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1 Introduction

Recently, the third phase of Free-viewpoint TelewifFTV) standardization activity
was proposed [1], mainly targeting super multiviend free navigation applications.
During the last meeting, a document describing 8et of requirements and use cases
was generated [2], and an AhG created, [3] in otdesolicit further contributions from
the industry and perform exploration experiments.

The current document presents some insight on tipersmultiview / light-field
Holovizio display technology, already mentioned2h, and the constraints imposed by
light-field displays to the capturing setups angresentation formats. Also, some
amendments to the requirements are proposed, ier dad support two application
scenarios deemed of interest for the proponents.

2 Holovizio Light-field displays

The Holovizio [4] display technology falls into tlseper multiview category, as reported in
[2]: multiple views are generated from a recongtaunc of the light-field (LF) faring
through a tri-dimensional scene.

HoloVizio 3D light-field displays are capable ofoprding 3D images with a continuous
motion parallax on a wide viewing zone, and view&s experience spatial vision inside
this zone without wearing 3D glasses. Instead ofvahy separate 2D views of a 3D scene,
they reconstruct the 3D light field as a set ohfigays. This is achieved by using an array
of projection modules emitting light rays and atous made holographic screen. The light
rays generated in the projection modules hit thHedraphic screen at different points and
the holographic screen makes the optical transfoomao compose these light rays into a
continuous 3D view, as seen on Fig 1. Each poitlh@holographic screen emits light rays
of different color and intensity to the variousetitions.

With proper software control, light rays leaving thcreen spread in multiple directions, as
if they were emitted from points of 3D objects ixetl spatial locations, appearing either
behind the screen, or floating in the front oaithieving an effect similar to holograms.

Advanced glasses-free 3D light-field displays pdevhologram-like spatial visualization
over an unprecedented field-of-view (up to 180 deg), but operate with massive pixel
counts (N x 100 megapixels today) and massive wigwlirections (up to 200 today).
Accordingly, the storage, compression, transmisaiwh rendering of these light-fields is a
major challenge, which needs to be solved to phgemay towards wide adoption of such
advanced 3D technologies.
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Fig. 1. Sample light-field display architecture scalaldeinit 100+ viewing directions.




3 Application Scenarios

Future 3D displays will go far beyond stereoscdpiiews or N view (N<10) multi-view
displays, as we can already see from prototypeatstdcommercially available examples.

However, the number of pixels (light rays) one caasonably integrate into a single
display is still quite limited, and display desiganare thus forced to trade off horizontal
viewing directions, vertical viewing directions atite spatial resolution (number of 3D
pixels).

Some displays aim to reproduce full-parallax 3tifjelds (that is, having both horizontal
and vertical parallax), while others omit or sinfplvertical parallax in order to provide
better resolution and higher number of viewing dians, resulting in wider horizontal
Field Of View (FOV).We have to make a distinctioetWween these application scenarios,
as the content that needs to be encoded may seeifardbut in fact they can be quite
different.

Full-parallax displays typically have N x N (N<1@)ews, consequently narrow viewing
angle in both directions, and relatively low resimn. Here the views to be transmitted can
be expected to be relatively close (a few degr@asth and thus similar to each other.
These views are typically captured and parametérize two planes (linear camera
arrangement).Wide-angle LF displays on the othadhese N (N>100) viewing directions,
but only in the horizontal direction (see Fig. @jidening the viewing direction with such a
big number of views pose additional challenged.fercapturing, encoding and processing:
we analyze such challenges below.

Fig. 2. 3D displays with wide viewing angle.

Need for non linear acquisition setups

We have to realize that in this case, the overtgwéen the leftmost and rightmost views is
typically zero, as the baseline of a typical captsetup that can capture the necessary
viewing angle is much wider than the scene itdalfextreme cases (180 degree viewing
angle), a linear camera setup is not even suffi@empractical, and an arc camera setup is



necessary. Such a setup breaks the assumptioraraifep cameras, which in turn may
require different coding strategies.

Fig. 3. Top: typical wide viewing angle content (every"ifhage is shown)
Bottom: 45° 3D frame with 0.5° displacement betweameras, from Big Buck Bunny [5]

Computational complexity

Another very significant challenge to be addressedjiven by the computational
complexity: as 3D displays with massive pixel ceuate typically driven by multiple
processing units (today rendering clusters) foctcal reasons, and the individual units are
responsible for a small portion of the whole 3D gmathe LF interpolation / rendering that
is performed on one unit does not require the whélelata. To enable decompressing only
those parts which are in fact used by the rendgrmgess (and thus save processing time
by eliminating the decompression of unused paitt$3, essential that the decoder enables
accessing only slices of the overall compresseastrwith low overhead.



Light-field displays are typically driven by multgpprocessing units. During the light-
field conversion step, light rays captured by theneras (views) are reordered to form a
display specific light field. As different procesgiunits generate different parts of the light
field, they read different image areas from theomig views. In fact, although there is
some overlap between the inputs of neighbouringcegssing units, those that are
responsible for distant parts of the overall lifbtd consume a disjoint set of pixels. The
following examples illustrate which parts of theut images are actually consumed in a
real setting. The simulation has been run on a ¥ialo C80 light-field display, which has
10 processing units for generating the light-fidltis display has been fed with 91-camera
input. Results are shown for the central camera.

Fig. 4. Left: Pixels consumed by processing units 4, 8&&d, Green and Blue channels)
Right: Pixels consumed by processing units 0, e, Green and Blue channels)

Encoding mechanisms

For LF displays capable for larger number of viethis, creation of all the views starting
from a subset of captured views can be considemadtar&extrapolation task, which can
be solved locally. When disparity information isadable, it is beneficial to exploit such
information at the encoding side, in order to abtaingle geometrically correct set of
motion vectors that are related to real 3D scespatlity and can be used over multiple
adjacent view images. Additional motion vectors t&nderived to deal with occlusions.
Besides the increased compression efficiency,dés potentially speed up the generation
of all the views needed by the display.

We believe that super multiview technology can hawdisruptive impact on the market,
enabling the real 3D viewing experience that haanbebject of research for long time. In
particular, we would like to emphasize two applimas, among those listed in [2], that,
according to our vision, can revolutionize the aoner market and the common way of
producing (and enjoying) video content:

e Enable light-field and super-multivew 3D televisiog on a wide range of 3D
display devices, for cinema, broadcast and molpigieation scenarios.

e Support 3D telepresence applications, where botleding and decoding happens
in real-time to enable smooth communication



Fig. 5. Light-field telepresence application

Dedicated coding technology is necessary in om@ngble compression and transmission
of such extremely high resolution content.

4 Requirements

Starting from the above mentioned consideratiort tangeted application scenarios, we
derive some requirements, significantly overlappitmpse listed in [2]. For certain
requirements, we propose some modifications, adohgghe issues reported in previous
section. For each proposed requirement, we indicgdtether some modification is
proposed (bolded in the proposed text below). Vée alropose to add a couple of new
requirements, on parallel processing and randomsacc

4.1 Requirements for Data Format

4.1.1 Video data (proposed modifications bolded)

The uncompressed data format shall support multijpleera input and multiple
camera output configurations, with a higher numiifeoutput views than input views.
The input camera views along pathways differenmfr@D linear arraysshall be
supported,encompassing non-linear horizontal, horizontal/veiital and free-form
(randomly placed, calibrated) camera setupsThe number of input and output views
should vary between tens and hundreds of viewdi¢apipn examples given in Table 1)
and View Synthesis should be robust against inctyracquired/calculated depth maps.
Other input and output configurations beyond ststeadl also be supported.

4.1.2 Supplementary data (proposed modifications bolded)

Supplementary data shall be supported in the datmait to facilitate high-quality
intermediate view generation. Examples of suppldeargrdata include depth maps, or
3D models, reliability/confidence of depth mapgreentation information, transparency
or specular reflection, occlusion data, dfcdisparity information is available, it
should be exploited to encode geometrically correchotion vectors that are related



to real 3D scene disparity and can be used over ntiygle adjacent view images.
Supplementary data can be obtained by any means.

4.1.3 Metadata (proposed modifications bolded)

Metadata shall be supported in the data format.nmfpkas of metadata include
extrinsic and intrinsic camera paramet@sa shorthand notation to generate simple
camera setups like linear and arg) scene data, such as near and far plaocene
Region Of Interest (ROI) (3D position of intended sreen plane, extents and position
of the scene in all directions), to enable proper apping to the 3D volume
reconstructed by the 3D displayand others.

4.1.4 Applicability (original)

The data format shall be applicable for both nataind synthetic scenes.
4.2 Requirements for Compression
4.2.1 Compression efficiency (proposed modifications bokt)

Compression efficiencghall be comparable or better than the state-of-theideo
coding technology such as MV-HEVC or 3D-HEVC,

4.2.2 Synthesis accuracy (proposed modifications bolded)

The impact of compressing the data should introdnicemal visual distortion on the
visual quality. The compression shall support mams to control bitrate with
proportional changes in synthesis accurayd where these inaccuracies appear. For
example, it may be desirable to degrade side viewsore in order to keep central
views intact. Increasing the ratio of output/input views andfoe input views baseline
should - below a reasonable threshold - introduirennal distortion on the visual quality
of synthesized views.

4.2.3 Parallel and distributed processing (new)

The compression method shall enable parallel psitggi.e. on GPUSs), as well as
on parallel processing units (i.e. on multiple comeps), without significant losses in the
overall compression ratio compared to a singleaithee scenario.

4.3Requirements for Decompression and Rendering

4.3.1 Rendering Capability (proposed modifications boldedl

The data format should support improved renderagability and quality compared to
existing state-of-the-art representations. Theednd range should be adjustable.

The data format should support light-field interpolation by means of ray
interpolation, without relying on depth information for the synthesis.



4.3.2 Low complexity (original)

The data format shall allow real-time decoding ayathesis of views, required by any
new display technology, with computational and mgnyuower available to devices at
realizable level.

4.3.3 Parallel and distributed rendering (new)

The rendering method shall enable parallel prongsgie. on GPUs), as well as on
parallel processing units (i.e. on multiple compsitewhich is critical to achieve real-
time decoding and synthesis of views.

4.3.4 Random access (new)

The data format shall support partial decompresg@@mdom access) of some views,
as well partial decompression (random access) iifops of these views. .

4.3.5 Display types (original)

The data format shall be display-independent. \{&riypes and sizes of displays, e.g.
stereo and auto-stereoscopic, super multiview,gratephotography displays, etc of
different sizes with different number of views $hHz@ supported. The data format shall
be adaptable to the associated display interfaces.
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