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Bird’s Eye

This whitepaper discusses developments in 3D
- technology, markets, standards, content and more -
and investigates the possible impact on the future of television.

%&Il 1 (




1.

Introduction

This whitepaper discusses developments in 3D (technology, standards, markets,
content and more) and investigates the possible impact of all this on the future of
television. Starting point in the paper is the recent phenomenal success of 3D in the
cinema, but also the emergence of 3D elsewhere — from advertisements in shopping
malls to content on mobile phones. This is followed by two short sections on the fact that
3D in the living room has become feasible as a result of technological progress (HD,
signal processing power, etc.) and some basics on perceiving 3D, with a focus on
stereoscopic and autostereoscopic displays and their differences. Next sections form the
core of the paper and cover standards for 3D content and the two main routes there
(stereo versus depth-based representation of content), a review of investigated
standards for distributing 3D content (including the ad-hoc solution as proposed by
Sensio) and an overview of content creation work, ranging from stereo acquisition to
computer graphics and ultimately various forms of content conversion (either by hand,
computer-supported tooling and fully automated). The paper continues with some
background on early 3D TV experiments and showcases and 3D and television rights
and the paper ends with a number of statements on the routes along which 3D TV may
further develop, one of which says 3D = 2D+ 2D = 3D-, which hopefully makes sense
at the end of the paper.

3D around us

3D in the cinema: feature films and live events

It is an understatement to say that “3D really is in the picture now”. With many new
releases in the cinemas, with articles in newspapers and magazines, important thematic
events at major industry tradeshows and conferences such as NAB, IBC, InfoComm,
SID, CES and many, many more, the interest in 3D has developed explosively over the
last year. Part of the interest is the result of the phenomenal success of Avatar (James
Cameron’s epic worldwide grossed revenues of US $ 2. 718 483 000 untll the second
weekend of May 2010)%, but it certainly is not the only § & g "
explanation and in some sense it can be argued that
Avatar accelerated and made more visible a
development that started a few years back, with films
like Beowulf or Journey to the Center of the Earth or
with the documentary U23D by Steve Schklair. Of
course there had been 3D releases before — there was
a temporary wave already in the 1950’s with movies
like Man in the Dark, House of Wax, It Came from
Outer Space, etc .— but the technical limitations in
those days, requiring the use of anaglyph glasses (the
well-knows red and blue glasses bit also the first
polarized ones), prevented it to become a realistic and
sustainable new branch in the cinema; it was a short-lived “fun thing” that simply was not
good enough to stay.

We now see that movies are being made or being announced in 3D by the great
directors (Cameron, Spielberg et al) and they attract huge crowds, as the figures for
Avatar, but also the other 3D movies, show. But that is only possible by a another trend
that started at around 2004, when the number of digital cinema screens started to grow
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fast — and there is no 3D without a digital screen. The figures for Europe show an
impressive growth in digital screens from 20 (2003), to 55 (2004), 204 (2005), 527
(2006), 897 (2007), 1529 (2008) and 4693 (2009)>. The initial drive for digitization of the
screens was not so much to enable 3D screenings, but rather an effort by the industry to
streamline the physical distribution process of movie reels to the theatres, but 3D
certainly was a driver in the last few years — a bit depending on geography and year of
installation, between 70% and 100% of the digital screens in Europe are now “3D
enabled”.

And it is clear that these 3D screens will not only be used for movies. There are plans
o0 “released live” in 3D in these cinemas all kinds of concerts and other events, including
some of the games of the soccer World Cup 2010 in South Africa. On a more modest
scale this already happened in 2D some years ago when HD television production took
off on a large scale. Euro1080, the first HDTV station in Europe, broadcasted rock-
concerts, the Vienna New Year's concert and some games of the 2004 European
Championships soccer in Portugal live in high definition to a number of cinemas.

3D for consumers elsewhere now

Though cinema is the most visible presence of 3D in the last few years, it is certainly
not the only (or even first) instance of the 3D revival. In theme parks it has been popular
over the last 20 years and indeed there is
often one dimension more there: “4D
experiences” include 3D visualization with as
the fourth dimension a mix of wind, splashing
water, rocking seats, constructions under the
chairs that suggest the presence of rats,
snakes or other threats of unclear nature. But
also in digital signage 3D has gained a
certain position as it has the potential to
attract the attention of shoppers or casino
visitors, literally in the blink of an eye. There
it always comes, for obvious reasons, in the form of 3D that requires no glasses:
autostereoscopic displays — shoppers in malls do not have glasses at hand. At the other
side of the spectrum in terms of screen-size, 3D has been
demonstrated on the displays of mobile phones (Philips,
DDD, Ocuity, Sharp and others) and, as a step towards 3D
TV, quite some companies have demonstrated 3D monitors
for gaming, graphics design and more. Two examples are
shown here in artist impressions — they do not represent
achievable effects; images can float in front of the display,
can be deep in the display, but depth never can be observed
over the edges of the display.

A whole domain for itself is the professional use of 3D
through projection or on stereoscopic, autostereoscopic or
volumetric displays, etc. for scientific, military or medical
applications. This is however a world on its own, with own
ideas about acceptable price-points, standards and workflow practices and all this falls
outside the scope of this paper.




3. Why 3D now
A good question to ask is “Why 3D now?”. 3D photography is over 150 years old and
first 3D films were shown some 80 years ago. There have been some revivals in the 20™
century, but it never stayed nor < = =
did it ever become mainstream. e N % 3
A key argument seems that at
this moment a number of
enabling  technologies have
reached a level of maturity and
an acceptable price-performance
ratio, that allow 3D to take and
keep a position in entertainment. High quality in 3D (and consumers are demanding — it
is possible to attract attention and interest with mediocre quality, but interest does not
remain) is becoming possible due
to a full HD infrastructure that has
emerged over the last decade
(production, distribution, displays
and projectors) and an ever
increasing performance in signal
processing. And, as will become
clear further on in this paper, 3D
requires a lot of pixels, wide
pipes and a lot of computation,
and that we have seen coming over the last decade. There will remain a demand for
more as there still are issues (in the end, 3D can only be achieved by trading in some
temporal or spatial resolution or amount of light), but the entire infrastructure has
reached a level where trade-offs have become acceptable.

4. Some basics in 3D

Seeing depth

Seeing depth requires (at least) two eyes. For adult humans, the two eyes stand
approximately 65 mm apart, and although this is a small distance, the result is that the
left and right eye look differently at the world, receive slightly different images on the
retina and the brain is able to construct depth from these images and their differences.

The figure to the right illustrates this with a number of bowling pins. The distance of
about 65 mm does not seem a lot, but if you keep a finger
in front of your nose with a stretched arm and look at it with
left and right eye alternatively, the differences are striking.

The same principle of feeding two slightly different
images to the eyes and the brain creating perceived depth
is the basis for 3D experiences, ranging from 3D feature
films in cinemas to the well-known postcards with plastic
grooves. The way that all these projectors and displays get
the two different images to the left and right eye varies, but
to do exactly that is the essence of the 3D experience.
(For people with only one good eye indeed do not see
depth, but based on experiences and understanding of their
environment, can build a mental 3D model of their regular




environment and normally can act as if they see depth — but they rather know than see
depth).

The above is somewhat simplified — reality is a bit more complex. Perceiving depth is
based on several cues; e.g. perspective, motion parallax, occlusion, stereopsis
(binocular disparity) and convergence. The most important one is stereopsis (or
binocular disparity), which is based on the fact that due to the inter-eye distance each
eye observes the surroundings from a slightly different perspective. 3D displays (and
also 3D cinema) is in principle solely based on providing the stereopsis cue (each eye is
presented a slightly different image) additional to other cues which are also present in 2D
content (like perspective and occlusion). A small percentage of the world population has
a highly profound eye dominance® caused by e.g. amblyopia or strabismus. This means
that one can see well with each eye individually, but when one looks with both eyes at
the same time the ‘signal’ of one of the eyes is ignored by the brain. These people have
a depth perception, but only based on monocular cues. This means that the stereopsis
cue additionally provided by means of a 3D display simply doesn’t make a difference to
those individuals. It should be noted that the binocular disorders mentioned are not
physical problems but rather developmental problems in the brain. Many people that
have a mild version of such a condition are not even aware of it. For people with only
one (physically) functioning eye it is evident that they have no binocular depth perception
— and they know rather than see depth.

Stereoscopic viewing

Looking at how this is achieved, there are basically two categories: stereoscopic and
autostereoscopic, or in simpler terms, with or without glasses. Dominant in cinema is
now stereoscopic projection: the left and right images are projected simultaneously and
the glasses make sure that the left eye sees what the left eye should see, and the same
for the right eye. And as usual, the brain does the rest. In the past this was achieved by
the old anaglyph glasses (red en blue plastic foils that separate the images), but the
separation was often poor and the impact on perceived color of the images was
disastrous. Modern ways to achieve this is to use circular polarization of light. Left and
right images are polarized differently and the glasses filter out one for each eye. This
technique is used by RealD, market leader for 3D cinema technology. Dolby has
developed a very advanced version of the anaglyph approach, called Wavelength
Multiplex Visualization, that achieves results comparable in quality with polarization.

A variation on this method is not to project the left and right images simultaneously,
but time sequential and to use glasses with LCD material that can quickly switch
between transparent and opaque state (shutter glasses), so that the left eye shutter is
open and the right eye shutter is closed when the left eye image is projected and the
other way round. Opening and closing of the shutters is automatically synchronized by
an infrared signal in the cinema, invisible for the human eye. Separation of images is
radical, but the glasses have as disadvantage that they have batteries and electronics
incorporated and hence are bulkier.

Anaglyph glasses Polarized glasses Shutterglasses




Autostereoscopic displays

These solutions work pretty well, but come with one constraint: you have to wear
glasses. For environments like the cinema this is acceptable, but for instance consumer
electronics companies are pretty sure that long-term, consumers at home do want to see
3D without glasses. Also for use in public spaces (shopping malls, airports, etc.) glasses-
based 3D will not work — people will not have glasses on their nose. So, since long there
have been efforts to design 3D TVs (or monitors to start with) that do not require glasses
— autostereoscopic displays.

A number of technologies have been developed in the domain of autostereoscopic
displays, but the most promising candidate to emerge in the living room is a lenticular 3D
display. A major differentiator with stereoscopic displays is not only the fact that no
glasses are required, but the technology also allows to have more than two views onto a
scene, so that moving your head in relation to the display, “look-around effects” can be
created, hence the name “multi-view display”.

The basis of a display generally forms a HD LCD panel,
with 1080 * 1920 pixels, each with 3 sub-pixels (red, green
and blue), giving a total of 6.220.800 sub-pixels. In the
display or on a computer attached to the display, a number
of different perspectives or views on a scene are
calculated (usually in the order of 5 to 9 views) and these
different images are spread in a specific pattern over the
sub-pixels. On top the glass plate of the display a lens
system, consisting of micro-lenses, is very precisely
positioned over the sub-pixels.

Light from ’
those sub-pixels that are in the focal point of
the lens travels straight ahead, light from
those sub-pixels that are not precisely in the
focal point of the lens are redirected, all
according to the classical laws of physics. *

If both the distribution of the various
perspectives of the seen over the more than
6 million sub-pixels is done correctly and if
the design and positioning of the lens system
over all these sub-pixels is done in the right way, the various perspectives are “projected”

N through the lenses next to each other in a cone form and in
a certain area in front of the display the left and right eye of
an  observer .

) will  receive

» two different
3 perspectives

on the scene,
000000 0000 @90 as depicted at

the left and
the right and the brain constructs depth. By
moving his head, the observer will see two
different views and this can be used to
create the look-around effect.




This approach has the drawback that spatial resolution is traded-in to generate depth,
but with the advent of the Quad Full HD displays (with 2160 * 3840 pixels), there is a
“brute force” solution on its way. Another issue is that the lens, once laminated onto the
glass plate of the LCD display, is always there and in case regular 2D content is
displayed, the content is very fuzzy. A solution demonstrated by Philips to address this
is, is through a “switchable lens”, whereby the optical characteristics of the lens (or rather
of a stack of two lenses) can be changed.

Wl YAt PLD This switching between 2D and 3D
o 1y "L \ / mode of the display can be
replica—= ; T ; i 7 H
Lp?:" bl = @\, T My automated and the switch can be
ppemCLBLV AEEEEA VAT ¢ Lt it performed frame accurate. The
o \V\T)/ T/ . - The
MY/ picture demonstrates the principle”.
‘ ' WY At the left side the layered system is

acting as lens, with light redirected as
a result. At the right side, by applying an electrical charge, the replica material on top of
the lens and the lens itself obtain an identical breaking index and the layer no longer acts
as lens, but as flat plane with light following straight lines. The observer looks straight
through the lens layer onto the native full HD LCD panel — the display acts as a normal
full resolution 2D panel.

Standards for 3D content

“We love standards, that is why there are so many”

Two routes for content

Standards are of course essential in any open end-to-end system where many
companies and players supply tools, products and services, and it would be a challenge
beyond the objective of this paper to give a very wide overview of standards that are of
relevance to this topic, but a few new or specific 3D related ones are briefly introduced.
Other relevant ones. e.g. ITU R Rec 601, work in the MPEG Consortium and DVB are
assumed to be known (or suggested to be studied and applauded).

In the representation of 3D content, there are basically two routes, each with some
various flavours: stereo-based and depth-based, and the following images represent
both:

Stereo-based representation of a scene




Depth-based representation of a scene

3D Content format: Stereo-based

The stereo representation shows the left and right images of a flower scene, while the
depth representation shows a 2D image and its depth map — for each pixel of the 2D
image its relative depth is represented by a value on a grey scale (here: black is far
away, white is very near). Stereo has the advantage that for live events it can be
generated on the spot by using two cameras (preferably with the right inter-occular
distance). There are some disadvantages however. First of all, inherently part of its
name, you only have two images, so never can create “look-around” effects. (To adress
this, some experimental cameras have been developed that have more than two image
sensors to allow the production of multi-view, but these are pretty complex niche
application tools).

Secondly, stereo is not always the right stereo.

In order for viewers to have a good

3D perception in case of stereo ‘
images, the left and right images need
to have the right disparity (distance
between images). This is related to the
(fixed) distance between left and right
eye of the observer and the distance
to the screen or display. For a given
distance, the optimal disparity has an
absolute value, so if the content is
rendered for that situation, and used in
a different setting, the resulting 3D
experience is not good. For instance, if
content is rendered in stereo for a

monitor and shown in a cinema,

disparity on the cinema screen is too big, creating eye strains and a bad 3D experience.
Do you do the reverse, perceived depth is drastically diminished. But once you have
generated your stereo pairs, this is fixed.

3D Content format: Depth-based

In this respect, representation that is depth-based has certain advantages, certainly
for computer graphics based content. First of all, depth information can be extracted from
computer graphics packages for free, as most of them do have an internal 3D
representation already. Secondly, from the 2D image and depth information, not only
two, but more views onto the scene can be rendered, creating multi-view experiences.
With dynamic rendering of those views (e.g. real-time in a display), characteristics of the




display can be taken into account and the multi-view equivalent of the disparity can be
treated locally, so that the mentioned problems with stereo do not occur. If done right, it
offers a complete uncoupling of content format and display characteristics, and a
consumer in principle for his own display could even have a “depth control” function on
his remote control and have more or less depth, based on personal preference. This
decoupling is perfectly
demonstrated in a series of
Philips 3D displays (that do the
rendering of various views from
a 2D image and depth map
internally, real-time in the
display) whereby one and the
same content file, consisting of
2D image and depth maps, can
be played live on a 42 inch,16:9
9-view display, as well as on a 22 inch, 4:3, 5-view display (cropped or letterboxed, if
original content was in 16:9 format). The picture on the previous page demonstrating
this at InfoComm2008 — both displays connected to one PC playing one 3D clip to two
displays.

One of the challenges for depth-based representation of 3D is occlusion: if object A is
partly covered by object B and you only have one view, you do not know how that part of
object A looks like that is covered by object B, so rendering other views (so other
perspectives on the scene) faces “lack of data”. To address this, in its proposed format,
Philips introduced and extension of the format, to incorporate occlusion data:

Top left is the original 2D image, top right shows its depth map, bottom left shows
occlusion data and bottom right shows depth map of the occlusions data. Looking at the
depth pictures with the eyes of a compression specialist, this seems a very effective way
to encode content: depth maps are “monochrome” and experiments have shown that to




be effective for the human eye, they do not need to be
“deep” — in practice a depth map does not need to
have more than 8 bits per pixel. The result is that a
depth map can be encoded at less than 20% of the
original 2D color image.

From this “four quadrant combination” it is possible
to construct the various required views. This is why this
approach has been labeled by Philips “2D-plus-Depth”.
The Depth part not only represents the “z” of the 2D
“X,y" image, but also occlusion information and (but
that goes beyond the scope of this paper)
transparencies, e.g. allowing to play back on a multi-
view autostereoscopic displays a 3D transparent ghost
floating in 3D cellar (see image to the right), without
running into occlusion issues.

Blue-ray Disc
The standardization of the 3D extension for Blu-ray Disc (the original standardization
being a major achievement in itself, with backward compatibility issues with DVD, the
large amount of companies that wanted to have a say in the specs and the very long
struggle with an alternative format in HD DVD) is a good example of the need to find a
balance between indeed bringing a new technology to the market, while making certain
that acceptance is optimized by taking into account the installed base of players and
displays at the moment of introduction as well as the availability of content. On
December 17", 2009 the Blu-ray Disc Association formally announced its spec for the 3D
extension for its format with two basic design choices: (a) support of full HD (1080p) for
each eye and (b) with symmetric play options as its basis to guarantee backward
compatibility: a 2D disc in a
2D player gives 2D on a 2D
display (and also on a 3D D-exclusive playe
display, if the display ° T r——
manufacturers do their own
homework), a 3D disc in a 3D
player gives 3D on a 3D 3D Blu-ray

diSpIay, a 2D diSC in 3D oy New 3D-ready player

player gives 2D (on either 2D By

or 3D d|Sp|ay) and a 3D disc 2D/3D playback is requisite Hoii?vu
in a 2D player gives 2D. (Newly developed)

Given the required bandwith
as a result of these design choices, the link between the 3D Blu-ray player and the 3D
display has to be HDMI 1.4, that supports dual HD streams All this is visualized in the
drawing above®.

The Blu-ray 3D specification calls for encoding 3D video using the Multiview Video
Coding (MVC) codec, an extension to the ITU-T H.264 Advanced Video Coding (AVC)
codec currently supported by all Blu-ray Disc players. MPEG4-MVC compresses both left
and right eye views with a typical 50% overhead compared to equivalent 2D content, and
can provide full 1080p resolution backward compatibility with current 2D Blu-ray Disc
players. This means the MVC (3D) stream is backward compatible with H.264/AVC (2D)
stream, allowing older 2D devices and software to decode stereoscopic video streams,
ignoring additional information for the second view. The specification also incorporates
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enhanced graphic features for 3D; these features provide a new experience for users,
enabling navigation using 3D graphic menus and displaying 3D subtitles positioned in 3D
video.

Standards for 3D TV distribution

Broadcast distribution formats

Standardization for 3D for packaged media (Blu-ray) has proven to be a challenge,
but for TV broadcasting, operating is a much broader world with capturing, post-
production, encoding, satellites, cable networks, still different 2D formats to start with
(like ATSC, DVB, etc.) the task is even more complex and hence time-consuming. Work
to come to de jure standards for 3D started already years ago, and for instance in 2007
SMPTE, after a WorkGroup11l meeting in Marrakech (standardization bodies often meet
at exotic places) could report on adding depth to its specs: “MPEG recently produced the
final text of standards that allow for efficient coding and delivery of video plus depth data.
Coding of depth information is defined in ISO/IEC 23002-3 Representation of Auxiliary
Video and Supplemental Information, also known as MPEG-C Part 3 ’. Transport of
depth streams over MPEG-2 transport streams and program streams is defined in a new
amendment to the MPEG-2 Systems specification ISO/IEC 13818-1:2003 Amendment
on Carriage of Auxiliary Video Streams ®” .

A lot of work goes on in this area, but it will take some time before standards are
signed off by the de jure organizations like ITU or ISO. As there is interest to bring 3D to
the home, and not all are going to wait for a completed set of standards, we see a
number of ad-hoc solutions being investigated, one of which may become a de facto
standard for the time being.

Practical approaches now for distribution of 3D TV

Distribution of 3D for TV (and the same applies for distribution of live 3D into cinemas)
for the next (many) years will have to rely strongly on existing television distribution
networks — there simply is no room (financially, spectrum-wise, technically and time-
wise) to design and implement something 3D-specific beyond what currently exists now
on a large scale, and that is distribution of HD in 2D. On how to use the 2D infrastructure
exactly, there are different views, so it makes sense to understand various design
options and choices for the end-to-end considerations.

1. To get any level of acceptance, the chain now must be close to (and coexistent with)
the chain for 2D content production and distribution
Longer-term “something completely new” may emerge for distribution of 3D, but this
type of business does not allow a greenfield approach.

2. Scalable

Any solution must allow to start on a small scale and grow (in terms of production,
channels and recipients) over time without running into a hard wall that is the result
of a wrong choice at the beginning. The solution must be able to address a whole
spectrum of types of content: sports, feature films, music events. Scalability includes
difficult decisions on asymmetry in systems: like in MPEG a wise balance must be
found between having few expensive elements (e.g. encoders) and many cheap
ones (e.g. decoders), because television distribution systems by nature are very
asymmetric




3. Interoperable

B2B and consumer applications need to use the same platforms (distribution, 3D
formats) and the system in principle should support the key objective of
standardization: “any content on any display”. In closed worlds like digital cinema it
may work for the time being (although not highly appreciated by th studios and
distributors) that for the different 3D systems that exist now (RealD, Dolby, etc.)
distributors need to render specific instantiations of 3D films, but in consumer-
oriented television business this will not work.

4. Foundation for competition
Longer-term, no proprietary solution will be accepted, meaning that standardization
and licensing are key part of the future, like happened with MPEG, CD, DVD, Blu-
Ray etc.

5. There are some areas with specific requirements, that are interesting to know and
understand, but that form a separate world.
This includes medical applications (remote surgery with 3D visualization — it is
intriguing to know that there exist probes for intravenous surgery with dual HD
sensors that deliver a stereo image to medical
specialist while being guided through the
human body). Another example is space
exploration — Spacelab has commissioned
stereo cameras to capture life and work at
Spacelab. The cameras 3D-ONE CP31 (by
3D-ONE / cosine, a small Dutch high-tech
company) have dual HD output (each 1080p
@ 48/50/60 fps), with capturing down-linked
to the control center. Picture to the right is the
first 3D camcorder in space.’

Ad-hoc solutions

A practical approach to television distribution of 3D is to make use of “frame packing”:
the left and right image of a stereo pair are merged at the TV production side into one
standard 2D HD frame that goes into the standard MPEG distribution pipe-line and at the
consumer side the frame is split again into left and right image. Indeed the whole
transmission system is simply not aware that the content is 3D and can be used as is,
without any changes or upgrades — encoders, multiplexers and all that constitute the
distribution chain treat content as if it were regular 2D HD. In this way, the 3D signal is
treated as one MPEG Video Elementary Stream, to be multiplexed into a standard
MPEG Transport Stream. There are various ways that frame packing can be
approached, as the scheme on the following page indicates™. The coding efficiencies of
the various alternatives requires further investigation and comparison.
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This comes at the cost of loss of resolution by a factor of 2 and requires that at the
beginning of the chain, prior to MPEG image encoding, an additional “encoder” is
required (to map the left and right frame into one combined frame), and an additional
decoder is required after the traditional MPEG decoder to get back left and right from the
combined frame, as input for the display (a function that could migrate into either set top
boxes or the TV itself). Something comparable was done already earlier by Philips,
eventlS, Deutsche Telekom and Telefonica, where a 2D image and its depth map were
packed into a standard 2D frame and distributed over an MPEG-compliant infrastructure.

Frame packing is also used by Sensio, which company has participated in a number
of the recent 3D TV experiments and trials and that will play a role in the 3D distribution
of the World Cup 2010 games from South-Africa. It is used for live events in certain
cinema chains (e.g. Cinedigm in the USA) and has been accepted as 3D extension by
the DVD Forum. In order to reduce visual artifacts as a result of “halving” the left and
right images, special image processing techniques are added by Sensio'*, comparable
to what is being done in DTS HD Master Audio. The Sensio encoder (a member of the
spatial compression family of stereoscopic codecs) generates two synchronized data
streams, a “core” and a something like a “residual stream”. The core stream is based on
the basic side-by-side frame packing, which at the receiving end can be decoded by
“any” decoder that decodes side-by-side frames, offering a kind of generic compatibility
level. This is inevitably a “lossy” coding scheme. The second, “residual” stream
generated in the Sensio encoder contains additional information (e.g. high frequency
image information) that is distributed separately but synchronized with the core stream
and this residual stream is used at the receiving side by the Sensio decoders to create a
better (and in theory possibly lossless) left and right stereo pair. Non-Sensio decoders
ignore this residual stream, only use the core stream which inevitable creates losses in
the signal.




Standardization bodies and activities

Companies that were first in making money on 3D, certainly were not the media
companies nor manufacturers of equipment, but rather companies active in organizing
trade shows, conferences, workshops, breakfasts & luncheons, trade events, seminars
and alike. And present soon in the process, indeed some already before the more public
circus emerged, were the first activities of the standardization bodies for the media world,
broadcast and telecommunication. This section intends to give a light overview of the
most relevant and most visible of those, without going too deep in such details as visible
and hidden agendas, scope and authority.

Briefly reviewed here are SMPTE and DVB.

SMPTE

SMPTE began work on a 3D standard with the formation of a cross-industry SMPTE
3D Home Entertainment Task Force in August 2008. At the end, more than 200
companies from 13 countries did participate in the process, representing Hollywood,
broadcasters, cable and DTH service providers as well as consumer electronics
manufacturers and semiconductor companies. In April 2009, SMPTE announced the
requirements for a stereoscopic 3D Home Master standard that the association touted as
“the cornerstone” of the entire 3D content chain. The SMPTE 3D Home Master provides
high-level image formatting requirements for the source materials authored and delivered
by content developers. It also spells out requirements for the delivery of those materials
to all distribution channels — the scope of requirements ranging from end-to-end system
description to use cases, technical requirement and recommendations for developing 3D
standards, physical media, terrestrial, satellite, cable and other streaming service
providers.

The SMPTE task force recommends a mastering standard based on 1920x1080 pixel
resolution at 60 frames per second and per eye. The standard will be required to support
backward-compatibility to 2D images and content, hybrid products such as Blu-ray Discs
that can support 2D and 3D displays, as well as be extensible to future 3D technologies
and approaches. The job to complete this is considered to be more difficult than it was
for cinema. Digital cinema, for example, is addressed with a relatively simple left-right
sequence approached, while displays involve a greater variety of technologies. Delivery
is even more diverse than displays, comprising physical media like DVDs, as well as
broadcasting, satellite and cable delivery.

3DTV systems must support multiple delivery channels, multiple coding techniques
and multiple display technologies, and everything in the associated workflows. There is
the issue of limited bandwidth and requirements on codecs, such as MVC extension to
MPEG-4/H.264. Besides finding the bandwidth for the additional image stream that
creates the stereoscopic effect, 3DTV has other complications that movies don'’t; there’s
the issue of graphics overlay, captions, logos, subtitles and metadata and the infinite
combinations of screen size, viewing distance and personal preferences.

DVB

In March 2010, DVB announced a “programme of work” that should lead to standards
for 3DTV. Concerned with compatibility topics, DVB sees a number of phases in the
distribution of 3D, whereby in Phase 1 viewers can keep and use their existing set-top
box, although they will require new TV sets (if they want to see 3D). Two specialist
groups have been established, one on commercial requirements and one on technology




to meet these requirements, led by David Daniels (BSkyB) and David Wood (EBU).
Considerations for Phase 2 include need for “simulcast” of 2D and 3D and possible need
to have adjustable depth perception for maximum “eye comfort”. David Wood expressed
his concerns “ .. today, for 3D TV, we should be concerned about fragmentation. There is
no shortage of opinions or companies working independently in 3D TV. Most of them
want a common standard — just as long as it theirs™?

3D content creation approaches

There are various ways to generate 3D content, but they all come down to a
combination of three or four basic techniques, addressing specific requirements and
opportunities for both live as well as off-line (post-production) situations.

Stereo

The most obvious one, and for live events
the only feasible at the moment, is to shoot in
stereo, that is, use two identical cameras that
capture the left and right view on a scene.
Ideally, the distance between the centers of
the lenses must be identical to the distance
between the eyes of an adult person, so
about 6.5 cms. As for large, high-end camera
systems with large lenses this is unrealistic,
split beam rigs have been designed with
mirrors that allow two cameras to be mounted
with a 90 degree angle.*®

An alternative is to accept a wider distance between the camera bodies and to
compensate this by some form of spatial interpolation to electronically reduce the wider
distance between centers of the lenses. A number of combinations of cameras and rigs
have been developed and have addressed with varying success the technical challenges
that result from this approach. For an optimal stereo pair of images, both cameras need
to be aligned horizontally, tilt, focus, sync, etc. and the cameras need to converge
smoothly from a perfect parallel position (for objects at infinity) to a relatively sharp angle
(for objects close by). A variation here is not to have two cameras that each deliver one
2D image, but a camera that gives one 2D image and a depth map (mostly based on
measuring reflected infrared light that the camera emits itself), so that the output is not
stereo (Left and Right), but 2D-plus-Depth (or rather 2D-plus-z). There are still serious
limitations in this approach however for the time being. “Stereo is better suited as an
acquisition format, since image+depth cameras often have a limited range and limited
guality, and stereo cameras can leverage the ongoing developments in 2D camera
technology. Also, image+depth does not handle viewing direction dependent lighting
effects, such as highlights or
transparency well, though these effects —
are rarely prominent in video.”™*

A conceptually (and operationally)
simpler concept is that to have one
camera with two sensors for the Left and
Right images and an integrated lens. An
example is the recently announced
Panasonic AG-3DA1, pictured here to




the right. For certain applications this certainly is a good solution, but for more
demanding applications the limitations (e.g. a fixed lens) will limit its use. More on
cameras and rigs in a later section.

Computer graphics

Computer graphics packages like 3D Studio Max, Maya and Blender are an ideal
source of content for 3D, as most of the packages already by nature are “3D inside”, with
a 3D representation of objects as the basis for rendering content, also if designated
screen or display is 2D. For 2D content, the depth information is no longer used, once it
has been used to render scenes (e.g. to decide whether in a scene a car drives in front
of a tree or behind the tree), but most packages allow to extract depth information as a
separate data stream, which can be used external to the package to calculate a stereo
pair of views on the scene for (stereo) 3D TVs or cinema projection or a multi-view
representation for e.g. autostereoscopic displays.

The range of applications for computer graphics based 3D is very broad and spans
the whole spectrum of cinema feature films (usually made with the help of a myriad of
different packages to achieve various effects) to simple digital signage clips, and it often
is combined with either 2D or 3D video. In digital signage a proven approach is to have a
relatively simple 3D animation with 2D video as background — with interesting clips being
created in an afternoon.

More or less the
same  applies for
gaming, as games
internally have a 3D
representation of
scenes and objects,
which until now is
flattened onto a 2D
screen, but in
principle, if the gaming
display is 3D can be

rendered in stereo. The OpenGL interface for gaming engines (as well as DirectX /
Direct3D) also allows to dynamically extract the z-buffer, next to the video images (see

picture above), so that again 2D-plus-Depth is available for rendering the game in 3D on
any 3D device.

Conversion of content — not new to the industry

We see that digital signage clips can be created fast with limited efforts, but that can
hardly be the basis for a flourishing 3D business in the cinema and for TV. A lot has
changed over the last decades, but in media and entertainment there remains only one
king and his name is spelled “content”. For 3D this is not different and a clear obstacle
for the fast continued roll-out of 3D for cinemas and even more for TV is the limited
availability of 3D content at this moment. There is movement in producing 3D live for
sports and events, which is absolute mandatory for success in television, but there are
potentially many hours and channels to fill, so alternative sources are being investigated,
and this has resulted in a great interest in conversion of 2D to 3D.




This is not the first conversion drive that the industry has seen. The movies started in
black & white and color on large scale only came in 1939 with The Wizard of Oz and
Gone with the Wind, although more than 20 years before minor color movies or clips
were released. But colorization of black & white movies already started in 1924 (Greed,
followed by The Phantom of the Opera in 1925), but this was labor intensive (each frame
in each projected copy was -
individually ~ colorized by
hand) and was more gimmick
than business. Starting in the
60’s and with the help of the
first computer-based tools,
films, documentaries and
television series were
colorized (and often in the
process they were first restored) like the shown The Three Stooges. *°

With new distribution windows (e.g. DVD or Blu-Ray) and special interest domains
(World War 1 in Color, The greatest game ever played, The Beatles Anthology) this
remains a niche market with a few active players, like West Wing Studios and Legend
Films. The way-of-working remains brute-force hand-labor like in the days of Greed,
despite the computer-based tooling of today: movies of series are digitized and each
frame is manually segmented into small polygons, which are colored according to a
given colored reference frame. This frame-by-frame colorization process is usually
outsourced to subsidiaries in India, Philippines and other low-wage countries.

Conversion towards 3D - “doing it by hand”

The colorization conversion history makes sense to understand, as there are quite
some similarities with conversion of 2D to 3D. Here as well there is a niche post-
production industry emerging for the manual conversion of 2D to 3D, but given the many
hours and channels to fill and with the knowledge about the high costs for manual
conversion, there is a quest towards the golden grail in 3D: automatic conversion of 2D
to 3D, but manual conversion has remained dominant over the last years.

For manual conversion of 2D content to 3D there are basically two routes. The
classical one is comparable to what happens in colorization, based on frame-per-frame
manual processing. The original 2D frame is considered as “Left” and by computer-
assisted manipulation, from this Left frame, the Right frame is constructed, by
segmenting the frame through rotoscoping into
consistent objects (that e.g. together form a house,
cloud, car or whatever) and by shifting these objects to
the right, whereby the absolute shift depends on the
distance from viewer to the object — objects at infinity
remain where they are and the closer the object is to the
viewer, the more is the shift. This shifting creates
occlusion gaps in the Right frame that have to be
manually corrected, for instance by copying background
from other frames. This is the process that has been used to convert a number of major
feature films to 3D. Like for colorization, there are a few specialized post- production
companies that play in this domain, including In-Three (with a process they call
dimensionalization), PassmoreLabs and some others. The approach works, but given the
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demand on image quality for theatrical releases of such feature films, the amount of
effort that goes into conversion is huge, resulting in conversion costs of between 50.000
and 100.000 US$ per minute.

An additional complication is that throughput time for conversion is long and as the
process can only start once the movie is “final’ (one conversion company started
conversion work on a first cut for a major feature film shot in 2D, which was to be
released in both 2D and 3D, and the 20 minutes they had converted first did not make it
to the final 2D version, so the conversion work was all in vain). If the 3D version is
released too long after the release of the 2D, the 3D version cannot take advantage of
the marketing campaign of the 2D version and this has to be redone at additional costs.

An alternative technique for manual
conversion was developed by Philips'®,
where the approach was not to construct a
Right frame from the Left frame, but to
create a depth map for each Left frame,
from which the Right frame could be
calculated (in case the target display was
of a stereoscopic nature), or indeed it could
generate various forms of multi-views for
autostereoscopic displays. The throughput
time for a conversion project could be
drastically reduced by partly automating
the generation of depth maps by means of
propagation: motion analysis within a
scene with only slow changes and no cuts, the depth map of frame n+1 could be derived
from the depth map of frame n automatically and in principle, occlusion data could be
extracted from other frames in a temporal analysis. In the picture above, this is
demonstrated. On the first row we see a closed flower and a manually created depth-
map. The two rows below show the image of the flower that opens and the automatically
generated depth maps belonging to these images.

The image right is a »
screenshot of the wuser =i
interface of this tool, with at
the top an actual depth
map and at the bottom a
time-line with keys shots for
a number of scenes and
the tool generating depth
maps automatically, based
on a number of manually
created depth maps. There
are a number of application
domains for which the
results of the conversion is
good enough, but the
system is not yet at a level
that it meets the quality
requirements of Hollywood.




Conversion towards 3D - the automated way

The conversion techniques to generate depth information described so far are
basically off-line, non-real-time, post-production oriented. There is not always time to do
this and for live events the time between capturing and distribution is at most a few
frames, and not 3 months. In this domain there are to developments that address this:
real-time conversion of stereo to 2D-plus-Depth and real-time conversion of 2D to 3D
(either stereo or depth based)

Conversion of stereo to 2D-plus-Depth  is something that makes sense. Real-time
acquisition is the only feasible approach now for live events or films now, but depth has
the mentioned advantages of viewing-device ignorant production, the interoperability
elegance and offers a route towards glasses-free 3D. The first real-time converters from
stereo to depth have been demonstrated (e.g. Philips at SID 2006) and the assumption is
that quite some more have not been demonstrated outside the labs of the companies
working on this. Without going into any detail, the work to achieve this generally relies a
lot on and is related to, work for MPEG encoding, looking at dynamic differences
between the motion-estimator functions for Left and Right images and construct depth
from the disparity.

The objective of work on fully automated conversion of 2D to 3D is pretty simple:
convert any content available for television in 2D (series, sports, news, advertisements,
concerts, documentaries, DVDs, own recordings) real-time and at zero costs into 3D for
viewing on the home 3DTV. (Note: although there is no reason to exclude this, the
automated, off-line, non-real-time conversion of content, does not seem to be a topic that
so far has gained any interest in the industry. Automatic conversion is limited to home
use of 3DTV, as at this moment image quality concerns are such that applying this type
of conversion on a large screen,
seems several bridges too far). TriDef 2D-to-3D SDK
By its nature, the place where
this conversion takes place is
inside a 3DTV or (just as gap 2D
filler) by some dedicated box that Photo
does the conversion and that
feeds directly into a 3D monitor.
A number of companies have
demonstrated various versions
of such conversions (DDD,
Philips and others) and first
3DTV sets are on the market
with this as a feature, but it is
unclear what exactly is implemented and whether the technology is proprietary or
licensed from other players in this field. The scheme above on Tridef by DDD illustrates
the approach.'’

Real-time Depth
Estimation 3D
(2D to Depth)

T v

TriDef DDC L
(2D plus Depth to 3D)

From what is published on this topic or demonstrated at exhibitions, it seems probable
that most solutions somehow follow the depth map route. A succession of frames is
analyzed in time-domain on macro-block level, like is the case for MPEG encoding, and
the results of a motion-estimator type of function is used to generate a rudimentary depth
map, which again is used to generate the second view (or more views in case of multi-




view displays). It is not unlikely that this depth map first is matched against or merged
with a simple heuristic depth map (“slanted” or “depth by gravity”), which means a depth
map based on the assumption: “image at bottom of the display is scene close-by &
image at top of display is further away”. This may not sound the recipe for a brilliant
depth sensation on a 3DTV, but experience learns that in many not too demanding
situations this generates an acceptable image quality. Realistically however, the state of
this art is not such that it offers a solution for a quick and massive generation of 3D
content from existing archives or live productions. It is inviting however, as again, the
depth map route allows multi-view, offers a 3D representation that is device and screen-
size ignorant and allows the consumer in principle to set depth at his own preferred level.

Current 3D Live production tools

Cameras & Rigs & “Compensators”

Current live production tools are stereo-based, and usually use “combined” 2D
equipment, like HD broadcast cameras positioned on a special rigs. There are different
approaches:

Top left a special designed camera with Fusion rig by Vince Pace, next to it a 3D Film
Factory beam-splitter rig with RED cameras, bottom left two Grass Valley Vipers on a
fixed rig on a Vinten pedestal, next to it a BOLT / Inition set-up and at the far right, Anna
Piffl demonstrating her P+S rig / 3D Steadycam. Most HD broadcast cameras have been
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used in 3D productions on rigs by the 3D rig specialists like 3D Film Factory, P+S
Technology, Element Technica, Pace and 3Ality.

Alignment between the two camera views is crucial to avoid bad 3D experiences and
certainly for live productions this is a challenge as regular building up & building down
does not leave a lot of time for calibration and minor mechanical imperfections may be
difficult to solve while on location. At the 2010 World Cup, we will see the first extensive
deployment of a tool that Sony has developed, that goes by the well-chosen name 3D
Processor Box*®. In essence, the 3D Processor Box can detect, analyze, display and
allow correction in the electronic domain of the various alignment errors that may occur
such as mismatching of vertical and horizontal position, keystone, zoom and much more.
Optical axis correction Positioning Correction The picture to the left

1 demonstrates some of the
required  corrections.  Others
include converge corrections (to
correct for camera misalignment
that may occur when moving
cameras together or apart so as
to converge the lines of sight at
the perceived position of the 3D
image plane), but also image
inversion (when using a mirror as beamsplitter). Additional points to monitor and possibly
correct are obvious parameters such as zoom, iris, etc. so typically the functions
performed by a shader.

Subtitles & Graphics

Those people that live in the parts of the world where subtitles are common in the
cinema, could have witnessed a development in the use of subtitles from for instance
Beowulf to Avatar. Beowulf had subtitles at fixed depth, independent of the depth in the
individual scenes, and “switching forth and back” between the right depth of subtitles and
scenes, required quite some eye accommodation and could introduce strain. In 2008
Philips demonstrated a tool where “depth placing” of subtitles was linked to the depth
maps of the various scenes, which resulted in a much comfortable viewing experience. A
comparable approach was followed by Technicolor for the subtitling of Avatar and
subsequent films*® , described as “ ... a method for creating a depth map out of a left eye
/ right eye image pair that would allow an automatic determination for the placement of
on-screen graphics such as subtitles and interactive graphics (menus) ... which is based
on research to determine the human perception of subtitles as part of a 3D movie
experience. “

Early 3D TV experiments and showcases

On February 18, 2007, the 56" annual All-Star Game between the Western and
Eastern Conferences of the NBA was captured live in the Mack Center in Las Vegas by
the crew of Vince Pace and shown live to a selected audience at the Mandalay Bay Hotel
in Las Vegas. This type of “narrowcast event” was repeated on December 4™, 2008 for
an NFL game between the Oakland Raiders and the San Diego Chargers, this time
captured by Steve Schklair's 3Ality. Since then, narrowcast events like these have been
repeated again and again.
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On  April 8" 2010 the Masters were
broadcasted in 3D and distributed by a number
of cable companies in the USA and the event
also was streamed live over internet. Equipped
with 3D display, PC with a NVIDIA 3D Vision
card and an internet access connection offering
more than 10 Mbps, 3D golf was available for
“anyone”. There were some comments on
artifacts in the video stream (not per se related
to 3D, but it did bring the question whether for
this type of content 10 Mbps is sufficient),

instability in the stream, visual distortion as a result of extreme zooms and unnatural
depth perception, artifacts possibly due to compression of the side-by-side views in one
frame, and a few things more, but “ .. watching the stream in 3D really added to the
immersiveness and realism of the scenes.”®

Plans for live broadcasts from the soccer World Cup 2010 from South Africa also see
a strong presence of 3D. Of the total of 64 games, 25 will be captured and broadcasted
in 3D from the stadiums of Soccer City and Ellis Park in Johannesburg, Durban,
Capetown and Port Elizabeth. With seven pairs of Sony HD cameras and a separate 3D
OB van, the 3D feed will be a complete independent production, separated from the
regular 2D feed. Contracts have been signed with a number of TV channels, including as
first contracted customers ESPN in the US and SogeCable in Spain. Sony also plans to
demonstrate the 3D channel on 4000 Sony-affiliated stores worldwide, together with 3D
promotional trailers, to promote its new 3D Bravia TVs. Sony will also produce a 3D Blu-
Ray disc to distribute the official FIFA film of the event.

Furthermore, FIFA signed an agreement with Swiss-based Aruna Media AG, that
planned to show 3D live feeds of 8 games in cinemas; in a later stage, FIFA took on
responsibility for any 3D into cinemas and other venues themselves.

3D and television rights

A good question is “Who is willing to pay extra for 3D on his TV?” Indeed it is a very
good question, as it addresses one of the intriguing pillars in the broadcast industry:
“What is the value of content and why?” The fact that in the cinema, the consumers are
willing to pay an additional fee of between 2 and 5 euros for a 3D movie is probably a
transient phenomenon. Cinema is not alone in this. In cinema and television, and for
quite some other domains as well, things & changes only happen when someone is
willing to pay the bill. Or when not doing it, someone refuses to keep paying the bill,
when others start to offer better services. There was nothing against black & white TV,
but to keep your viewers, color TV was taken up by any TV station that stayed alive. The
same is happening with TV and HD — still in a stage of transition — and there is no reason
to believe it will not happen with 3D.

Having said that, what could be the transient value of 3D content for television, before
it becomes part of mainstream? It is useful to take a look at the value of specific rights for
television to get a feeling for dimensions. Some 2009/2010 figures®*:

$$
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What Year # of years  Buyer Amount

Champions league 2009/2010 1 All-Europe > 580 M€
UK Premier league 2009/2010 3 BSkyB UK 1800 M€
Italy Serie A 2010 2 Sky Italia 1160 M€
Bundesliga 2009 4 ARD 440 M€
UEFA EC 2008 2008 1 (D, UK, F, I) 410 M€
FIFA WC 2010 2010 1 All - Global 2190 M€
Olympics London 2012 1 All - Global 2500 M€

These are of course the top events, but the television right fees are stiff and are
primarily based on the number of viewers of the events per geography, independent on
whether they watch in SD or HD. The number of viewers in 3D at this very moment will
be in the noise range for the total figures, so realistically the current additional 3D
television rights are minimal — even if there is some business in streaming live content
into event theatres. (If 8 World Cup games are screened in 100 cinemas, with 500
viewers every time and an uplift of 4 euro per seat as fee, total revenue is 1.6 M€. This
sounds like a nice figure, but it would require a major effort to achieve, in terms of
technological infrastructure and marketing, and it remains very small compared to overall
fees for the rights).

Once a new phenomenon gets accepted and is absorbed in mainstream, the
monetary added value, if there was one to start with, disappears. The media industry
may not like this, but it is daily life in consumer electronics, mobile phones, cars, internet
services and many more. It has been a hard battle in the transition from SD to HD, but at
the end consumers only pay limited uplift for an HD channel and production and facility
houses only receive a small uplift for the added value in technology that they provide,
and these uplifts exist only temporarily. That means that inherently the value (here:
television rights fees) does not increase as a result of innovation. At the end, consumers
pay for the experience, for the access to the event and the steady increase in viewing
experience (black & white color HD  3D) is taken for granted. Those that cannot
follow to offer the increased service level are left behind, longer-term. In that sense, 3D
may not be a new source of revenues, but a way to keep existing revenues.

The future

For pure economic, technical and operational reasons it is crystal clear that for the
next years any 3D TV will rely very structurally on the worldwide 2D HD infrastructure.
The big change that caused the drive towards 3D TV for the living room is the small
change in HD TVs in the living room — newest generation HD LCD and PDP displays
could be upgraded (due to high resolution and high refresh rates and relatively cheap
glasses) to be “3D Ready” for a very small uplift in bill-of-materials. And recent trials and
tests have demonstrated that it is possible to generate 3D, even live, with a 2D
infrastructure. Sometimes requiring inventive approaches, strong muscles, cold blood
and hammer & saw craftsmanship, but it could be done and has been done.

The future will be different. 3D production will be one of the design choices for new
production tools. The impact of 3D on the future of TV will develop along a number of
routes, reflected in the following statements:




“3D=2D+ 2D =3D-"

Or, in words: Content production will develop from “3D is constructed from ad-hoc
extensions in 2D production” to “2D will become subset of 3D production”.

As demonstrated for the World Cup 2010, the production chains for 2D and 3D are
kept as two separate parallel activities, because a lot in 3D production is new and it is a
bad idea to jeopardize the biggest 2D broadcast event of the year by interference of any
3D production problems?. Another difference is that 3D coverage will be limited to 7 or 8
stereo camera pair positions per game, with about 30 camera positions for the 2D
coverage, which will make it a different experience to watch. In early HD days, the claim
was that SD and HD would remain separate productions as well and that HD would have
a different “rhythm” or even “syntax”, but that difference evaporated and for most events
now covered fully in HD, SD is the scaled-down derivative. With reaching maturity in
production tools (and agreement on the format, offering close to full HD for both Left and
Right) longer-term, SD may be just Left (or Right). Still a lot to be learned there, as for
instance in recent 3D movies the experience was that quick cuts between scenes with
complete different depth (and focal points for the eyes) were sometimes tough for eyes
(and brain) of viewers, that led to the use of “cut-by-going-through-zero-depth”. The
repertoire of practices while producing a live 3D feed from an event will have to grow
over time, but 2D as subset of a regular 3D production seems obvious in the future.

“Living room will move towards autostereoscopic dis plays”

The picture to the left shows a scene
that makes sense in a cinema or, as is the
case here, on a stage for a discussion on
3D cinema between some of the
Hollywood giants (from left to right George
Lucas, Robert Zemeckis, Randal Kleiser,
Robert Rodriguez and James Cameron)?®,
but it is hard to imagine that this could be a
living room scene of the future. It may still
take some time, but the living room will be
autostereoscopic. It will require further

progress in various forms of conversion and increase of display resolutions (Quad Full
HD currently is still far more expensive than Full HD, but that is an issue of process
maturity — there is no fundamental hurdle that prevents a price down curve for the
technology towards Full HD), but that target of the display industry is clear longer-term:
autostereoscopic for the living room.

“Depth will gain a position in content formats, eve n for stereo”

Even for stereo, depth information is useful, as it allows smooth and dynamic
rendering of for instance subtitles and graphic overlays on TVs. As depth maps require a
relative small bandwidth compared to the video images, a format that has “2D + 2D +
Depth” makes sense for the stereo world.

“Acquisition of live events will remain stereo-base d for a long time, but will reach
high level of integration in production tools”

Rigs as we know them now will disappear, as they form a solution for a problem that
needs to be solved in a more fundamental way. Rigs, although needed now as there are
no real alternatives now, introduce errors and misalignments in any imaginable degree-
of-freedom for cameras (horizontal, vertical, tilt, convergence). The future will see fixed
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bodies with alignment between sensors, calibrated in the camera factory and fixed for the
remaining life of the camera and with constructions to adopt the optical path when using
different lenses. This will also reduce the need for certain functions of tools such as the
mentioned Sony “3D Box”, although in the transition period these are essential tools.

“Distribution of content will develop along lines s et out by Blu-ray in terms of
perceived visual quality — full HD for each eye”

Current approach to have frame packing of the left and right image stereo pair into
one standard 2D HD frame, makes sense short term. It introduces losses however that
will be designed out in the future. The ad-hoc solution by Sensio to get closer to
“lossless” distribution, with a dual stream encoding scheme (one core stream and one
residual stream), resulting in principle in a better decoding performance via Sensio
decoders than by decoders supplied by other players, will longer-term not fly business
wise. It is possible that a standard emerges that is close to this approach, but it will not
be proprietary, but will be a shared industry standard, exactly like happened with MPEG.
It may happen that the solution to have separate but synchronized elementary streams
for Left and Right in a Transport Stream gets preference — backward compatibility to 2D
is elegant: just neglect one of the streams, but it requires a new generation of set top
boxes.

Concluding remarks

It is difficult to forecast the future, certainly when the topic of contemplation is a
complex end-to-end system, as television is. But certain is that due to drivers at both
ends of the chain (content providers and home electronics), there will be an impact on
television by the recent explosive revival of 3D. The statement is that key-phrases will be

“autostereoscopic for the living room”, “depth is needed”, “distribution will see a slow

evolution based on existing 2D infrastructure”, “stereo acquisition tools will see high level
of integration” and longer-term, “If you are not in 3D, you will not be in 2D either”.

The future will tell.
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