looked at the growth of galaxy clusters and
superclusters at four different periods over the last 8 billion
years. Dark energy predicts that cluster growth will slow down
over time, because as dark energy pushes the universe apart, it
becomes harder for gravity to pull galaxies together into clusters.

Figure 3. Distribution of the 2SLAQ dataset shown in red.
However, the survey of LRGs didn’t require the use of all
optical fibres on the 2dF instrument. The leftover fibres were
therefore put to use to observe quasars and extend the work of
the 2dF Quasar Survey, providing further data to investigate the
evolution of quasars (Richards 2005).

WiggleZ provided a new way of testing dark energy that
is completely independent from the supernova studies that first
revealed the existence of dark energy. These observations were
found to be consistent with current cosmological models and fit
the predictions of dark energy.

Figure 4. Distribution of the 2dF quasars dataset shown
in pink.

Figure 5. Distribution of the WiggleZ dataset shown in
green.

WiggleZ Dark Energy Survey (2011)
The WiggleZ survey was carried out over 276 nights between
2006 and 2011. It used the 2dF instrument on the AAT, and the
light collected was fed into the new AAOmega spectrograph
designed by the AAO (AAO 2017a).
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Galaxy and Mass Assembly (GAMA; 2014)

The Datasets – Northern sky surveys and others

GAMA is the most recent galaxy redshift survey from the
AAO and was carried out over 210 nights across seven years
(2008-2014). It doesn’t have as broad a coverage across the
sky as the 2dFGRS, but it has observed a much greater density
of galaxies. The GAMA survey targeted three separate regions
of the southern sky, but even so detected more galaxies in total
than the 2dFGRS. The locations observed were chosen to sit on
the celestial equator so they are visible from both hemispheres.

The Center for Astrophysics (CfA) Redshift Survey (ZCAT,
1995)
Conducted by researchers at the Harvard-Smithsonian
Center for Astrophysics, USA, this was the first survey that
showed the structure of the universe. The survey was carried
out in two parts; the first observations were taken between 19771982 and then followed with a second series between 19851995. The Smithsonian Astrophysical Observatory was used to
observe around 40,000 bright galaxies out to a distance of 1.4
billion light years.

GAMA aims to better understand how galaxies form or
assemble their mass, and how galaxies grow or evolve over time.
What’s exciting is that as well as obtaining galaxy spectral data,
the survey has worked with imaging survey teams to compile
an extensive multi-wavelength database. This means that many
characteristics of these galaxies can be determined, such as
redshift, star formation rate, mass, and galaxy type. Numerous
telescopes worldwide and in space have provided imaging data
to the survey including: the Galaxy Evolution Explorer, the
Herschel Space Observatory, the Australian Square Kilometre
Array Pathfinder, the European Southern Observatory’s Very
Large Telescope, and the Canada-France-Hawaii Telescope.

It was found that galaxies are not randomly scattered
throughout space but cluster together, forming long lines
or filaments that border regions which are empty or void of
galaxies. It was this survey that observed the famous slice of
our universe that shows galaxies forming the pattern of a little
“stick person” (made obvious thanks to our remarkable pattern
recognition abilities; see Figure 7). This image also contains a
structure known as the CfA Great Wall, which is a giant filament
of galaxies (it extends across the ‘arms’ of the stick person).
It is 500 million light years long and includes three massive
galaxy superclusters, specifically the Hercules, Coma, and Leo
superclusters.

The survey investigates galaxy structure across a wide
range of scales. It is used to explore galaxy clusters, groups,
and mergers, and also the bulges and discs that make up a
galaxy’s internal structure. A future project for the Planetarium
is to incorporate this additional information into the planetarium
dataset so that it’s possible to distinguish different characteristics
of the galaxies in the planetarium visualisations and explore
what patterns may emerge from the data.

Figure 7. The “stick person” seen in the first slice of the
CfA Redshift Catalogue. Copyright: Smithsonian Astrophysical
Observatory
Las Campanas Redshift Survey (LCRS, 1996)
The LCRS also represents astronomers’ first attempts
to map a large region of the universe (in 1998). It used the
2.5-metre DuPont telescope at the Las Campanas Observatory,
Chile, which is operated by the Carnegie Institution for Science,
USA. The survey was the first of its kind to use a fibre-optic
spectrograph, signalling the advent of this new technology.
With the LCRS, 100 galaxies could be observed at once and the
complete survey was carried out over 13 observing runs from
1988-1994.

Figure 6. Distribution of the GAMA dataset shown in blue.
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The LCRS obtained redshifts (or distances) to 26,418
separate galaxies. The survey covered 6 strips of the sky, three
in the northern hemisphere and three in the southern hemisphere.
Galaxies were observed to a distance of 2.4 billion light years
and the survey was able to confirm the existence of empty voids
bounded by large walls of galaxies that had been suggested in
earlier surveys such as ZCAT.

of the data for the southern hemisphere galaxies were obtained
via the 6dFGRS. For those galaxies that had not been observed
by the 6dFGS, data was gathered using the Cerro Tololo InterAmerican Observatory (CTIO) in Chile.
For the northern hemisphere, the galaxies were observed
individually (without the use of a multi-object spectrograph)
using the 1.2-metre telescope at the Fred Lawrence Whipple
Observatory, Arizona, USA.

Deep2 Redshift Survey (DEEP2; 2003)

Sloan Digital Sky Survey (SDSS)

This survey was a collaboration between astronomers
across the USA (specifically University of California, Berkeley,
University of California, Santa Cruz, and the University of
Hawaii). It operated between 2002-2005 and used the 10-metre
Keck II telescope on Mauna Kea, Hawaii with the Deep Imaging
Multi-Object Spectrograph (DEIMOS) which could observe
130-150 galaxies at once. The survey was complementary to
the SDSS and 2dFGRS and was used to examine the evolution
of galaxies and galaxy clusters. It showed that galaxy evolution
across the last 8 billion years has been a “fairly regular and
predictable process” (Newman et al. 2012).

The SDSS began in 1998 and continues to provide regular
data releases. It is the most detailed 3D map of the Universe
ever created and includes both an imaging component that has
covered one-third of the sky and a spectroscopic component that
includes over three million astronomical objects.
The SDSS uses a dedicated 2.5-metre telescope located at
Apache Point Observatory (APO) in New Mexico, USA. The
telescope was specifically designed to take sharply focused
images across a large area of sky, specifically a three-degree
field. As well as observing galaxies to investigate the structure
of the universe, the SDSS has also discovered asteroids, brown
dwarfs (objects that are too big to be planets but are too small
to sustain nuclear fusion like a star), and stars that belong to
our Milky Way Galaxy’s halo. It has been used to measure
dark matter via observations of gravitational lensing and has
investigated the end of the cosmological dark ages by probing
the light of distant quasars (SkyServer DR12 n.d.).

The VIVMOS VLT Deep Survey (VVDS; 2005)
This survey was a collaboration between French and Italian
astronomers. It used the Visible Multi-Object Spectrograph
(VIMOS) on the European Southern Observatory’s Very Large
Telescope (VLT) in Chile. The VLT consists of four 8.2-metre
telescopes but for this survey only one telescope was used,
known as Melipal (unit 3). In a single observation, the spectra
for 200-800 galaxies could be obtained and in total the survey
consists of 34,594 galaxies and 422 quasars (Le Fevre et al.
2013).

At the time of writing, the latest SDSS data release is version
13. It contains observations through to July 2015 and includes
the spectra of over 2.4 million galaxies, more than 477,000
quasars and almost 852,000 stars. The new data release involves
three major ongoing surveys:

The VVDS observed galaxies to a distance of more than 12
billion light years, allowing galaxy evolution to be traced further
back in cosmic history than ever before. Furthermore, such
spectroscopic surveys began to use the galaxy spectra obtained
to measure more than just redshift, but to also probe the stellar,
AGN, dust, and gas content of the galaxies observed.

The Extended Baryon Oscillation Spectroscopic Survey
(eBOSS)—which continues the redshift survey of galaxies and
quasars to map the structure of the universe. Like the WiggleZ
survey, it will be a useful probe of dark energy and will be used
to investigate the expansion of the Universe over the last 10
billion years (SDSS n.d.3).

The VVDS observed almost 1,000 galaxies at distances
between 9-12 billion light years, which inferred that there were
more bright galaxies at high redshifts than had been expected.
It also showed that at these early times, galaxies were forming
stars much more vigorously than they do today (Le Fevre et al.
2005). It’s now known that star formation across the universe
peaked around 10 billion light years ago and has been in decline
ever since.

Mapping Nearby Galaxies at APO (MaNGA)—which
uses integral field units (IFUs) to make spectral measurements
at multiple locations across a galaxy and therefore probe its
internal structure (SDSS n.d.4).
APO Galaxy Evolution Experiment (APOGEE-2)—which
maps the stars of the Milky Way Galaxy to explore its structure
and history (SDSS n.d.2).

2MASS Redshift Survey (2MRS; 2006)
This survey contains 44,500 galaxies across 91% of the sky.
While the sky coverage is broad, the distance range extends to
just 1.4 billion years. Therefore, this survey forms a detailed
map of galaxies and dark matter within the local universe
(2MRS 2011).
The galaxies were chosen based on NIR imaging from the
Two Micron All-Sky Survey (2MASS; 2MASS 2006). Most

A night sky made of stars, a universe made of galaxies

33

What’s exciting about these galaxy surveys that have
been carried out over the last decade or more is the wealth of
knowledge they provide. Technological advances have allowed
the surveys to grow in regards to the sheer data collected and
the breadth of the universe observed. There has been a clear

change from plotting galaxy positions and simply tracing the
large scale structure of the universe to now focussing on how
that structure came about. The surveys are being used to study
the formation and evolution of galaxies, while the clustering
of galaxies over large timescales can be used to investigate the
nature of dark energy. Astronomers are using these observations
to better understand how the universe works and we can involve
the public in this cutting edge-research using the impressive
visualisation capabilities of our modern digital planetariums.

Colless, M. n.d., 2dF Galaxy Redshift Survey, access 5 February
2017, <http://www.2dfgrs.net/>
GAMA n.d., accessed 5 February 2017, <http://www.gamasurvey.org/>
Huchra, J. n.d., The CfA Redshift Survey, Smithsonian
Astrophysical Observatory, accessed 5 February 2017, <
https://www.cfa.harvard.edu/~dfabricant/huchra/zcat/>

If you are interested in using these data in your own
planetarium please contact me at thill@museum.vic.gov.au.

Le Fevre et al. 2005, A large population of galaxies 9 to 12 billion
years back in the history of the Universe, Nature, accessed 5
February 2017, http://cesam.lam.fr/vvdsproject/

Many thanks to Professor Andrew Hopkins (AAO),
Professor Simon Driver (UWA), and the team at Sky-Skan for
their support with this project.

Le Fevre et al. 2013, The VIMOS VLT Deep Survey final
data release: a spectroscopic sample of 35 016 galaxies and
AGN out to z ∼ 6.7 selected with 17.5 ≤ iAB ≤ 24.75 Cornell
University Library, accessed 5 February 2017, https://arxiv.org/
abs/1307.0545
Lin, H. 1998, The Las Campanas Redshift Survey, University
of Toronto, accessed 5 February 2017, http://qold.astro.
utoronto.ca/~lin/lcrs.html
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THE TRAIN WRECK THAT CHANGED TIME
Francine Jackson
University of Rhode Island Planetarium
P. O. Box 353
University of Rhode Island
Providence, Rhode Island 02901 USA
Francine_Jackson@brown.edu
Abstract: Recently, a copy of a photograph in a local observatory led to the discovery that
a train wreck that occurred in my own neighborhood was not only the first ever taken,
but led to the decision to standardize time. This information led to an exhibit in a local
historic building, a PowerPoint presentation, and a paper. Whenever a unique bit of
information is learned, take a little time for it. It could be an eye-opening event.
Sometimes, very important occurrences can happen right in
your own neighborhood.

When the trains collided, the southbound train suffered the
most, although both engines were completely ruined from the
impact. Some of the cars leapt off the track and flew above
others. One passenger, a Mr. William Bates, of Northbridge
Centre, Massachusetts, recounted: I was seated with my wife,
in about the middle of the second car. I was first alarmed, for
an instant, by a terrible whistle; then came crash upon crash,
with a violent concussion; all before me in the car seemed to be
thrown into a confused mass together; broken seats flying, and
the forward part of our car crushing in like an eggshell. I had
time merely to say to my wife, “Keep quiet – don‘t rise,” as the
bottom of the car behind us shot directly over my head, taking
off my hat. All around him, Bates saw and heard such “terrible
struggle(s) for life,” of the men and women who became buried
beneath the debris from the shattered timbers of the car that had
appeared to fly over their heads. Upon extricating his wife from
the ruin, Bates spent the next few minutes assisting the injured
around him.

Several months ago, while working in a local observatory, I
happened to notice an old picture that hadn‘t been there before.
“What‘s that?” I asked.
“It‘s a copy of the Daguerreotype of the first ever
photographed train wreck.”
“Where did it happen?”
The answer: Two miles from my house, in the next town, in
August 1853.
And, yes, I became interested, to the point that, on informing
the local Historical Society, the members became excited that a
copy of an incident they weren‘t aware of should be found in
an old observatory—until one of the board members made an
offhand remark that he had briefly mentioned it in an old book
he had written. Could there be more to this?

Twelve people died in the wreckage, and one more died
as a result of his injuries while being cared for. Scores were
injured, more than any had been in previous train disasters. For
the railroad companies, this was a tragedy of the highest order.
Although there had been train disasters before, the number of
victims was normally very small. Thirteen at one time was a
wake-up call; in fact, by the end of 1853, with this disaster, 65
train wrecks and 176 deaths had occurred—more than twice the
totals for the previous 20 years, but it was this single incident,
of August 12th, that made the railroad companies take notice.

On August 12th, 1853, a collision between two trains
occurred in the tiny village of Valley Falls, near the Central
Falls/Cumberland, Rhode Island, USA border. The northbound
train was to have veered to the right, at the so-called Boston
Switch, the name given to the point in the tracks where
the Boston & Providence and the Providence & Worcester
railroads joined. On its way to a southern Rhode Island beach
resort, the seven-car excursion train, coming from Worcester,
Massachusetts, was to have arrived at the merging track about
four minutes after the northern Boston bound train had cleared
the track. Unfortunately, the southbound conductor, a young
man in his mid-20s, had forgotten his watch that morning, and
borrowed one from his neighbor, a milkman, whose job wasn‘t
as important timewise; therefore, his watch was off by a couple
minutes.

This accident was also a bad day for the insurance
companies. Upon completion of the inquest, the judge noted
that “The whole management of the trains is bad. That special
rule in regard to the trains at this point is not sufficient and some
signal north of the curve and in sight of the Valley Falls station
should have been used to warn the Uxbridge (sic) train of the
approach of the train from Providence.”
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An insurance ledger noted that an unprecedented $43,876
was paid by the Providence & Worcester rail line to the families
of the dead and the injured. George Plant, who lost both his wife
and son, received the highest payout, $7,000; the lowest payment,
for minor injuries, was $15. Also, at that time, a photograph was
made of the incident. Mr. L. Wright, approaching the trains with
his Daguerreotype, shot what was to be the first ever picture
of such a disaster, an image that was to be sketched several
weeks later by the New York Illustrated News. But, what really
made this horrible disaster noteworthy was what followed: The
realization that an accident such as this might not be a rarity any
longer. Something had to be done.
This incident led to the realization that time had to become
more standardized, and, after several decades, the concept of
time zones became a reality. Although the process to standardize
the entire planet hasn‘t resulted in a perfect system, it is largely
utilized throughout the world—all because of an incident that
took place as a result of a pocket watch that wasn‘t accurate
enough to stop a train wreck in my neighboring town. Lesson
learned? Always be aware of everything around you, especially
in your own neighborhood. You can never tell where it may
lead.
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NEW PLANETARIUM PROJECT IN ARGENTINA
Oded E. Kindermann
Astrojujuy and Planetario NOA
Pasteur 1086
Los Perales CP 4600, Jujuy
ARGENTINA
okindermann@gmail.com
Abstract: The project is about making dreams come true, and how you can achieve
your goals with persistence and personal effort. After two years of hard work I have
the possibility to build the first Planetarium in the north region of Argentina, where
technology and science was always relegated and forgotten. This new Planetarium will
provide to the region a quantum leap in questions of education, cultural and science
knowledge.
NOA Planetarium
• A man with a new idea is a lunatic until the idea
succeeds.
• Mark Twain (1835-1910)
• Great ideas are those that surprise us that we have not
thought of them before.
• Clarasó Noel (1905-1985)
• “If at first the idea is not absurd, then there is no hope
for her.”
• Albert Einstein (1879 - 1955)
Scope:
• Educational: Education is the primary and most important
group to which this project is directed and guided. Students of
all levels of education in our province and other surrounding
area such as the Province of Salta and Tucuman will be the main
participants in order to exalt the intellect, reason,and enthusiasm
for learning science.
• General public: A constant group will include families and
the general public who will attend shows and activities developed
within the Planetarium as a new source of entertainment and
recreational time.
• Tourism: This provides an outstanding opportunity to
strengthen the tourism in our province by offering a new service
called “Scientific Tourism” or “Planetarium Tourism”, which
will nest and increase tourism in Jujuy.

ASTROJUJUY and its partners propose to build in the
Province of Jujuy, the first Planetarium in the entire Northwest
region of Argentina. Students of all educational levels along
with the general public will have contact with the most advanced
technology- generating a quantum leap in the education and
general culture of Jujuy and the population of this region. The
Planetarium, as an institution will be a permanent cultural center
with training, discussion, and it will be open to the public where
it reports astronomy and other sciences
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Planetarium Activities:
• Meetings, seminars, and conferences
• Workshops and courses
• Science fairs
• Star parties and public observation using telescopes
• Production of educational content
• Music and Movie shows
• Scientific and literary coffee
Educational Justification
This new Planetarium will encourage a new participation in
the entire educational community across the Northwest region
of Argentina in the study of astronomy and general science.
The main commitment will be to young people and teachers in
order to encourage them to become more interested in science,
astronomy and technology.

Tourism Justification
The Province of Jujuy is a province of Argentina, located
in the Argentine Greater North Region. Chile is bordered on
the west by the Andes Mountains. Bolivia is to the north, and
the sister province of Salts is to the east and south. It is the
center of a rich geographical area with its own flora and fauna,
and more than 10,000 years of history and ancient culture.
Cosmographical rich in knowledge.

“The Planetarium is a place where students of all
educational levels want to go, and teachers will feel confident
that they, along with their students will always learn something
new (even themselves).”

Topic Examples inside the Planetarium:
• Physics and Mathematics: The laws of motion by Johannes
Kepler, The universal laws of gravitation by Isaac Newton

Through this project we wish to build in the Province of
Jujuy, the first permanent Planetarium of the entire Northwest
region of Argentina, where students of all levels of education
and general public will have contact with the most advanced
technology, generating a quantum leap in the education and
general culture of Jujuy and the population of this region. The
Planetarium as an institution is a permanent cultural center, with
training, and discussion, and is open to the public.

• Chemistry: Satellite photographs of the Milky Way seen
in molecular hydrogen and atomic hydrogen; Venus atmosphere
composed of methane
• Biology: Does extraterrestrial life exists? How did life
originate on Earth? How do we detect extraterrestrial life?
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Tourism Objectives
• First to be the first Planetarium in the Northwest Region
of Argentina.
• To strategize in conjunction with the Ministry of Tourism
of Jujuy and all of Argentina.
• To become a premiere tourist destination both nationally
and internationally.
Technological Justification
The link between educational and tourism proposed in this
project will be supported with the most advanced technology
causing our Province and region an immediate technological
leap and providing new tools to university student to enjoy
science, and also to create new audio and visual content based
on each scientific area of our population.
Astrojujuy and the new NOA Planetarium attempt to bring
science to these marginal regions through a scientific program
to improve educational quality and enable new experiences for
students and teachers.
By acquiring school transport vehicles as part of the
investment, and cooperation agreements with different
provincial authorities, educational institutions in the region of
Puna and Quebrada, can be transferred to the NOA Planetarium
to enjoy these new technologies at no charge. That achieves
the goal and objective of reducing distances, improve education,
and promote the social inclusion of people living in poverty in
our province.
Astrojujuy—brief history
Thanks to our motivation and personal investments since
early 2010, Jujuy became the first Province in the Northwest
region with a “Digital Mobile Planetarium”. This portable
planetarium has the ability to bring astronomy to any institution.

Educational Inclusion Program for Puna and Quebrada
Region
It is public knowledge we lack of infrastructure and quality
of education in the District of Puna and Quebrada in the North
region of our Country. The poverty and isolation, caused by
great distances makes it difficult for students and the general
population to receive the necessary education they require.
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Thanks to modern equipment and optics projection, we can
play digital quality images inside the planetarium, discovering
ancient constellations, Star, Planets, and showing the true beauty
of the universe. We also have high-end professional telescopes
that we use to supplement our activities with the Planetarium
with astronomical observation of the sky, workshops with
schools, star camps, and Tourism, etc.

Our experience in the industry and passion for Astronomy
compels us to keep looking for new tools to spread this beautiful
science, and we believe that Jujuy and the whole region will
benefit from this new project for a permanent Planetarium that
will boost technical and cultural changes for the region
Since we started to develop our activities, many educational
institutions, private companies and governmental institutions
have accompanied our growth and have become the pillars
that support our activities and give us access to the general
population.

We are currently working in conjunction with the Technology
and Science Department of Jujuy on National Science Week,
and accompanying them with our activities. Our latest project
involved working with the famous ALMA Observatory from
Chile and the Heidelberg Observatory from Germany in order
to bring to our educational community a training program for
astronomical teaching

Thank you for letting us share our dream. We hope we have
motivated you enough to inspire your cooperation in helping us
realize this project whose sole purpose is to improve the quality
of life of the population of Jujuy and Northwest region of the
country.

We are also pleased to be members of the “International
Planetarium Society” (IPS) and the “Planetarium Association of
South America” (APAS), both supporting our work worldwide
and give us the opportunity to be informed on the latest
technologies and market developments.
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MORE THAN 180
Warik Lawrance
Melbourne Planetarium, Museum Victoria
GPO Box 666
Melbourne 3001 Victoria
AUSTRALIA
wlawrance@museum.vic.gov.au
Abstract: Many fulldome producers adhere to the strong belief that only one type of lens
should be used in a planetarium. That lens is a 180⁰ fisheye as it perfectly fits the shape of
the dome and causes no distortion of the image. However, this is akin to a film producer
or cinematographer only ever using a 50mm standard lens by reasoning that it perfectly
fits what the human eye naturally sees. In reality, cinematographers use a wide variety
and range of lens sizes to their stories because they are incredibly useful and powerful
tools that assist the narrative. So what is the range of lens sizes that can work in the
dome? What are the advantages and disadvantages of using different lens sizes? And how
can they be used to the best effect?
1. Introduction

50mm standard lens can be used in cinema. The 50mm standard
lens matches what the human eye sees (Figure 1). If one looks
through a camera with a 50mm lens the image will appear
exactly as it would without the camera. Any other lenses are
creating a distorted view of how we perceive the world.

At the 2012 IPS Conference in Baton Rouge, Warik
Lawrance presented a paper titled, Narrative Cinema and Film
Language in Fulldome. This paper explored a wide range of
cinematic techniques used in fulldome production including
camera lenses, camera moves, lens flares, depth of field, editing
and shot duration. While at the conference Warik discussed
many of these techniques with other fulldome producers, he was
surprised to find that all of them were strictly adhering to the
concept that, in fulldome production, the only camera lens to
be used must have a 180⁰ field of view (FOV) also commonly
referred to as a fisheye lens. Given that this self-imposed
restriction had obviously become something of an industry
standard, its practice warranted further investigation.
2. The 180⁰ Myth
Through the last twenty years of Fulldome production the
industry has begun to develop the idea that the 180⁰ fisheye lens
is the only lens to be used because:

Figure 1 - A 50mm lens

- it matches that shape of the dome;
-images projected onto the dome will appear correct, without
any distortion;
-this lack of distortion will increase the sense of immersion.

Yet throughout the history of cinema, cinematographers
have used an extraordinarily wide range of lenses (Figure 2).

However a 180⁰ fisheye lens is extremely limiting, and by
examining how lenses are used in cinema, as well as how other
lens can be used in fulldome production, it will be inevitable that
this 180⁰ myth be completely dispelled.
3. Camera lenses in traditional cinema
Claiming that the 180⁰ fisheye lens must be used in fulldome
production is the same as telling a cinematographer that only a

Figure 2 - A Range of Lenses
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These lenses have become essential tools for the
cinematographer. They are used for a wide range of purposes,
including:
- for aesthetic affect
- to help tell the story
- to evoke an emotional response in the audience
- technically achieve what would otherwise not be possible
with a 50mm standard lens
This range of lenses has had an enormous impact on the
entire history of cinema and the entire medium would be far
inferior without them. None of the following shots (Figures 3
-6) would have been possible without this range of lenses.

Figure 6- Mad Max 2 (1982) – Wide Angle Shot.
Cinematographer - Dean Semler
4. Beijing Allskies
In 2008 the Beijing Planetarium underwent a major upgrade
that included the installation of an 8K projection system. To
help celebrate and commemorate this upgrade, the Beijing
planetarium commissioned Sky-Skan to produce a series of 8K
allsky images of famous Chinese landmarks.

Figure 3 - Ben Hur (1959) – Wide angle shot of Chariot
Race. Cinematographer – Robert L. Surtees

To create the required images at such high resolution
required image stitching; combining multiple photographic
images with overlapping fields of view. For some of the Beijing
allskies, Sky-Skan would use up to 73 separate images (3
rings of 24 images, plus one capping image) covering a 270⁰
FOV. To capture as much detail in the images as possible, the
images were created using bracketed exposures. Also known
as high dynamic range imaging, this allowed the final images
to be composited together with a much higher dynamic range
than would be possible with a single image. Up to 7 different
exposure settings (correct exposure, up to 3 stops overexposed
and up to 3 stops underexposed) were created for each image.
Some of the Beijing allskies were consequently made up of over
500 separate images (73 images x 7 exposures = 511 images).

Figure 4 - Crouching Tiger Hidden Dragon (2000) –
Telephoto Shot. Cinematographer – Peter Pau

Given this massive amount of images, Sky-Skan needed
someone to composite the final 8K allsky images for them.
They commissioned Warik Lawrance and Dermot Egan, to
put the final images together. The final step in stitching all
of the images together into one allsky image is to set the final
field of view of the image. As the images were to be used in a
planetarium with a 180⁰ dome, the 180⁰ Myth would imply the
final images should have a 180⁰ FOV to avoid any distortion.
However, as this example (Figure 7) shows, the results are far
from satisfactory. The ground cannot be seen at all, the viewer
almost feels as though they are viewing the scene from a hole in
the ground, and any sense of immersion is lost.

Figure 5 - Un homme et une femme (1966) – Telephoto shot.
Cinematographer – Claude Lelouch
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Figure 9 - Tiananmen Square Allsky with a 225° FOV

Figure 7 - Tiananmen Square Allsky with a 180° Field of
view

If this image is converted into a panorama (Figure 10), the
final result is much more appealing and balanced than before.

The same allsky image can also be converted into a panoramic
image with a 180⁰ vertical FOV and a 360⁰ horizontal FOV
(Figure 8). Yet again, the final image feels very dissatisfying
and unengaging.

Figure 10- Tiananmen Square Panorama with a 225°
vertical FOV and 360° horizontal FOV
5. Showing a Ground Plane

Figure 8- Tiananmen Square Panorama with a 180° vertical
FOV and 360° horizontal FOV

As the Beijing allskies showed, a 180⁰ FOV is not effective
for showing the ground. This is the same for any computer
graphic (CG) content (Figure 11). It does not matter how far
off into the distance the background extends, it simply cannot be
seen by the camera, as demonstrated in an illustration of a cross
section of the camera‘s view (Figure 12).

After considerable experimentation, the final image that was
created and delivered had a 225⁰ FOV (Figure 9). This field
of view proved the most immersive and natural feeling. The
ground comes into view, the people in the square are visible, and
the sense of immersion is palpable. With a lower FOV the image
felt less immersive. However, if the FOV was increased beyond
225⁰ the image started to feel unnatural, the buildings began to
appear as though there were looming over the audience.
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Figure 14 - Cross Section illustrating the 180° FOV of the
camera, comparing non-tilted to tilted
With computer generated imagery it is possible to use virtual
lenses with any FOV all the way up to 360⁰ . Using a much
wider FOV camera, in this case a 230⁰ , created a much more
immersive and more aesthetic result (Figures 15 & 16).

Figure 11 - Fulldome production test still using a 180° FOV

Figure 12 - Cross Section illustrating the 180° FOV of the
camera
For producers who adhere to the 180⁰ Myth, the only way
to show a ground plane is to tilt the camera (Figures 13 &14).
However tilting the camera creates a different aesthetic, one that
often has undesirable consequences, which is explored in the
next section.

Figure 15 - Fulldome production test still using a 230° FOV

Figure 16 - Cross Section illustration comparing a 180°
FOV camera with a 230° FOV camera.
6. Tilting the camera

Figure 13 - Fulldome production test still using a tilted 180°
FOV
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While tilting the camera, with a 180⁰ FOV is an option for
showing the ground plane, it is always going to be less immersive
than using a wider FOV. In addition to this, tilting the camera in
the dome can often have undesirable effects. Tilting the camera
may have the effect of disorienting the audience, or creating
an undesired effect of motion. When producing a 25 minute
fulldome show called Tilt, a number of experiments were done
to test tilting the camera in a sequence set on the deck of a rocket
ship. The results looked quite acceptable on the monitor, but
in the dome it created the effect that the entire deck was tilted
up and the characters appeared as though they should be falling
towards the viewer (Figure 17). Other viewers stated that it felt

as though the rocket was taking off and accelerating upwards.

Interestingly, many of the problems with tilting the camera
in fulldome had already been discovered in one particular form
of widescreen cinema: Cinerama (Figure 20). Cinerama is a
wide-screen format developed for cinema in the 1950s, part of
one of many new technologies developed to combat the threat of
competition from the television industry.

Figure 17 - Test still comparing the effect of a tilted camera
In some circumstances a fulldome producer may not have
any option but to use a 180⁰ FOV lens, and must tilt the camera
in order to show the ground plane. This is generally the case
when filming live action sequences for fulldome; it is extremely
difficult to find lenses with a FOV wider than 180⁰ (the widest
ever made is the ultra-rare Fisheye -Nikkor 6mm f2.8 lens with
a 220⁰ FOV1).
In Our Living Climate one sequence required the live action
filming of stromatolites at Shark Bay in Western Australia.
The cinematographer engaged for this sequence was restricted
to a 180⁰ FOV and consequently tilted the camera to get the
stromatolites in shot (Figure 18). While this shot worked in the
dome, it had the unnatural effect (particularly in a non-tilted
dome) of making the horizon appear curved. Unwrapping the
image into a panorama further highlights this effect (Figure 19).

Figure 20 - Still from the Cinerama film How the West was
Won
The original technology behind Cinerama involved three
synchronized cameras sharing a single shutter. (Figures 21 &
22). This wide angle cinema format had a horizontal FOV of
146⁰ and a vertical FOV of 63⁰.

Figure 21 - An original Cinerama camera
All accounts of Cinerama indicate that it was a highly
immersive cinema experience.

Figure 18 - Fulldome still from Our Living Climate

Figure 19 - Unwrapped fulldome still from Our Living
Climate
47

7. More than 180
Using lenses with a FOV wider than 180⁰ is incredibly
effective in fulldome production. Whether they be used to show:
the deck of a CONFERENCE PROCEEDINGS OF IPS2014 143
spaceship, an old world streetscape, a backyard environment, a
Permian landscape, the mountains of New Zealand, or simply
the balcony view of the night sky, the sense of immersion is
powerful. Since the Melbourne Planetarium began producing
fully-rendered fulldome productions in 2005, lenses wider than
180⁰ have been in constant use (Figures 25 – 30).

Figure 22 - Demonstration of how the 3 camera, 3 projector
Cinerama system works
Yet, due to the three cameras required to create the films, it
was impossible to tilt the camera rig at all. As soon as a Cinerama
camera rig is tilted the horizon begins to fall apart. Tilting the
camera up would cause the left and right sides of the image to
tilt downwards (Figures 23 & 24). Consequently, the Cinerama
camera was never tilted in production. Given the wide vertical
FOV this was never seen as a problem. Alternately, while the
camera could not be tilted, it could be raised, and so crane shots
were used to great effect.

Figure 25 - The Problem with Pluto

Figure 23 - Cinerama Rig without Tilt - Westgate Bridge,
Melbourne Australia Figure 24 - Cinerama Rig tilted- Westgate
Bridge, Melbourne Australia

Figure 26- Black Holes - Journey into the Unknown

Figure 24 - Cinerama Rig tilted- Westgate Bridge,
Melbourne Australia
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Figure 27- Tycho to the Moon

Figure 29 – Tilt

Figure 28- Our Living Climate

Figure 30 – Starlight
8. Less than 180
As has been demonstrated, using lenses with a field of view
wider than 180⁰ can be of great benefit in fulldome production.
So the question arises, can, and should lenses that have a field of
view less than 180⁰ be used in fulldome?
In the Melbourne Planetarium show Tilt, two major scenes
are set in a girl‘s bedroom. The confined space of the bedroom
brought up a number of issues with the fulldome camera:
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- The camera could see everything in each shot, making it
difficult, if not impossible to have one character on screen at
one time.
- Such wide angle lenses make it very difficult to avoid jump
cuts.
- Tilting really wide angle lenses (i.e. more than 180⁰
FOV) can easily disorient the audience and make them feel

uncomfortable.
In one particular sequence of Tilt we need the character Max
to exit the frame leaving Annie by herself, so that we could then
cut back to Max re-entering through the bedroom door. (Figures
31 & 32). This could not have been achieved using a 180⁰ FOV
as the door would have been visible in both shots. However by
reducing the FOV down to 160⁰ it made editing between the two
shots possible.

Figure 33 - Potential jump cut in Tilt

Figure 31 - Max exits the frame leaving Annie on her own.

Figure 34 - Potential jump cut in Tilt
‘A jump cut is a cut in film editing in which two sequential
shots of the same subject are taken from camera positions that
vary only slightly. This type of edit gives the effect of jumping
forwards in time.’2 This type of cut can feel very unsettling and
unnatural to an audience. To avoid this in traditional cinema
a guideline called the 30 degree rule is used. ‘The 30 degree
rule advises that for consecutive shots to appear “seamless,” the
camera position must vary at least 30 degrees from its previous
position.’3

Figure 32 - Max returns to the bedroom
Earlier in this scene Annie is working at her desk, while Max
stands on a chair behind her. Two different camera views of this
scene could not be edited together as they resulted in a jump cut
(Figures 33 & 34).
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While 30⁰ works in cinema, this needs to be expanded
upwards in fulldome, and quite often the camera position may
need to be positioned by as much as 60⁰. In the example given
above, the jump cut was avoided by turning it into a tracking
shot. The camera simply tracked around the characters.
The very first shot of the bedroom was planned to be, what
in traditional cinema would be considered, a high wide angle

looking down over the room. However, this angle looked terrible
and was terribly disorienting. It was very quickly discarded.
A tracking shot became a much better solution, allowing the
audience to see all around the room, and to be both immersed
and oriented into the space.

opening bedroom shot in Tilt changes FOV during the shot,
going from 190⁰ to 160⁰. This allowed the shot to focus on the
bedroom at the beginning of the shot, but then focus in on the
characters at the end of the shot. This would never have worked
if the camera had been static. The camera tracked throughout
the shot, and this hid the fact that the shot changed FOV.
Changing the FOV can also be used to create the illusion of
the camera rising up or sinking down. In Our Living Climate
on particular sequence required the camera to sink down to the
ocean floor. At the end of the shot on the ocean floor a very
wide 230⁰ FOV was used. However, using such a wide angle
FOV at the start of the shot made it impossible for the camera
not to see the ocean floor. No matter how high the camera was
raised up, the ocean floor could be seen. And no matter how
high the camera moved during the shot, the sense of sinking
down was missing. The final option was to start the shot with
a much smaller 150⁰ FOV and have it widen out to 230⁰ FOV
during the shot (Figure 35). The sense of the camera sinking to
the ocean floor was very effective.

9. Changing the focal length
It has been established that it is both possible, and in fact,
desirable to use lenses with a FOV both more and less than 180⁰
in fulldome production. However, one question remains, is it
possible to change the FOV during a shot? In cinema terms,
this would be referred to as changing the focal length of the shot
or zooming. The zoom lens was developed for cinema in the
1960s. In the early days it was often used far too much and to
a very poor effect. However, its use in cinema continues today
and filmmakers have learned to use the technique much more
judiciously, selectively, and to greater effect.
The effect can also be used in fulldome production, but
it needs to be used even more carefully than in cinema. The

Figure 35 - Our Living Climate zooming out from 150° FOV to 230° FOV
10. Conclusion

2. Jump Cut https://en.wikipedia.org/wiki/Jump_cut

Throughout 10 years of fulldome production at the
Melbourne Planetarium we have consistently used lenses with
a FOV other than 180⁰. It is surprising that the 180⁰ Myth
is still so prevalent amongst fulldome producers. As has been
demonstrated, using a FOV greater than 180⁰ can create a much
stronger sense of immersion and have a much more desirable
aesthetic. Using lenses with smaller FOVs can be used to focus
the audience, overcome editing limitations, drive the narrative
and for aesthetic effect. And changing the FOV during a shot
also has the potential to create shots not otherwise possible.
Most importantly, the FOV that is used is simply another means
to engage with the audience and with which to tell your story.
This FOV is a tool to be used in telling narratives. And the more
tools that we have as filmmakers, the better we are able to tell
our stories.

3. Ibid
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Abstract: The astronomy course in China’s nine years compulsory education is still in
the initial stage of development. We believe that an astronomy course is necessary, and
should be of interest for junior middle school students. Therefore we endeavored to set
up a pilot astronomy curriculum along with an appropriate teaching approach. The goal
is to stimulate students’ interest in astronomy, while taking into account the students’
education background. The astronomy course should work in tandem with other courses,
such as math and physics. In this paper, we summed up a set of astronomy courses
and some actual teaching methods deployed. This work is from six years’ experience of
teaching activities of Huangsongyu Middle School in Pinggu district, Beijing. We hope
that our experience can be helpful for other junior high school science teachers who wish
to offer an astronomy course in their school.
Introduction

In 2005, the Beijing Planetarium and Huangsongyu Middle
School astronomical science base was formally established. The
observatory was built on the top roof of the school building,
there is a Mangin-Cassegrain telescope of diameter of 400mm,
with CCD, SLR cameras, and other observation equipment.
Then Huangsongyu Middle School systematic astronomy
teaching activities started. After the new school year start, the
school will organize the new students to the Beijing Planetarium
to visit the exhibition, watch full-dome movies. After that, the
teachers from Beijing Planetarium will also go to the school,
organize students to watch the mobile planetarium, and give
them an astronomy lecture. If the weather condition is good,
there will be an observation activity in the evening. A few days
later, the school will organize the students to start astronomy
class registration. To participate in the astronomy class from
the student’s interest, there are no hard and fast indicators, no
basis of knowledge assessment; the class included a total of 40
students. Then, the teaching activities for the astronomy class
began. At present, the Beijing Planetarium sent the teacher in
the class, school teachers with the science and technology. The
whole teaching process includes the first and the second year of
the two junior school years, 4 semesters.

Astronomy is one of six basic disciplines of natural sciences,
and it occupies a pivotal position in the development of human
civilization. But after the founding of New China, there is
no astronomy course in China‘s nine years of compulsory
education. Most education activities are carried out in the form
of extra-curricular interest groups, and only few of schools have
an astronomy curriculum in some big cities, like Beijing and
Guangdong, etc. So the status of astronomy education in China
is worrisome.
The condition in some developed countries is better. Most
of students have astronomy lessons from primary school, and do
observations and telescopes operating activities.
Beijing Huangsongyu Middle School is an astronomy
education base of Beijing Planetarium; it is the countryside
of Pinggu district, about 100 kilometers away from the center
of Beijing. There is an astronomy class in junior high school
from ten years ago, and the students have two hours astronomy
activities per week. The staff of the Planetarium gives the
lessons. After six years, we summarize a set of teaching methods
and curriculum for junior high school.

In the traditional examination oriented education system,
students’ learning motivation is often difficult to be mobilized.
Students accept knowledge passively, through a large number
of exercises to deepen the impression and finally through the
examination and ranking of the way to stimulate students.
Although students have mastered a lot of knowledge, with the
heavy burden of learning, autonomy is not strong, the process
is very painful. Astronomy class are not set up to increase the
burden on students, but to allow students to gain knowledge in
happiness and be interested in learning. So there is very little
work in the astronomy class; the period and the end of the

Teaching example
Located in the plains and the mountains engaging portion,
Huangsongyu Middle School is an ordinary junior high school,
with 2,000 students mainly from rural area. In recent years,
as investment in basic education has gradually increased, both
software and hardware of the school has been greatly improved.
But compared to urban schools, there is a certain gap.
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examination are not carried out. Sometimes teachers in the
end of the lesson will be assign a question, so that students in
the course of inquiry information, to solve the problem, and in
the next class to share with other students. Of course, at the
beginning the students will inevitably be a little nervous, things
will be wrong, then the teacher will be given timely correction.

junior high school students, students in the process of completing
the habit of observation. Phase change will arouse students’
interest; they will think, why would such a change occur, you’ll
never get to read the books and reference materials. In this way,
the students’ learning autonomy has been gradually improved.

Observation is the basis of Astronomy. Huangsongyu
Middle School is about 80 kilometers away from Beijing City,
so the urban light pollution is less affected, and more conducive
to the development of classroom teaching and observation of the
practice of teaching methods. On a midsummer night, students
in the school playground can see the Milky Way. Huangsongyu
Middle School students have more opportunities for astronomy
observation, so are more likely to have an interest in it. We teach
teachers to carry out astronomical teaching activities and more
and observation practice combined (see Figure 1), so it is not
boring and scripted. This part of the content is not only limited
to the observation. Sometimes the teacher will arrange some
observation work, such as a record over the next few days of
the phase change of the Moon. Such operations are difficult for

Fig. 1. Operating telescope
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The course
In Huangsongyu Middle School one or two grade, four
semester system teaching, the author has arranged the astronomy
curriculum 52 times, each time two hours. 72 hours normal
classroom instruction, 26 hours for observation and practice
teaching, 6 hours computer practice (See Table 1).
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Fig. 2. Using astronomy software
Analysis

Table 1. Astronomy curriculum in Huangsongyu Middle
School

After two years of systematic study, astronomy class
students get the basic knowledge of astronomy; they can
operate the telescope and observe skillfully and comprehend the
measurement data processing. In addition to the astronomical
aspects of the harvest, the average scores of astronomy class
students are higher than the other classes in the school. The
author made statistics on the final grade of the students of grade
2009, and compared with the results of the whole grade (See
Table 2).

The development of astronomy is so fast, and the celestial
phenomena are different in different years. In order to let the
students have the opportunity to make contact with the latest,
cutting-edge knowledge, each semester will also include a
recent introduction lesson.

Table 2. Average score of astronomy students and all
students in different courses
Conclusion

Practice on the computer and observation class (See Fig.2)
are about one-third of the total hours of astronomy courses. In
practical teaching, the observation activity class has the best
teaching effect. At the same time, through observation and
practice, students can better understand and master the knowledge
taught in the classroom teaching. Special phenomena, such as
eclipses and meteor showers, will appropriately increase the
observation hours.

According to the definition of learning in educational
psychology, learning is the more lasting change in behavior,
ability, and psychological tendency caused by experience. These
changes are not caused by maturity, disease, or drugs, and do not
necessarily show an apparent behavior. It is very important for
students to learn, especially the internal motivation, which is the
interest of students. Huangsongyu Middle School astronomy
class students all have a strong interest in astronomy, and in the
process of learning through observation and practice activities,
interest is constantly consolidated and deepened. This is mainly
due to two aspects: the first is the selection of the class of interest,
the second is the school’s geographical position to bring good
observation conditions.
The children joined the astronomy class without learning
achievement assessment. However, after two years of study,
the other major subjects were significantly higher than grade
average, which can be explained by the transfer theory of
educational psychology.
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Transfer is one kind of study to another kind of study
influence, according to the effect that produces, can divide
into positive transfer and negative transfer. For the students
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Abstract: The digital planetariums have formed an irresistible trend of the future. But
they are still not mature enough to dominate the dome. Thus, many large planetariums
choose a hybrid of digital and opto-mechanical projectors to achieve good optical qualities
and dynamic effects simultaneously. Of course, the price of such a system must be much
more expensive. However, these two components are indeed partially superimposed. If
one cuts off these superimposed parts, the final performance will not be reduced a bit.
Such an optimization has already been proved to be feasible in the IPS 2012 conference.
This article will explain how it was accomplished and why it is applicable.
1. Introduction

demanded. The planetarium staffs may arbitrarily add special
effects onto the programs4 if they want and the budget permits5.
Even more, the projectors of a digital planetarium can also
be used to play ultra-high quality animations produced for or
converted from 70mm large format films6,7. In recent years,
many planetariums which originally possessed both an optomechanical star projector and a 70mm film projector have
renewed their equipment with digital projection systems8. The
digital planetariums have formed an irresistible trend to the
future.

In 1923, the Zeiss Works at Jena launched the world‘s first
planetarium, the Zeiss Mark I, in Munich, Germany1. It was
an opto-mechanical star projector that was very expensive
and suitable only for large domes. Two important revolutions
occurred afterward. One was the invention of pin-hole projector
by Dr. Armand N. Spitz in 1947, which reduced the size and
cost of planetariums substantially so as to become affordable
for small states and cities. That triggered a rapid increase in the
number of planetariums worldwide afterwards2.

The digital planetariums have so many benefits as to enable
them to challenge the status of traditional planetariums and
70mm film projectors. Some notable points are listed as follows:

The next revolution started up since 1983 with the installation
of a digital video projection system named Digistar by Evans &
Sutherland Co. at the Science Museum of Virginia in Richmond,
Virginia, U.S.A.3 It gradually took over the pin-hole projectors
in the next two decades and recently even became competitive to
the opto-mechanical ones. However, their performances are still
not good enough to dominate the dome for now.

Lower price: If an opto-mechanical star ball, its multi-media
subsystem, and a 70mm film projector were replaced solely by a
digital projection system, the price will be substantially reduced.
Fewer staff: Compacting a system usually simplifies the
operation procedures and reduces the maintenance load, thus
also reducing the number of staff needed for the same work. In
many east-Asian countries, mostly in Japan, large planetariums
also have a 70mm film projector in the same dome. They
were usually named “space” or “universe” theaters since they
play both large format movies and planetarium shows9. At
least two staffs are needed since the operation room of 70mm
film projectors has to be isolated from the audiences due to its
loudness. For a digital planetarium, one staff is enough since
all the operations can be done on one console desk and even on
one touch screen or a panel. Even more, the operation of such
a system is so simple that any new staff can operate the system
easily only after several hours training.

In the years we had only opto-mechanical and pin-hole
planetariums, these two systems didn’t compete against each
other since they applied to domes of different scales. Many of
them also equipped with multi-media subsystems, such as slide
projectors, 8mm film projectors in early days and digital video
projectors recently, to demonstrate the dynamics of celestial
objects and animation of mythologies. A digital projection
system was once regarded as merely a part of the multi-media
subsystem of a traditional planetarium. But now they have
grown up to have the potential to replace the whole system.
A digital planetarium gives planetarium staffs the freedom
to take the audiences to anywhere in space and any moment in
time, thus gives the audiences a vivid and vigorous experience
of the beauty of universe. It can also demonstrate the celestial
objects’ evolution and motion at any rate and any direction as
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More seats: Traditional opto-mechanical star projectors and
film projectors all have to be set at the center of the dome. They

occupy the best position in a dome and reduce the capacity of
the planetarium very much. Taking our own planetarium that
has 300 seats as an example, at least 30 seats are expelled by
these two projectors and can be added if we replace them with a
digital planetarium.

and digital projectors would be the most beneficial choice.
Many recently renewed or installed planetariums chose such a
hybrid system; some of them even use it to replace the 70mm
film projectors for playing giant screen animations. Such a
hybrid planetarium adopts the dual systems to compromise
between the poor optical quality of the digital ones and the weak
dynamic effect and program flexibility of the opto-mechanical
ones. However, new problems arise. Two main defects of such
a system are the technical difficulty and consequently the high
cost, including the purchasing-cost and the after-cost, due to its
complexity13.
Since a hybrid system is composed of two independent and
fully functional systems, the cost should be the sum of the two
plus the expenses for developing interfaces between them. It,
of course, will be much higher than that of an opto-mechanical
one alone.
Besides, since the manufacturers of opto-mechanical
projectors and digital projectors are usually not the same, so
the system could be composed differently in different cases.
There are many possible compositions and each of them needs a
customized interface to synchronize those two components. It,
of course, requires much time, money, and work for developing
such interfaces. Even so, many planetariums still have a
problem of the synchronization between these two components.
Occasionally, the staff has to manually fine-tune one of them,
now mostly the opto-mechanical one, to fit the other.

Fig. 1: In a traditional dome theater, the 70mm film projector
and the opto-mechanical star ball must be set at the center of the
dome. They occupy the best position in a dome and reduce the
capacity substantially.
Better program flexibility (especially compared with the
70mm large format film projectors10): A 50 minute long 15/70
film costs at least 10K US dollars for its print and weighing
about one hundred kilograms or more. If we convert it into a
4kx4k and 30fps uncompressed digital format, the size of that
file will be about 1.5Tb at most. That can be stored in a hard
drive costing several hundred dollars and weighing less than
one kilogram. In the old days, the 70mm film projector staffs
have to move the plates weighing about 50 kilograms up and
down if they want to change programs. If the programs were
stopped during the show by an emergency, it will take hours to
rewind the print and to restart the show. But the staff of a digital
planetarium can stop and continue the program with one single
click at any moment during the program. They may also change
the programs arbitrarily just by clicking the buttons of a mouse
or a touch screen.

Owing to the high cost and complexity of a hybrid system,
many planetariums cannot afford such a system and have to
choose only one of them due to their limited budget. This is
the major resistance to the spread of hybrid planetariums. If
we can find a way to reduce the cost without reducing the final
performances, it certainly will help to spread the system swiftly.
Therefore, an “Optimized” Hybrid System is desirable, which
will be addressed in what follows.
3. Optimization of Hybrid Planetariums
As mentioned above, most hybrid planetariums are composed
of two fully-functional star projectors, one digital and one optomechanical. As is widely known to the planetarium staffs, the
Achilles’ heel of digital planetariums is their dull bright stars. If
one expects to achieve optical qualities as good as the traditional
ones do, adding an opto-mechanical projector would be adequate
for that purpose. That‘s why hybrid planetariums are presented.

Better visual effect11: Basically, the core of a digital
planetarium is an assemblage of video projectors. It’s not
strange that the digital planetariums can demonstrate the
dynamics of celestial objects and have the capability to show
the sky seen at anytime and anywhere in our universe, or even
in other universes.
2. Why A Hybrid Planetarium?
A digital planetarium has so many benefits that we may
expect it will become a trend of the future. However, it is still
not mature enough to dominate a dome. As widely known, the
color, contrast, resolution and brightness of digital projectors
are still insufficient to compete with either opto-mechanical
planetariums or 70mm film projectors12. An opto-mechanical
projector can provide good optical performances while the
digital projectors can provide good visual effects and program
flexibility. Thus, until the day the digital projectors become
mature enough to dominate a dome, a hybrid of opto-mechanical

Following this way of thinking, we found the faint stars
of these two systems are indeed superimposed. Most stars
projected through the star ball are unnecessary. Thus, the core
of traditional opto-mechanical planetariums, the star ball, is now
inessential and can be cut off from the system without reducing
the final performance of the system.
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In fact, this idea of optimization is not really a new idea.
Many large traditional opto-mechanical planetariums14 have
already projected their bright stars with isolated hand-held torchlike projectors since bright stars need large pin-holes on the “star
plate”15 that eventually generate large and dull star points on the

screen. In Fig. 2, those hand-held torch-like tubes are the bright
star projectors of our Goto GSS-I that was installed in 1986.
The star ball alone cannot provide sharp images of bright stars.
Thus, what hybrid systems really need the opto-mechanical
projectors for are merely the bright star projectors.

problem just the way I thought of, making the opto-mechanical
component the master of the whole system and the digital
component follows the coordinates read out from an encoder
inside it. However, the Megastar III still has a traditional big
star ball.
The original idea of my “optimization” was to cut off the
superimposed star ball from the opto-mechanical sub-system so
that the size and price may probably be reduced substantially. It
is still different from Ohira Tech‘s FUSION mode of Megastar
III. However, their FUSION mode does solve many problems of
previous hybrid planetariums. That also proved the feasibility
of the idea of “optimization”.
4. Summary
In this article, an optimization of hybrid planetariums
is proposed. Such an optimization simplifies the system and
thus may reduce the cost substantially by cutting off some
superimposed functions without losing their performance.
Such an optimized system may likely be affordable for more
planetariums and thus may help more people to enjoy the
benefits of a hybrid planetarium. Several of the propositions
in this article had already been accomplished and demonstrated
during the 2012 IPS conference at Baton Rouge. However,
hybrid planetariums are basically a transition from the traditional
opto-mechanical era to the digital era. But, as the performances
of digital projectors are improving swiftly, replacing the
opto-mechanical star projectors with purely digital ones is
approaching soon.

Fig. 2: Those telescope-like torches are isolated bright star
projectors of GOTO GSS-1 in our planetarium.
Cutting off the star ball from the opto-mechanical part
of a hybrid planetarium and reserving only the bright star
projectors will reduce the size of an opto-mechanical projector
substantially. Thus, the production difficulty and the price
should also be reduced significantly.
In the IPS 2012 conference at Baton Rouge, Ohira Tech
demonstrated their new version of hybrid planetarium, the
Megastar III “Fusion”. Their demonstration proved the idea
of “optimization” is feasible. In their Fusion mode, 62 LED
illuminated bright stars were isolated and controlled individually.
During their demonstration, the star ball was turned off leaving
only the bright star projectors on. But most of the audience did
not notice any difference. Besides, these individually controlled
projectors provide a more vivid scene when the night sky is
combined with ground objects. For instance, one single bright
star will be turned off individually when a bird flies through the
sky ahead of it and reappear again when the bird flies away. The
flying-by objects in the sky will never look semi-translucent with
stars shining behind them, which is unachievable for traditional
opto-mechanical star balls.
The “Fusion” mode also solved another problem of previous
hybrid planetariums, the synchronization problem between
those two components. I visited several hybrid planetariums
in Japan, Taiwan, and Hong Kong these years. All these hybrid
systems have the same problem of synchronization between
their two components. Usually, the digital image shifted to its
new position swiftly while the opto-mechanical one is a few
seconds behind. I discussed with many of their staffs and found
the problem may arise from the slow-responding of the optomechanical component. In the previous version of this article,
I proposed a suggestion to solve this problem by letting the
fast-responding digital component follow the slow-responding
opto-mechanical component. However, in the IPS 2012
conference I was amazed to see this proposition has already
been accomplished. In a private discussion with Mr. Takayuki
Ohira after the demonstration, I was told that they solve this
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As mentioned in Section 3, the star ball of an optomechanical planetarium is indeed superimposed. Cutting off the
star ball from the system won’t reduce the final performance at
all. But there is still a problem that isolated bright star projectors
of traditional planetariums are not enough to take the place of the
star balls completely. There is a gap between the isolated bright
star projectors and the digital projectors left by cutting off the
star balls. One has to extend the number of isolated torch-like
projectors to fill in this gap. This number depends on to what
magnitude we expect the isolated projectors would cover. In
general, the limiting magnitude of human eyes is magnitude +6.5
and the magnitude of the brightest fixed star, Sirius, is -1.44. The
difference between them is 7.94 magnitudes or 2.5127.94~1500
times in brightness. Theoretically, digital projectors having a
contrast ratio over 1500 will be good enough for projecting an

authentic night sky. However, there are many factors like the
environmental background light, the sensitivity of human eyes
and the decay of projectors’ lamps and chips, etc., which all will
reduce the final performance of the system and thus one may
need some safety coefficients.

Fig.3: Comparison of the contrast ratio needed for
projecting stars with one single pixel and the values the
existing projectors can provide. The yellow bar is the
perfect contrast ratio that may cover all stars the human
eyes can see.
The number of bright star projectors varies in different
traditional planetariums. The GOTO GSS-I in our museum had
about 20 isolated projectors originally to cover the 1st magnitude
stars and some were removed when we renewed the star plates in
2003. The Zeiss VI of Taipei Astronomical Museum (TAM) has
12 isolated bright star projectors. Ohira Tech used 62 isolated
projectors in their FUSION mode during their demonstration in
the IPS 2012 conference. That would cover stars down to +2nd
magnitude and provides a 3.44 magnitudes or 23.8 times safety
coefficient.

2.

D. B. Herrman (1992), Planetarium Openings: A Statistical
Analysis, Planetarium: A Challenge for Educators, New
York: United Nation, pp.43

3.

Michael Daut. E&S Sells Over 200 Digistar Fulldome
Digital
Planetarium
Systems,
http://www.es.com/
News/2010/2010-08-24.html .

5.

Tom Kwasnitschka (2008), A Do-it-Yourself Approach to
Full-dome Visualization, Planetarian, Vol. 37, No. 1, pp.
6

6.

Judith Rubin (2010), Imersa News, Planetarian, Vol. 39,
No.1, pp. 39

7.

Isabella Buczek (2011), Everything is Possible: The Making
of Touching the Edge of the Universe, Planetarian, Vol. 40,
No. 1, pp. 8

8.

Many early planetariums in east-Asian countries like
Japan, Taiwan, Hong Kong and Singapore used to put both
planetariums and 70mm film projectors, IMAX 15/70 or
GOTO 10/70, in a same dome.

9.

This happened in many east-Asian planetariums like those
in Taiwan and some in Hong Kong and Japan. However,
since the population increase of these areas stopped these
years. Strategies are changing!

11. Ka Chun Yu, (2009), Digital Planetariums for Geology
and Geography Education, Planetarian, Vol. 38, No. 4,
pp. 6; Declan G. De Paor and C. Jerome Oakley (2010),
Supplemental Fulldome Projection From Multiple Sources,
Planetarian, Vol. 39, No. 3, pp. 6.
12. Martin Howe (2008), The Future of Fulldome, Planetarian,
Vol. 37, No. 4, pp. 32.
13. Ed Lantz (2007), Digital Frontier, Planetarian, Vol. 36, No.
1, pp. 60.

Endnotes
Charles F. Hagar (1980), Planetarium: Windows to the
Universe, Oberkochen: Carl Zeiss

Judith Rubin (2009), Can Small Planetariums Produce
Their Own Fulldome Digital Contents?, Planetarian, Vol.
38, No. 4, pp. 14

10. In Asia, most in Japan, Hong Kong, Singapore and Taiwan,
early large planetariums almost co-exist with a 70mm
film projector, IMAX 15/70 or GOTO 10/70, in a same
dome.

Even the FUSION has 62 isolated projectors. It is still much
simpler than traditional star balls and thus easier to produce and
maintain. One may expect that such a substantially simplified
opto-mechanical projector should be much cheaper than
traditional star balls.

1.

4.

14. Like our Goto GSS-I in a 23 meters dome, the Zeiss VI of
Taipei Astronomical Museum in a 25 meters dome or the
Megastar III of Ohira tech. demonstrated in the IPS 2012
conference at Baton Rouge.
15. A star plate is a metal or metal-coated glass plate on which
stars are punched as pin-holes of different apertures. It’s
somewhat like films of a slide projector.

61

SHANGHAI PLANETARIUM—FROM DREAM TO REALITY
Qing Lin
Shanghai Science & Technology Museum (SSTM)
No. 2000 Century Avenue, Pudong District
Shanghai 200127
CHINA
linq@shao.ac.cn
Abstract: Shanghai Planetarium Project was approved by Shanghai Municipal
Government in January, 2014. Four years later, a brand new Shanghai Planetarium will
appear in the southeast of Shanghai, a new area named “Lingang New Town”. It will
become the second comprehensive planetarium in China, and as a building area of 38,000
square meters, it will be one of the biggest and most advanced planetariums in the world.
This talk will report the background of such an exciting project, its object, its designing
concept, and current status. We wish to share and discuss designing ideas with every
planetarian.
A 40-years dream of building Shanghai Planetarium

verification meetings to discuss the meaning and method to
build up a world-level comprehensive planetarium in Shanghai.
Since February 2012, SSTM has been appointed to take charge
of the planning and construction of the Shanghai Planetarium.

In China, the first and the only comprehensive planetarium
until now is Beijing Planetarium, which is a successful
planetarium and has inspired many astronomy fans’ dreams
of becoming a scientist. As the another important and biggest
metropolis in China, Shanghai also desires a big planetarium to
serve the most densely populated area in China.

In these two years, the location, the scale, and the content
design have been discussed in many seminars and among
nearly every astronomer and member of Shanghai Astronomical
Society (SHAS) who is interested at this project. Based on the
intensive and carefully analysis and evaluation, The Shanghai
government finally approved the construction project of SHP in
January 29th, 2014.

The dream began as early as 1974, when the Shanghai
Planetarium project was discussed and approved by National
leader Li Xiannian, Vice Premier at that time. But the project
was cancelled because of some political reason.

In the approved plan, the Shanghai Planetarium will occupy
a total area of 58,600 square meters, the construction area of the
building will be 38,000 square meters, and the investment for
the building is 442 million RMB.

In the early 1990s, the Shanghai Planetarium project was
on the agenda again. Ye Shuhua and three other academicians
of the Chinese Academy of Sciences (CAS) suggested setting
up a big planetarium in Shanghai, and the project was nearly
approved by the government. But a new suggestion emerged
that combined the function of planetarium with the Shanghai
Science and Technology Museum (SSTM). That’s why the
SSTM has 2 dome theatres. But the exhibition of astronomy
was actually ignored in the process of constructing SSTM.

The Project site is located in the Lingang New City of
Pudong New Area, which is in the southeast of Shanghai. It is
adjacent to the Lingang Avenue and No. 3 North Huanhu Road,
and the terminal station of metro Line 16 is very near the site.
This is undoubtedly the biggest planetarium in China, also
one of the biggest one in the world. This is also the third chance
to set up a comprehensive planetarium in Shanghai; we won’t
let it slip again.

More than 10 years elapsed, and with the success of
Shanghai EXPO, Madam Ye Shuhua, former director of
Shanghai Astronomical Observatory (SHAO) and academician
of CAS, suggested a new Shanghai Planetarium project to the
government. All astronomers of SHAO supported this advocacy
and established a special group to begin the conceptual design
and report to the government.

A vigorous group composed of many doctors and masters
in the field of astronomy and design has been set up for the
project. They will get strong support from SHAO and SHAS
for scientific reliability, and also the strong support of SSTM for
the architectural and planning management.

The advocacy also had the strong support from Shanghai
Development and Reform Commission and Science and
Technology Committee; they helped to organize many

We have the sufficient confidence to present the most
advanced planetarium in the world.
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International designing competition of SHP

The Project puts the process that we know about the universe
and the impact that the universe has on us together to form a main
storyline of the whole exhibition by replicating and simulating
the starry sky. We will use different multi-media technologies
to display from the perceptual knowledge we gained from the
starry sky to the rational knowledge we had about the colorful
universe, and then we finally focus on mankind, the outcome
and explorer of the cosmos.

In order to design the most state-of-the-art planetarium in
the world, we need help from all over the world. We should
think with an international perspective. Therefore, we launched
an international designing competition in November 2013.
The competition is comprised of both architecture design
and exhibition design.

In our newly designed frame of SHP, we will take a journey
from our familiar “Homeland”, guiding visitors to appreciate
the beauty and miracles in our own solar system. After going
through a specially designed immersive 720 degree theatre to
go quickly across the whole universe, we arrive at the second
main area named “Universe” where we organize the content
with 5 topics (time, space, gravity, light, and elements) to reveal
the structure and essence of our universe. With a recreational
spacewalk transition, we will walk into the third area named
“Odyssey” where we want to show how the development of
astronomy will improve the progress of human civilization,
pushing visitors to journey to space. At the end of this area,
we will organize a special zone named “Enigma World” to
show as many as cutting-aged theories and weird guesses about
our universe, guiding visitors to think openly about modern
astronomy: we have acquired a huge amount of knowledge
about our universe from generations of exploration, but we
still have more and more puzzles about deep space, which need
every person to be concerned with the seemingly irrelevant but
actually closely related cosmic events, helping the development
of astronomy—that’s the essential purpose of a planetarium.

For the architecture design, six companies passed the
prequalification, among them two from China and four from
abroad. Through four months designing, they all provided us an
interesting work. We have invited nine specialists from the field
of architecture, structure, economy assessment, and astronomy
to be an evaluation committee and organized an evaluation
meeting in March 28th and 29th, 2014. The Ennead Architecture
LLP from USA and Alan Salfati Architecture from France have
won the competition.
For the exhibition design, we need as many as possible
new designing schemes, so we did not limit the number of
participants. At last, we have six companies from abroad and
seven companies from China joining the competition. As we
wished, many excellent ideas appeared and widened our view.
A committee with 11 specialists from the field of astronomy,
museum management, plan designing, exhibition designing and
architecture, including two from abroad, evaluated the submitted
schemes on April 2 and 3.
At last, we congratulate to the winners as follows: Ralph
Appelbaum Associates from USA won the first grade award.
Shanghai Feilaifeiqu Ltd and Houghton Kneale Design Ltd
from UK won the second grade award. The MET Studio Design
from UK, the Shanghai Art-Designing Ltd. and the West Office
Exhibition Design from USA won the third grade award.

We have an ambition to lead a new direction for next
generation of planetariums. The Shanghai Planetarium will
break through the traditional mode in which the center is an
optical planetarium or digital dome theatre. An optic or digital
projector will undoubtedly still play an important role in our
planetarium, but it is no longer a center. We will create an
immersive and experiential exhibition scene. We will use many
characteristic exhibition items to impress the visitors and a great
optical miniature of the night sky freely open to every visitor.
We will give back Shanghainese an extremely clear starry sky.

We thank all these for their hard work and effective outcome,
as well as other companies that did not pass the evaluation.
They have contributed a lot of wisdom and good ideas for the
SHP, but they will still have to pass through the final bidding in
the end of this year to win the final seat for constructing a high
level planetarium in Shanghai.

We don’t think the accumulation of multimedia or movies
will support a leading planetarium. We will focus on the soul of
astronomy using touch-the-heart and long-standing styles. We
will ask the designer to combine modern exhibition technology
with art, culture, and even the human himself. Scientists will
be invited to talk or face the visitors directly; trained staff can
discuss and answer questions with the public. That’s the target
of our project.

Ambition of Leading next generation of Planetarium
The Shanghai Planetarium Project now has got the chance to
construct one of the biggest planetariums in the world. Besides
the scale, the construction team also has the confidence to set up
a most advanced and best favored planetarium for everyone in
the world.
The Project chooses Connecting Man to the Universe as
museum’s exhibition theme, which interprets the worldview
from perspectives of science and culture. With that theme, we
send visitors on the road to systematically explore the laws of
nature, to understand the correlation between human and the
universe, to think about in which way and how will we go in
the future, and thus to affect their attitude and behavior towards
nature.

Besides the routine exhibitions, we still have designed
many special observation items, such as a big magic solar
tower to directly see every aspect of our familiar Sun, and a
1-meter telescope and many kinds of small size telescopes open
to the public at night. We will set up some special zones for
children playing, for Chinese heavenly culture, for UFOs and
extraterrestrial life and other interesting issues, and we also will
leave space for future temporary exhibitions.
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We will do our best to construct a top-rank and different kind
of modern planetarium, we are now just in the initial planning
course, so we need more and more beneficial suggestions from
all of you. Please contact with me through: linq@sstm.org.cn .

Conceptual architecture design of SHP.
(from Ennead Architecture LLP.)
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MAKE NUMBERS BEAUTIFUL—PRELIMINARY STUDY ON DATA VISUALIZATION
Jin Ma
Beijing Planetarium
138 Xizhimenwai Street
Beijing, 100044
CHINA
majin@bjp.org.cn
Abstract: Data visualization has been widely used in all fields of sciences. It is a technique
to communicate information clearly and effectively by graphical means. It is not only
makes the boring numbers and functional descriptions easy to read, but also stimulates
viewer engagement and attention. Especially in astronomical outreach fields the massive
data obtained by the telescopes over the world every day constructs a data Great Wall
that is impossible for the public to read. Even the simplest knowledge of solar system or
space or the universe is not friendly when shown by only words and numbers. So graphs
are used all the time and data visualization methods play an active role in the outreach
activities. In this report, a few types of data visualization are introduced to make the
data visible in an interesting way. Explanatory and exploratory data visualizations are
distinguished by examples. Telescope evolution statistics will reveal the secrets of human
capabilities of manufacturing, and a trans-Neptunian objects analysis leads the explorer
on a journey of discovering the history of the solar system.
Data visualization is nothing new. It‘s been used for
hundreds of years and has come to a huge boom in recent years.
Improvements of technology provide possibilities to collect
and visualize data in an easy and fast way. Even if you never
designed a visualization work, you‘ve ever been a reader of
other people‘s data visualizations and you must benefit from it.
Data visualizations take the advantages of our brain’s built-in
“software” to identify information from a data set much more
easily because our brains work much better on graphs than on
texts and numbers [1].
Scientists like to visualize data before showing to the public.
They also make good use of data visualization methods to figure
out the clues hidden in the data set. For example, Mendeleev‘s
periodic table helps people understand the periodic trends of
elements and the way in which elements are made. What is more
exciting is that by the periodic table people could even predict
unknown elements. Similar things happened in astronomical
history. There is hardly an astronomer who doesn‘t know
Hertzsprung-Russell diagram, or H-R diagram for short (see
Figure 1), which is a quite good example of visualizing massive
amounts of data. The H-R diagram plots each star on a graph
measuring the star’s absolute magnitude (brightness) against
its temperature (color) [2]. The patterns in the diagram show
different groups of stars, known as the main sequence, giants,
and white dwarfs, etc. This simple regeneration of data helps a
lot in figuring out the evolution of stars, ages of clusters and thus
the future of our solar system.

Figure 1. Hertzsprung-Russell diagram (source:
S&T 2014.6 Leah Tiscione)
As shown in the above historical visualization examples, the
right data are placed in right places in a coordinate system with
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columns and rows, coupled with colors, shapes and annotations
by some rules. That is generally how a visualization is made.
There are other common types such as: pie chart, bar chart,
line chart, scatter chart, bubble chart, radar chart, etc. New
technologies could even generate interactive visualizations
dealing with multi-dimensional data, geographical information,
motion scenarios and so on. And the graphs are designed quite
well in terms of aesthetics.

convenient to convert the file types from each other. When you
get the data in hand, you can choose your design tools. There
are plenty of choices out there that can generate different kinds
of functional visualizations.
The simplest way of generating a visualization is to use the
so called out-of-the-box tools. Just copy and paste the data into
an Excel sheet or text file and choose the chart type you want, and
then a visualization is shown immediately. Adjustment options
are normally provided for users to change the size, font, color,
etc. or add annotations in the charts. Such software includes but
is not limited to: Microsoft Excel (might be the most commonly
used), Google Spreadsheets, Many Eyes (a friendly online
application developed by IBM), Tableau Software (a popular
one with very nice user interface and experience), etc.
The above listed tools are simple to use, but limited by
flexibility, for you cannot do things out of the scope that a tool
offers. Many impressive visualizations are coded. The most
popular coding tools such as html, java scripts, actionscript,
processing, R program, etc. help a lot in generating costumed,
interactive, or motional visualizations.
Now you get the graphs from the visualization tools. When
you want to present the visualizations to public in a conference,
lecture or paper, you may find the graphs somehow have a look
of something that is automatically generated. So illustration
software like Adobe Photoshop is often needed to polish the
graphs, for example, to change the position of axis labels or to
optimize the annotation appearances.

Infographic vs. Data Visualization
Infographic and data visualization are misleading for their
similar ways of representing data. Some people use infographic
to refer to representations of information perceived as casual,
funny, or frivolous and visualization to refer to designs perceived
to be more serious, rigorous, or academic. Among the general
public, there is still confusion over what these two terms mean.
But within the information design community, definitions for
these terms are solidifying [1].
Infographics are often laid out or sketched manually,
for example by Adobe Illustrator. Drawing an infographic
can be very flexible and contain various ways of designing
elements. Because of their manually-drawn process of creation,
infographics have the option of being aesthetically rich (see
Figure 2). The disadvantage is it tends to be limited in the
amount of data it can convey, simply because it consumes effort
to generate each data point. It is difficult to change or update
the data in an infographic, as any changes must be implemented
manually. In a word, infographics are beautiful, more attractive,
but relatively data-poor.

Explanation vs. Exploration
There are basically two categories of data visualization:
explanation and exploration. Explanatory data visualization
means the designer already knows what the data have to say
before starting his design. The purpose of this kind of work
is to tell a story to audience. The designer has to be very clear
on what information is in the data and what the most attractive
points are. Therefore, design in appropriate ways that can
highlight the story. The example below tells a story of evolution
of telescope.

Figure 2. An infographic illustrates many data of the solar
system
By contrast, data visualizations are initially designed
by humans, but then generated algorithmically, usually by
diagramming software such as Microsoft Excel. It is easily
to regenerate with different data and can deal with massive
amounts of data, probably only limited by your computer‘s
memory. But it is often aesthetically barren because the data
are not decorated.
Tools
Data must be formatted before loading to visualization
software. Luckily, most of these kinds of software support text
files, Excel forms, database format files, etc. very well, and it is
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Figure 3. Explanation of evolution of telescopes from 1608
to 2014

All the items in the data set are available on Wikipedia.
I collected more than 250 of the world‘s most important
telescopes in history, as well as the plans for the future. Before
designing the visualization, I kept in mind that I wanted to
tell a story about the evolution of different types of telescopes
and finally reveal the secrets associated to lenses, mirrors,
manufacturing capabilities, astronomers, geographies, climate,
etc. Figure 3 displays size of the lens or mirror on the vertical
axis and time lapse on the horizontal axis. Colors indicate the
telescope types. You can find some interesting trends. It takes
around half a century for the size of mirrors to double. This is
called Moore‘s law of telescopes. But the size came to a great
boost in the last decades and reflectors dominated. Segmented
mirrors will make it possible to build extremely large monsters
in the future. By contrast, the increasing of the size of refractors
ends in 1897 at 1.01m Yerkes Telescope. The reason is that the
structure of refractor doesn‘t help to build compact telescopes
and it consumes huge amount of effort and money to produce
perfect large lenses.

These are basic information transfer by the visualizations
and you will find more when you dig deeper. And they really
help a lot for your audience to understand the numbers and facts
in your stories.
The other category is the exploratory data visualization,
which means you may have a whole bunch of data at your
hand but you are not sure what is in it. When you translate the
data into a visual medium you can quickly identify its features,
including interesting curves, lines, trends, or anomalous outliers.
The example below tries to find the patterns inside data of outer
solar system.

Figure 6. Plots of trans-Neptunian objects and scatted disk
objects

Figure 4. World map of telescope locations and sizes

Pluto was classified as a dwarf planets in the outer solar
system when more and more Kuiper belt objects were found.
On the MPC’s website [5], all discovered outer solar system
objects are listed. But it doesn‘t make any sense when facing
a table contains thousands of rows of numbers. Things change
when you simply copy and paste the numbers into an Excel
spreadsheet. Insert a bubble chart with a horizontal axis that
shows the semi-major axis of objects’ orbits and a vertical
axis shows the inclination (see Figure 6). Colors distinguish
the eccentricity. Surprisingly there appear three groups with
different attributes. The first group—including Pluto—has
a distance of 40 AU from the Sun with medium eccentricity
and a wide spread of inclination. The second group is located
from 42 to 48 AU from the Sun. Bubbles in the graph are quite
concentrate and indicate the orbits that are near-circular and less
inclined to the ecliptic plane. That is similar to the planets. This
group is considered as the “cold” classical Kuiper belt. The last
group, including Eris, is ranges as far as 100 AU from the Sun.
The orbits are extremely elongated and inclined to the ecliptic
plane. This group is called the scattered disc.

Figure 5. Treemap of telescope locations and sizes
Figure 4 counts in the geographic information of each
telescope and plot with size of the mirror on a world map. This
visualization helps to figure out where on the Earth telescopes
flock together and why it happens that way. Figure 5 illustrates a
treemap displaying hierarchical data by using nested rectangles
[4]. The rectangles’ size refers to the size of mirrors. Colors
distinguish locations of different continents. It more clearly
illustrates South America and Pacific account for most locations
of mirrors around world.

The formation of these patterns is associated with the
behavior of Neptune. This giant planet forces the first group into
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a 2:3 orbital resonance with itself, and the seond group into a 1:2
resonance. The scattered disc was also formed due to outward
migration of Neptune. This exploration leads the explorer then
to a journey of discovering the history of the solar system.
Data visualization is more effective compared to the original
data in a text file all the time. I tend to use visualization as well
as infographic when representing data to the public in outreach
activities, and have always received positive feedback. As the
astronomical data get more and more massive, data visualization
techniques have significantly changed the way we discover the
world and will never be out of date.
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A BRIEF DISCUSSION ON THE EFFECT OF MOBILE EXHIBITIONS IN SOCIAL EDUCATION
OF PLANETARIUMS
Jun Miao
Beijing Planetarium
138 Xizhimenwai Street
Beijing, 100044
CHINA
miaojun@bjp.org.cn
Abstract: Based on practice activities, a brief discussion is made on the effect of mobile
exhibitions in social education of Planetariums, from aspects of improving scientific and
culture quality, training patriotism, serving out of school education, training creative
talents and realizing lifelong education for adults. The discussion that is made in the
field of Planetariums is rarely mentioned in papers of China. As effective ways in social
education, mobile exhibitions are good supplements for local exhibitions of Planetariums,
and further expand educational function and social effect.
The high quality education resources in the southeast coastal
areas are greater than in the central and western regions in China.
Difference exists inside the southeast coastal areas in education
resources. It is always an important and practical problem to
realize the balance of education resources in recent years.
People’s kinds of spiritual and cultural needs are improving,
including scientific knowledge, with the rapid development of
China’s economy and society. It has brought new opportunities
to the planetarium education, but also puts forward a new
challenge. As an important field of the social culture education
career, the Planetarium’s local exhibitions have found it difficult
to meet the needs of society. Mobile exhibitions alleviate the
contradiction, being an effective way to solve the problem of
education resource distribution.

society education activities of Planetariums. Mobile exhibitions
the face to the public, which are different from schools. From
children to old people, from the masses to disabled people,
mobile exhibitions open to all of them. People can freely
participate in the mobile exhibitions’ educational activities, to
learn scientific and cultural knowledge. Mobile exhibitions
constitute a mini planetarium. It is a good place full of novelty
and fantasy for young children, new knowledge and research
learning for adults.
The Planetariums impart science knowledge and concepts to
students by means of carrying out mobile exhibition educational
activities. Mobile exhibitions are interactive, including static
exhibitions and dynamic exhibitions in form. Meteorite, ancient
astronomical instruments model, display boards of knowledge,
etc. are static forms. Interactive exhibits, telescope, sky hall
movie, etc. are dynamic forms. Mobile exhibitions’ contents
are rich, such as the sun, the moon, stars, and meteorites, ancient
astronomical instruments, telescope, etc. Mobile exhibitions
impart scientific concepts imperceptibly to the public, especially
for teenagers, besides knowledge. They play important roles
along with their growth, meanwhile helping them set up
scientific values. Students harvest scientific concepts as well as
scientific knowledge by means of mobile exhibitions. Students
have more solid foundation of science skills and deeper cultural
background with the steady accumulation of knowledge and
concepts, therefore their scientific and cultural quality improves.

There are no more than five comprehensive large
Planetariums in China today, including Beijing Planetarium. In
the meantime, hundreds of small Planetariums are distributed
throughout the country, most of which are used rarely. Based on
the practice of mobile exhibition activities carried out by Beijing
planetarium, the roles of mobile exhibitions in the Planetarium’s
social education are briefly analyzed below.
Improve scientific and culture quality
Science and talent competition are the focus of the world at
present. It is the key to improving national scientific and cultural
qualities. In the late 1980s, Deng Xiaoping put forward the
important conclusion that “science and technology are the first
productive force”, which emphasized economic construction
mainly depends on scientific and technological progress and
improving the quality of the laborers. In this environment, the
Planetariums should spread scientific and cultural knowledge
and improve the public science literacy.
As effective supplements for local exhibitions in
Planetariums, mobile exhibitions are important parts of the

Train patriotism
China is in the primary stage of socialism, and will last
for a long time. The Planetariums should practice patriotism,
collectivism, and socialism education to train talents, through
various effective activities.
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Lecture is one of the important forms of mobile exhibitions.
It trains patriotism besides imparting astronomical knowledge.

For example, in the lecture “how far is the moon”, a brief
introduction to the history of human exploration of the moon
is talked about first, and the moon exploring by China is
mentioned finally. We know that there is a big gap between
developed countries and China in this field. It was achieved
to land on the moon for man 45 years ago, but Chang’e 3 and
Jade Rabbit were launched in recent years. The sharp contrast
makes students feel deeply responsible. In the lecture “ancient
astronomical phenomena”, many astronomical phenomena
recorded in ancient China are introduced. On the “Xia Shang
Zhou Chronology Project”, the ancient astronomical records
played positive roles, about the exact schedule during the period
of Xia, Shang, and Zhou. “Yiwang yuan nian Tian zai dan yu
zheng” is an ancient astronomical record, but also accurately
recorded a significant astronomical event, a solar eclipse, which
occurred in Zhou Yiwang period. Thus it can be seen that
Chinese ancient astronomical records service for us in modern
society.

Train creative talents

In the exhibition of ancient astronomical instruments model
of China, on the one hand, China’s achievements in ancient
astronomy history are approved through the fine instruments
and their powerful capabilities, thus students’ national pride is
inspired and they would make persistent efforts. On the other
hand, through the history of these precious cultural relics that
had been plundered to overseas and even bullet marks on the
Celestial Globe and the Altazimuth, students’ national crisis is
strengthened, and they would work hard. Students’ patriotism
is inspired.

Stimulate students’ curiosity

Respect and play students’ subjectivity position.
It is the key of realizing the goal of education to respect the
subjectivity of the educated persons. It is the core to respect
the creativity of educated persons in educational activities. The
acceptance of science education for youths often depends on
their inner self-educational factors. It is the key of popularizing
science to enhance students’ subjectivity position, and then it
makes the education process become the self learning process.
The educational activities of mobile exhibitions emphasize
experience while following the principle of students’ subjectivity
position. Large numbers of dynamic displays and high-tech
equipment have changed the relationship between the audiences
and the Planetarium. Students are no longer bystanders, but
participants. Staffs of mobile exhibitions always provide
students with personalized educational services.

Astronomy is one of the most mysterious subjects. Vast
endless sky and a mysterious universe make people full of
imagination; vicissitudes of meteorites fill students with reverie;
as modern observational tools, astronomical telescopes make
the sun and the moon be seen closely. The mobile astronomical
exhibitions will greatly stimulate students’ curiosity to grow
interest in astronomy.
Establish students’ confidence

Serve for education outside school

When curiosity is stimulated, students have a lot of
problems, which take students to find the answer by means
of querying data or consulting teachers. After carrying out
mobile exhibitions, some students establish contact with us and
ask us some interesting questions. We are very pleased that
the exhibitions have attracted their interest. As questioning,
the students’ curiosity is gradually satisfied, and confidence
is gradually established. Among peers, these students have
superiority gradually, which often makes them achieve multiplier
effect learning. This is a virtuous circle, whose cause is usually
the students’ curiosity about the night sky.

As important parts of social culture education, the
Planetariums have unshakable responsibility in respect of school
education, which are now becoming students’ “Secondary
classes”. School education focuses on the accumulation
of knowledge by means of abstract concepts from books.
Planetariums achieve a social education function, by means of
physical specimens, imaging technologies, practice activities,
with accumulation of knowledge, capacity and sentiment.
Planetarium’s social education is a supplement and extension of
school’s education.
For most children in backward areas, it is difficult to look
at stars in a Planetarium. Mobile exhibitions make it possible,
as they take the mystery of astronomy to young people and
the public in a lively and accessible form. Mobile exhibitions
are intuitive, which are different from a single form of school
education. The feature of intuitive makes it easy to be students’
“Secondary classes” and realize social education function of
the Planetariums. Mobile exhibitions always carry out intuitive
education activities while combining teaching knowledge with
inspiring interest. Mobile exhibits have played roles in potential
outside school, which fully improve youths’ overall quality.
Beijing Planetarium carries out education activities through
the ways below. Fixed linkages with certain areas or schools,
and usually carry out exhibition activities into campus and
sometimes into old liberated areas， the minority regions,
remote and poor areas. Supply display boards, science discs
and moon maps, etc.

Stimulate students’ spirit of exploration
In mobile exhibitions, exhibits are scientific, informative,
interesting, and scientific principles are shown with vivid means.
Encourage audiences to learn, explore and stimulate creative
spirit while participating. In the course of the experience,
scientific principles are easily grasped. These principles often
require children to have a little thinking, so that it is conducive
to cultivate children’s spirit of exploration. Knowledge that
is obtained after efforts could remain for a long time and be
understood deeply.
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The sextant made in Qing Dynasty is introduced in Chinese
ancient astronomical instrument model exhibitions. It was
designed to measure the angle between two stars, from which
the author was inspired and researched a modern instrument for
measuring the angle with students, and further took a patent. It

makes children feel that inventions are not far away, sometimes
around them, and thus stimulate their spirit of exploration.
Realize lifelong education for adults
Knowledge is increasing sharply today, whose aging cycles
are getting shorter. In order to satisfy the needs of public,
various forms of social education activities as well as school
education must be strengthened. Mobile exhibitions play roles
of educating adults. They not only meet the needs of the society,
but also contribute to the further improvement and development
of the planetariums’ functions.
Local exhibitions usually are displayed within a large
building, but mobile exhibitions can be carried out into campus
or community to the public, especially young people. It is so
mobile that students’ traffic and safety problems are easily
solved, which is even more meaningful for children in remote
areas.
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FROM PLANETARIUM TO KOSMOTORIUM
Lars Petersen
Orion Planetarium
Søvej 36
DK-6630 Rødding
DENMARK
larsp@orion.au.dk
Abstract: Kosmotorium is an ambitious plan to enlarge the Orion Planetarium with an
adjacent building containing a science centre dedicated to astronomy and space science.
In my talk I’ll describe the concept for Kosmotorium and the various topics covered by
the exhibits and activities, that all will be linked to the planetarium shows. Our aim is to
rethink astronomy communication with the use of visualizations, live astronomical data,
and live presentations.
The present state at the Orion Planetarium, Jels, Denmark
is as follows:
Yearly attendance: ≈10.000
~ 50-50 % school and public shows
Stand-alone facility in rural area
11 meter dome, classical
20-year anniversary in 2013
Population of ≈500.000 within 1-hour drive

Even more interaction and interlinking with schools and
higher education
High quality full dome technology
800 m2 indoor activity area
The following rules have been identified for the in-door
activity area:
No ”vertical books”
No ”IKEA trails”
Open area solution
Four main themes: Solar system (including Earth), stars,
galaxies and cosmology, life in the Universe (astrobiology)

It is obvious that some development with new offerings for
the audience is needed to keep the planetarium up-to-date and
relevant for different types of users. To attract more visitors it
is also necessary to add more activities so guests get the chance
to stay longer. Therefore we have envisaged Kosmotorium as
the “new” Orion Planetarium. So what is Kosmotorium? It is
a vision, a plan, a dedication, a goal. The final solution can be
different and smaller, but Kosmotorium project contains some
very important core concepts.

These images show the style and general ideas of
Kosmotorium:

Kosmotorium has three main purposes:
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HOW TO PRODUCE 3D AUDIO FOR PLANETARIUM SHOWS
René Rodigast
Fraunhofer IDMT
Ilmenau
GERMANY
Rene.rodigast@idmt.fraunhofer.de
Abstract: This paper describes the experiences for spatial sound mixing the full-length
planetarium show “Life of Trees” produced by Peter Popp. The show was remixed from
traditional 5.1 surround sound to object-based 3D audio SpatialSound Wave. Work flow
from working with conventional digital audio workstations (ProTools, Nuendo), sound
placement and animation in the spatial sound software, and scaling to large dome size to
content exchange will explained.
1. Introduction

presentations.
“SpatialSound Wave-Technology”
has been developed by German research institute
“Fraunhofer Institute of Digital Media-Technology”
and is based on the physical concept of Wave-FieldSynthesis. This technology enables the generation
of virtual sound objects. Accordingly, the terms of
object-based production and playback are used. Soundobjects can be freely positioned and moved within a
3-dimensional space and allow for the perception of a
stable sound, which is independent of the position of the
listener inside the loudspeaker setup. The progression of
the Wave-Field-Synthesis towards SpatialSoundWaveTechnology enables the unrestricted positioning of sound
objects with rather compact loudspeaker setups. In 2012,
SpatialSoundWave was licensed as the “Atmosphea”System. The system is also available as a licenced PC
based system.

This paper describes the experiences for spatial
sound mixing of the full-length planetarium show “Life
of Trees” produced by Peter Popp. The show was remixed
from the original version in traditional 5.1 surround sound
to object based 3D audio SpatialSound Wave (SSW). The
work flow from working with conventional digital audio
workstations (ProTools, Nuendo), sound placement and
animation in the spatial sound software, and scaling to
original dome size to content exchange will explained.
The basics about “SpatialSound Wave” 3D Audio sound
technology and the 3D remixing process of the “life
of trees“ show will introduced. As an overview, new
systems and content will be shown. A quick overview
about the user interfaces and possibilities of the software
will be given.

Up to now [June 2014] the planetariums of Jena
(2011), Hamburg (2013) and Kiel (June 2014) are
benefiting from the advantages of object-based audio
production and playback together with the use of FullDome-Video-Presentation.
In an ideal situation, all audio sources needed
for a SpatialSound Wave-Production are available
as separate audio tracks, and can then be grouped,
arranged, and animated inside and outside the dome in
correspondence with the video content. The aim of this
contribution is to describe the complete spatial remixing
process of the planetarium show “Life of Trees”, based
on existing media content (Surround Sound, Voices,
Effects). Subsequently, the first experiences with the
ProductionApp are expounded.

Fig. 1. SpatialSound Wave ProductionApp
The subject of 3-dimensional, object-based audio
production has been introduced extensively by the
author within the few last years in various papers and

74

2. Basics about “SpatialSound Wave”

The rendering engine integrates a web browser
(optimised for Google Chrome and Safari) for the webbased operation and the audio renderer. Additionally to
the SSW core processing, the audio renderer also features
additional components for audio signal processing such
parametric equaliser, limiter, level meter, gain, and delay
elements or routing matrices.

2.1 System
The Spatial Sound Wave Technology is based on the
principle of Wave field synthesis algorithm adapted to
larger speaker distances and high dimension (3D).
The working principle is based on virtual sound
sources (sound objects) as plane wave or point sources.
The sound sources are freely positioned in horizontal
(2D) and vertical (3D) dimensions. The technology also
gives the benefits of spatially stable sound over a wide
listening area by movements.

2.2 Set-up
From the outset of the software development, a
special emphasis was placed on simple user interfaces
and a fast set-up of the system. A “what you see is what
you get” operating philosophy allows for consequent
sets in the set-up process. Both the signal processing
and the operation can be adjusted depending on the area
of application. Depending on the application, different
“apps” can thus be called up (live, player, production,
set-up, …).

SpatialSound Wave is the object-based sound
reproduction technology developed by the Fraunhofer
IDMT. The technology is commercially available as PCbased or hardware integrated product.

An intuitive editor allows users to set up the system
without profound system expertise. The user will first
determine the number of input and output signals as
well as the audio processor’s appropriate output format.
For this, the MADI format (32In up to 128Out channels
bidirectional) and Audinate Dante™ (32In/up to 128Out
channels) are currently available.

In contrast to channel-based reproduction, incoming
audio signals (channels) are processed into objects using
real-time rendering. The original channels become
objects by assignment of a place in the 3D space at a
relative time. Additionally, the objects receive further
characteristics such as source type, subwoofer, 2D/3D
source and more. The real-time rendering is PC-based.
The rendering system comprises a web-based user
interface. On the basis of this technology, different users
can work with the system at the same time. Collaborative
working is supported by a flexible and modular user
interface [1].

Furthermore, the coordinates of the loudspeakers
used are inserted into the system or can be read via a
csv import. At least one channel is configured as a
subwoofer—also according to its position. Per default,
the subwoofer channel is calculated as global sub, with its
allocation in the respective source channel. In previous
software versions the sub channel was calculated locally
according to the objects’ source position to, for example,
directionally drive four subwoofers. However, this
proved to be impractical for the production, hence the
global version was standardised.

The SSW system is consequently a high-performing
audio system for audio recording, production,
transmission, and reproduction.
To integrate workstations, feeds, inputs, or creative
video environments further interfaces such as MIDI and
OSC are integrated into the system. With these, users
can interact flexiblely to external applications, which the
system controls [2].

On-site the usual electro- and room-acoustical tuning
(level balancing, equalising, etc) needs to be carried out.
All of the loudspeakers’ control parameters are directly
applied in the SpatialSound Wave Audio system. The
measurement for sound tuning of the system is actually
done with SMAART version 8 [3]. The algorithms for
a spatial sound reproduction thereby always deliver a
phase-stable signal and do not require further adjustment.
The loudspeaker signals are permanently calculated in
real-time. This is especially advantageous if the position
of sound events are shifted or moved.

The audio renderer constitutes the heart of the
system. This can be illustrated in the standard system
with the Spatial Audio Rendering which is a “reduced”
wave field synthesis renderer, but also with various other
techniques such as a Delay/Gain matrix or “real” wave
field synthesis renderer.
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3. Work flow of 3D remix of “Life of Trees”

n

8 Tracks Music (single Instruments/Instrumentgroups)

n

5 Tracks Atmo-Sounds (5.0 Surround)

n

35 Tracks Reverb (Music, Atmo, Sound design – all
in 5.0 Surround)

n

6 Tracks SoundFX (5.1 Surround)

n

6 Tracks Foley Sound design

n

4 Tracks Dialog

Fig. 2. Two main characters of “Life of Trees”

n

Dome master video + Timecode

The following production environment was used:

In principle the production work low was made in
following structure:

3.1 Preparation

SpatialSound Wave Studio
n

3D Speaker setup
n

1 horizon speakers

n

4 speakers below horizon

n

8 ceiling speaker

n

4 subwoofers

n

Room dimension 6x4m, height 3m

n

DAW Nuendo

n

Spatial Sound Wave Multiclient View

n

Dome master preview on LCD TV

Before the audio data can be used in SpatialSoundWave, all
the different tracks need to be edited and arranged inside the
desired DAW. There are no restrictions in the choice of the
workstation, as long as it is able to play all the desired tracks
simultaneously and generate a timecode-track that is sent to SSW
for synchronization. Video tracks can also be placed and played
inside the DAW for better orientation (e.g.: film production). It
is recommended to use three or more screens (two for the DAW
and at least one for SSW) in order to keep track of the production
process. The routing of the different audio tracks takes place as
described inside the manual of the SSW-ProductionApp and is
therefore not of further importance at this time.

The available content consists of:
n

6 Tracks Music (5.1 Surround)
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• 6 Tracks Music (5.1 Surround)
• 8 Tracks Music (single Instruments/Instrument-groups)
• 5 Tracks Atmo-Sounds (5.0 Surround)
• 35 Tracks Reverb (Music, Atmo, Sounddesign – all in
5.0 Surround)
• 6 Tracks SoundFX (5.1. Surround)
• 6 Tracks Foley Sounddesign
• 4 Tracks Dialog
Altogether, 70 Tracks were available for the mix. Having
some of the tracks as a Surround-Mix advances the productionprocess, but can only be seen as a compromise, as the full
potential of SSW cannot be applied on pre-existing mixes and
the spatial sensation is limited. In this case, the project had
previously been mixed in 5.1 Surround, so a lot of tracks were
included into six-channel-mixes. It is recommended to use a
table to keep track of all different audio objects and their routing.

Fig. 3. Audio tracks in Nuendo

3.4 Music

3.2 Task allocation with two producers

First, the channels of the 5.1 Mix were set up and
routed on the first six channels of the ProductionApp.
These objects are now placed on the so called SourceCanvas, according to a standard 5.1 loudspeaker system.
Using 2D-Point Sources will cause a great resemblance
with real 5.1 systems. By activating the Plane-Wave
feature, a common surround-mix appears to be much
more immersive. We decided to use this option for “Life
of Trees”, because Music plays a very important and
narrative role in this production.

It is recommended that one user operates the DAW and
therefore takes care of automations, routing, and audio-trackmanagement. If a production is well prepared, no further editing
of the audio tracks is necessary during the use of SSW. The
timecode is also sent to the ProductionApp with the aid of a
SPMTE-Generator (or similar) of the DAW. This enables
simultaneous playback of the audio files inside the DAW and
the rendering information (e.g.: data for automations) in SSC.
The second producer is responsible for the operation of the
SpatialSound Wave-Apps (e.g.: Production App). This is where
the placement and automation of the audio objects is realized.
Different flags and options can be selected; the level of the audio
tracks can also be manipulated.
All the SSW-Apps allow for multi-client use on several
devices at the same time. This way, different hardware (e.g.:
tablets, controllers) can be used to facilitate the production
process and customize the system to the producers’ needs and
habits.
The described workflow turned out to be quite efficient.
Nevertheless, working alone or with a bigger team is also
possible, but not necessarily easier.
3.3 Thoughts about preparing a new session in the DAW

In order to keep the production-process clear and
well-structured, some preliminary planning for the
arrangement of the project is recommended.
For the Production of “Life of Trees” the following
tracks were available:
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Wave and rendered as automated 3D-Point-Sources, as these
sounds are usually related to a certain action in the film (over
time code) and need to be mapped as accurately as possible
(e.g.: sound of wings flapping). Precise automation is crucial in
order to establish a clear connection between sound and motion
picture.
3.6 Dialog

Fig. 4. ProductionApp with plane wave objects for music
Studies carried out during listening tests at Fraunhofer
IDMT have shown that a sufficient acoustic spatial-immersion
can be created by using minimally eight loudspeakers, which
must be positioned concentrically around the center of the room.
Another way to enhance the spatial impact of a 5.1 Mix is to
duplicate tracks (preferably Surround L/R) within the DAW and
then route them into extra channels in the ProductionApp. This
allows for a bigger diversification of the sound.
If object movements are also included into the surroundmix, these tracks should be kept at low volume or be equalized
accordingly in order to not destroy the localization of other
(more exact) sources.
In addition to the 5.1 mix, eight other audio tracks of
instruments/instrument-groups were available. These were used
to accentuate the music performance and enable clear positions
and movements for some instruments at suitable times during
the film.
These objects were positioned both as plane-wave-(e.g.:
strings) and point-source-objects (e.g.: guitar) on the sourcecanvas.

Fig. 5. ProductionApp with point source objects for dialog

“Life of Trees” has four tracks of dialog-audio, one for each
main character and one for all the other characters. All of them
were rendered as point sources for the same reasons mentioned
above, with an automation that followed the movements in the
video as closely as possible.
3.7 Mixing the German version of “Life of Trees”

3.5 Atmo, Reverb, SoundFX & Foley sound design
The atmo tracks were once again only available as a 5.0
Surround-mix and were routed into five further 3D-Plane-WaveSources. Duplicating and positioning sources as described
above was also used here. Using some additional single sounds
(e.g.: Bird-Flapping) helps to improve hearing sensation if the
objects are automated (move through the listening area).
The 35 Reverb-Tracks (Music, Atmo, SFX, Dialog, Foley
sound design) were also included in the same way described
as common for 5.1 oder 5.0 Surround-Mixes. The soundFXsurround-tracks were positioned as point sources only, to make
a precise localization of the various audio objects possible. The
position of these objects was altered and automated, depending
on whether the sounds were used in a surround-atmo or direct
context.
All the Foley sounds (5 tracks) were routed into SpatialSound
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As mentioned before, “Life of Trees” was first mixed by
us with SSW as an English version. Only a few additional
working-hours were then necessary to bring a version with
German voice-tracks to completion.
It is important to obtain all the new voice-tracks as single,
mono files. One speaker should not be featured in more than one
track; otherwise the different tracks need to be mended together
again. The previously used reverb-sounds could not be utilized
again, and needed to be re-generated with the new ‘dry’ voicetracks (later to be processed as point sources). In order to be
able to transfer the content to a customer that might use another
DAW, all the applied effects (e.g. reverb, later to be processed
as plane-wave-Sources) need to be rendered into new additional
tracks. Likewise before dry and reverb sounds are processed as
separate objects in SpatialSoundWave User Interface.
As a replacement, the reverb can also be used from an
existing surround-mix that might of course downgrade the

spatial performance in terms of localization. Assuming that
the video file (and therefore the movements of the different
objects) remains the same for any language version, most of the
changes occur inside the DAW-Session. It might however be
necessary to add some corrections to the original SSW-Session
in order to avoid jumping Objects (when sound samples have
different lengths and the previously recorded automation of
the ProductionApp makes the position of the object change too
early).
SpatialSound Wave currently supports up to 32 different
channels with unlimited audio objects, which means that in a
production of greater extent, several audio tracks of the DAW
need to be routed into one suitable object (e.g.: Reverb, SFX…).

Fig. 6. ProductionApp with all 3D audio objects

Fig.7. Scaling audio scene from studio to dome setup

The delivery process can be simplified by making a 32-trackmixdown in the DAW and then only transfer the 32 new tracks
(together with the meta data file) to the customer/user. This also
helps to reduce the overall data amount of the final project.

The “Loudspeaker Setup Size” is set globally, whereas the
‘Scene scale factor’ only applies to the session that is currently
active.
As mentioned before, all output-Sends (32 tracks) need to
be rendered in the Production-DAW before. Those tracks and
the data of the SSW-Session is all that needs to be transferred in
order to play the show at a different venue. If the Studio and the
venue have the same DAW, it is also possible to bring along the
whole DAW-Project.

3.8 The SceneScaler and Transfer of Productions

Because the production environment is usually different
from the presentation venue in terms of size and technical
infrastructure (e.g.: number of loudspeakers), SSW-sessions
produced in a smaller studio need to be reconfigured before they
can be used in a bigger room. This is due to the position data of
the audio objects which is relative to the room-size.

3.9 Summary of the production work flow
Especially creative effects are in demand by directors in
modern dome theatres in order to offer the audience new forms
of (often) classical content. Thus, it should be possible to
arrange or move the feeds almost at will. A three-dimensional
positioning and animation in the SSW system—combined with
the usual automation processes (score, video, cues)—offers the
possibility to do this.
4. SpatialSound Wave planetarium systems and shows
Actually 3 German planetarium are equipped with the
Spatial Sound Wave technology. These are now (summer 2014):
Zeiss Planetarium in Jena (2011—PC based)
Planetarium in Hamburg (2013—Atmosphea)
“Mediendom” in Kiel (2014—PC based)
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Fig. 9. SSW productions “Tabaluga” and “Die drei
Fragezeichen”
5. Summary and Outview
Especially on dome and large screens—complemented by
sound, an indispensable connection of the sound to the image
is created. In the field of planetariums a complete enveloping
of the viewer is now possible with high-resolution video
content (also 3D)—most applications, however, lack a real
reference to sound. Large planetariums in Germany—such as
in Jena or Hamburg—for example have a surface of around
800 square meters. The shows that are presented are often
based on individual video objects, which already include their
three-dimensional location due to the production process. By
connecting the audio objects mentioned above to the video
objects’ (manually or automatically) content can now be seen and
heard in the whole 3D room, where they are expected to be due
to the viewer’s dedicated perception. In the “Fachhochschule
Kiel’s Mediendom” an automatic “marriage” of video and audio
objects was programmed based on the SSW system’s flexible
OSC interface. The producers or live presenters work in the
familiar surrounding of the planetarium system (E&S Digistar
5) and edit video objects and show sequences with automatically
suspended audio objects.
This coupling offers numerous new possibilities as time
code, video object and audio automatically form an entity. In
the example described, “audio-visual objects” are used. These
objects include:
audio
video
time for the positioning of the respective objects
position
object-related characteristics
automation parameters
flags

Fig. 8. Planetarium Hamburg and Zeiss Planetarium Jena
using SpatialSound Wave Technology

Also diverse Spatial Sound Wave content is produced over
the last month like:
Shows: “Life of Trees”, “Tabaluga”, “billion suns”
Radio drama: „Drei Fragezeichen“
Short film and Trailer: e.g. “Frieda“
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The coupling in terms of audio visual objects forms a
flexible basis for the work within the realm of production and
reproduction and will continue to play an important role in
the future in a range of further media areas such as VR/AR,
broadcast, CE, or gaming.
The use of object-based three-dimensional sound
reproduction offers extensive possibilities for individual highquality sound reproduction. Audiences have come to expect this
high spatial audio quality in the planetarium. As an intuitive
tool with flexible interfaces to integrate external platforms and
devices, a user-friendly set-up process, the SpatialSound Wave
system meets these needs.
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ARCHIVING A MUSEUM
Dale W. Smith
BGSU Planetarium
Dept. of Physics & Astronomy
Bowling Green State University
Bowling Green, Ohio 43403 USA
dwsmith@bgsu.edu
Abstract: During the past year I have digitized the entire collection of the village museum
in my boyhood hometown of Ames, New York. Steps included photography of physical
items, scanning of paper items, organization of images into folders, optical character
recognition of text, indexing of special collections, creating a table of contents, and storage
of all on archival DVDs.
During the year 2012 I archived the entire collection of the
village museum in Ames, New York. With a population under
200, Ames is among the smallest incorporated villages in the
state and was my boyhood hometown.

The Museum records the village history from the mid1800s forward. Until paved road networks developed, small
villages like Ames were more isolated and had a far greater
local importance than they do today, so the collection of the
late 19th and early 20th century items in a sense chronicles a
microcosm of rural Americana. Here, in a village of 200, were
two churches, up to three grocery stores, a hotel, a grist mill,
two basket shops, a nail factory, up to three garages, an opera
house, a fire department, three different medical doctors, the
township highway barn, an IOOF hall, a softball field, and a
post office. Life centered more on activities in the village than
in larger communities miles away as it does today. Farm fields
surrounded the village on all sides.
Aside from a few pages in old science textbooks, there’s no
mention of astronomy in the Museum, but when I was a boy, you
could see stars to sixth magnitude, and you still can today, once
you are away from direct street lighting. Here, one almost does
not need a planetarium to see a dark sky.

Figure 1. Village Museum building, Ames, NY.
The Museum and its collections
The Museum is housed in the historic village schoolhouse.
Built in 1835, the Ames Academy building is a two-story stone
structure and was added to the National Register of Historic
Places in 2002. The walls are thirty-three inches thick at the
base, narrowing to a still-robust twenty-two inches at the top.
The Academy served as the village school from 1837 until 1959,
when a centralized school district was created and the outlying
small schools such as this one were closed. Though I never
attended there, I knew two of the teachers, one of whom is still
living, now in her nineties. After the school closed, it was used
as a polling place in elections, but saw little other use for many
years.
Then in 1987, the building was converted to a village
museum by the inspired work of Mayor Leon “Gus” VanArsdal
and his wife Maude Lambert VanArsdal, both of whom I knew.
Sadly, Gus passed away before the grand opening, but Maude
carried the work forward for over two decades more until shortly
before her own death in early 2013.
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Figure 2. Museum 2nd floor (top) and 1st floor (bottom)
Figure 3. Physical items: sewing machine (top) and old
dress and flag (bottom).

The Museum began on the upper floor of the building and
has gradually expanded to occupy the first floor as well, as
shown in Figure 2. As expected, the collection includes both
physical and paper items. Among the physical items (Figure 3)
are fire department uniforms, old clothing, farm and household
implements, a sewing machine (donated by my aunt), 19th and
early 20th century books, a spinning wheel, an undertaker’s
sign, baskets, well plumbing apparatus, a Revolutionary War
powder horn, flags, and a mid-20th century voting machine.
The paper items (Figure 4) include photos of village residents;
village documents; over a thousand newspaper clippings of
birth, wedding, and obituary announcements, some from the
19th century; family albums; weather records; maps; post office
record books; church and fire department event posters and
programs; civic club photos; Home Bureau records; and of
course annual class photos from the school showing students
and teachers. These are variously spread out on tables, collected
in scrapbooks, and hung on the wall in frames. Needless to say,
nearly all of these items, so lovingly collected and displayed, are
irreplaceable, including many from century-old newspapers that
have never been digitized or have now been lost to flood, fire,
or deterioration.

Figure 4. Paper items: scrapbooks (top) and clippings and
photos on table (bottom)
The need to digitize
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Prior to the project, I had visited the Museum three times, once
soon after it opened, next around 2000, and then in 2011. When
I visited in 2011, the urgent need to digitize the collection was
immediately apparent to me. It was obvious that the collection
was at risk from the elements—light pouring through large 19th
century windows (since fitted with opaque shades), heat and
rampant humidity in the summer (there is no air conditioning),
freezing cold in the winter, and the risk of fire. (Since 2011, the
roof has been replaced and two dangerous trees taken down.)
The century-old newspaper clippings were of course yellowing
and fragile. Moreover, all items were inaccessible except by
personal visit and in the case of scrapbooks by physical handling

as well. In an hour’s guided visit, there wouldn’t possibly be
enough time to see everything. Furthermore, there was no
apparent index or catalog, so finding items related to a person of
interest would be almost impossible.

been both invasive and prohibitive. I also photographed paper
items bigger than the platen size of the scanner except in a very
few cases where scans could be stitched together. These efforts
produced about 5675 jpg images.

I was also seeing the Museum through different eyes in
2011 than in 2000. First, I was a decade older, in my 60s rather
than 50s, so more susceptible to nostalgia. Second, digital
technology had become pervasive: digital photography had
replaced film and scanners were cheap and fast. Third, I had
acquired a decade of extensive archiving experience—scanning
IPS directories, proceedings, special publications, and the
Planetarian; scanning GLPA scripts, TIPs booklets, newsletters,
and the Tomlinson bibliography; scanning over 170,000 slides
between my personal collection, planetarium show slides, and
BGSU astronomy teaching slides; and scanning all my family
photo albums—besides ongoing digital photography experience,
adjusting tens of thousands of images, and much practice at
organizing massive collections into folders.

One of the great challenges was not to stop and read too
often, since I knew most of the locations and many of the people,
or was only once or twice removed from them. This familiarity
had of course provided much of the emotional motivation to do
the project. My mother had grown up in the area and knew
everyone, so I did too, but as a child, I was naturally quite
unaware that knowing all these people would decades later
motivate me to do this project and try to return something to the
village of my youth.
An early decision involved folder organization, and I
chose to organize by physical location rather than by topic, as
shown in Figure 6. For example, on the second floor, I created
folders for items on the walls (subdivided into folders for the
north wall, northeast corner, east wall, southeast corner, etc.),
tables (subdivided into a folder for each table, as shown in the
Figure), in cabinets (subdivided into a folder for each cabinet),
scrapbooks (subdivided into a folder for each scrapbook), and so
on. This followed the physical organization of the museum and
made the assignment of images to folders easy. The alternative
of reorganizing everything by topic would have involved a
prohibitive amount of work for which I did not have the time.

Seeing the need to digitize the collection and realizing
I had both the skills and motivation to do it myself—and
seeing the opportunity to examine the entire collection and
to acquire a digital copy of it—I contacted the new museum
curator, explained the need and project, and volunteered to do
it for free, with rights to keep a copy. We agreed, arranged the
logistics, and I made two working visits. First was seven days
in May between my spring and summer semesters, and when
the temperature would be comfortable. Second was five days
in July to do items for which there wasn’t time in May and to
correct mistakes from the first time.
My equipment (Figure 5) consisted of three primary
components— my Nikon D90 camera and 18-200mm zoom
lens, a CanoScan LiDE 700F color scanner, my Mac laptop and
an external hard drive configured so it could be read by both
Macs and PCs. The hard drive let me transfer all my images,
both photos and scans, to the curator’s computer before I left
town, both to ensure he had a copy and to create an immediate
back-up. I already owned the camera, lens, and laptop, and the
scanner was a steal at $129. The scanner was fast, high-res, and
proved to be an excellent choice.

Figure 5. Equipment: Nikon D90 with 18-200 lens (left) and
CanoScan LiDE 700F scanner (right).
Preserving the Museum’s collection
I photographed all the physical items and scanned most
of the paper items, including clippings, photos, and selected
pages from books. If paper items were on the wall in frames, I
photographed them, since disassembling the frames would have
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Making the Museum collection accessible and searchable
But the content, though secure, was not easily accessible.
How to find an item related to a particular person, for example?
By this time, I knew the collection probably better than anyone
else, but that would not help another party. There was still no
catalog or index and the images were not searchable.
The first step toward making the collection searchable was
to create a table of contents of the scans. This table of contents
acted as a quasi-inventory of the collection, though it was not
designed as such. As the sample section of captions (Figure
7) shows, the table of contents followed the organization of
the folders into which the images had been organized. By
searching the table of contents, particular content, for example
the Methodist Church, could be located.

Figure 6. Folder organization.
For each physical location, such as the firemen’s table (1C),
there were both photographs (for example, of hats and badges)
and scans (for example, of pictures and newspaper clippings). I
merged the photos and scans into a single folder for ease of use
(and since the viewer wouldn’t have a reason to care about how
I had acquired the image). Then I eliminated duplicates and
mistakes and did image adjustment (brightness and cropping) as
needed. Generally, the photos required some adjustment and the
scans did not, as the scanner automatically cropped when in jpg
mode and had excellent exposure.
After much labor, both on-site and later at home, the Museum
was now preserved. If a disaster were to happen to the building
or collection, there was a record of everything. The jpgs took
up about 15 Gigs of storage (at 2-3 Megs per image) and were
stored on gold-plated archival 100-year DVDs, as well as being
backed up in several other places.

Figure 7. Table of contents sample.
As the folder organization chart (Figure 6) shows, the
folder names included an alphanumeric identifier that would
allow them to be organized in a consecutive way. The names
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of images in each folder included the folder name followed by a
sequence number (1, 2, 3, …). In this way the images could, if
desired, be grouped in a single giant folder in consecutive order.
The second step toward making the collection searchable
was to make the contents of each image searchable. This
proved challenging since the images were jpgs and jpgs are not
searchable. The choice of having made the images jpgs was
a simple one since the scanner could yield either jpg or pdf
images, but the jpgs were sharper and the scanner automatically
cropped them, whereas I would have had to crop any pdf images
manually and that was a prohibitive task to face unnecessarily for
thousands of images. But now it would have been prohibitive to
manually convert thousands of jpg images to pdf format to make
them searchable. The eventual solution was to use Acrobat’s
“merge” feature that will collect multiple images into a single
pdf file and will automatically convert them from their original
format (in this case, jpg) into pdf.
So I converted each folder of jpg images into a single pdf
file and then ran Acrobat’s optical character recognition (OCR)
on each of these files. Finally I merged all of those pdf files into
one giant pdf file for the museum’s first floor and two giant files
for the second floor. (Acrobat file size limitations precluded
creating one enormous file for the entire museum.) With OCR
done and giant files created, to find a name, for example Merle
Hodge, one would just have to search three files to examine the
entire museum. The OCR software proved to be remarkably
adept, even recognizing century-old newspaper font, so that
nearly all of the printed text in the museum was successfully
OCR’d and is now searchable.
But handwritten material is not recognized by the OCR
software. So on critical frames, for example handwritten
identification of names in group photos, I manually typed up
those names in text boxes (Figure 8) so that the OCR software
would catch them. Though tedious, this task proved rather
enjoyable since many of the names and faces were those of
children I knew later in their lives when they were adults.
Figure 8. Group photo and handwritten identifications with
names typed in for OCR recognition.
The third and final step toward making the collection
searchable was to create various indexes as Excel files. The
largest index (Figure 9) is of newspaper clippings where I created
an Excel line for each clipping, listing the names, the year, and
the occasion, as well as the folder and sequence number of the
digital image of the clipping. Again, though tedious at over a
thousand clippings, this task also proved enjoyable since I knew
so many of the people.
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Figure 9. Sample newspaper clippings and index.
Another index is of the Museum’s 272 hardbound books.
This index (Figure 10) lists the title, author, and year of
publication. For each book, I had made one scan of the spine
and front cover and another scan of the title page. For some
books, I also scanned sample inside pages.

Figure 10. Sample book spine and cover scan.
Yet another index is of deed boxes containing various local
legal documents such as mortgages. A final index is of sheet
music covers from the first half of the twentieth century.
With the table of contents, OCR, and indexing efforts
complete, the entire content of the Museum was now not only
preserved digitally, but was also accessible and searchable, and
all stored on archival 100-year DVDs (Figure 11). The methods
used here could be applied to any permanent collection on a
volunteer basis if grant-funded professional archiving services
are not available.
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Figure 11. Archival 100-year DVD.
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COSMIC WONDER, WORLDWIDE TELESCOPE, AND THE PLANETARIUM’S THIRD WAVE
Mark SubbaRao
Adler Planetarium
1300 S. Lake Shore Drive
Chicago, Illinois 60605 USA
msubbarao@adlerplanetarium.org
Abstract: In the spring of 2013 the Adler Planetarium opened a new show “Cosmic
Wonder” produced and played back entirely in Worldwide Telescope. The paper will
argue that this show represents an entirely new type of planetarium show, one made
possible through the “sky mode” of Worldwide Telescope - the first “third wave”
planetarium show. The first wave of planetarium shows simulated the night sky. The
second wave, enabled by digital projection, allows us to fly through three-dimensional
models of the Universe. The third wave gives us a telescope’s view of the sky, pulling in
and stitching together imagery from a variety of sources, turning the planetarium into a
virtual observatory.
The Challenge

The planetarium’s second wave was enabled by digital
projection. We could now leave the surface of the Earth and fly
through the evolving 3D model of our Universe.

The Adler Planetarium faced a challenge: the planned feature
skyshow production was running behind schedule and could
not meet the scheduled opening date. We needed to produce
an alternate skyshow from scratch on a very short (3 month)
timeline and with a very small budget. The decision was made
to employ Worldwide Telescope (WWT) in the production and
focus on showing real astronomical imagery in its context on
the sky. WWT’s tour creation capabilities simplified production
and allowed us to focus on the story, how the beauty of the
Universe inspires wonder and the desire to learn more. While
WWT had been used in the planetarium before, this was the
first major full show produced and played back entirely inside
the software. Microsoft Research collaborated closely with the
Adler Planetarium on the production. Lead developer Jonathan
Fay travelled to Chicago and added significant functionality and
performance improvements to WWT, which were critical to the
success of the production.

The planetarium’s third wave simulates our telescopic view
of the Universe. The planetarian has access to potentially all
the world’s telescopic imagery, and can pull in what they want
and mix it together on the dome. In this mode the planetarium
becomes a viewing platform for the Virtual Observatory.
This ‘third wave’ planetarium experience is one that
was enabled through Worldwide Telescope. It represents a
fundamentally new way of using the planetarium. Unlike the
first two waves where the planetarium acted as a simulator, in
this third wave the planetarium is a viewer of real astronomical
imagery.
Zooming in the Planetarium
The Worldwide Telescope experience involves zooming in to
astronomical imagery that is often at astonishingly small angular
scales. But what does it mean to zoom in a planetarium? The
process of zooming involves reducing the field of view, but in a
planetarium the field of view is always fixed at 180 degrees. The
model adopted by WWT is to paint the astronomical imagery on
to a virtual celestial sphere and then zoom by moving a fisheye
camera from the center, towards the surface of that sphere. In
the planetarium this has the effect of making the image appear
to flatten and move towards the viewer. The effect can be quite
dramatic, making it seem as if the image is falling on top of
the audience. As this is a new use of the planetarium, it is not
surprising that some planetarians have reacted negatively to this
visual effect. However here I’d like to argue that this ‘sky drop’
effect is both compelling and desirable. It is desirable because
it contains valuable information, the lowering of the virtual

The Planetarium’s Third Wave
We classify planetaria as traditional (opto-mechanical) or
digital. In the digital fulldome world the shows are further
classified as pre-rendered or real-time. These classifications
miss the mark in that they focus on how the show is produced
rather than the nature of the experience we are creating. Here
I propose a new classification scheme, one that focuses on the
nature of the experience.
The planetarium’s first wave simulated the view of the night
sky. Enabled by the invention of the optical star projector, this
wave of planetarium experience gave urbanites the inspiring
dark sky views that were being lost to city lights.
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image plane serves as a proxy to zoom level, giving the viewer a
measure of the angular scale they are viewing. It is compelling
because when combined with high quality projection the zoom
effect is quite dramatic. Even though you are observing 2D
imagery, the experience is remarkably 3D. The powerful nature
of the experience is confirmed by the positive critical reviews
and visitor comments during the three plus year run the “Cosmic
Wonder”.

to participate in better understanding the mysterious dark matter.

Figure 2: This ancient Chinese star map from the Adler’s
collections is featured in Cosmic Wonder.
Conclusion
Worldwide Telescope has enabled and entirely new class
of experience, the ‘third wave’ planetarium show. By focusing
on real astronomical imagery in its proper context on the sky a
wealth of stories are open up for the telling. This is an important
advance for our community, with WWT all digital planetaria,
regardless of size or budget, have the tools to create high quality,
scientifically accurate, compelling planetarium content.

Figure 1: The WWT zoom in visual effect during a flight to
the Crab Nebula during a showing of ‘Cosmic Wonder’ in the
Grainger Sky Theater at the Adler Planetarium.
Cosmic Wonder
Even with the short production schedule and small budget
WWT allowed us to create the experience we wanted. In
creating that experience we held up certain principles.
Let the majesty of the imagery speak for itself. To reinforce
the size of these objects we took the time to take long (one
minute) zoom ins. Once there we took our time, allowing the
audience to appreciate them. Remembering David Malin’s
advice during his 2006 Keynote lecture at the Melbourne IPS
we also went light on the narration allowing the audience to
appreciate the beauty of the imagery.
Use of a live presenter. Since ‘Welcome to the Universe’ all
of the Adler Planetarium’s productions have been live presented.
This is an essential part of the Adler experience. We believe that
the sky show should be more theater-like than movie-like.
Give the audience something to do. At the beginning of
the show all audience members are handed a penny, but aren’t
told why. During the show they are asked to feel the weight of
the penny and told that if the penny were made of neutron star
material it would weigh 100 million tons, which is more than all
the buildings in Chicago. Later they are told to hold the penny at
arm’s length before we zoom in to a patch of sky the angular size
of Abraham Lincoln’s eye. In that tiny patch of sky there we see
thousands of galaxies, illustrating the immensity of the universe.
Focus on the Adler’s strengths. The show draws heavily on
the Adler’s historic collections and works on paper to show how
our understanding of the universe has evolved over time. The
Adler is also home to the development team for the Zooniverse
suite of citizen projects. At the end of the show audience
members are invited to participate in one of those projects and
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ACTIVITIES OF THE OBSERVATORY IN HURBANOVO (FORMER STARA DALA) BETWEEN
TWO WORLD WARS
Marián Vidovenec
Slovak Central Observatory
Komárňanská 134
947 01 Hurbanovo
SLOVAK REPUBLIC
marian.vidovenec@suh.sk
Abstract: The observatory in Hurbanovo (former Stará Ďala) was established in 1871
by Nicolaus Konkoly Thege. Its existence ended in 1918 after the First World War.
Hurbanovo became a part of newly established state Czechoslovakia so instruments of the
observatory were removed to Hungary. Activities of the observatory were saved thanks to
fact that it became a part of Czechoslovak State Observatory. This situation continued till
1939. A lot of important Czechoslovak astronomers (Kavan, Sternberk, Dittrich) worked
in Hurbanovo’s obsevatory during this 20 year period. A 600 mm mirror telescope was
installed in 1927. With this telescope staff of the observatory made the first photos of
Pluto from Europe, just two weeks after its discovery. Besides astronomical activities,
the staff of the observatory worked on solving mathematical and technical problems and
provided popularisation of astronomy too. This period ended at the beginning of the
Second World War, when the territory of Hurbanovo became a part of Hungary and the
observatory lost its equipment again.
The astronomical observatory in Hurbanovo (till 1947 Stará
Ďala) was established by Nicolaus Konkoly Thege in 1871. Its
activities are divided into three time parts. The first one is from
1871 – 1918, the second began in 1919 and finished in 1938.
The present activities started in 1962.

was a reason why Dr. Jiří Kavan started activities to obtain a
new telescope. In 1924 a 600 mm reflector was bought, the
biggest telescope at that time in Czechoslovakia. But that time
observatory provided beside basic astronomical observations a
meteorological and geomagnetic observation too. Unfortunately
there were not enough staff for such wide activities, and this is a
reason why the big telescope was not installed till 1927.

The observatory in Hurbanovo became an important
astronomical organization very soon after its establishing.
It was well equipped for the whole scale of astronomical
observations such as photometry, spectroscopy, and astrometry
too. The observatory became well known for solar observations
too. The conditions for solar observations are very good in this
area because of numerous sunny days. During the first period a
meteorological and geomagnetic observatory was also built on
the site of Hurbanovo´s Observatory.

Another important person, Dr. Arnošt Dittrich, worked at
observatory beginning in 1920. He was an expert in history
of astronomy and theoretical physics. He was one of the first
advocates of the Enstein Relativity Theory. Dr. Arnsošt Dittrich
became a governor of the observatory at the end of May 1927. At
that time an enormous institute in Hurbanovo (Stará Ďala) arose
from the merging of Konkoly Observatories. He divided it into
three sections–meteorological, astrophysical, and geophysical.
Dr. Bohumil Šternberk became head of the astrophysical section
in 1928, Dr. Dittrich was head of geophysics section, and head
of meteorology section was a Dr. Kenessy.

Political occurrences in central Europe had a big influence
on the observatory in Hurbanovo (Stará Ďala). After the First
World War the Austro-Hungarian Empire was divided into
several new states. Hurbanovo (StaráDala) became part of new
Czechoslovak republic. The main astronomical instruments of
the observatory were moved to Hungary.
The observatory became part of the Prague state observatory
Clementinum under control of Ministry of Culture and Public
Education. Dr. Jiri Kavan, former assistant of Astronomical
Institute in Prague, became Governor of the Observatory on
13 March 1919. His photograph is not available. He was
mainly a mathematician, so he is better known by his tables
of prime numbers. The observatory lacked instruments so this
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Dr. Šternberk’s accession to observatory was a real
breakthrough in its life between two world wars. His main aim
was to renew astronomical observations and install the new 600
mm telescope. There were a lot of difficulties during installing
the telescope in biggest dome of observatory. It was necessary
to rebuild its entire electrical installation, which was designed
for 120 V D.C. The telescope was put into operation in 1928. It
was most important instrument at the disposal of Czechoslovak
astronomers for the next 40 years. Using this telescope,
Bohumil Šternberk became the first astronomer in Europe to

measure photographically the position of newly discovered
planet Pluto (since 2006 a dwarf planet) on March 18 and 21.
His measurements ranked among the most precise ones.

(High Tatras) in 1941. The first 159 photographs were taken
by the telescope from this place on 16 October 1944. The
telescope has worked in University Observatory in Modra since
1980. That time the spectroscope was dismantled and moved to
observatory in Onřejov. Later it was moved back to Hurbanovo.
At the present time it is still working. It is used in eruption
observations.

Bohumil Šternberk also worked on the introduction of
photocells in photometry. Until then, photographic plates had
been practically the only means of measurement. He brought an
original idea of intensifying the photocurrent using alternating
frequency amplifiers so that the input current could be listened
to and it intensity measured. He used this technology during
radio reports in 1934. Later the “Voice of the Moon and Vega”
was recorded by British Broadcasting Corporation and issued
on gramophone records. In the case of the Moon, the intensity
of the sound changed according to how much clear area was
passing before the sensor at the moment.

During the Second World War astronomical activities in
Hurbanovo (Stará Ďala) were finished. That time the observatory
was oriented to geophysics observation and meteorological
observation mainly for military aims. Dr. Kálmán Kenessy
became director of the observatory. Unfortunately some of
instruments that remained in observatory were evacuated to
Hungary in 1944. So this way observatory remained in fact
without instruments. The activities in the field of geophysics
and meteorology were renewed very soon after the Second
World War. Thank to this both of them have a good over 100
years continuous data.

Another task to which Šternberk applied himself in
Hurbanovo (Stará Ďala) was the measurement of the Finsler
comet photometric Cross-section. It was the first attempt in
the world to measure light distribution in the head of a comet.
Šternberk began to study methods of precise time settings in
Stará Ďala too. Besides this, he also worked on the construction
of various instruments. One of them was a spectrohelioscope,
constructed together with Dr. Bohumila Nováková-Bednářová.

But it took over 20 years before astronomical observations
were renewed in Hurbanovo. After the Second World War
there remained only the empty building without instruments.
Thanks to volunteers who started build up the new telescope for
observatory it was opened to public on 15 May 1964.

Prof. Dittrich was succeeded by Bohumil Šternberk in 1936
as a governor of Hurbanovo (Stará Ďala) Observatory. Šternberk
held this position till the observatory was handed into Hungary
on 7 November 1938. It was a result of Vienna arbitration
before Second World War. Hurbanovo (Stará Ďala) became
part of Hungary. At that time, Šternberk controlled the quick
dismantling of big 600 mm reflector telescope, which took only
several hours and which was moved back to Czechoslovakia.
There are some myths relating to the telescope’s journey
of 1938. One of them says that it was never delivered to its
destination for bureaucratic reasons. Šternberk tried to send it
to the Observatory in Ondřejov (near Prague) by train, but there
is no Ondřejov railway station and therefore was sent back to
Slovakia. Telescope was then kept in the Prešov water tower
store. Later it was installed in observatory in Skalnaté Pleso

I explained the present situation of observatory in Hurbanovo
in my poster. There you can see how it looks like after last 50
years of its building up.
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HOW TO MAKE AN ASTRONOMY EXHIBITION FUN?
Jing Wang
Beijing Planetarium
138 Xizhimenwai Street
Beijing, 100044
CHINA
wangying@bjp.org.cn
Abstract: With the development of astronomy science education philosophy and
multimedia information technology, planetarium exhibitions are designed to pay more
and more attention to space, form, and the creation of the atmosphere and situational
experience. Interactive learning has become the dominant mode of exhibition. How to
make the inscrutable knowledge become easy and fun? How to stimulate the audience’s
interest in astronomical knowledge learning? From the perceptive of incentives, we can
make it work by letting the audience learn through fun themes; consolidate knowledge
from interest assessment; finally get to scenario games or other incentives scenes. Then,
the astronomical knowledge will disseminate to the public in a simple and fun way
and make astronomical education activities more attractive. Meanwhile, the complete
incentive system not only makes the exhibition more holistic and enriches the exhibition
experience, but also improves the effect of popularity of astronomical knowledge.
Astronomy is an all-encompassing comprehensive discipline
that is inextricably linked with history, geography, physics,
mathematics, and other disciplines. The rapid development
of modern astronomy has attracted the attention of the world.
The developed countries are especially active in investment
and promoting astronomical popularization, even starting from
primary education. However, astronomy often makes people feel
mysterious and esoteric so that a lot of people feel interested in
astronomy but daunted at the same time. Therefore, an astronomy
planetarium plays an important role in the astronomical science
field. Consequently, how can an astronomy planetarium make
the seemingly unattainable knowledge become easy and fun in
some appropriate ways? How to inspire the audiences through
meaningful exhibitions, and especially to stimulate the youth’s
interest in learning astronomical knowledge? This paper will
talk about some ideas of astronomy exhibition design from the
perspective of incentive.

The second is exploratory. The design and development of
astronomical science exhibition need to grasp the psychological
characteristics of the audience and their demands with exhibition
items getting close to the normal life and having a strong appeal
to make the audience participate in the experiencing activities.
Inspire their interest in learning astronomical knowledge in
order to form a general concept of astronomical subjects.
The third is interestingness. Interestingness is to make
astronomical science exhibitions achieve the desired effect, and
it is also an important factor that leads the audience quickly
accept and integrate into the science education activities. Using
a very fun way to show knowledge of astronomy by revealing
the nature and content of universe in layman’s language, thereby
contributing the audience to accept the knowledge and making
it easy to impress them. Through interesting astronomical
exhibitions, the planetarium can attract more audience and
stimulate their interests and desires to explore astronomy.

First, principles of astronomical science exhibition design.

The fourth is experiential. The most important design
principle of astronomical science exhibition that can’t be
ignored is experiential. Most astronomical science activities can
be personal experiences, including observation, photography
etc., which can make the audience feel the intuitive wonders
of the universe. In the design of planetarium exhibitions, we
should pay attention to the experiential by creating astronomical
scenes to provide the audience with nature, beauty, and magic
of the universe. Therefore, the audience can easily realize the
harmonious relationships among human, nature, and society.

In the first place, let’s talk about several principles that
should be paid attention in astronomy exhibition design.
Knowledge is the first principle. Knowledge is the soul of
astronomical science activities. As the foundation and core of
science activities, scientific knowledge can always be used as a
clue throughout the astronomical science activities. The major
popularization of the planetarium is to teenagers because they
are more psychologically sensitive and ready to understand and
accept the different and new material.
93

The fifth is differences. Audiences with different ages have
different physiological and psychological needs, so the design of
astronomical science displays should not only meet the needs of
both the groups but also find a balance in those needs.

interlock, make the audience involuntarily follow the established
exhibition line to visit, and be immersed in a pleasant atmosphere
for learning and acquiring knowledge.
With fascinating exhibition theme, the next focus is that
whether or not the audience can continue study carefully
about what this topic has expressed. Exhibition design and its
forms of expression are inseparable, and you should use the
appropriate form in exhibitions, especially with the help of the
advanced multimedia technology, to create a good astronomy
atmosphere for the audience. Make the audience feel at ease,
immersed on the scene, meanwhile learning the astronomical
knowledge without even knowing it. The exhibition should
focus on sensory experience of the audience; it must express
some basic knowledge of astronomy through the easy way to
help the audience better understand the science content under
this theme.

Second, how to make the astronomy exhibition fun?
In recent years, many schools choose to have the science
curriculum in the planetarium or other museum. Through the
visit and explanation, students can feel close to the charm of
science, and that can stimulate students’ interest in scientific
knowledge. Then, how to make astronomical exhibition more
interesting and attractive? Based on these five principles above,
this article will discuss how to make the planetarium exhibit
more interesting and attract the audience, so as to achieve the
best effect of science.
1, incentive mechanism.

Beijing Planetarium’s “Happy to Explore the Universe”
exhibition is designed on the theme of good practice, interesting,
and easy content. “Happy to Explore the Universe” exhibition
contains: “The experience of the moon, through the water,
gold, Mars scenery, small celestial world tour, Jupiter, Saturn
wonders, explore deep sea days, look at the sky, small theater
space, the scale of the universe, astronomy unsolved mysteries,
history of the universe, the game Quest” of 13 themed areas. In
terms of content, “Happy to Explore the Universe” exhibition
includes interesting story mode, dynamic, three-dimensional,
systematic display from the Earth to the Universe, to spacebased observations from ground-based observations, from the
Big Bang to the evolution of the universe, and other astronomical
knowledge. Formally, fully considering the building itself
a strong personality and modernity, we used and built a new
display in the form of coordination, maximize the pursuit of
the overall display of results, which will be the exhibition into
the building, so that the whole stadium can be designed with a
strong overall sense. Technically the show demonstrates the use
of a variety of advanced equipment and technology to create an
abstract in the enclosed space traveling into space, exploring the
mysteries of astronomy. It allows viewers to easily participate
in interactive, rich understanding of astronomical knowledge in
the entertainment.

Incentive is a set of mental processes that cause need,
stimulate the motivation, guide behavior, and effectively achieve
goals. For incentives in astronomical science exhibition, people
(i.e. the audience) are the main object. It can encourage and
guide the human mind, psychology, and behavior, and thus
stimulate and arouse the maximizing of people’s enthusiasm,
initiative, and creativity, making the exhibition move towards
the desired goal and become a popular education means.
As an astronomy exhibition design conceived, it is very
important to regard the audience as the center, and to think from
the perspective of the audience about how to attract them, how
to raise their interests in learning astronomical knowledge. This
requires not only the expression of the results of the cuttingedge astronomy through fun ways, also using some appropriate
incentives to stimulate the audience, to attract them, and
strengthen the narrative, entertaining, challenging and purposeful
of exhibition items. Put incentives into each exhibition item,
and let the various themed exhibitions come together through
a certain clue. This not only can enhance the integrity of the
exhibition, visitors can also get a rich experience, which triggers
the audience’s interest to learn astronomical knowledge.
2, fun exhibition theme and easy exhibition contents.

3, the challenge of consolidating knowledge.

Dissemination of astronomical science knowledge, so that
more people believe in science, understand science, understand
astronomy, and fall in love with astronomy, is an important goal
of the planetarium’s exhibition. How to make the seemingly
esoteric astronomical theory and knowledge seize and attract the
audience’s attention the first time? The answer is to have a fun
theme and content of the exhibition, make people be attracted
involuntarily when they see the topic name, and then want to
continue to visit and study the contents of the exhibition under
the theme.
Of course, different themes of the exhibition cannot be
isolated, but should be based on a clue, and can concatenate
the items together to form a whole exhibition. Therefore, an
interesting theme of exhibition should follow some certain
rules, make different exhibition items such as narrative and plot

With eye-catching theme of the exhibition, how to ensure
the audience to be able to get the appropriate knowledge after
the visit? If there is only a single way through the quiz, choice,
judgement to consolidate knowledge, it is inevitable to make the
audience feel bored.
While doing the questions, adding the concept of Challenge,
setting the length of time and statistical accuracy, ranking or
competition with the other audience in one knowledge contest,
the outcome will stimulate the audience’s desire to win, then
they will understand and memorize every knowledge points
more attentively in the exhibition.
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In addition to the challenge, the concept of integral system
or Medal of Honor can also be used, and the answer can obtain

certain points. When the points accumulated to a certain height
can be awarded the Medal of Honor, which can also be called
challenge the Medal of Honor. In this way, the exhibition not
only enhances entertainment, but also improves the audience’s
acceptance of the exhibition contents, inspires the audience to
experience the exhibition with heart, and to consolidate what
have learned in this tour.

astronomical education activities more attractive. Meanwhile,
the complete incentive system not only makes the exhibition
more holistic, enriches the exhibition experience, but also
improves the effect of popularity of astronomical knowledge.
Third, the practice summary and future prospects.
The interaction exhibition “cosmological space-time shuttle”
of Beijing Planetarium develops a story of universe for the
audience to visit. It mainly includes three parts, the knowledge
preparation, selection and assessment, and experience the shuttle.
By learning and assessing, audience will become members of
cosmic space-time shuttle team. In this science fiction colored
with the leadership of the space shuttle, players will be able
to return to the Big Bang 13.7 billion years ago, then watch a
typical stage of cosmic evolution. When players are watching,
they will encounter a few special circumstances arise in the
form of interactive games. And they need to drive the shuttle to
experience these special circumstances. The interactive aspects
of the game also introduce teamwork and score ranking team,
allowing players experience the cooperation and competition in
the interactive process. “Cosmological space-time shuttle” is a
very successful case that uses the theory in this paper and attract
many audiences to try to challenge it.

4, the challenge successfully rewarded
Incentive of honor to the young audience is very attractive,
but how to motivate the majority to be interested in astronomy?
The answer is very simple, to give enough interesting and
meaningful incentives. What kind of reward is attractive? We
can combine the characteristics of different exhibition items, the
audience who won the challenge will get the chance to experience
the region, to restore scenario, or participate in the region game.
A reward is the driving force, having the incentive can motivate
more people interested in learning astronomy knowledge.
However, in the award session, we should still pay attention to
scientific certainty and subtle astronomical knowledge, because
this is not a single game or experience.
Above all, in the design of an astronomy exhibition, we
need to consider people‘s perspective of incentives, we can let
the audience learn through fun themes, consolidate knowledge
from interest assessment, and finally get to scenario games or
other incentives scenes. Then, the astronomical knowledge will
be disseminated to the public in simple fun ways, and make

In the next one to five years, Beijing Planetarium’s
exhibition will be renovated and updated. In the new astronomy
exhibition design process, there will be a large number of hightech elements to meet the needs of audiences, and to strive to
create a strong scientific, highly entertaining, and attractive
popular exhibition hall for the audience.
Let us look forward to a wonderful tour of the universe.
References
[1] Liu J, 2012, Discussion of teenagers’ status in Astronomical
science popularization activity and development
countermeasures, Popular Science & Technology.
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THE ATLANTA SCIENCE FESTIVAL
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Abstract: Atlanta hosted its first-ever Science Festival in March 2014. Fernbank Science
Center offered activities, planetarium programs, and a mystery-theater presentation:
Death by Chocolate. The experience was popular, and planning is underway for the next
Festival in March 2015.
In the summer of 2011, three colleagues at Emory University
started a discussion about a science festival in Georgia. By the
following spring, they had supporters and fundraisers from
across the Atlanta Metro area. The Atlanta Science Festival was
held in March 2014.

Young children used chromatography to create colorful
images from black markers and coffee filters. As the black ink
dispersed into a rainbow of colors, the “oohhs!” and “Ahhs!”
were a delight.
Capillary action demonstrations showed colored inks
“crawling” up between two closely spaced acrylic sheets: a
liquid defying gravity.

Information on their web site indicated that the Atlanta
Science Festival would offer a range of activities over eight
days at more than 30 locations across Atlanta. Lectures,
performances, exhibits, demonstrations, workshops, guided
walks, and more would bring together local scientists, artists,
teachers, and entrepreneurs with our community to encourage
everyone to celebrate the essential role of science and technology
in our everyday lives.

Ring magnets demonstrate how a computer hard drive
works. Magnets are attracted or repelled by the magnet at the
base of the stand, and represent binary code. Patient participants
could write their names in binary, similar to the way a hard drive
stores magnetic information at nanoscales.

It would provide opportunities to ask scientists about the
things we see and wonder about every day, to learn about the
cutting-edge research happening around the corner, and to
experience the way that science reaches into places we don’t
expect!

Nearly as magical were the invisibility beakers. A clear glass
Hershey’s Kiss ornament was attached to a string and suspended
in a transparent beaker of clear water. A small rock was similarly
suspended, and remained visible underwater in the beaker. The
ornament was invisible in the beaker, but appeared when lifted
from the water. Students and demonstrators discussed properties
of light, utilized in new nano-materials.

Science Festivals happen all over the United States, and
indeed all around the world. Some, like the one in North
Carolina, involve the entire state. Others, like Atlanta’s, are
regional. The Science Festival Alliance web site is a good
place to start, if you’re interested in a similar program: http://
sciencefestivals.org/
Over 80 Atlanta metro area groups collaborated for the
Science Festival, from local brewers, to the British and French
consulates, to the Centers for Disease Control and Prevention.
They offered a variety of activities: concerts that described the
physics of musical instruments, a competition for student-built
robots, chemistry of cooking demonstrations, guided tours of
local forest and garden areas, and planetarium programs.
The Atlanta Science Festival began with NanoDays at
Fernbank, on Saturday, 22 March. “The Biggest Event for
the Smallest Science” was geared toward families with young
children. “Chemical Magic” was the theme of the day.

Invisibility—it’s every kid’s dream. Rocks can still be seen,
but clear crystals “disappear” when submerged in water! Light
refracting properties of nano materials are the objective here.
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The messy process of making “oobleck” was relegated to
tables out of doors. Children and parents mixed cornstarch and
water in a plastic bag to create this non-Newtonian fluid. For a
description and recipe, see the web site http://www.livescience.
com/21536-oobleck-recipe.html
A traveling exhibit about nano-technology contained
a variety of activities for visitors. The goal of one was to
arrange wooden blocks that represent science and engineering,
neighborhoods, government, and the natural environment to
“Balance Our Nano Future.”
Thursday, 27 March was Festival night at Fernbank Science
Center. Volunteers from the Science Festival answered questions,
directed visitors, distributed surveys, and were generally helpful.
High school students assisted with the hands-on activities.

Saturday 29 March was the culminating Science Expo.
Inclement weather forced everyone inside the Georgia World
Congress Center for the event. But clever Philip Groce, of
Helping Planetariums Succeed, had anticipated the rain. He
set up the planetarium near the robot competition area, and had
plenty of space.

In addition to astronomy, Fernbank Science Center is home
to biology, chemistry, geology, Earth Science and physics
departments. Instructors volunteered to help visitors share
the life cycle of the monarch butterfly, observe forams and
tiny crickets under the microscope, sample honeys from our
observation hive, speak with the authors of a roadside-Georgia
geology book, and participate in planetarium and observatory
programs.

Many, many thanks are due to him, and to generous vendors.
Magna-tech and Konica Minolta lent their equipment, dome,
labor, and talent for this event.

“Death by Chocolate” was our first attempt at a murder
mystery evening. Students from the forensics Advanced Studies
class wrote a “whodunnit” utilizing the techniques they were
studying. They filmed the events leading up to the “murder” and
compiled a list of suspects. One of the county’s technical high
schools provided the culinary chocolate delights. To prevent
over-crowding, participant tickets were limited to 100, and were
offered through the Brown Paper Tickets web site. The program
was sold out several weeks before the event!
To aid in identifying the murderer, participants used
fingerprint technology, determined the density of glass and
plastics, studied blood samples and calculated the rate that
poison dissipates in the body. So who killed Chef Ruud Nestlé?
Was it apprentice chef Jessica Stover? Chemist Tatiana Godiva?
Or Hershey Hartford, cardiologist?

And the portable planetarium was one of the most popular
and successful exhibits at the Expo. Averaging 25 – 35 people
for each program, it took dozens of programs for the 600 people
who attended his 16 shows, which ran continuously from 10:40
a.m. to 4:06 p.m. every 20 minutes. Mr. Groce had almost no
voice left at the end of the event. Almost.
Many people couldn’t believe that so many participants
could fit into such a small-seeming space. One observer
mentioned that watching the people exit the dome was like
watching a “giant clown car”.
All in all, Atlanta’s first Science Festival, and Fernbank
Science Center’s participation in it, was a great success.
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Abstract: Mobile Planetarium (MP) is one of the most important forms of science outreach
activities beyond the local confines of Beijing Planetarium. This paper briefly reviews the
activities of our MP in the past six years, along with corresponding statistical analysis.
We have found that: 1, The demand of public for popularizing astronomy activities keeps
increasing in recent years; 2, Monthly activities distribution will be mostly affected by
the weather and the student’s holiday and vacation schedule; 3, The principal targeted
audience of our MP are primary and secondary school students, followed by the residential
communities. Based on our analysis, combining the trends of science popularization
environment, this paper also analyzes the future prospects and challenges that our MP
will face, and puts forward some suggestions for meeting them.
Mobile Planetarium(MP) is one of the most important
forms of science outreach activities beyond the local confines
of Beijing Planetarium. From the beginning of 1998, MP has
got into the school, community, museum, shopping mall, and
other places over 26 provinces and cities, and is widely loved by
the audience. Statistical analysis on its outreach activities will
help us to do better work on popularizing astronomy activities
in the future. The author also hopes this paper can be a useful
reference to other analogous types of science outreach works.

1,000 schools, communities, parks, and other places, received
an audience over 1,000,000 persons.
1.2 Activity content
MP’s contents are derived from the local planetarium (BJP),
mainly containing a mobile celestial theatre, astronomical
knowledge panels, interactive exhibits, meteorite specimens,
observation with astronomical telescopes, and lectures.

In this paper, the statistics review the details record of
activity work in the past six years. (Earlier record is not been
used because of its incompletion). The record will be classified
and analyzed from three aspects: annual activities, monthly
activities, types of activities.

Mobile celestial theatre. Watching the analog starry sky
in the inflatable mobile celestial theatre is the core content of
MP. The hardware has been updated many times. At present,
the hardware system is composed of a digital high-definition
highlight portable celestial instrument, inflatable dome, control
system, and auxiliary equipment. The mobile celestial theatre is
4.3 meters high, 7 meters in diameter; and it can accommodate
80 adults mostly. The shows in the mobile celestial theatre
are full dome videos demonstrating the wonder and beauty of
astronomy.

1 Mobile Planetarium
1.1 Summary of background
We have always worked hard on exploring new forms of
science outreach activities outside Beijing Planetarium since the
planetarium was established. Since the 1990s, the full set of
technology of mobile Celestial theatres has gradually matured,
and Beijing Planetarium set up a special department (8-person
team) to carry out MP which includes mobile celestial theatre as
a core, knowledge panels as auxiliary, popular science lectures
as features, and a popular science caravan as a physical carrier.

Astronomical knowledge panels. The panels contain many
intuitive diagrams, amazing astronomy photos, and easy words,
telling audiences some interesting knowledge of the solar
system, galaxy, astronomical observation, major astronomical
phenomena, astronomical hot topics, and so on. We have several
sets of panels; each set includes 30 panels with size of 0.9 meters
wide, 1.2 meters high.

Over the years, MP adheres to the “base in Beijing, face
to the nation” and carries out a wide range of astronomical
outreach activities. By the end of 2013, MP has visited nearly

Interactive exhibits. The audience can understand the
relevant knowledge points through interactive exhibits and also
have fun. These exhibits are mainly about astronomy, physics,
and mathematics. For example: scale of weight on planet,
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2 Statistics and analyses

model of Sun-Moon-Earth, lunar globe, model of the Milky
Way, planisphere, model of probability, etc.

According to characteristics of location where the MP was
carried out, it is not only needed to carry out the statistical
analysis of the total number of activities, but also needed to split
the data into activities at Beijing and activities outside Beijing.
Three types of data in this paper are referred to as: Together, At
Beijing, Outside Beijing.

Meteorite specimens. Meteorites, visitors from space, are
the very precious specimens in astronomy exhibition. Currently
MP has three blocks of meteorite with different characteristics.
The audience can feel close to the space by touching these
meteorites.
Observation with astronomical telescope.
Observing
the object in the universe by the telescope is one of the most
important ways for astronomy research. We have several
types of telescope to display the structure and to observe the
sun, the moon, planets, etc. The audience can experience real
observation at MP.

2.1 Statistics and analyses of the total number of annual activities
We can easily find the change characteristics of the number
of activities through these annual statistics. After the statistics,
there are some analyses to explain the reasons of changes.
Over the past six years, most activities are carried out by the
consignation of government departments, schools, community
and etc. So this diagram can reflect the change of social
requirement of astronomical popularization.

Astronomical lecture. Providing interesting astronomical
lectures for the audience is a characteristic of MP. Experienced
experts of astronomy popularization in the team can make the
lecture according to the astronomy hot topics and audience
demand.
1.3 Way of activity
What and how we display in each activity is based on the
type of audience, the site condition, weather condition, etc.
There are mainly several following cases:
School activities. When MP carries out activity in schools, it
is composed of mobile celestial theatre, astronomical knowledge
panels, interactive exhibits, and showing meteorite specimens.
According to the activity demand and organization of the school,
we also arrange observation with an astronomical telescope and
an astronomical lecture.
Students take a 50 minutes long visit in batches. The number
of every batch is about 160 students. Usually we can receive
about 600 students per day.

Four different aspects of change can be seen from the
diagram:

Community activities. When MP carries out activities at a
community, it is composed of astronomical knowledge panels,
interactive exhibits, and showing meteorite specimens. Most
audiences are the residents of the community. Most audiences
will come to the MP at the beginning of the activities, then rest
of them will come at variable times. Therefore, we usually take
a small lecture in the beginning stage, and random explanations
in the subsequent time.

a. Activity data showed a rising trend year by year.
This change reflects the increasing of social demand
for astronomical popularization. This is because Chinese
governments improve the scientific quality of people vigorously
and persistently, and also reflects the economic development and
social progress.

The theme activities. Sometimes MP will be invited to some
important activities with a particular theme such as astronomy,
physics, aerospace, etc. Usually these activities will last for a
few days at a fixed place like a cultural square, stadium, park, or
mall. We take a mobile celestial theatre, astronomical knowledge
panels, interactive exhibits, and meteorite specimens to these
activities and provide random personal service and customized
services for groups.

b. There was an outbreak of activities in 2009.
This is because 2009 is the International Year of Astronomy.
As the largest planetarium in Chinese mainland at that time, BJP
has the responsibility of promoting astronomical popularization
and research on a national scope, so in 2009 BJP organized a
very extensive and influential series of astronomical activities
to popularize astronomy. Under this situation, MP put more
emphasis on astronomical popularization nationwide and
promoted the development of it.
99

c. Although the guidelines of MP is “base in Beijing, face to
the nation”, but the data show that we have no obvious focus on
Beijing or outside Beijing.
This is because the resources of astronomical popularization
in China are relatively scarce, and distributed unevenly. So the
MP distributes many efforts to meet the needs of astronomical
popularization from other provinces and cities. At present,
because of the development of economy, the local governments
have the resources to build more museums for science
popularization. Shanghai Planetarium, Guangxi Planetarium,
and other large planetariums are going to be completed. In the
near future, the needs of national astronomical popularization
will be met better, and our MP can do more effort on astronomical
popularization in Beijing.
d. The data show that the activities in 2012 rise back to 2009
levels, and hit a record high in 2013.
In recent years, the work team size of MP did not change.
The increase of activity took up so much time and energy that
the team didn’t have enough time to innovate the content and
form of astronomical popularization, and this will affect the
quality of future works.

February. The distribution characteristic is mainly determined
by several factors: 1, during the semester period of primary
school and middle school (from March to July and September
to January), they have many demands for astronomical
popularization in order to enrich the scientific and cultural life
of students. 2, outside activities are limited by the weather,
so the closer to the winter and summer the fewer activities are
conducted. 3, the Spring Festival which is usually in January
and February is the most important festival for all Chinese. The
theme of these days is family, so activity in this period of time is
almost in a suspended state.
Carrying out activities is the core of the work for the team,
but not all of its work. The team also needs to constantly enrich
the MP in order to ensure it can keep pace with the times and
audience demands. The diagram can be a good guidance for
predictable arrangements of team work, from the dimension of
time.
2.3 Statistics and analyses of the types of activities
At Beijing

2.2 Statistics and analyses of the monthly activities distribution
This is monthly statistics of all activities (Together) and sixyears average of the monthly data.

Location is one of most obvious characteristics of activity.
Specific place corresponds to specific audiences. This paper will
use the location to represent the corresponding audiences and
classify the activity data of Beijing into eight types. (Activities
conducted outside Beijing mainly belonged to theme series and
can’t be subdivided.).
From the diagram we can clearly notice that the main service
objects of MP are primary school and middle school, followed
by the community and the theme activity. So the MP should
respect the fact and distribute different amounts of time to
design appropriate activity for each of them. How to distribute
time wisely is a problem worthy to be researched.
The diagram reflects that the demand for activities peaks
around April and November, and reaches a trough around
100

3 Trends of science popularization environment

4 Future prospects and suggestions

3.1 Large planetarium built up gradually

Based on the statistical analyses, there are some prospects
and suggestions for the future work:

Along with the promotion to science popularization from
the national level, astronomical popularization has also been
considerably developed. In recent years local governments
have increased investment to the planetarium gradually such
as Shanghai planetarium, Guangxi planetarium, and Wuhan
planetarium. When these planetariums are built up, the shortage
of Chinese astronomical popularization capability will be greatly
alleviated.
In such an environment, similar popularization form with
MP will appear more and more.
3.2 The government vigorously invests to the mobile science
popularization
Scientific Caravan is a very important project of science
popularization of CAST (China Association for Science and
Technology) since 2000. Because of MP´s similar form and good
work, we have also received strong support from the CAST. In
2013 and 2014, the CAST purchased 98 sets of inflatable mobile
theatre to equip its scientific caravans nationwide.
Since the beginning of 2013, the MOST (Ministry of Science
and Technology of the People´s Republic of China) organized
the “itinerant exhibition of mobile science and technology
museums” during the national Science and Technology Week.
These two facts obviously reflect national attention and
investment to the mobile science popularization. In the future
the MP will have more and more peers and also competitors.

a. Needs for science popularization and teams of mobile
popularization are going to be more and more. In such an
environment, MP should keep pace with times, adhere to the
astronomical characteristics, constantly bring forth the new
through the old, thereby finding its position in the science
popularization tide.
b. Quality and quantity are equally important to activities.
The 8-people team can‘t meet all demands, so a considered goal
of quantity should be set, in order to have enough time to supply
high quality activities.
c. In addition to activity which means present, innovation
of popularization which means future should also be one of the
key works. The work team should allocate time reasonably to
finish both of them.
d. MP should mainly carry out activity in schools and provide
scientific service for students. This is verified in practice, and
needs to be continued. Most effort of the work team should be
made to this.
e. MP is the extension and supplement to local planetarium,
should fully absorb the local planetarium’s experiences and
resources, and make them to possess mobile features, thereby
enhancing the MP‘s ability.

3.3 Chinese research projects make more efforts on related
science popularization
Scientific research projects of China have paid more and
more attention to do corresponding popularization work in
order to let people know the development situation of national
science and technology. This is a good way to satisfy the desire
of people to know about science and make them proud of
their country. Scientific museums are one of the best channels
connecting research projects and public. In the past few years,
the CLEP (China‘s Lunar Exploration Program) and the FAST
(Five hundred meters Aperture Spherical Telescope) carried out
a series of popularization work with BJP, made very good social
repercussions. MP played a very important role in it because of
its advantage of mobility.
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Abstract: The digital fulldome planetarium is a maturing medium with over a decade
of technological innovation. Yet few studies have been done to look at the efficacy of
this immersive tool for education. We report results from the first experiment using
immersive visualizations for teaching astronomy to college undergraduate students.
Weekly curriculum quiz results from students visiting a digital fulldome theater were
compared to a control group that saw the same visualizations on a flat screen in their
regular classroom, and a second control group that received only traditional classroom
instruction. Results from the topic module on Earth seasons shows significant benefits
in learning gains for those who visited the dome versus their peers in the two control
groups. Learning gains in other modules suggest the importance of interactive views of
spatial phenomena within a virtual environment, where multiple frames of reference are
presented and three-dimensional relationships between celestial bodies are more easily
understood.
The digital fulldome planetarium is a maturing medium
with over a decade of technological innovation. Yet few studies
have been done to look at the efficacy of this immersive tool
for education. We report results from the first experiment using
immersive visualizations for teaching astronomy to college
undergraduate students. Weekly curriculum quiz results showed
that students visiting a digital fulldome theater had larger
learning gains compared to a control group that saw the same
visualizations on a flat screen in their regular classroom, and a
second control group that received only traditional classroom
instruction. These results suggest that the immersive visuals
help by freeing up cognitive resources that can be devoted to
learning, while visualizations shown in the classroom may be an
intrinsically inferior experience for students.
Introduction to Learning Seasons
The cause of the seasons is a difficult to learn, because of
the large number of concepts that learners need to understand
before they can have a complete conceptual understanding.
Sub-concepts can be divided between those involving views of
the phenomena from the surface of Earth (e.g., changing altitude
of the noon-time Sun over the course of a year, the changing

length of day, variations by latitude) and those pertaining to
seeing the Earth-Sun system from space (e.g., Earth as a sphere,
Earth’s tilt with respect to the ecliptic, Earth’s axis remaining
constant through its orbit, Earth’s eccentric orbit, Earth is closest
to Sun during the northern winter). Students have been found
to have commonly held but inaccurate conceptions attached to
the topic (see review by Sneider, Bar, & Kavanagh 2011). The
ease by which scientifically incorrect mental models can take
hold can be explained in part by the complexity of the correct
mental model.
Yet textbook diagrams explaining the seasons tend
to show only the Sun-Earth system from a heliocentric
viewpoint. Students are asked to conceptualize time-varying,
3D abstractions using static 2D diagrams. A projected Earth
orbit shown in a profile view can lead to the erroneous idea that
Earth‘s orbit is highly elliptical (Yu, Sahami, & Denn 2010),
and seasons are due to the Earth being closer and further in its
orbit (Ojala 1997). Even when the tilt of the Earth with respect
to the oncoming sunlight is highlighted, students can still arrive
at false conclusions, such as equatorial regions are warmer
because they are closer to the Sun; and the northern hemisphere
tilts closer to the Sun in summer and further in winter (Ojala
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1997). Textbook diagrams also typically re-scale the Sun-Earth
system to make them visible on paper, but by doing so can lead
to new or reinforce old misconceptions, by making the two
bodies appear closer in size and closer together in distance than
they really are.
Even when a textbook shows a ground view of the different
paths of the Sun across the sky, a dynamic 3D system is compressed
into a static 2D view. Again students are asked to conceptualize
the 3D abstractions using 2D descriptions. Furthermore the
learner has to be able to translate from an Earth-bound reference
frame to a space-based heliocentric one, requiring skills such
as understanding 3D relationships from 2D representations,
imagining how an object appears from a different perspective,
and having the ability to mentally rotate objects (Barnea & Dori
1999). If a student is deficient in such spatial visualization
abilities, then it may be more difficult for him to learn from
such diagrams. Computer visualizations have therefore been
suggested as ideal for correcting unscientific ideas in astronomy
(Yu 2005). Astronomical scale, sizes, and three-dimensional
relationships can be shown accurately. Instead of assuming that
the viewer can imagine how a ground-based perspective relates
to a space-based one, we show that relationship. The audience
is transported inside the simulation to witness phenomena at
different scales and viewpoints, seeing from internal as well as
external perspectives. There has already been some prior work to
suggest that such an approach with computer visualizations has
promise. In tests involving space science virtual simulations on
classroom desktop computers, students showed better learning
gains compared to control groups (Trundle & Bell 2003; Hansen
et al. 2004). Recently digital planetarium visuals were shown
to be effective for teaching celestial motions to elementary
schoolchildren, especially when both Earth- and space-based
perspectives were used (Plummer 2009).
Methodology

a flat display screen in two different classrooms equipped with
an XGA (1024x768 resolution) projector. The screens were
2 m and 2.3 m across, with the classroom seating organized
such that students were located 3-12 m away, resulting in the
displays appearing 11-29° across. There were, respectively, 3,
5, and 9 classes taking part in Groups I, II, and III. The total
number of students contributing quiz results to the final analysis
were 548, 643, and 555, respectively for the pre-instruction,
contemporaneous with instruction, and post-instruction
curriculum quiz questions. Because the seasons instruction
was paired up with a second astronomy topic to be taught with
Uniview, only half an hour out of the entire semester was spent
on teaching this topic.
The visualization modules for Groups II and III were flown
live by a navigator while the instructor for the class lectured
following a preset outline. The seasons lecture follows the
recommendations of Willard & Roseman (2007). The first line
of understanding involves the role of sunlight in warming the
surface of Earth. To help them build an accurate mental model,
students are exposed to a variety of examples of the phenomena
of seasons. The lesson begins by showing the diurnal motion
of the Sun at different times of the year, and from different
latitudes on Earth. This allowed students to become familiar
with patterns of the seasons from Earth, before being exposed
to space-based perspectives. Next the audience was exposed
to how the path of the Sun changes seasonally, to counter the
belief that the Sun passes through the zenith when observed
from mid-latitudes (Plummer 2009). Finally to explain Earth‘s
motion and orientation with respect to the Sun, the virtual
camera switched from the Earth-based viewpoint of the Sun in
the sky to the space-based one, presenting the amount and angle
of illumination of Earth by the Sun at different times of the year.
Instead of real-time visualizations, Group I students were
exposed to additional diagrams and visuals from the textbook
presented via PowerPoint, as well as a demonstration from the
instructor using a physical globe.

The research study highlighted here is part of the Astronomy
Learning in Immersive Virtual Environments (ALIVE) project,
a U.S. National Science Foundation-funded collaboration Results
between the Denver Museum of Nature & Science (DMNS)
and the Metropolitan State University of Denver (MSUD). Test
In Table 1, we list the pre-instructional, contemporaneous,
subjects were undergraduate students enrolled in a one-semester and post-instructional mean scores (M) for seasons-related
MSUD introductory astronomy course, which covered topics questions on the curriculum quizzes for the classes in the three
in Solar System, galactic, and extragalactic astronomy. The experimental groups. Shown are the percentage test score
experimental phase was preceded by a development period, gains between the contemporaneous and pre-instruction quizzes
when a suite of interactive demonstration modules were created (Cont-Pre) and the gains between the post- and pre-instructional
for SCISS’ Uniview visualization platform, and a multiple choice quizzes (Post-Pre), and 95% confidence intervals (CI). In Figure
test database was generated for use in the weekly curriculum 1, we plot the Cont-Pre gains and the Post-Pre gains, along with
tests to gauge student understanding. These quizzes contained 95% CIs as error bars, for the three experimental groups. The
questions that act as a pre-test for upcoming lectures, covered large Group III gain is robust when compared with Group II
current instruction, and tested retention of knowledge from since their respective 95% CIs do not overlap. However there is
earlier instruction. Seventeen classes (spread almost evenly some uncertainty about the control classes’ result, since Group
between two instructors) were divided into three groups: Group I’s CI is wide enough to encompass the Group III CI. This is due
I classes saw no visualizations; students in Group II classes to the smaller number of participating Group I students, leading
were exposed to Uniview virtual environment instruction in to greater uncertainty about the Group I mean, which is reflected
the classroom; Group III students experienced the Uniview in the size of its CI. There were 51, 125, and 102 students for
instruction in DMNS’ Gates Planetarium (a 17 m diameter dome whom we have test scores for the Pre-, Cont-, and Post- quiz
tilted by 25°, with seating for 120; Neafus & Yu 2007). Students categories, respectively. However due to attrition in student
in a Group II class saw the visualization modules projected onto numbers over the semester, the number of students present for
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both the Post- and Pre- quizzes was only n = 39, leading to a
wide CI of ±11:1%. In comparison, there were more Group I
students (n = 97) who were present for both the Cont- and Prequizzes, resulting in a narrower CI of ±8:2%.

Why is the Digital Planetarium Effective?
The use of a virtual environment has three main benefits.
First it can accurately represent the true size, scale, orientation,
and position of Solar System objects, which can contradict
commonly held misconceptions about the seasons, such as
the summer heat being the result of Earth being closest to the
Sun. Next the simulated virtual environment can transition
between different frames of reference, allowing the students to
connect the familiar Earth-based experience of the seasons with
the space-based depiction usually found in textbooks. These
multiple viewpoints complement each other and can provide
greater benefit than either alone. Group I students who only see
2D representations may not get the instructional support they
need for comprehension if they have underdeveloped spatial
visualization skills. Finally the virtual environment can show
time-variable phenomena. Patterns of celestial motions in the
simulation can be sped up by an arbitrary factor, paused, and
repeated from different vantage points, a degree of control more
than is possible from a typical animation. Group I students
however are again relying on only static diagrams and verbal
descriptions.

In the Post-Pre gain comparison in Figure 1, the Group II
gains are consistently lower than those in both Groups I and
III. Students viewing the Uniview simulation in the immersive
digital dome had consistently larger gains than those who viewed
the non-immersive version in their classroom. Why would the
same simulation experience shown following the same lecture
outline by the same instructors lead to such disparate results?
We suspect the non-immersive virtual simulation shown in the
classroom is inherently inferior to the experience in the immersive
digital planetarium. The classroom display subtended 11-29°,
depending on where a student was sitting in the classroom, which
meant the size of the imagery was less than 5% of what was
visible in the planetarium. A trade-off exists between the fieldof-view (FOV) of the rendered video and the detail that can be
discerned from the projected imagery because of the fixed XGA
resolution of the classroom projector. Conversely the FOV can
be smaller to keep the fine details visible to students in the back
of the classroom, with the compromise that less of the visual
content can be seen simultaneously. To follow the Sun along its
diurnal path, the virtual camera has to pan across the simulated
scene with the Sun. The view in the dome, on the other hand,
shows widely separated spatial phenomena found in the seasons
lecture demonstrations with no or minimal additional virtual
camera motions, and in full detail. Learners can simply move
their heads to follow the virtual scene unfold around them.
Because we have kept the visualizations and instruction to
be as similar as possible in both classroom and planetarium,
the difference in Group II and III student gains suggest that
the immersive experience has a greater impact on student
learning. One possible way this might work is related to the
limited capacity of working memory: when learning, we are able
to hold a limited number of discrete pieces of information in
working memory at any given time. In the Group II classroom,
the instructor can talk about how high up the Sun is at noon on
the summer solstice, but the learner has to expend extra effort to
decode the visuals—crammed into a rectangular screen in front
of the class—to match the verbal description. In the dome by
contrast, Group III students are aware egocentrically (relative
to their own bodies) where the Sun is at all times. They get
to experience the daily and seasonal motions of the Sun from
multiple locations on Earth, witness for themselves which
directions the Sun is rising and setting, how high it rises by
noon, and how long it is up in the sky. At the same time, the
instructor‘s verbal lesson reinforces the location of the Sun in
summer with descriptions of the longer days that are occurring,
the increased time that the ground is heated, the higher elevation
angles of the illumination resulting in smaller shadows cast by
objects on the ground, and the sunlight being less spread out
over the surface. Group III students simply experience the
positions and motion of the Sun directly. Freed of having to
interpret imperfect instructional visuals, a learner will have
more cognitive resources to build a mental model of how Earth’s
seasons work from what she is seeing and hearing.
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Abstract: Digital planetariums are powerful environments for illustrating complex
oceanic, atmospheric, terrestrial, biological, and human systems. Those science domains
can inspire wonder and awe, or they can sink viewers into a dismal sense of futility
that we can not realistically address human alterations to the Earth system. Informal
educators require proven techniques to leverage global data visualization platforms
while simultaneously focusing audiences on proactive opportunities. The Worldviews
Network addresses these challenges by using immersive visualizations to stimulate
community dialogues about local resilience to global change. This panel will introduce
the Network, and present case studies for this programmatic model of engaging local
audiences in global issues from small, medium, and large institutions, as well as from
different cultural perspectives. We will discuss evaluation results of our project, drawing
on the perspectives of the informal science education partners who were involved with
the Network, as well as visitors to the presentations and dialogues. We conclude with
the broad range of professional development materials that are now freely available to
the fulldome planetarium community, including detailed narratives from a dozen of our
productions, storyboards, visualization files, references and links to further information,
and how-to and other tutorial videos.
Acknowledgements
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PRODUCTION PIPELINE FOR REAL-TIME PLANETARIUM PRESENTATIONS OF GLOBAL
CHANGE TOPICS
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Abstract: The Worldviews Network has pioneered community dialogues using immersive
visualizations for digital fulldome planetarium audiences. Our central tenet is to
build collaborations among network partners, local scientists, and community-based
organizations. Each local team writes its own narrative and generates original data
visualizations. These are presented together in a planetarium or immersion theater. Each
narrative focuses on how to meet global challenges by promoting local resilience. We
describe the Worldviews Network production pipeline for generating stories, strategies
for creating compelling narratives, guides for selecting geospatial datasets to be displayed
within immersive displays, visualization and other content creation best practices, and
navigation tips for the live docent-led presentations.
Introduction
More than half a century years ago, R. Buckminster global systems from transdisciplinary perspectives. Combining
Fuller (1962) wrote about his vision of the Geoscope, a global planetarium visualization technologies with storytelling and
visualization tool he imagined would help humanity make facilitated dialogues can play a key role in helping communities
intuitive sense of its planetary home. He described how understand the interrelatedness of human and natural systems,
satellite imagery could be used to make visible the metabolic and engage in collaborative processes to address complex local
flows of physical, biological, and social systems, proposing and global challenges. The effects of climate change can be felt
that, “common consideration in a most educated manner of all now, causing changes in frequency and intensity of precipitation,
world problems by all world people would become a practical droughts, flooding, wildfires, and extreme weather (IPCC 2013,
event” (p. 49). In recent decades, considerable effort has gone USGCRP 2014), with broad impact effects at the individual
towards realizing this ambitious objective, though the majority species level, on entire ecosystems, and on human society.
of it has focused on technical goals. Less work has focused on In the United States, a majority of Americans believe that the
dealing with the capacity of data visualization tools to cultivate climate is destabilizing, but conceptual understanding lags and
contextual awareness by demonstrating the interconnectedness of misconceptions persist (Leiserowitz et al. 2010). Furthermore
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a 2014 Gallup poll shows one quarter of the American public
is not worried about climate change at all, with the size of this
skeptic contingent having doubled since 2001 (Saad 2014),
despite ongoing media coverage of the topic. This trend shows
the deficiencies in the information deficit model, which assumes
that public information campaigns can remediate the public’s
inadequate understanding of scientific issues, and once the
correct information has been delivered, behavior change and
pressure for action by policymakers will follow. Yet work
by social scientists shows that this simple model does not
adequately show the complex ways in which the public reacts
after taking in scientific information (Sturgis and Allum 2004,
Irwin and Wynne 1996). The public’s attitudes, beliefs, cultural
values, and personal morals affect how scientific information is
interpreted, and how it is acted upon (Bulkeley 2000, Moser and
Dilling 2004, Lorenzoni et al. 2007, Kahan 2010). Therefore a
more nuanced approach is needed to get the public to understand
the scientific findings behind global environmental change.
Visualizations can be extremely important in shaping
people’s views of a topic. Proper visual imagery can be used
to connect with the public when the scientific information is
complex, and is not immediately clear how the data translates to
socioeconomic impacts at the local level (Sheppard et al. 2011).
The way that visual information is framed can affect attitudes,
awareness, and emotions of the viewers. In order to engage the
public in a complex issue like global environmental change,
Nicholson-Cole (2005) recommends a number of features that
are necessarily in order for visualizations to motivate a viewer
into action: they should be personally relatable by dealing
with phenomena that are close in space (local as opposed to
distant) and not far in the future; be based on accurate scientific
information; should encourage the viewer that change by an
individual can make a difference; and be tailored to its audience
so that it is attention-grabbing, and is attuned to their attitudes
and perspectives on the problem. In this way, visualizations can
be used beyond just informing the public about the science of
global environmental change, but also to help understand the
mitigation scenarios and adaptation solutions possible, and to
motivate to action (Sheppard 2012).

and local solutions, and changed altitudes about the need for
action and policy change. One of the lessons learned from the
participants was the desire to have discussions about solutions
to the problems of water availability with a changing climate
(Dahlman et al. 2009). Expert commentary was integrated
into the visualization presentations with Uniview. Once all
of the participants received this same contextual background
information, facilitated dialogues were used to discuss solutions
for the problems outlined.
Software like Google Earth has been used to raise awareness
about climate change vulnerabilities at the community level
(Schroth et al. 2011), and similar visualization capacity is now
available for digital planetariums. A planetarium’s intrinsic
geometry allows it to present views of Earth via an immersive
display that can captivate audience members, who often
describe presentations more as an “experience” than a lecture
(Yu 2009). Visitors also remembered details about presentations
weeks after they had occurred, and became more interested in
the topics covered (Yu et al. 2011). When asked to compare the
guided live presentation using the planetarium virtual globe with
a similar self-guided experience at home with Google Earth,
visitors were overwhelmingly in favor of the former. They
believed they could learn more from expert commentary in the
planetarium then they could learn through self-exploration of
surface features that they are generally unfamiliar with (Yu et
al. 2011). Furthermore, planetarium presentations often adopt a
navigational paradigm of seamless flight from one place or time
to another within the virtual simulation (Wyatt 2005). Using
“Powers of Ten” transitions through exponential changes in
scale, complex relationships and interactions between Earth‘s
cosmic environment and the planetary biosphere become
intuitively linked—from whole Earth to regional perspectives.
Audience members have self-reported such nesting of data and
concepts as an important way in which they understand local
phenomena in the context of broader global frames of reference.
Visualizations of phenomena in spectral bands beyond the range
of unaided human perception can provide insights into how
scientific observations reveal otherwise imperceptible ecological
interactions. These capabilities provide a necessary context
within which to introduce concepts of “planetary boundaries”
(see §2.6; Rockström et al. 2009): how ecosystem services have
become destabilized due to modern human activities. A realistic
depiction of Earth in a dome theater may trigger the “Overview
Effect,” an affective response and shift in perspective reported
by astronauts after viewing Earth from orbit (White 1998). A
modern digital planetarium may provide the most effective
environment for large audiences to experience a digital globe
intuitively and viscerally.

In 2009, the U.S. National Oceanic Atmospheric
Administration’s (NOAA) Climate Program Office experimented
with the “Community Conversations on Climate” program in
Phoenix, Arizona, and Oakland, California, where participants
were able to interact with climate scientists, local experts on
water issues, and each at other at a one-day workshop (Gardiner
2009). Presentations were done using PowerPoint and SCISS’
Uniview software, a virtual simulation platform for digital
planetariums that also features a virtual globe with geobrowser
features. A presentation and follow-up discussion sessions on
In the United States, informal science institutions (ISIs),
climate and water covered the topic at multiple scales, including which include many planetariums, are generally viewed
how at large scales, climate change can expand the Hadley as trustworthy sources of information (Lake Snell Perry &
Cell and shift subtropical dry zones to enlarge arid regions Associates 2001, Griffiths and King 2008, Kelly 2010). A
(Johanson and Fu 2009), while at the regional and local scale, majority of Americans visit at least one museum each year, in
water demand is increasing due to population growth at the same greater proportions than the fraction of the general public in other
time that supplies are shrinking. In these different situations, countries (NSB 2010). Scientists are also generally viewed by
presentations using visualizations made climate and other global the American public as knowledgeable and impartial in public
environmental change phenomena more real and urgent for policy issues (including global climate change), when compared
local stakeholders, increased their awareness of local impacts to leaders in other sectors of society (NSB 2010). Americans
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also consistently value the importance of both basic and applied
scientific research (Research!America 2005). And despite the
politicization and polarization of the issue of climate change in
the U.S. (Kahan 2012), the public tends to trust scientists and
scientific organizations (including science museums) to provide
accurate information about the topic over any other source
(Leiserowitz et al. 2010). Because of such polling results, ISIs
are optimal venues for hosting discussions for the public on
potentially controversial topic like global environmental change,
especially when scientists are involved with the presentation.
We describe in this paper the Worldviews Network, and
highlight how Earth visualization technologies found in modern
planetariums can be used to engage members of the public
in dialogues about resilience and sustainability at regional
and planetary scales. We describe the guiding principles for
creating our Bioregional Community Dialogues (BCDs), based
on storytelling informed by current scientific research, and best
practices from transformational education, immersive learning,
and data visualizations. We also describe the BCD production
process with our ISI partners, which involved individualized
professional development for each host institution, and the
generation of a facilitated live event, with post-production
story content and materials disseminated to the broader ISI
community.
The Worldviews Network
Taking advantage of the capabilities of digital dome theaters,
the Denver Museum of Nature & Science (DMNS) in Denver,
Colorado, the California Academy of Sciences (Academy) in
San Francisco, NOVA/WGBH in Boston, design/engineering
firm The Elumenati in Asheville, North Carolina, and affiliates of
the National Oceanic and Atmospheric Administration (NOAA)
joined to form the Worldviews Network (www.worldviews.
net) through a three-year Environmental Literacy Grant from
NOAA‘s Office of Education. The Network‘s mission was to
create visualization-driven narratives by displaying geospatial
scientific datasets within immersive display environments,
like digital planetariums, to explore global environmental
change issues. Participants see and understand environmental
phenomena at multiple scales: Earth is placed within its
cosmic context, while physical and biological systems are
visualized across global and local scales. The narratives explore
connections between ecological processes and social issues in
the participants‘ backyards, and encouraging reflection on how
action at the local level can make communities more resilient to
current and future environmental change.
The network launched with six other informal science
institution (ISI) partners across the United States: the American
Museum of Natural History (AMNH), New York, New York;
the Perot Museum of Nature and Science, Dallas, Texas; the
Journey Museum, Rapid City, South Dakota; the Bell Museum
of Natural History, Minneapolis, Minnesota; the University of
Michigan Natural History Museum, Ann Arbor, Michigan; and
the National Environmental Modeling and Analysis Center
(NEMAC), Asheville, North Carolina.

The main Worldviews Network core team worked
individually with these partner sites over three years (20112013) to create fourteen “Bioregional Community Dialogues”
(BCDs). Two of the ISIs associated with Worldviews Network
leadership team, DMNS and the California of Academy of
Science, were also involved in creating and hosting BCD
events.
Each dialogue was an interactive planetarium
program created by the core leadership team, staff from the
participating ISI, and external advisors (such as researchers or
members of community-based organizations). Using online
collaboration tools and teleconference calls, the Worldviews
Network team and partners identified a global change issue
that has local impacts for the community that the ISI serves.
A coalition of highly motivated individuals involved in that
issue was recruited. This blended internal/external team coconstructed a narrative that spanned cosmic, global, and local
perspectives. Content layers from a wide range of observed
and modeled datasets were created to tell stories about Earth‘s
coupled human-natural systems about the local effects of global
change. This storyline was delivered to a live audience in a
dome presentation consisting of data visualizations presented
through the planetarium simulation software‘s virtual globe
feature (in this case, the Uniview software from SCISS AB). A
post-presentation segment—ranging from a simple question and
answer to sophisticated facilitated community dialogues—gave
participants opportunities to engage further in discussions about
the connections between social, ecological, and economic issues
through the lens of global change research.
1.1. Seeing, Knowing, and Doing
A number of existing strategies were integrated within the
design the BCDs. The overall event was structured using the
“Seeing, Knowing, and Doing” framework, adopted from the
fields of transformational learning and sustainability education.
Sterling (2011) defines “Seeing” as the perceptual domain and
affective and normative dimension of learning, or “how we
see the world, make sense of it, and how our filters affect this
experience.” Knowing is conception, “a critical understanding
of pattern, consequence and connectivity.” Doing is action, “the
ability to design and act relationally, integratively and wisely.”
This framework was translated into the BCD production process.
“Seeing” became the creation, presentation, and experience of
viewing immersive visualizations within the planetarium to
engage visitors‘ visual and spatial intelligence. “Knowing” was
ensuring that the narratives were constructed to help visitors
understand the web of physical-ecological-social systems that
interact on Earth. “Doing” emerged from interaction among
participants: for example, researchers and non-governmental
organizations help audience members conceive of their own
relationship to the highlighted issue and ways they may remain
involved in systemically addressing problems the audience
identifies.
1.2. Maximizing Visual Impact

Immersive dome theaters require presentation styles distinct
from a flat screen. Instead of merely viewing images through a
frame, viewers feel that what they see on-screen is happening
to them. Since such immersion can limit options for camera
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movements and editing (Shedd 1989), we follow tested and
effective techniques for structuring immersive storytelling.
We have also tried to develop visualizations that are attentiongrabbing, easy to relate to, scientifically accurate, and send clear
visual messages to the audience. These are all attributes that
are hallmarks of environmental visualizations meant to engage
the public (Nicholson-Cole 2005). Some examples of these are
shown in §3.
We also follow best practices based on perceptual responses
to data visualizations (Simmon 2009). This includes emphasizing
the data being visualized over irrelevant information or
extraneous “chart junk” (Tufte 2001). Numerical data are
displayed using color palettes that are based on monotonically
changing saturation or luminance sequences, instead of the
rainbow colors which use hue differences to represent changes
in magnitude, a choice commonly found in geophysical
visualizations (Light and Bartlein 2004). We often followed
recommendations from the ColorBrewer 2.0 tool (www.
colorbrewer2.org; Brewer 1994) to design color mappings with
some accommodation made for colorblind viewers, but not yet
incorporating the recommendations from Gardner (2005). This
includes the use of divergent palettes for measured values that
have positive and negative values, with the zero point set to a
neutral color between two hues at opposite ends of the palette.
Color palettes are chosen to culturally meaningful for novice
viewers (Phipps and Rowe 2010).
1.3. Storytelling from Local to Global
Educators face challenges in assisting individuals and
communities to establish personal connections to complex
issues such as climate change. The magnitude of climate
change, its perceived remoteness, and the apparent inadequacy
of an individual‘s response have been identified as obstacles
to pro-environmental behavior (Kollmuss and Agyeman 2002,
APA 2010). The adage “think globally, act locally” suggests the
scale at which most of us can become actively engaged.
If global climate change is viewed as being remote, and is
therefore of less concern than problems in the local community
(Nicholson-Cole 2005, Leiserowitz 2007), then one way
to engage the public is to turn it into a local issue (Sheppard
2012). Highlighting the national, regional, and local impacts
of global environmental change (e.g., the effects on water
availability, extreme weather, agriculture and other aspects of
human health and wellbeing) makes the issues more salient for
the public, since they have greater care for a place that they feel
attachment to (Gifford 2011). Members of local communities
also have historic knowledge about place-based environmental
phenomena. Comparisons can be made between older and newer
records on the frequency and intensity of extreme weather events,
drought, and flooding; changes in the growing season, and other
environmental change indices. By showing the predictions from
models on what future change is to be expected, the public can
be asked to reflect on what mitigative or adaptive measures will
be necessary for their community or region.

Our existing Worldviews Network partners have developed
stories by selecting a local issue relevant to their own
communities and created a narrative that makes connections
from local to systemic issues, and regional to continental to
global scales. Grounding environmental education within
a local perspective can help to “develop a sensitivity to and
knowledge of the bioregion in which one is living” (O‘Sullivan
1999). Addressing ecological interactions from this perspective
can connect individuals to potentially abstract issues both
cognitively and affectively. Perhaps most importantly, it can
help participants more readily see ways in which their own
decisions and actions can impact Earth systems.
1.4. Involving Local External Experts as Advisors
We identify scientific advisors at both local and national
levels to augment Worldviews Network team knowledge of
the research field. Additionally, ISI partners are encouraged
to find local experts, including researchers and representatives
from businesses, educational groups, non-profit organizations,
non-government organizations (NGOs), and community-based
organizations (CBOs) with expertise on the chosen issue. In
previous BCDs, these external partners have co-developed
narratives, assisted with identifying content assets, reviewed
scripts and checked for accuracy, and even participated in the
live public presentations.
1.5. Global Environmental Change is Happening Now
Climate change is often viewed by the general public as
happening in distant places or at a future time, unconnected with
the concerns of ordinary people here and now (Lorenzoni et al.
2007). If the public feels that they will not likely be impacted at
all, then the problem is the next generation‘s responsibility (Lowe
et al. 2006). Looking ahead a decade is considered the “future”
by members of the public (Tonn et al. 2006), while climate 50
years from the present is difficult to imagine because it is too far
in the future to have any personal relevance (Nicholson-Cole
2005). Yet there is abundant evidence that global climate change
is occurring now, its effects are visible, and its impacts will grow
greater with time (IPCC 2013, USGCRP 2014). Many of the
BCD narratives highlight data showing the effects of climate
and other global change occurring today.
1.6. Planetary Boundaries Framing of Global Change

Our presentations demonstrate the complex linkages between
Earth‘s physical and biological systems and their relationship
to human health, agriculture, infrastructure, water resources,
and energy. We have focused on the “planetary boundaries”
critical thresholds, such as freshwater use, biodiversity loss,
land use change, and anthropogenic changes to the nitrogen
and phosphorus cycles (Rockström et al. 2009). Ecosystem
services for the healthy functioning of human societies are
often taken for granted. Many of these Earth systems are
being taxed and destabilized by modern human activities. The
planetary boundaries framework provides a way to show the
level of impact and the severity of the problem. For BCD story
development, we have been guided by environmental literacy
principle documents prepared by partnerships by U.S. federal,
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state, and non-government agencies (National Geographic
Oceans for Life/NOAA 2006, Ohio Sea Grant 2010, UCAR
2009, US Global Change Research Program 2009). These
guidelines are designed to outline the essential principles and
fundamental science concepts for the public to be scienceliterate in various Earth systems science (e.g., climate science,
ocean science, atmospheric science). These literacy documents
help our ISI partners and their audiences understand that humans
drive current trends in coupled human-natural systems—and
that humans could choose to play an important role in reversing
these trends.
1.7. Resilience of Coupled Human-Natural Systems
Given the scale and scope of anthropogenic global changes,
it is essential to provide inspiring examples of how small groups
and individuals address complex challenges using the theme
of resilience of human and natural communities. Humanity
has entered a time in which anthropogenically-induced global
change is the new normal. Resilient communities can anticipate
and prepare for change, can recognize the need to adapt to new
conditions, and through intentional design, can absorb and
respond proactively to change. Yet it is easy for the public
to believe that no solutions exist whatsoever for dealing with
damaging global environmental change (Seacrest et al. 2000).
Fear-based education about global change can initially capture
the public‘s attention, but such alarmist approaches can make the
viewer feel impotent and overwhelmed (O‘Neill and NicholsonCole 2009).
To avoid falling into this helplessness trap, we educate our ISI
collaborators about resilience science practices by highlighting
examples, such as those catalogued within the Buckminster
Fuller Institute‘s Idea Index (http://www.ideaindex.org). We
demonstrate how organizations around the world are developing
and implementing innovative strategies to comprehensively
address humanity‘s most pressing problems. Many of the local
advisers for the BCD events come from NGOs or CBOs that are
involved with the environmental change issue at the local level.
They may know of or be involved with efforts or programs
designed to develop solutions, do further research on, or raise
public awareness about the problem. Often invited to the public
BCD events, these advisers can be available to describe solutions
implemented at the local level, or answer queries from members
of the public. Such examples provide a positive heuristic for
audiences to gravitate toward as they deepen their awareness
of the complexity of the challenges we face on the planet today.
1.8. Traditional and Indigenous Knowledge

Digital Earth Visualizations for Bioregional Community
Dialogues
The narratives for the BCD events were created using the
frameworks described in the previous section as guidelines.
We present here an example narrative created through the
Worldviews Network, the geospatial data visualizations created
for it, and how they were used to complement a story about
human impacts on Earth.
Earth, Migrations, and the Human Effect, was created at
the American Museum of Natural History (AMNH), and was
presented within their Hayden Planetarium. The presentation
is about how human influences, such as climate and land use
changes, are affecting the cycles of life, including that of
migrations of species in the seas and in the air. The story first
focuses on the seasonal cycles, and how plant, animal, and human
communities respond to these cycles. At the global scale, this
is easily seen by displaying a sequence of true-color monthly
composites from NASA Earth Observatory‘s Blue Marble: Next
Generation dataset (BMNG), based on Terra MODIS satellite
observations collected in 2004 (Stöckli et al. 2005). BMNG
reveals surface detail without obscuring clouds at a resolution of
500 meters. Animating through the time series clearly reveals
the seasonal green-up and die-back of vegetation (especially
noticeable in the boreal forests of the Northern Hemisphere),
the advanced and retreat of snow cover at high latitudes and
altitudes (also highly visible in the Northern Hemisphere), and
the difference between the wet and dry seasons in the tropics
(most evident in sub-Saharan Africa). The BMNG monthly
data series is complemented by an Arctic Sea ice time series
from the National Snow & Ice Data Center (NSIDC). By
comparing the annual cycle of sea ice extent from 1979 (the
first year in which complete high quality satellite imagery of
Arctic Sea ice was available) to the lowest recorded minimal
extent in 16 September 2012, the effect of global warming on
the Arctic is made clear. The connection between physical
seasonal effects and biological systems is made next with a
Net Primary Productivity (NPP) dataset. NPP is based on the
modeling of chlorophyll concentration from ocean color satellite
data, and represents the fixing of carbon by photosynthesizing
phytoplankton (Behrenfeld et al. 2005, Westberry et al. 2008).
Phytoplankton form the base of the food web in the oceans (part
of which is consumed by humans), and are also responsible for
producing almost half the oxygen in the atmosphere (Field et al.
1998). By showing on the virtual globe an animation of weekly
global maps, it becomes clear that NPP peaks at high latitudes
during summer, e.g., in July and August at the northern edge
of the Pacific Ocean bordering the Bering Sea. This shows not
only the impact of long continuous sunlight on phytoplankton
growth, but explains the seasonal movements of humpback
whales, which like other migratory animals, are following the
seasonal availability of food.

Traditional ecological knowledge, derived from situational
and place-based experiences of indigenous cultures over
many generations, plays a critical role in creating resilient
land- and seascapes. Indigenous knowledge can offer an
improved understanding of historical baselines and new
ecological perspectives, provide models for sustainable
resource management, and inform conservation planning and
environmental assessment (Berkes, Folke, and Gadgil 1995).
We have incorporated traditional ecological knowledge with
scientific knowledge in two of our BCD events.
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The story of migration continues to terrestrial organisms,
and ends with the display of migratory data for one bird species,
the blackpoll warbler, as collected by the eBird network, which
uses citizen scientists to record spatial and temporal details of
avian migration (Sullivan et al. 2009). In addition to bringing
the story down to a scale that is familiar to the general public,
highlighting local patterns also shows how climate and land use
changes throughout a migratory flyway can have impacts on the
populations of peripatetic avian species. This is exemplified
at the scale of a watershed, where ecological modeling for
the blackpoll warbler shows the contraction of optimal
habitat areas in the next century due to a variety of modeled
stressors including climate change, urban growth, agricultural
development, and deforestation from logging (McGarigal et
al. 2012). This highlights the challenges facing conservation
efforts for key species, but also points the way to how landscape
and habitat modeling can determine where not just current, but
future conservation efforts must be concentrated in order to
make the ecosystem more resilient to environmental change.

and was attended by representatives from each participating ISI,
who received tutorials on the guiding production philosophy
and frameworks described in §2, and also participated in a
brainstorming session to come up with initial ideas for BCD
topics.

Encouraging Dialogue

Preparation for the live event involved not only event
logistics, and selecting audience members if key stakeholders
were desired as participants, but also technical troubleshooting
that was specific to the event space, and the computer and
projection hardware, and software version. Different ISIs had
different goals for their live presentation. Many wanted an
additional live talk for the general public or for school audiences.
Others used their BCD to bring together multiple stakeholders
for their bioregional issue, and engage them collectively in a
dialogue after the dome presentation. The live presentation could
simply be followed up with a question and answer between the
audience and the presenter(s), or the entire group could move
to an alternate space to continue the dialogue. Exploring the
themes of the BCD in a further engagement sometimes required
additional facilitators who could steer the conversation with the
help of stakeholders from different backgrounds and authorities
bringing varying disciplinary expertise.

Given the varying sizes of venues, events have served
dozens to hundreds of people at a given time. External groups
provide unique viewpoints to propel discussions and lend expert
credibility for audience members. For example, DMNS’A Global
Water Story focused on the issues of freshwater availability at
the regional level of the state of Colorado and the intermountain
western U.S. The narrative included examples of river systems,
water transport infrastructure, and watersheds throughout the
world to show how water is moved from its source to where it is
needed. Although the internal production team included a DMNS
researcher who had expertise on freshwater issues, the group
reached out to local water experts, researchers, and educators.
A large group of more than 40 external advisers saw and gave
comments on early drafts of the presentation. A dozen of them
were also present for the final presentation to a public audience
at DMNS’ Gates Planetarium, and were available to engage with
the audience members after the main dome presentation. In the
second part of the evening event, 40 audience members moved
from the Gates Planetarium to a classroom where the director of
a Colorado water education organization led a group discussion.
Participants shared perspectives with one another about what
they had heard, discussed how it related to their own work and
lives, and conferred on strategies for addressing water issues.
Such dialogues help audiences remain engaged with network
partners and the issues they highlight long after each event.
Professional Development

The bulk of the professional development was done during
the BCD production process, where core team members worked
individually with staff from each ISI to develop their event.
Through a process that lasted roughly six months, the combined
team finalized on a topic, determined story elements that could
be organized into a story arc, deliberated on external partners and
advisers to invite, worked with those external partners to hone
the story, gather existing and develop new visualization assets,
and co-develop a detailed online storyboard that contained the
script narrative, screenshots and links to assets, citations and
links to references, and commands for controlling Uniview in
real-time. ISI staff had hands-on training on every step of the
production.

Post Production and Dissemination
After each BCD event, the storyboards and visualization
assets are finalized and posted to an online repository (http://
www.worldviews.net) that can be accessed by other Worldviews
Network ISI staff and partners, as well as the general public.
This archive allowed the storylines and content modules to
be re-purposed for future BCDs. Entire presentations can be
downloaded with installer files for Uniview. For educators
without access to Uniview, individual links are provided for the
images and geospatial KML files used in the presentation, the
latter of which can be loaded into Google Earth. The program
page for each BCD also contains links to additional webpages
and videos for the public to learn more about the topic.

The fourteen BCDs from the three years of the project enabled
the creation of a small library of content modules consisting of
pre-existing and custom visualizations and data layers, custom
narratives, learning goals, and talking points. However these
A series of professional development videos were created
products would be of little use if the staff at the partner ISIs and are now available on the YouTube channel https://www.
were not trained on how to use such materials. Professional youtube.com/user/WorldviewsNetwork. The content roster
development was an important priority since planetarium includes short video tutorials explaining how to generate new
educators and staff typically have interests and backgrounds in visuals for BCDs, including using Google Earth to create
astronomy and other space sciences, and not in Earth systems KMLs, inserting 360° panorama and fisheye imagery into
sciences. A project meeting was held after the first six months Uniview, and online resources for finding geospatial datasets.
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Several of the BCDs are summarized with the video showing
how presentations are loaded and flown in Uniview, along with
descriptions of the broad goals for the narrative, and a review of
the storyboard.
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AN EXAMPLE TO TEACH MIDDLE SCHOOL STUDENTS ASTROPHOTOGRAPHY AT
BEIJING PLANETARIUM
Xiang Zhan
Beijing Planetarium
138 Xizhimenwai Street
Beijing, 100044
CHINA
universezx@bjp.org.cn
Abstract: Nowadays, more and more middle school students like astrophotography.
We organize 20 to 30 students to form an astrophotography group. In this group, we
mainly teach the students these things: knowledge of night sky, how to use a camera and
telescope, how to use a star atlas, including software and APP, how to take TWAN-style
pictures (countryside), how to find dim stars and deep sky objects by using the finderscope
(countryside), how to photograph the deep sky objects (countryside), and how to process
the digital photos by computer. The students love this group, and some of them can
finally take beautiful astronomical pictures and win awards in the astrophotography
competition of Beijing.
Four seasons night sky.

1. Introduction
Many amateur astronomers like astrophotography. In recent
years, following with economic development, more and more
families are now able to afford a DSLR camera which once was
very expensive, and many middle school students like astrophotography. They wish to spend time and effort to learn how to do
astrophotography, and hope to get some achievements in this
project.
In this case, Beijing Planetarium (BJP) in collaboration
with the Beijing Haidian Science Education Association, built
a Middle School Students Astrophotography Class (MSSAC).
This class has been carried out for three years, and we have
found a good way to teach students, organize activities, and finally achieve good results Below, we will describe the details.

Introduction of the sun, the moon and eclipses.
The planets’ apparent motion and how to observe them.
Meteors and meteor showers.
Introduction of deep sky objects: nebulae, clusters, galaxies.
Astronomical telescope: the basic principle, types, the mount
structure.
This knowledge covers the various objects about the amateur
astrophotography. It‘s almost enough for the students focusing
on learning the astrophotography.

2. Teaching students the knowledge of night sky
First, we teach students some basic knowledge about the night
sky. The students must learn the necessary knowledge; then they
can understand some principles of astrophotography, such as the
following questions:
Why shoot star-trails?
When can I take a very thin crescent?
When can I take the Milky Way?
These problems can be solved by learning the basic knowledge
of astronomy. We teach students this basic knowledge:
The basic concepts of astronomy observation, such as the apparent motion of stars, magnitude, etc.
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3. Teaching students how to use camera and telescope
Next, we began to lead students to do some actual operation
of the camera and telescope. Through a lot of practice, the
students can understand the basic concepts of photography, and
they will be familiar with operating their own camera, as well as
the assembly and use of a typical astronomical telescope.

So far, the students have completely known how to use a camera
and a telescope, and they can skilled operate them in the dark.

The first step: in the daytime, in the classroom, the students will
practice how to use their own camera, learn to set various parameters of the camera, such as aperture value, shutter speed.
Then, take pictures with the camera’s P mode, then play it back
and see the exposure parameters And then learn to use M mode,
set similar parameters, take pictures, get the correct exposure.
Then, following the teacher’s requirements, the students change
a parameter, such as aperture value, and they must think of ways
to modify other relevant parameters, such as shutter speed. After
modification, they will take the same exposure pictures.
The second step: still in daytime, outdoors, the students will
learn to set the camera on a tripod and connect a cable release to
the camera. Then, they use M mode to shoot distant buildings—
all manual settings, including aperture value, shutter speed and
other parameters, and manual focus. Finally, they will get the
correct exposure and clear photos.
The third step: in the evening, in the city, we find a dark place,
and ask students to repeat the second step. However, because
they are in the dark night, they will feel significantly different
from in the daytime, and they will come across more difficulties. At this time, they must learn to use headlights. Meanwhile,
they will face other problems caused by night, for example, low
temperatures.
After setting the camera, the students focus the lens by a distant
streetlight, then shoot the city at night by M mode, and get the
correct exposure and clear photos. This step is a simulation of
shooting the night sky.
After this step, the students will well know the basic skills of
shooting stars. Then, we use a similar approach to teach the students to learn to assemble and use a telescope.
The first step: in the daytime, outdoors, the students will learn
how to assemble and use a typical astronomical telescope. They
will practice to find a ground object by the telescope and clear
focus. They also will learn to adjust the finderscope and the
main-telescope parallel.
The second step: on the basis of the first step, the students remove the telescope’s eyepiece, and connect the camera and
telescope together by T-Ring. Then, find a ground object, clear
focus, set the parameters manually, shoot, then get the correct
exposure and clear photos.

4. Teaching students how to use star atlas, including software
and APP.
A star atlas is an indispensable tool for astronomical photography, especially shooting deep sky objects. Therefore, the students need to learn how to use a variety of common atlas.
The most common star atlas is the planisphere. It is cheap, easy
to carry, and very easy to use. When you align the time and date
disk, the planisphere will show the current stars. It is suitable for
beginners to use.
“Applied star atlas”, which is a 6.5m atlas, is drawn by Cao Jun
from Beijing Planetarium. It‘s suitable for middle level astronomy hobbyists.

It shows stars brighter than 6.5m, and deep sky objects brighter
than 9.5m. It can meet the needs of amateur astronomers looking
for bright deep sky objects. Nowadays in the digital age, if you
need a more detailed star atlas, some star atlas software can be
The third step: in the evening, in the city, do the first step and the used on a computer or smart phone. Former professional paper
second step again, find a distant streetlight and shoot, then get a star atlas is no longer necessary for most ordinary astronomy
correct exposure and clear photos.
hobbyists. On the computer, we recommend Stellarium. It‘s a
powerful free star chart software, and can display a lot of stars
and deep sky objects. Using this software, the students look for
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the celestial objects, and use screenshot software to shoot the
object and the sky around it, then the screenshot pictures can
be put in a smart phone, or be printed out. Of course, there are
many star atlas APP on a smartphone, such as Star Walk on iOS,
Star Chart on Android, and Skymap on WP8. These APP can
automatically determine the location and time by the phone’s
GPS, and automatically determine the phone’s direction by gyroscope, so the APP can display the starry sky more conveniently. Students can easily learn how to use these APP.

for some time, and the camera will take the background stars by
long exposure.
We tell the students, under the stars, we can shoot some creative
pictures, such as light painting: for example, we use the bright
mobile phone screen to draw a human profile.
Finally, we tell the students how to take star-trails: the exposure
value can be lower than typical TWAN-style picture, in order to
avoid star-trails are too dense. The camera’s drive mode is set
on continuous mode, and the shutter speed is set at 15-30s. Then
the students press the cable release and push forward to lock the
shutter, and the camera will continuously shoot, till the SD card
is full or the battery is empty. After one hour or more, stop the
camera. When they go back home, they turn on the computer,
use the free software “Startrails” to simple combine the pictures
into a star-trails photo.

5. Teaching students how to take TWAN-style pictures
(countryside).
To take TWAN-style picture—including sky and landscape—is
relatively simple. You don‘t need very expensive equipment, but
you still can take beautiful pictures. So it‘s suitable for beginners to learn. We are also classify star-trails pictures as a TWANstyle picture.
First, in a clear and good atmospheric transparency night in the
city, we let the students practice shooting stars. The approach is
similar to shooting the city at night, so the students can quickly
grasp it. The main difficulty is how to accurately focus on the
star. The solution is to find the brightest star in the sky, or the
moon, and focus. Then, take a picture—neither too dark, nor too
bright. And we will teach the students what exposure is correct
for shooting stars in the city.
Then, we find a clear and no moon day, bring the students to go
out into the countryside far away from the city, and shoot beautiful TWAN-style pictures. At this time, we will tell the students,
compared to in the city, the exposure must greatly increase, so
the picture can fully show how spectacular the night sky and the
Milky Way are.
In addition, if you want to get more beautiful pictures, the landscape is very important. The landscape can be a silhouette, or be
illuminated. Then, we teach students the different lighting ways,
such as using flash lamp, using headlights. Sometimes, we can
use natural light, such as moonlight. We teach students how to
take a photo of people and the stars: we use the flash lamp to
illuminate the foreground people, then people remain immobile

6. Teaching students how to find dim stars and deep sky objects by using the finderscope (countryside).
Next, we have an advanced class for the high level students.
They can start to learn how to shoot deep sky objects.
First, they must practice using telescope to look for dark stars
and deep sky objects. The basic method we teach them is “StarBridge Method” (SBM): we find a relatively bright star near the
target object on the atlas, and use the telescope to find this star.
Then, we imagine a star-bridge among the stars between the
bright star and the target object, and use the telescope‘s orientation tuning device to point the telescope to the target. Students
need to focus the telescope. They can point the telescope anywhere in the sky and there will be many stars to focus.
Then, the students must adjust the finderscope and the main-telescope in parallel: use the main-telescope to find a bright star, put
the star in center of the field, then adjust the finderscope so that
the center of crosshairs point the same star.
Next, students use the finderscope to find and confirm the reference star. Sometimes, when a reference star is not too bright, the
students need to see the star chart to confirm the reference star
by stellar distribution around the reference star.
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Then, students use a fine-tune device to point the telescope to the
target along the Star-Bridge. Finally, they will find the target and
put it in center of the field.

8. Teaching students how to process the digital photos by
computer.
Astronomical photographs must be scientifically and appropriately post-processed; then they can show the celestial body‘s
beauty. Therefore, after the observation, students must learn and
practice basic post-processing methods. The methods we teach
students are follows:
Adjust levels and curves. They can change the brightness and
contrast of the picture, highlighting the signal they want to show.
Adjust the color. It can make the picture more beautiful and have
higher saturation.
Noise reduction. It can be done by some image processing software to enhance the picture quality.

7. Teaching students how to photograph the deep sky objects
(countryside).
After learning how to use a telescope to find faint objects, the
students now can remove the eyepiece and connect a camera,
and be ready to shoot deep sky objects.

Some students want higher image quality, so we teach them to
use DeepSkyStacker software to combine a number of photos.
This method can greatly reduce the noise, and the resulting picture will have very high SNR and can show the celestial body‘s
beauty better. Then the MSSAC ends.

First, the students find a bright star, use the camera’s Live View
function, maximum zoom in the star, then focus star to a smallest point so that they obtain an accurate focusing.
Then, the students use the SBM to find the target object.
Next, the students take a test shot, and then fine-tune the telescope’s pointing and rotate the telescope to achieve the desired
composition of the picture. We tell them that they can set a very
high ISO (such as ISO12800) but short shutter speed in the test
exposure in order to save time.
Finally, the students set a relatively low ISO (such as ISO1600),
and change the shutter speed to B mode. Now they can start formal shooting: press the cable release and push forward to lock
the shutter, the camera will start to expose. After some time (for
example, 4 minutes), stop the camera. Then, they get a nice picture of deep sky object.
Some students want higher quality pictures, so we teach them
use same exposure value to take many photos, and then they can
combine them on the computer later.

9. Conclusion.
We practice the MSSAC for three years, and our teaching methods have formed a relatively complete system, and can lead students to learn astrophotography step by step. Different students
can learn different astrophotography ways that suit them. Some
high level students can get very beautiful pictures. In the future,
we will further optimize these teaching methods and continue
exploring better methods, so that more students can more easily
learn astrophotography.
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Abstract: With the rapid development of new exhibition technology, now in the
Planetarium, the update frequency of updating astronomical science exhibitions is
increasing. An excellent astronomical science exhibition needs diverse talents, not only
an astronomical background of professional and technical personnel, but also more in the
technical background of exhibition professional personnel. In the design of astronomical
science exhibitions, planetarium staff first put forward the basic design idea, delimit the
exhibition area and the general content. A design company designs the display form,
then both sides, in combination with the latest display technology, make sure that the
popular science exhibition will be interactive and interesting. In this article, there are
some instances in the design process of new exhibition in the Beijing planetarium.
In recent years, there have been great changes in exhibition displays that are essential components in the museum. The
museum, which founded in the third century B.C., is a research
institute for collection by scholars. There are many precious
collections in ancient society to display to the public, such as
valuables used as a prayer of tribute, statues and paintings in
the Greek temples, and Romans showing the treasures in the
meeting or bathroom.
In the 16th century, a shopping paradise in Italy became
an exhibition area with oil painting and sculpture. There are a
lot of antiques and botanical specimens in gabinetti of Italy and
Schatzkammern of Germany. The general public is not allowed
to enter. In the 19th century, the function of exhibition began
to be “plebification”, and the museum is no longer so daunting.
Organization of early collections was done to attract a connoisseur, collector, or scholars. At that time, an exhibition was
arranged artistically or classified by date. Today, designers realize that it is difficult to find a new form of display. Display
forms were devised with the development of museums. During
the medieval ties, expositions were organized by streets and corridor coordinates. In the 19th century, few people tried to organize an exhibition systematically. Since the world exposition in
1851, the exhibition organizers hope the exhibition can “tell a
story”. The method of montage in exhibition and the Bauhaus
appeared. In the 1950s, typical display exhibition appeared in
Italy. In 1970s, the “arousing” display style with different didactic display came out.

display is a form of “preaching” display. The second is a simple
dynamic presentation form of exhibition, such as the knowledge
of video playback with prototype of “arousing” exhibition. The
third is an interactive display with high audience participation
using the elements of hardware and software. The three stages
complement each other, cooperating to bring out the best. So the
exhibition is rich in interest and story.
Due to the evolution of exhibition technology, the exhibition construction in modern venues has made great changes.
Once in popular science venues, the personnel in museum design, especially those with astrophysics knowledge, made most
of the display elements. They knew how to arrange the exhibition, how to decorate the hall, the light environment, and so on.
But with the progress of science and technology and the development of technology in exhibition display, more and more new
display technology was introduced in goods or conference exhibitions. On the one hand, a new exhibition has more and more
difficulty to attract audience interest. On the other hand, once
a new display technology got the experimental demonstration,
through goods and conferences exhibitions, its feasibility and
stability is recognized.
Today, for a large exhibition, the exhibition design and production cycle is long. There are three stages in design exhibition
experience, namely the general planning, preliminary design
and detailed design.
General Planning

Corresponding to the development of museum exhibitions,
the popular science exhibition venues have also experienced
three types development. The first is the initial static display,
including the physical display and panel display. This kind of
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•

A general planning of exhibition includes schedule,
exhibition period, budgets, exhibition contents,
presentation, display technology, etc. All the planning
needs to confirm the early design stage.

•

Schedule: in the preliminary design phase of an
exhibition, a schedule should be made. The staff
should consider the open case of popular science
venues, the time of the demolition of the old
exhibition, and enough time for new exhibition design
and implementation.

urgently needed.
•

In addition, for the audience, the best place to obtain
systematic knowledge is not in popular science
venues, but in school. Only a school’s education can
offer systematic and basic knowledge education. For
popular science venues, the most important obligation
is to create a kind of atmosphere that will let the
audience experience the mystery, magic, and fun of
knowledge. The atmosphere will inspire enthusiasm
and an interest in science from the audience. Learning
knowledge in a museum is not particularly important.
Audiences can study knowledge by family, school,
network, and other ways after they visit popular
science venues. This is the meaning of existence of
popular science venues. And it also the difference
between “preaching” and “arousing”. Telling people
“what it is” is the duty of the school, but not the
obligation of a museum.

•

Exhibition period: this is a method to distinguish
between permanent exhibitions and temporary
exhibitions in popular science venues. In 1975,
John who is the director of British royal museum
did a speech about the exhibition period. He defined
the temporary exhibition for short duration and in
view of the audience would not come again, and the
permanent exhibition was aimed to repeated access to
the audience. Permanent exhibition cycle time is long,
and needs elements of durability and low maintenance
cost.

•

Budget: according to the actual condition of the
venues, the budget should be estimated.

•

•

Content: the appropriate content should be selected by
exhibition theme. The “preaching” display is suitable
for simple content. And esoteric content is fit for
“arousing” exhibition.

2. preliminary design (preliminary communication
with museum and design company, content of the
exhibition, partition of exhibition, presentation of
knowledge content—interactive experience)

•

After the general planning of the exhibition, because
of the lack of the ability to make a modern exhibition,
the museum should rely on the power of an exhibition
production company. So many exhibition production
companies that can implement preliminary and final
displays were introducted in the early design phase.

•

For the same theme, if we choose different display
contents, the exhibition of the presentation also will
change. So the content should be determined as soon
as possible.

•

Presentation: Combined with the audience’s age,
educational background, habits and customs, daily
interaction behavior, etc. for a single display, the
presentation should be given after comprehensive
consideration, including such factors as common
touch screen, handle operation, keyboard operation,
the button operation, a pedal or a bicycle seats.
Different presentation and interactive ways correspond
to different audiences. Young children need simple,
easy to operate interactions. Older teens focus on
the content and the smoothness of the interactive
experience. Adults have more preference for the
display of the museum exhibition.

•

Preliminary design of an exhibition is based on the
general planning of the exhibition. The museum as
party needs to communicate with exhibition production
company in the early design phase. The content of the
communication are:

•

It is important to tell the main content of this exhibition
to the exhibition design companies, such as exhibition
theme is the evolution of stars in astronomy, or the
introduction of astronomical observation, etc. The
content of the exhibition relates to the exhibition
display form; generally speaking, the esoteric
knowledge needs to be a simple intuitive display.

•

Display technology: The development of science and
technology is the result of the combination of theory
and practical application of technology. Science and
technology has developed by leaps and bounds in
recent years, not only displays in manned spaceflight,
wireless communication, etc., Exhibition has had a
rapid development of technical skills and change.

•

•

Traditional exhibition with simply the physical display
exhibition and combined with static panel is suitable
for a museum. But for a new technology of general
venues, the traditional static display and a simple
dynamic demonstration is obviously not enough. The
display can’t attract the audience’s focus and attention.
Therefore, for modern nature venues, a new exhibition
display technology that can attract the audience is
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Not only in a temporary exhibition, but also in
permanent exhibitions, there is a functional partition
in exhibition. As an exhibition, what the different
functional areas conveys is not the same. When
writing articles, we often notice the cause, process,
climax, and result. The same is true in exhibitions. In a
good exhibition, the emotional transition zone is in the
front. A good exhibition is composed of an emotional
transition zone, exhibition presentation area, audience
interactive experience, exhibition experience area, and
the end of the exhibition area. We need to define the
function area of exhibition, then the exhibition route
will be produced. After functional partition is divided,
designers and the exhibition design company can
conceive the presentation more easily.

•

iii A communication about presentation of exhibition
of various elements, such as the static panel, physical
display, or a new display technology way of interactive
experience, like dynamic recognition capture or
virtual reality technology. Because of the difference
in interactive elements, the final presentation and the
emphasis of design is different.

•

When we choose static and simple dynamic
demonstrations, we focus on environmental
atmosphere construction and exhibition routes. While
under the new technology of interactive display, we
focus on the fluency of the software, the audience‘s
interest, the difficulty of interactive experience, and so
on.

•

3. Detailed design (refined exhibition presentation,
interactive, filling exhibition content for details)

•

After communication with museum staff, the
professional exhibition design company with a
rough understanding of the exhibition can design the
exhibition, and rendering for display. Then the staff
refines the content of the exhibition, finally completing
the whole exhibition of design work.

•

The presentation of exhibition that directly related to
audience’s interest is the most important part in the
exhibition. The types of exhibition are different, so do
the presentation.

•

Some exhibition display are static, with a physical
exhibition. Others are formed by a lot of interactive
experience displays. In general, the present method of
the exhibition should be careful consideration.

•

The success or failure of an exhibition is in the
details of the presentation. The staff should consider
all aspects of the exhibition for avoiding some
unexpected problems. In the design process, staff
should consider the presentation as an audience. At
a distance, the shape characteristics of display can
attract audience attention or not. At close range, is the
quality of display or not. In the process of interaction，
the audience feels the process is simple or complex.
Are there any instructions in the process of interactive
experience?

•

It’s necessary to fill the display content into the
exhibition after communicating the interaction
details. Display content should be closely integrated
with the knowledge. The purpose of the interactive
experience is to make the popular science exhibition
more vivid and interesting, not just a purely interactive
experience. As an astronomical exhibition, a large
number of astronomical elements should in the display,
for instance, astronomical objects and astronomical
phenomena.

•

The way of interactive experience in an astronomical
show should be on the basis of conforming to
astronomical knowledge.
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•

For example, the new exhibition in Beijing Planetarium
whose theme is a journey in the universe will be
installed. The general planning has been completed.
The exhibition will show the basic astronomical
knowledge such as solar system and the Milky Way,
also take into account the manned space and other hot
issues such as pulsars. The exhibition space cover
the B halls which have 3 display areas. The new
exhibition will meet the growing needs of audiences.

•

In Beijing Planetarium new exhibition general
planning, the exhibition will be implemented in two
years. The display will be open for at least five years.

•

There are four pavilions in this exhibition
“Approaching the starry sky”, “astronomical
recreational area”, “explore the universe” and
“space shuttle”. “Approaching the starry sky” and
“astronomical recreational area” have been designed
to end.

•

The main content of “explore the universe” matches
architectural features of Beijing planetarium.

•

All the elements of exhibition with interactive
experience imitate the typical appearance of
astronomical objects. We were considering both the
popular science venue’s visual effect and the audience
interactive experience of functionality.

•

The exhibition called “space shuttle”, which in the
underground, has its main content about cosmic
evolution theory. The audience can be intuitive
learning knowledge of cosmology because that
knowledge has been change into a model of interactive
experience and elements.

•

This exhibition schedule is that “Approached the
starry sky” and “astronomical recreational area” will
be completed in April 2015. In April 2016, “explore
the universe” and “space shuttle” will be put into
effect.

•

The exhibition is a permanent exhibition that wil
be open more than 5 years. The contents of the
exhibition are the solar system and classical contents
of cosmology, such as pulsars, stars, the Milky Way,
and so on.

•

Presentation gives priority to dynamic presentation
and interactive experience; static exhibition board and
physical features are a supplement. In the early period
of the exhibition design, the communication between
the staff and design company was about the main
content of display, not only the mainly functional area
and emotional transition zone, but also the location of
the interactive elements. The content and presentation
of exhibition had already been decided.

•

Two elements in the exhibition are worth noting.
Meteorites are a precious collection in Beijing
planetarium. But a meteorite from the Moon is the

most valuable. This meteorite was presented from
the USA when the Vice President visited China. Half
of the meteorite has been cut for research, and the
rest with 0.5g used in meteorites display for popular
science exhibition.
•

Because of the small quantity of meteorite, a
magnifying glass has been put in front of it. But the
effect is not well. This presentation cannot attract
audiences. Therefore, during the process of design
the exhibition, staff and design company reconsider
the presentation of the meteorite, eventually adopted
the maglev display technology. The meteorite will
be floating in a transparent showcase. This kind of
presentation that combines the old static object show
and new technology has solved the problem that the
old display was lacking of attraction.

•

The second display is to show the telescope structure
elements. As is known to all, telescope is the most
important instrument in astronomical observation.
Because of the presence of the telescope, the line of
sight of human beings can go deep into the depths of
the universe to explore its mysteries.

•

But internal structure of telescope, as a precision
optical instrument, is complex. But if we can only
provide the telescope section with interpretation, there
will be lack of necessary interest to attract the audience.
Therefore, the introduction of a new holographic
projection storefront will solve all the problems.
Through holographic projection technology, audience
can see the structure of telescope, and the process of
dismantling and fitting can be shown. The structure of
reflection, refraction, and catadioptric telescope will
be shown by this display.

•

With the development of technology, during the
process of popular science exhibition, the exhibition
design company will play a more important role. The
staff will be more inclined to examine the content of
exhibition according with principles of astronomy.
The staff will be group managers to supervise the
construction of the exhibition. This is the result
of social division of labor. We look forward to
developing the division of labor and collaboration in
popular science venues.
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ABSTRACTS OF PRESENTATIONS
FOR WHICH NO TEXT IS AVAILABLE
ORAL PAPERS
WPD: WORLDWIDE PLANETARIUMS DATABASE
Daniel Audeon, Planetarium of Nantes (France), APLF (Association of French Speaking
Planetariums) member
daniel.audeon@mairie-nantes.fr
With the IPS Directory, WPD is the website where you will find all sorts of information
on all planetariums around the world: exact location, pictures, dimensions, facilities,
materials, equipment, installers/providers, projectors, etc. Hosted on the APLF website,
with easy access from the IPS website or on Twitter, or Google Earth or Maps. Just for
the pleasure of seeing your planetarium or seek another worldwide, compare, get your
colleagues, seeking information to evolve and upgrade. Use the power of a database to
sort, select, search, make choices etc.
STARGAZING CAMP FOR THE BLIND AND OTHER PERSONS WITH DISABILITIES
Chun-lam Chan, Hong Kong Space Museum
ccl_t@hotmail.com
Since 2010, the Social Welfare Department of the Hong Kong government and over
40 organizations, profit or non-profit, have joined together to organize an over-night
stargazing activity called “Stargaze Camp for All & the Blind”. The number of participants
increased from 700 in the first year to 1800 last year. There were people with visual
impairment, hearing impairment, intellectual impairment and physical impairment,
minorities, new arrivals, and students, as well as people from the business sector and
government departments. The Hong Kong Space Museum has been responsible for
supporting the astronomy and stargazing related materials, equipment, and manpower.
From developing tactile starmaps at the beginning, to employing 3D printing technology
in recent years, some experience to communicate to people with visual impairment has
been obtained. A barrier-free telescope was used to facilitate the observation experience
for people with physical impairment. Chinese, English, and sign language were used to
explain astronomical phenomena. We hope, as we are all living under the same starry
sky, that we can eliminate any discrimination, misunderstanding against people with
disabilities, and bolster social inclusion and harmony, by a joyful and relaxing stargazing.
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ELEMENTARY AND SECONDARY SCHOOL TEACHER TRAINING FOR ASTRONOMY IN
CHINA
Dongni Chen, Beijing Planetarium
astro.dnchen@gmail.com
Astronomy is neither a compulsory course for elementary schools nor for secondary
schools in China. The astronomical education in elementary and secondary schools in
China is facing ever serious challenges. Being the unique large Planetarium in mainland
of China, Beijing Planetarium has been devoted to astronomy teacher training programs
for more than 50 years and gained remarkable achievements. Besides the traditional ways
of inviting physics teachers and geography teachers to take part in the summer school to
learn basics for astronomy teaching as part time job, Beijing Planetarium works together
with IAU 46 Committee to create a completely new mode to PLAY astronomy in class.
INTERNATIONAL YEAR OF LIGHT AND PUBLIC NAMING OF EXOPLANETS
Sze-leung Cheung, Office for Astronomy Outreach, International Astronomical Union
cheungszeleung@iau.org
The International Astronomical Union (IAU) is one of the supporting organizations of the
International Year of Light 2015 (IYL2015). One of the IYL2015 cornerstone projects
is “Cosmic Light”, which connects astronomy to light. The IAU Office for Astronomy
Outreach (OAO) is the central hub for coordination for the Cosmic Light cornerstone
for IYL. We will present the details of the Cosmic Light cornerstone and the ongoing
development for IYL programs. Another major campaign that the IAU OAO office is
going to organize will be the public naming for exoplanets. IAU has decided to name
exoplanets, however, we adopt a different approach than the naming of solar system
bodies like asteroids or comets, and the naming of exoplanets will involve public and
public organizations including planetariums. We will present the details.
THE MAKING OF DARK UNIVERSE
Carter Emmart, American Museum of Natural History
carter@amnh.org
The latest space show production from the American Museum of Natural History attempts
to explain not only what we know about cosmology, but how we know it. The three
concepts of how we discovered the evidence for the Big Bang were taken on directly adding
in how we discovered dark matter and dark energy. Using state of the art production
data visualization and unique simulations created for the show, Dark Universe illustrates
upon the data the basic cornerstones of current cosmological understanding. How this
show was created will be described step by step.
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POLITICAL EFFECTS ON PLANETARIUM ACTIVITIES
Omar Fikry, Planetarium Science Center, Library of Alexandria
omar.fikry@bibalex.org
After hosting the 20th International Planetarium Society conference (IPS 2010) within
seven months, the Egyptian revolution started at 25 January 2011. Because of these
political changes, the number of planetarium visitors and related activities were strongly
affected. And for more than three years we are still working with big resistance to keep
the planetarium as active as it was. We will show some statistical information before
and after the revolution and discuss how the political issues can affect the work at the
planetarium.
NEURODOME: VISUALIZATION OF NEUROIMAGLNG DATA IN IMMERSIVE, FULL-DOME
PLANETARIUM ENVIRONMENTS
Jonathan A. N. Fisher, New York Medical College
fisherworks@gmail.com
New technology is changing the way we view the brain. Advancements in bioimaging now
permit us to capture sparks of electrical activity in an individual neuron, and motifs of
neural connectivity are being steadily resolved. Yet, despite these technical advancements,
there is a growing gap between what scientists are uncovering and what the general public
knows and understands. Immersive or “frameless” visualization environments give an
audience the experience of physically moving through virtual environments. Real-time,
“route-based” data navigation offers a number of educational advantages. Despite the
ubiquity of digital dome technology and its documented educational merit, its utility in
depicting biological landscapes remains largely unexplored. Here, we describe results
from our recent work on creating real-time visualization tools for presenting, in dome
format, 3D neuroanatomical data at scales that vary by four orders of magnitude.
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PLANETARIUM INSTITUTIONS TO BECOME AN ICON IN THEIR CITY AND REGION
Enrique Fonte, Domo Didactico Itinerant
enriquefonte@prodigy.net.mx
The word “planetarium” attracts most people because some mystery surrounds it; also,
many times when these people visit a planetarium or a dome theater, they might get not as
exciting a visit experience as expected, in spite of having many new technology tools. That
means technology is a very important issue but not enough to give a great performance in
the theater and in the whole institution: interactive exhibits, workshops, etc. There are
other issues where we must pay attention to improve visit quality, as didactic approach,
a good and strategic combination of science and knowledge communication with an easy
and enjoyable understanding. Also a gentle and warm welcome and friendly employee
attitude, among others. On the other hand, an important need must be covered: a strong
and permanent communication with the outside social environment: the city and regional
area where it belongs. Each institution is able to develop a solid link with its community
taking in account the profile of itself (science, astronomy, culture, environment, education)
and the cultural, social, and economic background that surrounds it. Then a planetarium
can become an important icon.
DEVELOPMENT AND PROSPECT OF CHINA’S PLANETARIUM
Xia Guo, Beijing Planetarium
guoxia@bjp.org.cn
This paper reviews the origin and development of China’s Planetariums and equipment.
The paper analyzes the features of Chinese planetariums, the developing trend of
planetariums of China, from 1957 and 1978 in the initial period, during 1979 to 1992 the
formative years, from 1993 to 2003 the growth period, and the period of prosperity since
2004. Explore the development of the China’s planetariums in the future.
DEEP SKY. BEYOND THE BLACK TAPESTRY OF THE NIGHT
Fernando Jauregui, Planetarlo De Pamplona
fernando@pamplonetario.org
Deep Sky is a 25’ fulldome planetarium show currently under production by the
Planetarium of Pamplona, Spain. It’s intended for general public but a didactical guide
will be created to be used 14- to 18-year-old students. The production characteristics
are the standards: 4k, 30fps, Dolby 5.1 & Stereo soundtrack, and English and Spanish
narration. The script pays homage to the Cosmos series and Carl Sagan and explains
some of the topics related to the objects hidden behind the black background of the night.
In this presentation we will discuss some production issues about scenes, music, scripting,
etc. Please, come and join us through the wonders awaiting us behind that Deep Sky.
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CASE STUDY OF CHINESE ANCIENT POETRY ASTROPHOTOGRAPHY COMPETITION
Bing Li, Beijing Planetarium
libing@bjp.org.cn
Our ancestors were closer to the night sky than we are. The sky nearly never changes. The
OAD 2013 project Chinese Ancient Poetry Astrophotography Competition encourages
more people to take pictures of the night sky according to Chinese ancient poems. And
then let more people appreciate the night sky through the lenses of that beautiful poetry!
Kevin Govender, the director of IAU OAD said, “This project that Bing Li is leading is a
perfect marriage between our cultural astronomical roots and the modern technology we
use to observe the stars.” This article will show some beautiful works of the competition
and share how we design and develop the project.
DOME 8K SYSTEM: ANALYSIS AND EXPERIENCE
Horace Lu, Beijing Planetarium
horacelubj@gmail.com
We have installed the first full dome 8K projection system in the world in Beijing
Planetarium, and we have been running the system since 2008. Based on the experiences
of these years, I make a contrastive analysis between Dome 8k system and optic system
in the dome, summarize how to make the maintenance and run the system smoothly, and
investigate what the audience’s thinking after the 8k and optic dome show. Finally, I give
some discussion and suggestion about installation and running of the dome 8K system.
EDUCATIONAL STORYTELLING
Adam Majorosi, Freelance Scriptwriter
stargarten@live.de
How can we trigger young people to adapt scientific subjects at school, especially
mathematics and physics? Planetarium shows can play an important role, but the key
is the way of storytelling. By the example of the astronomy show “Journey to a Billion
Suns”, the strategy of educational storytelling will be outlined. How does a complex
story work? How do characters support the story? How much of colloquial wording is
necessary? How about a dialogue? How much solid content is digestible? The story of a
45-minute show is a very complex work of art that needs structuring and wording skills.
And finally how is it perceived by the audience? How much of the content sticks in the
audience’s mind? What exactly has been delivered? This paper doesn’t commend any
show. It draws upon real experience in the making of the show.
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THE SKY ABOVE MY NEIGHBORHOOD: READING SOCIAL TERRITORIES BETWEEN
GROUND AND SKY
Carlos Augusto Molina, Planetario de Medellin, Parque Explora
carlos.molina@parqueexplora.org
Medellin is, in matter of size, the second city in Colombia. In the last decades, some
communities have been suffering an intra-urban displacement and fragmentation of the
territory caused by a migration of the armed conflict to bigger cities. As a result of
this situation, a social phenomenon called “invisible borderlines” has appeared. The
Planetarium of Medellin, in a partnership with the public libraries of the city, is using
astronomy encounters and the promotion of scientific reading as a strategy to encourage
another look at the relation between the community and its surroundings.
CREATING VIRTUAL REALITY EXPERIENCES WITH WORLDWIDE TELESCOPE
Doug Roberts, WorldWide Telescope
doug-roberts@northwestern.edu
WorldWide Telescope (WWT) works with Oculus Rift and will be able to work with
other future VR systems. Virtual Reality (VR) is a new medium with many of the same
characteristics of domed environments, such as immersion. However, VR can provide a
much stronger feeling of being present in a virtual environment and producers must think
about the audience representation—avatars—in these environments more deliberately
than was done for domes. I have created a new VR show entitled “Impact!” that is
freely available for use in VR shows using WWT. A free version of the show for the
dome is also available. Both versions come with an audience survey instrument to assess
various aspects of visitor experience and learning. I will briefly review the steps that went
into creating this new show and discuss some lessons learned in producing for virtual
reality. I will conclude with a list of next steps that our community should take to better
understand the opportunities of this disruptive new technology.
UNFOLDING THE UNIVERSE
Patty Seaton, Howard B. Owens Science Center (HBOSC)
pxts13@yahoo.com
Universe unfolds Elements creating stars Encompassing me. What if the elements
created in stars create a universal bond between us and everything that exists? How
would you express the feeling of your very soul exposed to the wonders of space? Your
journey begins with exquisite images of the universe. It becomes a journal for writing,
and a study guide to spark the imagination. Come receive a brief taste of what 7th grade
English Language Arts students experience under the dome at the Howard B. Owens
Science Center, as we use scientific images, poems, and the simple beauty of the night sky
to encourage poetry writing.
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EXPLODING THE FRAME - THE LANGUAGE OF IMMERSIVE CINEMA
Ben Shedd, School of Art, Design and Media, Nanyang Technological University
Dan Neafus, Gates Planetarium, Denver Museum of Nature & Science
bshedd@ntu.edu.sg
The exploding the frame—the language of immersive cinema workshop will start
by comparing and contrasting small screen/framed media with giant dome frameless
experiences. Then, using numerous examples, presenters Ben Shedd and Dan Neafus
will describe and demonstrate dome image placement, audience sight-lines, size and
scale, audio placement, effective image and sequence juxtapositions in composition and
editing, movement speeds for giant fulldome imagery, and much more. This workshop
will provide a wide array of working tools to maximize quality in fulldome productions.
Venue: workshop would be best presented in a fulldome planetarium to show full size
examples. Audience is producers and presenters of full dome programs and will be very
useful to all IPS attendees.
DEVELOPMENT AND STATUS OF CHINESE PLANETARIUM FULL DOME SHOW
Steven Soong, Beijing Planetarium
syy@bjp.org.cn
This paper will introduce the history of the planetarium show in China and the main
technology that has been used since 1957. Before the completion of the Beijing Planetarium,
China had no planetarium, and astronomy was limited to the areas of scientific research.
Furthermore, public understanding of astronomy was only limited to newspapers and
magazines. In 1957, the first planetarium of China, Beijing Planetarium, opened to public,
and that meant the Chinese people began to have a chance to understand astronomy
closely. At that time, the production of planetarium shows was easy: they only used
the optical planetarium and ordinary slide machine to make and play. During nearly
half a century, Beijing Planetarium has been at the forefront of the popular science in
astronomical of China, and made a lot of attractive planetarium shows. During that
time, all kinds of full dome theaters ware constantly built in science centers and schools.
In 2004, after years of preparation, the new building of Beijing Planetarium was put
in use, and the popular science in astronomical of China came into the digital age. So
far we have produced many digital full dome shows, including “Interstellar”, “Heaven
Palace”, and so on. In addition to Beijing Planetarium, some other domestic agencies and
companies gradually tried to produce digital planetarium shows. Over years of attempt,
not only conventional planetarium, 3D animation, scientific visualization technology can
be used in making shows, but also time-lapse photography, real-shooting can be added in
it. Nowadays, we have a complete production capacity for full dome shows, and we are
working hard to make more excellent shows for the audiences all over the world.
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COOPERATION PROJECTS AMONG PLANETARIUMS IN GERMANY
Björn Voss, Planetarium at the Westphalian State Museum of Natural History
bjoern.voss@lwl.org
Several planetariums in Germany are cooperating closely on a number of projects,
organized in different structures. These range from formal activities of the German
Planetarium Society (GDP), or large show production projects with ten partners or more,
towards ad hoc cooperation on smaller issues. Some relevant projects are discussed, with
a focus on show production projects. These can allow small or mid-sized planetariums
to achieve customized fulldome show productions even when on a budget, by sharing of
assets.
ASTRONOMY EDUCATION FOR PRE-SCHOOLERS AT BEIJING PLANETARIUM
Ying Wang, Beijing Planetarium
wangying@bjp.org.cn
Astronomy education is becoming a significant subject to promote the development of
science and technology. In recent years, Beijing Planetarium has been making full use of its
educational resources to explore the field of inspiring kids to get knowledge in astronomy.
Since 2012, Beijing Planetarium has set up the education base in astronomy for preschoolers with the kindergarten and primary schools in Beijing. There are educational
courses for children, such as, “stars are my best friends”, “looking at skies, wandering in
universe”, “I have an appointment with starry sky”, “The diary of the moon”, and “The
theatre of stars”. Children are the future of our country, so it is necessary to promote the
education in astronomy in kindergartens and primary schools to help develop the quality
of the whole nation. Their creativity and imagination can be developed in the process.
This article mainly introduces how Beijing Planetarium carries out educational activities
using exhibitions and films for pre-schoolers to share the experiences and come up with
some new thoughts in how to offer education in astronomy to children in the near future.
VISITOR SATISFACTION POLL RESULTS AT ADLER PLANETARIUM
Mark Webb, Adler Planetarium
mwebb@adlerplanetarium.org
During March and April of 2014 the Adler Planetarium conducted a poll of more than
one thousand planetarium visitors. Planetarium show patrons were asked to rate their
satisfaction with the program they had just experienced on a scale of one to five. Both
live presentations and pre-recorded programs were measured. This paper will present
the results of the audience response poll, compare the results to previous data, and make
recommendations for creating programming that will help increase audience satisfaction
with their planetarium visit.
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A BRIEF HISTORY AND REVIEW OF PLANETARIUM DEVELOPMENT IN CHINA
Shaohao Wu, Beijing Institute Of Technology
Three representative planetarium systems are discussed. First, the world unique universal
planetarium system based on geocentric model. The instrument was highly precise
because it corrected theoretical error caused by the offset between the projector center
and the dome center. Besides, both the planets’ and Earth’s Keplerian orbital motions
were corrected. Second, the S-10 planetarium has been the best-selling and most popular
model in China, equipping hundreds of planetariums nationwide since 1986. Lastly,
the newly developed high-end, low cost Nova planetarium system. The Nova is built on
experience of prior designs while harnessing recent advances of technology, such as high
brightness LED light source, high-efficiency optical fiber coupling and illumination, large
NA, high resolution lenses, and digitally controlled DDR drive silent motors.
“SPEAKING OF SPACE” -- PUBLIC OUTREACH SCIENCE LECTURES AT BEIJING
PLANETARIUM
Ziping Zhang, Beijing Planetarium
The public lectures at Beijing Planetarium date back to 1957, when the planetarium
was first built. Over the years, the lectures have reached tens of thousands, or perhaps
hundreds of thousands, of people of various ages and education background. With the
coming of the digital age and the information explosion, the lecture series is facing new
challenges in terms of retaining its traditional audience, as well as expanding its reach to
a broader spectrum of the society.
DYNAMIC 3D THEATER CONTROL SYSTEM DESIGN AND IMPLEMENTATION
Jinliang Zhao, Beijing Planetarium
At Beijing Planetarium, the 3D Motion Theater Automatic Control Systems project
designed and implemented a 3D dynamic cinema automatic control system. This system
consists of main cabinet, OCC operator panel, and control box. The emergency stop
chain and sport license chain together achieve the system security module. The system
also achieves mutual communication between control devices using the Ethernet, RS-232,
and RS485. Experiments show that the layout of the hardware is reasonable, the signal
delay between distributed PLC architecture and iFix control configuration software is
50ms or less and the update cycle of local database is 0.5s so that we able to achieve realtime control of various types of equipment in the 3D cinema. The 72 screenings within
two weeks show that the correct rate of system up to 100%.
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PLANETARIUM AND ASTRONOMY EDUCATION IN CHINA
Jin Zhu, Beijing Planetarium
Jie Liu, Tianjin Science and Technology Museum
Promoting astronomy education in schools is one of the most important tasks for Chinese
planetaria from the early beginning of Beijing Planetarium in the 1950s. During the
recent years, planetaria have developed rapidly in China, and more and more astronomy
educational activities have been performed, with some emphasis on school students. This
paper will give some introduction and summary of the current status and progress of
astronomy education in mainland China.
WORKSHOPS
VISION 2020: SWOT ANALYSIS AND GOALS WORKSHOP
Thomas Kraupe
Thomas.Kraupe@planetarium-hamburg.de
DESIGNING, BUILDING, AND OPERATING A SUCCESSFUL PLANETARIUM
Ian McLennan
Tim Barry
Bill Chomik
Manos Kitsonas
Thomas Kraupe
Mike Murray
ian@ianmclennan.com
EXPLODING THE FRAME – THE LANGUAGE OF IMMERSIVE CINEMA
Ben Shedd & Dan Neafus
bshedd@ntu.edu.sg
The exploding the frame—the language of immersive cinema workshop will start
by comparing and contrasting small screen/framed media with giant dome frameless
experiences. Then, using numerous examples, presenters Ben Shedd and Dan Neafus
will describe and demonstrate dome image placement, audience sight-lines, size and
scale, audio placement, effective image and sequence juxtapositions in composition and
editing, movement speeds for giant fulldome imagery, and much more. This workshop
will provide a wide array of working tools to maximize quality in fulldome productions.
Venue: workshop would be best presented in a fulldome planetarium to show full size
examples. Audience is producers and presenters of full dome programs and will be very
useful to all IPS attendees.
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NANOTARIUM: AN INEXPENSIVE DO-IT-YOURSELF EDUCATIONAL PLANETARIUM
PROJECTOR AND ACCOMPANYING OPTICS CURRICULUM
James Sweitzer, Columbia College Chicago
jsweitzer@colum.edu
This workshop will introduce the planetarium community to the Nanotarium. A
Nanotarium is a small, single-frame planetarium projector that can be assembled by
astronomy educators and their students anywhere in the world. The project is funded
in part by the International Astronomical Union (IAU) with the intention of creating
introductory, affordable planetarium technology for developing world astronomy
educators. The Nanotarium was designed to be a hands-on STEM module for highschool level students. Nanotariums feature educationally useful single star fields that
are projected using quality optics onto ceilings or walls. Bright, white LEDs, the ability
to create digital star fields for laser cutting, and 3D printing have made Nanotariums
possible. The project will also feature online support in the form of training videos
and an accompanying curriculum on the optics upon which these projectors depend.
Nanotariums have been prototyped and developed by Chicago high school students. At
this workshop, we will give out the parts for a limited number of Nanotariums to those
who complete the workshop. The IAU is supplying these projector parts for this session
and more will be available at cost in the future.
THE DUTCH APPROACH
Jaap Vreeling, Dutch Research School for Astronomy
j.a.vreeling@uva.nl
In February 2010 NOVA, the Dutch research center for Astronomy started a project with
a Mobile Planetarium. We are visiting with schools with different levels through the
whole Netherlands. The team consists of astronomers, masters, and PhD students. The
project is a huge success with more than 170 visits a year. It is based on interactive shows
supervised by astronomical institutes. Schools are trying to organize a visit of the mobile
planetarium in connection with their educational program. In May 2014 the project will
reach the milestone of 100,000 visitors. In my presentation I will give you an overview
of our outreach program in the Netherlands. We can discuss points of research of the
learning aspects of our project.
PRESENTING LIVE UNDER THE DOME
Mark Webb
mwebb@adlerplanetarium.org
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POSTERS
EVALUATING WHAT WE DO
Jane Ashong
jacob_ashong2@yahoo.com
Schoolchildren aged 4 to 18 visit Ghana Planetarium on weekdays. Teachers and pupils
are enthused and excited by planetarium shows. Most want to learn about the solar
system, which is on the school curriculum. Children are questioned to assess their current
astronomy knowedge. Posters, activities, demonstrations, questions and answers enrich
their understanding. Teachers were asked to evaluate their visit and the facility. The
majority said the visit had increased the children’s knowledge. Most thought they would
not have accessed this knowledge elsewhere. All the teachers wanted to bring their pupils
for further visits. Transport costs prevented deprived schools from visiting. We held a
one-week workshop for university students, teachers, and lecturers in August 2013. We
gave them questionnaires to find out what they thought of the workshop. The comments
were overwhelmingly positive, and they thought similar workshops should be held for
other groups.
MUTANT BACTERIA–A STORY ABOUT THE UNIVERSE IN A DROP OF WATER
Fernando Jauregui, Planetario de Pamplona
fernando@pamplonetario.org
Mutant Bacteria is a planetarium program for young children. It tells the story of a
bacterium that is different: a mutant bacteria. We narrate the adventures of this little
protagonist while walking through his microscopic world and its relationship with other
beings who ignore or who want to devour her. Finally the little mutant bacteria finds its
placae in the ballet of Mademoiselle Ameba. The characters and some background that
appear in this story have been built using images of different fluid mixtures. This makes
for a visual richness that is difficult to achieve with classical animation.
LEGENDS ABOUT THE SKY OF THE PACIFIC RIM—TAKE THE SKY OF ZHUANG RURAL
AREA IN CHINA AS AN EXAMPLE
Jing Liu, Guangxi Science & Technology Museum
Guangxi Zhuang Autonomous Region is located in the south of China and is unique
in geographical location. The Tropic of Cancer traverses its mainland. In the long
history, Zhuang ethnic has formed a special national culture on cosmology, calendar,
and production lifestyle, and then revealed the astronomical mysteries and planetarium
culture with simple language and traditional patterns of the Zhuang ethnic. All of these
activities havde enriched cosmic civilization of the Chinese nation, and pushed forward
economic and social development of Guangxi Zhuang Autonomous Region.
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BRAZILIAN PLANETARIUMS 2014: AN OVERVIEW
Maria Helena Steffani - Planetario da UFRGS/Brazil
helena.steffani@ufrgs.br
Brazil is the world’s fifth largest country. It has much natural richness and many singular
beauties and its people exhibit great ethnical and cultural diversity. Brazil has great
challenges. For instance, to improve its educational system, to provide efficient public
health to the people, to guarantee public security, to reduce social differences and so
on. Planetariums do contribute significantly to improve the quality of the educational
process, mainly in science areas. The first Brazilian Planetarium was installed in Sao
Paulo, our largest city, in 1957. Five years later, the second one was installed in Rio de
Janeiro. Since 1960, some new planetariums were created during the following the XX
century decades. But in the first decade of XXI century the total number of Brazilian
Planetariums doubled. Nowadays Brazil has almost 50 fixed planetariums and 40
portable ones. A recent research shows that most of the fixed planetariums are supported
by government sectors and need new and modern planetarium equipment, like the digital
ones. Yet most of the portable planetariums are private and, frequently, they have not
enough people to work in. Most of the fixed planetariums are members of the Association
of Brazilian Planetariums (ABP) which, like IPS, encourages the sharing of ideas among
its members through an annual conference and meetings.
PRESENT ACTIVITIES OF SLOVAK CENTRAL OBSERVATORY IN HURBANOVO
Marian Vidovenec
marian.vidovenec@suh.sk
The existence of Slovak Central Observatory is divided into three periods. The first period
(1871-1918) is connected with Nicolaus Konkoly Thege, the founder of the observatory.
The second period is the era between two world wars. The present period started in 1962
when public observatory in Hurbanovo was established. Its activities grew up and in
1969 it became the central public observatory in Slovakia. The Observatory publishes a
magazine Kozmos six times a year. Since 1983 there has been a small planetarium ZKP1
. The observatory has a library and publishes several publications. An optical workshop
of the observatory provides a service for amateur astronomers. A Museum of Nicolau
Konkoly Thege was established in 2006 as a part of the observatory. Its main activity
is oriented to collect historical astronomical instruments and introduce them to public.
The main observational program is oriented to Solar observation, and in 1983 a big Solar
telescope was built up on site of the observatory.
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HIGH DEFINITION FULLDOME VIDEO OF VARIOUS REAL SCENERY (VRS)
Chiaki Yoshizumi, Wakayama University
chiaki@center.wakayama-u.ac.jp
There are some experiences that cannot be fully appreciated if we do not go to the field.
For example, we cannot fully perceive the dramatic change of ground scenery before,
during, and after a total solar eclipse. The usual video image or CG image does not
compare to the live experience. In 2009, we took fulldome video of a total solar eclipse
using a 4K video camera with a fisheye lens and transmitted live images from the field
to 4K digital planetariums. The audience was able to experience the event as an onlocation observer would, by reproducing a multidirectional video image on a dome
screen. There are some subjects that cannot be fully experienced with the usual video
or CG. Examples are natural landscapes, submarine landscapes, intangible cultural
assets, and disaster (tsunami) area landscapes. We have been recording high definition,
fulldome video of various real scenery (VRS). In this poster, we present the detail of our
various experimentation and observations such as the attention/perception response of
the audience.
PANELS
‘IN-SYSTEM’ SHOW PRODUCTION WITH DIGITAL PLANETARIA
Edward Bloomer, Royal Observatory Greenwich
ebloomer@rmg.co.uk
Many current-generation planetaria software systems are now powerful content-creation
tools in their own right, allowing facilities to develop and share their own material. This
panel will be a collaborative discussion between panel guests and the audience about how
to best harness available tools, concentrating on: • Development cycles and production
values: low-cost tools, shared developments, and project lifetimes. • Specialist content
creation: niche topics, audience expectations. • Show types: hybrid systems, short
sequences, and full-length shows. • Education: creating and sharing material, audience
expectations, and interactivity.
SCIENCE VISUALIZATION SHOWCASE
Lars Lindberg Christensen and others
lars@eso.org
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VISION 2020: AN OVERVIEW OF IPS’ STRATEGIC PLANNING PROJECT
Thomas Kraupe
Thomas.Kraupe@planetarium-hamburg.de
IPS NEW AUDIO COMMITTEE
Rene Rodigast, Fraunhofer IDMT
rdt@idmt.fraunhofer.de
With increasing requirements in content production for dome and 3D screens, the
needs for having content-related audio are more relevant. The audience expects a high
immersive sound quality together with the video on all seats. The new audio committee
will assist planetarium to provide a high quality sound for the audience. In the session
the new activities of the committee will introduced and discussed. The goals and activities
of the new audio committee will introduced.
IPS TASK FORCE REPORT ON SCIENCE AND DATA VISUALIZATION
Mark SubbaRao, Adler Planetarium
msubbarao@adlerplanetarium.org
The panel will report on the first year activities of the IPS’s Science and Data Visualization
Task Force. The mission of the task force is to streamline the process of going from data
to dome, increasing the potential for scientific communication and storytelling in the
planetarium. We have defined several initiatives such as preparing planetaria for the big
data streams that will come from next generation telescopes, satellites, experiments and
computational simulations, and creating professional development opportunities aimed
at developing more “data savvy” planetarians. We will report on the progress made
towards each of these initiatives.
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