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OVERVIEW

In definiti 3D theaters, the audience wears special lightweight glasses to see the world projected onto the giant dome
screen with real depth perception called 3D stereo. The effect allows the audience to feel more like they are floating
among the pictures on the screen, giving them a deeper understanding of the spatial relationships between the
objects—no matter if they are planets, molecules, or galaxies.

With the introduction of new glasses and filters, color quality and separation between the two eye views has made
noticeable improvements in image quality over old 3D stereo technology. In addition, Sky-Skan’s Sony SXRD + definiti
HD lens combination has significantly increased the brightness for 3D stereo as well. With these improvements, there
is an exciting new option of adding 3D stereo to planetariums and Full Dome theaters.

In this data sheet, we will examine how 3D stereo works and how Sky-Skan’s definiti 3D projection system works along
with configuration options. Along the way, you will learn the key components of a superior 3D stereo experience for
audiences and whether or not 3D stereo is right for your theater.

Sky-Skan also provides definiti 3D stereo projection for flat screen traditional theaters; for more information see the
definiti 3D stereo projection for flat screens data sheet.

WHAT CONTENT IS AVAILABLE IN 3D STEREQ?

DigitalSky 2 is set to automatically show its real-time content in 3D stereo. All of the planets, stars, galaxies, and other
3D objects are able to be seen in definiti 3D theaters with no additional formatting. It is also able to show pre-rendered
video formatted for 3D. This requires footage either captured in 3D stereo or computer rendered in 3D stereo. Existing
computer animated content can usually be re-rendered in 3D stereo.
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|. Introduction to 3D stereo in Full Dome

How does 3D stereo work?  You naturally view the world in 3D stereo. Even though your eyes are very close to each other, each one provides a
slightly offset view of your surroundings. If you were able to see the two views from each eye, the difference in
perspective would look like this:

""""""""""" . notice the slight perspective difference

the perspective difference between your eye views:

right eye eft eye

The two images have a slightly different perspective—in one you can see more of the side of the cube. This information
is processed by your mind and decoded into depth information. With this information you (without even realizing it) are
able to have depth perception!

right eye left eye

‘ this slight difference in the view of the cube
ﬁ from two angles gives depth perception

Having two eyes to see is called binocular vision, and using the two images together to have depth perception is
called stereopsis. This effect, while natural and always “on”in normal life, can also be simulated in a theater with 3D
glasses and special projection. When we create a theater configured to provide images for stereopsis, we call this 3D
stereo.

Normally theaters, and even Full Dome theaters and planetariums, are not 3D stereo. Each eye sees the same image,
s0 no extra depth perception is possible through stereopsis. definiti 3D brings 3D stereo to Full Dome.
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What is the benefit of 3D stereo over  What is it like to see a show in 3D stereo? Your mind “feels” the 3D shape of objects better, and it appears that the
regular Full Dome/planetarium theaters? objects are not all at the same distance from you (even though they are on a flat or dome screen). Just as your eyes
naturally see the environment, you see depth to objects that isn't possible without the 3D stereo projection system.

0f course, the best way to understand 3D stereo is to see it in a dome for yourself.

Even though 3D stereo adds depth perception, the Full Dome environment—without 3D stereo—does have an
amazing feeling of depth as compared to flat screen theaters. This is because it fills such a wide field of view for the
audience. Moving in 3D space allows for an amazing feeling of being among the visuals. 3D stereo, when added to
this experience, heightens this feeling with actual depth cues and a feeling of being immersed. The image no longer
feels flat, even when the camera s still.

VIV e

As the camera moves around objects,  movement in 3D space gives a sense of
immersion—even without 3D stereo,

k but the images still lack depth perception;
\ when compared to 3D stereo, they feel “flat.”

With regular Full Dome theaters, each eye sees the same perspective at the same time. To get 3D depth perception,
each eye needs a different view:

slight perspective difference

right eye |eft eye
without 3D stereo, with 3D stereo,
each eye gets the same image left and right eye images

carry additional depth information

Full Dome theaters often show data that can benefit
a great deal from 3D stereo, such as astronomical visualizations simulation of “flat” effect
with data that has a large depth component. Planets and orbits without 3D stereo
are easier to comprehend when seen with true depth perception.
> 4

simulation of the depth
perception with 3D stereo

Conclusion  Theaters with Full Dome screens enjoy a sense of audience immersion that is beyond what flat screen theaters can
provide. definiti 3D theaters take the immersion a step further with added depth perception for Full Dome theaters
and planetariums.
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[I. Comparison of 3D stereo projection technologies

Overview  There are a number of technologies that are used in 3D stereo projection, from the projectors to filters and glasses that
keep the left and right eye images separate. The technologies used in definiti 30 theaters will be covered in later sections.

We will compare the most popular technology solutions in two main areas: the projectors and the filtering system.
With the filtering system we will also look at the glasses the audience wears to see the 3D stereo effect. We will also
see what sort of dome surfaces work best with the various options.

Comparison 1: One projector vs two projectors  With 3D stereo, each projector location with one projector in a non-3D stereo theater now needs to project two
images (one for each eye). Either one projector must switch between the eye images, projecting one and then the
other, or two projectors are used and dedicated to the task:

One projector 3D stereo system

left and right eye images come
out in sequence (usually at double rate
to prevent flicker)

one projector per
location handles
both eye images
1 1 1 1 1 1 1 1

dome north:

dome plan view,
single north
and south projectors

dome south time — } T T T T T T T T

Dual projector 3D stereo system

each projector outputs only left
or right eye images

dome north

dome plan view
for typical definiti 30 two projectors per
dsy?temih location, each dedicated
ual nor :
and south to an eye image

projectors

dome south

(=)D

time +—"F——F+——+—F+—+——F+—"+—

\%
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The following diagram compares the two approaches to projecting 3D stereo as it relates to image quality, costs, and
physical needs. definiti 3D theaters use the dual projection system for Full Dome theaters.

Diagram of one and two projector options

One projector for
both eyes

Two projectors: one
for each eye

description

equipment
costs

maintenance
costs

The most popular methods of projecting 3D stereo either cycle the left
and right eye images on one projector or use one projector per eye.
Generally, using one projector is a cost savings, while the advantage of
two is the image quality, especially brightness.

* Favorable options have a green background.

Dual projectors and graphics
computers to purchase.

Data storage requirements are
the same for stereo video.

Dual consumables per projector
and dual graphics computers to
maintain.

More space needed for two
projectors and gfx computers.

physical
space needs
filter Typically moving filter wheel
compIeX|ty required to switch left/right.
Projector and graphics system
f t run at double frame rate to
rame rate achieve effective normal frame
rate and avoid flicker.
Eye switching projects less light
image | pereye.
brightness Filtering system reduces
brightness vs no 3D stereo.
. works Depending on technology, one
with dome projector is usually too dim to
screens? use in a dome.
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Comparison 2: Filter options with glasses
and dome requirements

The use of filters to separate out the left and right eye images results in a few options. Early 3D stereo theaters, such
as in the 1950s, used polarized glasses (more than the red/blue anaglyph method commonly associated with this era
of 3D). Electronically controlled LCD glasses allowed for some improvements at a cost of more complex glasses. Today,
polarization is the most promising for flat screen theaters that can use higher gain silver screens, whereas for Full
Dome theaters that need standard screens, interference filtering technology provides the best option.

Diagram of filtering options including
dome and glasses requirements

Interference
(color notch,
wavelength triplet)

Active LCD
(shutters)

Polarization, linear
and circular

The three methods compared here are the main options for separating the left and right eye
images. Other techniques have also been used; however, these three represent the most

Glasses vary in price based
on size of lenses. Cost is
significantly higher than
polarized glasses.

description successful technologies for 3D theaters.
* Favorable options have a green background.
Brightness reduced. Some
Brightness reduced. artifacts present depending on
image quality Ghosting and flicker technology. Typically special
artifacts sometimes present. screen coating required (silver
screen coating).
glasses: o
cqupment | tonkcs it
costs | 9 y
glasses: ;
maintenance | Cost for cleaning the glasses. Cost for cleaning the glasses or
costs using disposable glasses.

Cost for cleaning the glasses.

screen/dome
requirements

Special reflective coating
usually needed to retain
good polarization. Reflective
coating eliminates use for

non-3D in a dome.

switch
between
2D/3D

Dome surface silver painting
requirements makes 2D dome
too reflective for most uses.
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Reasons favoring the  definiti 3D theaters feature dual projectors and interference filtering technology. The result is, as shown on the former
definiti 3D solution gjagrams, the best performance of any solution. Because of the special circumstances of Full Dome theaters, this
solution is the only one that fits the image requirements including a standard dome screen and acceptable brightness.

\ . One or two projectors? Filter technology?
delﬁm tl3D STEREQ PROJECTION dual projectors interference filter technology
(typically Sony SXRD + definiti 3D HD lens) (also known as color notch

or wavelength triplet)

Benefits over other 3D stereo technologies:

bright picture  Because of the high brightness of Sky-Skan's Sony SXRD + definiti 30 HD lens solution 3D stereo filtering systems
could be used with good quality. The inherent light loss with all of the filtering systems is offset by the brightness of
the projection system.

no flicker A major advantage to having two projectors which are each projecting a constant stream of pictures is elimination of
flicker artifacts that can come from the switching mechanism of single projector 3D stereo systems.

standard frame rates  Running a Full Dome system at double the frame rate can add considerable expense and complexity to the system.
definiti 3D projection avoids this because it runs two projectors at reqular frame rates. Single projector solutions need
to run at double frame rates or suffer flicker artifacts from the low frame rates.

superior color quality  Because of the high quality Xenon bulbs used in the Sony SXRD projectors, the color interference filtering system has a
good light source for color calibration. definiti 3D theaters are color corrected using the controls developed for this
purpose and result in superior color rendering among 3D stereo systems.

standard dome surfaces  The use of high brightness projectors has the advantage of using standard dome surfaces. One of the factors that has
limited 3D stereo’s use in Full Dome has been the need for silver coating on the dome, rendering its use as a traditional
non-3D stereo theater impossible. With the bright dual projection system this is no longer a limitation.

easily switch between  Along with the technology to use standard dome surfaces is the ability to automate removing the filtering system and
non-3D (2D) and 3D stereo  run traditional non-3D stereo (2D) shows and real-time content. This means that definiti 3D theaters also enjoy
all the advantages of definiti theaters.

Data Sheet
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[1l. Major components in a typical de niti 3D theater

definiti 3D theaters consist of a projection system capable of getting the proper left and right eye images to the
audience and the source imagery that gets fed into the projection system. The following diagram concentrates on
the projection system:

definiti STEREQ PROJECTION Projection System Diagram
\3D by Sky Skan (typical Full Dome definiti 3D system)

) ) four (4) projectors
operator console sixteen (16) graphics channels* and filters*

running DigitalSky 2 A

left eye right eye

= E ==
= E = E
= B = B
= = ==
= B = B
= B = B
= = ==

glasses contain left and
right filters to see

these two projectors cover the correctimages
other half of the dome (not shown)

SIS\ |2 E1=

/

digital video

Source Imagery

. real-tim & configuration of four Sony
3D stereo video . eal-time %@ SXRD projectors. Other
- S configurations are possible.

* this diagram shows a

How is the source imagery used?  The two general types of source imagery are real-time data (such as flying through the solar system) and 3D stereo
playback video (such as a show formatted for 3D stereo). DigitalSky 2 can show both and comes with an extensive set
of real-time data.

The data is stored on the graphics computers as shown in the diagram above.
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IV. Introduction to Itering system inde niti 3D theaters

3D stereo projection requires some mechanism to keep the two eye images separate throughout the process of
getting the image from the source to the audience’s eyes. Most systems (including definiti 3D projection) use a
mechanism of filters “encoding” the light from the left and right eye images, reflecting the image off of a theater
screen, and “decoding” the image through special glasses that each audience member wears. The following diagram

DigitalSky 2 outlines the major components in this process:

network
. L . ) interference ; normal dome ; ;

DigitalSky 2 software produces

. . In standard definiti 3D theaters, Special filters placed The light travels and Special filters in glasses
|maggry forthe I?ﬂ and ight Sony SXRD projectors with over the light path block reflects off of the screen again pass through
€y VIEWS: Graph |Fs computers definiti 3D HD lenses create a color certain wavelengths of just like in any other certain wavelengths of
output this as digital video. projection from the digital video. light while allowing the theater. The screen does light. The wavelengths
rest to pass through. not need to havea that are passed through
special coating. match the correct eye

image from the projectors.

A number of methods to filter the left and right eye images have been developed. Each one accomplishes the same task:
blocking light from one projector while allowing it from the other.

How it works:

Interference Filters Sky-Skan uses interference filtering (also called color notch or wavelength triplet) for Full Dome while polarization is

an option for flat screens (for more information on flat screen installations, see the data sheet definiti 3D projection for flat
screens). Here's how interference filtering works in a typical definiti 3D theater (other configurations are available):

Both eye images travel to the audience’s 3D glasses.
The glasses have filters in them that block the wrong image
interference filters block and pass through the correct image for each eye.
certain wavelengths of light,

different blocking for the right eye fltered blue light
two eye views left eye filtered blue light
*source video I right eye filtered green light
components left eye filtered green light
h | | | right eye filtered red light
notshown f L L ' left eye filtered red light

Interference filtering splits

up the blue, green, and red
wavelengths into two narrow parts.
The human eye does not detect the
missing wavelengths and sees full color.

L7 papolq
pamoje

wy!

)

[ _\2‘\

Left eye image is seen in full color. Human  Right eye image is seen in full color. Human
eye doesn't notice blocked wavelengths.  eye doesn't notice blocked wavelengths.

de niti 3D Stereo Theaters + Page 10
de niti 3D Stereo Projection for Full Dome

Data Sheet







V. DigitalSky 2 and content with de niti 3D stereo

Real-time data  One of the best features of definiti 3D theaters is that the real-time component of DigitalSky 2 software, which runs
the theater, is already in 3D stereo! That means that if you fly out to Saturn, the rings, moons, and planet surface all
pop out from the screen with the depth perception that only 3D stereo can provide. No reformatting of the data sets is
necessary. This means you have a large pool of scripts and data to build shows in 3D stereo from day one.

Automatic 3D stereo eye separation  Another key feature included in DigitalSky 2 is automatic control of left and right eye separation. The distance
(fixes inherent parallax problem)  phetween your left and right eyes allow for a good perspective separation (parallax) at distances you encounter in
everyday life. Since DigitalSky 2 often takes audiences on voyages far beyond earth and even to microscopic worlds,
a realistic simulation of the view from these extremely large distances (and extremely small ones) would provide
either too little or too much 3D stereo depth perception. See the following diagram:

split diagram
to simulate
far distance

© O

normal parallax at standard distances too little parallax at far distances

As you can see in the eye view pairs, as the distance to the object increases,
the perspective difference (called parallax) between left and right diminishes.
At astronomical distances, the left and right views are virtually identical.
This means there is no 3D stereo depth perception at these high distances.

Data Sheet

How it works:
DigitalSky 2
and 3D stereo
parallax problem

normal parallax at standard distances too much parallax at tiny distances

As objects get small enough the left and right eye views become too different
(too much parallax). At this point the eyes cannot resolve the scene and
the view becomes impossible to see at all.
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eye distance
smaller for tiny objects

DigitalSky 2 solves the parallax problem by automatically adjusting the distance between the eyes dynamically based
on the distance from the object. Commands are also able to adjust the eye distance scale when necessary for special
effects. So if you were to take a trip from earth to the exoplanets, the 3D stereo effect would automatically remain

within the viewable zone normal to human vision.

Variable
distance solution
for parallax

normal eye distance

large eye distance
for large distances

Playback video content for 3D stereo

the eye separation gets bigger
as the distance gets larger,
and smaller too for tiny objects

problem
v 5
O O eyeseparationg
distance
@ @ ——+—

distance from object

Producing playback video shows (pre-rendered) for Full Dome in definiti 3D stereo requires a few special considerations.

The production department at Sky-Skan is available to discuss 3D stereo show production in more detail.

The main components of a show produced for playback are two camera views. This applies to footage recorded with live
action setups as well as 3D software. In addition to 3D stereo footage, 2D imagery can be incorporated into the 3D

environment through compositing techniques.

two cameras are needed for both live action and 3D rendered footage

gaga
Ldod

the output will be twice the frames
of a 2D production

Data Sheet
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VI. de niti 3D theater con guration options

Because of the high resolution and brightness of definiti 3D projection, a large range of theater diameters can be
serviced by the standard four projector (two projectors each at the north and south sides of the dome) configuration.
Tilted spaces and higher resolutions are also available. Sky-Skan’s in-house design staff can create the layout that best
meets your needs.

Typical theater diameters for definiti 3D systems:

four projector (two stereo pairs) : _ .
twelve projector (six stereo pairs) | = - - . 0000 .
diameter _\meters) 5 . 10 - 15 20 25 30

Standard four projector configuration  The standard definiti 3D theater has four Sony SXRD projectors, arranged in pairs on either side of the dome edge.
Other configurations are possible as shown below. Sky-Skan is able to create a number of variations to suit the
challenges of projecting around optical star machines, large diameter theaters, and complex cove placement issues.

left/right eye projector pairs

top view

Typical
Brightness/Resolution
(using -110 SXRD projectors)

2D brightness: 20,000 lumens
2D resolution: 10+ Million pixels

3D brightness: 20,000 lumens before filtering per eye

3D resolution: 10+ Million pixels per eye theater *projectors
front not drawn
to scale

Twelve projector, very high  For the ultimate in resolution and brightness twelve projectors (six left/right pairs) can be configured.
resolution configuration  Four perimeter projection locations and two zeniths are used.

top view left/right eye projector pairs

)

Typical
Brightness/Resolution
(using -105 SXRD projectors)

2D brightness: 30,000 lumens
2D resolution: 30+ Million pixels

3D brightness: 30,000 lumens before filtering per eye
3D resolution: 30+ Million pixels per eye

) *projectors
% not drawn
to scale

theater
front

Data Sheet
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Four projector tilted dome configuration Tilted domes are great places to highlight 3D stereo’s ability to draw audiences into the visualizations.

Four projectors work in a tilted space in a similar way to non-tilted spaces. The front projection location often needs to
be offset so that the projectors do not have to be lower than the floor level of the theater.

left/right eye projector pair

top view
|eft/right eye projector pair
side view

theater
front

heater
front

t

*pro&'ectors

notdrawn
to scale

*offset from directly north and

south is for ground clearance
Typical
Brightness/Resolution
(using -110 SXRD projectors)
2D brightness: 20,000 lumens

2D resolution: 10+ Million pixels

3D brightness: 20,000 lumens before filtering per eye
3D resolution: 10+ Million pixels per eye

Data Sheet
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HISTORY OF DEFINITI 3D

In 2006, Sky-Skan completed its groundbreaking work to bring Sony SXRD projectors to definiti theaters. Many
factors, including the creation of an all-new lens (definiti HD) and perfecting the hardware that feeds a 4K x 4K image
to the projectors, contributed to this feat. Sony recognized Sky-Skan’s work in 2007 with a special award for bringing
SXRD projectors to planetariums and Full Dome theaters. More information is available in the Sony SXRD projection
system data sheet from Sky-Skan. Several theaters around the world now enjoy the new level of picture quality this

™
[ d [ d
deﬁnl tl@ system offers.
\ The success of bringing such high resolution, brightness, and color quality to Full Dome also allowed Sky-Skan to
begin work on a 3D stereo adaptation of the technology. New types of 3D stereo filtering along with further work on
hardware and software by Sky-Skan has resulted in definiti 3D projection and definiti 3D theaters.

The definiti 3D stereo solution does not compromise the ability of theaters to run 2D content, nor does it suffer from
the older problems of 3D stereo technologies. The visualizations that Full Dome is known for benefit greatly from the

\deﬁnitiL?D 3D stereo depth perception. Audiences feel more like they are floating among the visuals and can see more detail in
- the shapes on the dome.
STEREO PROJECTION ) ) . . -
bySkyskan Please contact Sky-Skan for more information on definiti 3D, such as where you can see it for yourself, pricing, and
configuration options.
\, o .
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Sky-Skan reserves the right to change the descriptions and data in this document at any time.
Sky-Skan makes no warranty or representation that the data in this document is free from error.
Contact your local Sky-Skan representative directly for consultation regarding definiti 3D.






