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Seeing Limits of Data to Demonstrate the Way of Science

Bz R (RildT 5) 2007 — ¥ OMBICBT 555

Dr. Carter Emmart (American Museum of Natural History)

Thank you very much for inviting me to a third year of
presenting at this international forum of science visualization in
planetariums. It is a great honor to join you again to present on
major trends of this important new emerging medium. Today |
would like to discuss how showing the limits of data are an

opportunity to connect the public with the methods of science.

Observation data is essentially measurement and all
measurement contains uncertainty and limitations of coverage.
Simulation data attempts to reconstruct the behavior of the
observed universe, and is limited by our human understanding.
Science is a process of exploration toward greater
understanding, which is inherently incomplete, yet is ever being

refined; a perennial work in progress.

Planetariums now beyond the first decade of the 20th Century
have developed a tremendous capacity to depict the known
universe and simulations of its behaviors thanks to the
revolutions in computational capability, which have enabled the
technologies of data acaquisition, visualization, astrophysical
simulation, virtual reality graphics and projection. This cluster of
innovation extends the abilities of the planetarium to go far
beyond its traditional subject of the sky above us, and it’s
associated behaviors. All science that can be visualized can
now be explored within a new concept of "planetarium” with

immersive video driven by computers.

We live in a universe that we immediately sense as the earthly
world surrounding us that we can interact with. But through
our ever-refined abilities to measure we extend our senses so
that we now understand pretty well the fundamental makeup
and extent of the universe in scale and time. Our
computational tools have only recently enabled the ability
todepict this measured world almost as realistic as we see
thereal world around us. We are naturally curious about and
strive for realistic depiction of realms we have yet to travel to,
or are unattainable in scale and time. Our planetariums immerse
us in these realms as a proxy for experiences beyond our

limitations.
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Measurements of the universe, while inherently incomplete,
inform us how we can extrapolate beyond the pieces we can
explicitly measure so we can infer the more general picture and
characterize processes that we can simulate. No matter the
measurement, it is limited in scope and fraught with uncertainty,
and no matter the simulation, it is limited by our understanding
and computational machinery. As technology gets better we
get closer to reproducing reality, but the limits of our view and
our understanding frame science. Being able to clearly show
these limits allows us to explain how science works and is in a

constant state of update toward better understanding.

While we see a continuous world around us of natural
interrelationships, our limited abilities to measure everything give
us well-studied pieces of the whole. Science strives to
understand the whole by studying the many. In visualizing our
knowledge, we come up against the limits and boundaries of
these pieces so that we see very directly what’s missing. If we
plot only what we have actually observed, we can only show an
incomplete mosaic representing our current understanding of
that continuous world. Seeing gaps, missing parts and edges,
we naturally ask, "why is this?". The nagging question of "why"

”

leads to the next question of "how” , “how do we know this?".
It is precisely these branching questions that engage an
audience, and answering them is the special opportunity of the
planetarium: It is one powerful way we can connect with the

public.

And yet, seeing a discontinuous picture can be a challenge to
describe and tends to presents a fork into two distinct methods

of presentation.

While seeing the limits of data we use to display the universe
are an opportunity for live explanation, they can equally get in
the way of linear story telling. Production tends to focus on
story or illustration of specific concepts without luxury to explain
a universe of limited parts or coverage. So production typically
strives to fill in a more continuous picture. Description of data
can be messy, typically requiring non-linear, branching narrative
as to how it was gathered in addition to the main narrative of
what it means to the science it was collected to explore.
Because of this, production typically avoids such duel narrative
by attempting to hide boundary limits of data and fill in with
what can be inferred. This is understandable because we live
within a continuous world, and not a stage set of parts. But the
world of data is much more like a stage set that the scientist is
trained to accept and see through as structural components

supporting a greater understanding of the whole.
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The tendency for production to fill, in a scientifically defensible
manner, allows us to illustrate concepts over a cleaner,
continuous template with fewer questions causing distraction
and is very useful for informal science presentation without the
shackles of scientific rigor and process having to be explained.
In such production, we can be mislead as to what is real, and
what is created in a mixture of observed data and inferred
statistics, or worse, just imagined artwork. The tension
between real and created is a concern that is important for our
field, which tries hard to explain the process of science. It is
ironic that in the quest to teach scientific concepts, in production
we tend to minimize real, discontinuous, distractive elements,
which cause us to guestion, which is the very foundation of

science in the first place.

Plotting the actual observed parts of the universe immediately
brings the viewer into awareness of a very real set of
restrictions that impose limits to what is known. Different
components of the universe typically possess specific
distributions, characteristics, requirements and difficulties of
observation that impose differing levels of resolve to a total
picture. While discontinuous, this picture is an authentic portrait
and quite informative about our methods we use to better

understand the whole of the universe within our view.

After a decade of showing the universe as a sum of observed
parts, or data sets, it is interesting to note how the presentation
of it has typically been carried out. Live interactive
presentation has inherent flexibility for the knowledgeable
presenter to show the data assemblage, describing it’ s
meaning and how it was gathered, while answering audience
questions with the ability to manipulate the display, live. This is
essentially how live presentation methods for the known
universe have developed at the two places that pioneered this
capability: here at the National Astrophysical Observatory of
Japan and in New York at the American Museum of Natural
History, AMNH. The limits, complexities, and overlay of limited
data sets require authoritative description within interactive
demonstration in order to make contextual linkages. Movie
productions too, have been produced that have attempted to
capture the basic elements of such a demonstration, and they
have proven educationally effective, however, what these linear
movies lack, no matter how well produced, is a sense of being in
an exploratory environment. Presented live, one understands
they are in a virtual world that can be explored in any direction
and across time. Use of pre-recorded movies in support of
interactive presentation is also an effective method of
authoritative demonstration. This, of course, is the way that
the NAOJ 4D2U project has chosen to develop. Depending on
the presenter’s abilities to navigate through the data atlas and
simultaneously explain it, it is not necessary that audience
members actually drive themselves for it to become obvious
that one is within a realm of real, visualized information.
Handing control over to an audience can, however, demonstrate
the reality that we are within a data visualized depiction of the

universe, viewing plotted information from any angle or time.
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Such live demonstration can even be conducted remotely,
thanks to the Internet. Dome to dome planetarium event
sharing is now possible around the world, and use of screen
sharing now allows expert narrative to be brought in remotely
as a dialog with a trained presenter and audience. This
interconnected event scenario is an exciting, new development
for our industry and gives reason for local communities to come

to the planetarium to see science explained well.

When we began to explore the new immersive medium of the
planetarium, we started from the planetarium’s traditional
foundation in data visualization: accurate star mapping displayed
around us on a dome exactly how we see the sky, along with
its associated motions and those of the planets, moon and sun.
While showing sky is still a purpose of planetariums, full dome
video allowed us to extend the sky into fully realized 3D space
with distance information to galaxies, stars, and planets within a
model of the solar system. Stellar data plotted in three
dimensions, allows us to not only see the true layout of our local
solar surroundings but to also see clearly its very limited volume
in comparison to the dimensions of the Miky Way Galaxy. This
necessitates explanation. What stands out is the bias of our
location highlighted by a clustering of stars around us, which are
bright enough and close enough to be seen. Beyond a few
thousand light years, even very bright stars become too dim for
us to see them with our eyes. While enhanced instrumentation
makes visible so much of the universe to be seen from our
location within it, extracting distances has been one of the most
difficult measurements to make. Limits of instrument sensitivity
limit our ability to measure stellar parallax and see the very
faintest of objects. Knowing stellar distance from parallax
requires our best methods of knowing the distance to the sun.
This gets into methods of distancing planets and precision in
timing to apply the laws of planetary motion. In turn, precise
stellar distances are required for distancing galaxies. Presenting
the details of the cosmic distance ladder may be just one
subject in need of explanation, but as we are confronted with
questions when we show such data, we are compelled to
explain the reasons for its visible limitations. As we present
three dimensional data sets for stars and galaxies that have
been prepared by teams of scientists, it becomes our obligation
to be able to explain visible limitations with a general knowledge

of the science as well as how the data was gathered.
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Out of some several hundred bilion stars which astronomy infers
for our home Miky Way Galaxy, we have distances for roughly
a thousandth of a percent of that total which has been
measured by the astrometric satellite mission, Hipparcos,
conducted by the European Space Agency; a mere 118,000
stars. If we consider magnitude completeness for the entire
sky, we have less than one quarter of that, 24,000 stars, down
to magnitude 7.5. By just plotting the stars with known
distances, we can quickly demonstrate the enormous gulf
between what is explicitly known and what can be inferred by
estimating the vast number of stars beyond the ability of our
best instrumentation to measure stellar distance. For
production we may fill in with statistical stars for a segment
where we may want to fly out of our galaxy. In live
presentation we may choose to focus on the limitations of
known stellar distances explicitly to tell a story of science.
Having both observed data and statistical extrapolation as
separate elements with the ability to toggle them on or off, can
clearly demonstrate the extent of what' s explicitly known, and
what’ s inferred. Showing such a distinction is a lesson in
science. Seeing it, we are introduced to the process of science,
and naturally we wonder what is being done to reduce such
limitations. In this case of showing stars we can make an
audience appreciate the improvement expected soon from the
Gaia mission, which anticipates collecting distances to about one

bilion stars!

To follow the stellar analogy of completeness to galaxies, we
can now show about two milion galaxies plotted by red shift
values obtained across several deep space surveys. This is an
astonishing number, almost all gathered in the first decade of
the 21st Century. Plotting these galaxies in three-dimensional
space, we clearly see the large-scale structure of the universe,
imbedded across look back time due to the limited speed of
light. In contrast, we are humbled by the Hubble Deep Field,
which only sampled five square arc minutes of sky, about the
size of Mare Crisium on the moon. Taking the Hubble deep view
as typical, we infer a total number of galaxies within the visible
universe to be roughly a couple hundred billion! So, now our
plotting of two million can be understood as a gross under
sampling of what’ s truly out there! What can be shown is
seen to have fall-off limitations with distance, just like the stars
did, and limits in coverage imposed by observational limitations
such as blocking by the Milky Way Galaxy, view constraints

from observatory locations, and budget of specific surveys

Hh—9—-x2—-hMEL
Dr. Carter Emmart (American Museum of Natural History)
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Seeing even this “small” sample of the universe, lets consider
the vast numbers of exoplanets now being discovered, and the
probabilities for life. So far we know of just one world with life,
and on it we have sufficiently advanced beings that have
mapped and understood a significant amount of the universe. If
we estimate very roughly about a trilion worlds in our own Milky
Way Galaxy, we at least know that we are then about one in a
trilion. Could it be overly optimistic to consider that there might
be similar beings out there that may have mapped the cosmos
too? Lets consider the possibility of just one of these planets,
per galaxy to have done so. While we cannot say for sure, we
can at least also consider the better overall chances that life in
some form exists out there. If it s even as small a number of
worlds as one-in-a-trillion, we can reconsider the map of the
large-scale structure of the universe revealed to us from our
observations. This cosmic web visualized from some two milion
galaxies could then be considered to also being showing the
locations of life, and perhaps places of awareness of the
universe such as we have only recently obtained. The cosmic
web then becomes not only a map of galaxies, but a type of

living tissue map of the universe as well.

Much closer to home, we now examine the mapped planets and
moons across the solar system with data acquired by satellite
missions. We can layer existing maps on these worlds to see
across time and spectrum of light to examine different things.
Boundaries imposed by the methods of acquisition can be quite
visible, and when explaining why we seem them, we get into
how these data are collected and for what purpose. Again, the
story of the data gets us into the story of the science. And
the story of science is a human story, and when we see the
limitations we understand we are in an ever-evolving picture of
reality, and an ever-evolving understanding of our place within it.
When we realize this we can appreciate the vast synthesis of
human knowledge that has been built step by step, and how it
serves to make us appreciate our global consciousness and
concern for its continuation. We feel part of the universe in a

deep and fundamental way.

Our immersive, graphical tools to explore the extent of
knowledge have extended our reach of familiarity to reaims far
beyond our immediate interaction for the first time in history. It

is truly a privieged time to be alive.

| believe that showing the universe, as we know it, in
well-studied constituent pieces, is a great opportunity for our
profession to connect face to face with our public, as our
methods with interactive presentation are indicating. It is our
obligation as planetarium professionals to explain our limits to
knowledge and the needs for science to ever improve the view,
and in turn, our understanding of the universe from which we

arose.

Thank you all again. It has been my great honor of presenting
to you today for the third year in a row at this important

international festival.
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The Language and Science of Immersive Cinema

EHEAMT R DFY

Dan Neafus (Gates Planetarium Operations Manager)

Good afternoon.

Thank you Itoh-San, and committee for inviting me to speak. |
am very pleased to see so many friends in the audience today.
It is a privilege to address this group of visionary and creative
thinkers. It is also an honor to follow in the footsteps of my
colleagues Dr. Carter Emmart and Dr. James Sweitzer and
Thomas Kraupe among others that have presented at this
festival.

| will be sharing some ideas that illustrate the unique challenges
and opportunities of creating programming for the dome. It is
my hope that these ideas will help us to become more efficient
and effective while creating fulldome presentations.

My presentation has several sections.

1) A brief introduction to IMERSA
2) Domes

3) Written language of Fulldome
4) Experiential language

5) Examples of Fulldome

We are building a community to create wonderful experiences in
the dome. In 2008 we established the non profit trade group
IMERSA. Which stands for Immersive Media Entertainment,
Research, Science & Art. Celebrating and promoting immersive
digital experiences for education and entertainment in
planetariums, schools, museums and attractions.

You are encouraged to visit our web site at IMERSA.org and
join us in Denver for IMERSA 2013 February 13-17

Our 17.5 meter dome at Denver Museum of Nature & Science
is used for a wide variety of presentations.

This is a re-creation of a prehistoric structure illustrates some
timeless attributes of domes. Domes are iconic, attracting
attention and inviting participation. Domes insulate the
inhabitants from distractions and the outside world. Domes are
communal gathering places inviting social interaction. Domes are

built for storytellers.
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We have witnessed a dramatic convergence of technologies in
the dome The merging of virtual reality, computer graphics,
numerical simulation, 360 cinema with art, science and

planetariums has made our medium very complex.

Written Language for Domes

What do we call this medium? Fulldome, Dome Theater,
Immersive Cinema, Digital Dome, DomeShow, Virtuarium,
Cyberdome, Allosphere? Coming up with a name that makes
sense to everybody remains a challenge. | like Dome theater.
Words can help tell the story and enhance the audience
experience. But we must ask ourselves what are we trying to
tell the audience? What spoken or written words will best
support and enhance the experience?

There are also many words that try to describe the experience.
Here is a group of words % that are commonly used while
discussing our work. This confusing and esoteric list reflects the
convergence of media in our domes.

We continue to use some of these words even though they
introduce confusion. Take for instance “footage’ . Footage of
what? Few of us use reels of celluloid film in our work these
days.

How about “Cut” ? Do we mean to stop fiming, slice the fim
or are we describing a particular clip of cut fim?

Eventually we will need to clarify, define and translate this
jargon into a lexicon that helps us to better communicate.

The Language of immersive cinema is far more than words.
Immersive cinema is about the experience. But we still use a
antiguated cinematic description of these fims

| would like to move on to the distinct experiential language of
the dome.

There is a long-standing tradition of Cinematic language to
guide filmmakers. But this way of describing the action in a
frame does not apply well to the dome.

We are creating a new language to describe the unique
experience of immersive cinema.

Lacking an experiential language and shared experience that is
specific to Dome Theater, directors may not even be aware of
the challenges and opportunities that the immersive medium
provides. We can’ t mentor the next generation of immersive
film makers without building an immersive vocabulary of some

Kind.
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Yet the frame remains a fixture in our work. The vast majority
of dome visuals are still created by animators looking at two
dimensional rectangular computer monitors.

We continue to develop fulldome films using this framework of
frames in the workflow. Camera viewfinders, rectangular story
board sketches computer monitors all have frames.

Film and Television is framed like a window. The art or fim or
photo or video lives within the confine of this boundary. Framed
media is very much about the frame, it is a window to the
action.

Artists have established guidelines for paintings, photographs,
television and cinema that describe; boundaries, rule of thirds,
perspective, motion and action areas. These conventions guide
the viewer through the story.

Cinema is like looking through the window to another place and
time. As Gene Youngblood quotes Ken Kelman in Expanded
Cinemas, “a spectator is reduced to a voyeur”

Fulldome movie creators literally do not have such a framework
to guide them along. The immersive experience has no frame,
it s frameless.

Ben Shedd observed in his papers Exploding the Frame, and
Designing for the Dome 33 that immersive cinema is a
“different filmic space, unlike anything in traditional cinema” .
Shedd further argued that giant screen, being a frameless
medium to the viewer, puts people “inside of the action as
opposed to viewing the action through a window. What ever
happens on the screen actually seems to happen to the
viewer” .

We also work with something called a dome-master frame. This
is a two dimensional representation of the surface of the three
dimensional dome screen. Working within this frame can be very
misleading.

A mathematical representation of the dome screen allows us to
share our movies in an interchangeable format.

In the early 1970’ s | was fortunate to have studied with the
visionary film maker Stan Brakhage. He encouraged me to
“EXPERIENCE the event” and capture it for audiences, to
“restructure my vision to see as the camera sees”

If we describe what is happening to the audience - we are
describing the attributes of the scene.

When we can define the audience experience, we are defining
immersive cinema. In Fulldome the viewer becomes a
PARTICIPANT.

The virtual camera represents not just the viewers perspective,
it is the viewers reality. If the scene jumps from place to place
the viewer will also feel the jump from place to place.

The camera IS the viewer.

These framed tools often hinder the discovery of the unique
possibilities of the dome and don’ t represent what the

audience will actually experience in the film.
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Fulldome is immersive, three dimensional, viewer-centric and
can’ t easily be described or anticipated. | propose that the
best way to define a given scene in a dome film is to actually
experience it in person.

Here are some fisheye frames from fims we will show later in
my talk. Unless you are familiar with these films the images do
little to convey the experience of actually watching and
listening to them in a dome. | suggest that after seeing the clips
you will gain a much clearer understanding of what these still
frames represent.

| would like to share with you now some of my favorite
examples of communicating science in the dome.

We have prepared some fulldome scenes to share with you so
you can experience these ideas yourself.

We will begin by showing a two dimensional representation of
camera moves simultaneously with the same image projected in
fulldome.

This scene from my friends at XRez. shows the Grand Canyon.
They have included some guidelines to express what different
audience members can actually see on the screen.

Lets now look at series of short movie segments that

demonstrate using the dome to experience scientific concepts.

Insert
Spin left
Tip Up
Approach
Rise

Bank Left

The experimental language of fulldome describes what is
happening to the audience.

Dome experiences are big. Everything should be done in a BIG
way because we are working with a very big screen.

You have to experience the dome to understand the language

of immersive cinema.

Thank youl

ERER P

Dan Neafus (Director, Gates Planetarium, Denver Museum of Nature and Science)
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