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« Introduction, terms, market and standards
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= Video plus depth coding
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3DV and FVV as Functionalities

» 3D Video (3DV, also known as stereo) and Free Viewpoint
Video (FVV) describe functionalities

« Expand the user's sensation beyond what is offered by
classical 2D video

» They do not exclude each other , can be combined in a
single system
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Free Navigation

= Arbitrary selection of viewpoint and direction  within real
world audio-visuel scenes

« Well-known from computer graphics , virtual reality,
computer games

» Synthetic scenes, objects or static views of real objects, 2D
video

« Or restricted to predefined viewpoints (Formula 1 on
Premiere)
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Free Navigation in Real Scenes

» New technology allows generation of intermediate views in
between real existing camera view
» Image-Based rendering, 3D reconstruction

« Allows e.g. viewing sports or theatre from arbitrary
viewpoints

« New technology for the whole chain:
« Acquisition, signal processing, modelling, representation,
compression, transmission, rendering, display
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Free Viewpoint Video

« Same functionality as CG
objects

= free navigation, can be
viewed from any
viewpoint/direction

« Integration into complete
scenes
(virtual/augmented/real)

« But: depict appearance,
motion, deformation of real
world objects

. . ‘ Compression for 3DTV - with special
Aljoscha Smolic, 3DTV-CON ‘07
) Fraunhofer . . focus on MPEG standards
Machrichtentechnik
Hainrich-Hertz-Institut

» Generation of a 3D depth impression from seperate views
for each eye
« Well-known e.g. from IMAX
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3DV / Stereo Video
« Demo
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Applications

« 3DV: Extension of 2D video to 3D with depth impress  ion
« DVD, broadcast, cinema, mobile, specific applications
(medicine, military, etc.)
» Buy a DVD of a Hollywood movie in 3D

« FVV: Extension for interactive viewpoint selection
« Production, special effects
« DVD, broadcast, cinema, mobile, specific applications
(medicine, military, etc.)
« Buy a DVD of a concert, opera, theatre, sports event in
FVV
« E.g. final of FIFA worldcup
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Market Potential

« 3DV and FVV will create huge markets for equipment
(production and consumer side) and content in the
near future

« 3D displays

« Set-top boxes, SW

» Content

« Equipment for acquisition

« Equipment/SW for content creation
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Standards

» Development of consumer markets (esp.) requires
interoperability of systems and equipment from
different providers

= This means standard formats for content

» Consider impact of MPEG-2 video and mp3 on media
related industry and society

» Note: these are “just” digital and compressed formats of
their analog counterparts, basically nothing new

« FVV and 3DV expand the sensation
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MPEG/VCEG Standards for FVV and 3DV

» Standards are necessary to make 3DV and FVV happen

« MPEG investigated the needs for related standards in a sub-
group called 3DAV

=« Work continues in the JVT of MPEG and VCEG
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MPEG/VCEG Standards for FVV and 3DV

= A lot of things are already possible with MPEG-4, which is a
rich multimedia framework

« Additions have been made to the computer graphics
specifications (MPEG-4 AFX) to support specific FVV systems

» 2 new standards are finalized or being created
« Auxiliary Video Data Representation
» Multi-view Video Coding (MVC)

= More to come, e.g. MVD
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Scene Representations
L LA BT
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More geometry-based More image-based
Static View-dep. Static View-dep. Layered- | Light-field
Texture, Texture, Texture, Texture, Depth rendering
Single Single View-dep. View-dep. images
Qeometry Geometry Geometry Geomgy
Incarnations of 3D model Sprites  Lumigraph
~— A A J
Conventional graphics pipeline Warping Interpolation
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Scene Representations
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Scene Representations
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Scene Representations

= Suitable for FVV and 3DV
« Pure FVV: rendering of one view from the representation
« 3DV: rendering of a stereo pair corresponding to eye positions

« A lot of very different data types are used for FVV and 3DV
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Conventional Stereo Video

» Generation of a 3D depth impression from separate views
for each eye

« Well-known e.g. from IMAX

« 2 video signals are used
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Conventional Stereo Video

« Stereo images are very similar

» Images are related through scene geometry and camera
properties

= Predict one view from the other

= Displacement of a pixel with respect to other image:
disparity
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Conventional Stereo Video

» Analogy: dense motion field
» Use principles of motion estimation/compensation for
prediction

« Specific differences:
= Different statistics of disparity and motion vectors
= Disparities can be very large
» Adjustments of entropy coding
« Temporal adjacent images are more similar
= Disocclusion more evident
» Problems of white & color balancing
» Scene lighting, surface reflections
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Inter-view Prediction

Left *
View |
Right *
View |

« Algorithms well known, standards available (MPEG-2 MV Profile)

« Limited gain, temporal prediction works well
= Significant gain only for | frames
« No commercial relevance
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Downsampling

« Downsample one view
» Does not degrade 3D impression significantly
» Toggle between left/right
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Limitations of Conventional Stereo Video

« Problem of conventional stereo video (2 fixed views):
« head motion parallax viewing is not supported

 Viewer expects occlusions/dis-occlusions when watching 3D
scenery

« Unnatural impression when moving head (impression that
whole scene moves)

« Can be overcome adding free viewpoint functionality
« View is adapted to user motion
«Tracking
«Multi-view displays
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Depth-Based Rendering

Depth

Virtual view
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MPEG-C Part 3
Video Depth
' 0
255
» Depth: monochromatic 8 bit video signal
We would like to thank the Image Based Realities Gr  oup of Microsoft Research for providing
the Breakdancers and Ballroom data sets. sion for 3DTV - with special
MPEG standards

Interactive Stereo Video

» Generation of 2 views for each eye from one video and per
pixel depth information

» Rendering of a stereo pair at the decoder

= Virtual views can be generated within a certain operating
range => head motion parallax viewing

» Requires tracking of user
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Interactive Stereo Video
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FhG-HHI Autostereoscopic Display

» 3D impression without glasses
» Automatic gaze tracking with built-in camera sensors
« Automatic adjustment of 3D rendering due to user motion
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Interactive Stereo Video

« 3D impression is individually adjustable due to rendering at

decoder
« Strength of depth impression
« Position in relation to the screen (in front, behind,

distance)

« ATTEST:
« Efficient compression of depth data is possible

« Only 10% of related rate for video signal without
noticeable artifacts
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Coding of ,Video plus Depth*
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3D-TV System of the ATTEST Project
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Handling of Disocclusions

* Bestapproach: Pre-process (smooth) depth-images such that
no disocclusions appear !

110

2D Gaussian Filter Original Depth Smoothed Depth

1 _(y24v2 2

oluv)=-1se b2z feo?)
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Handling of Disocclusions
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Limitations of Single Video plus Depth

Disocclusion artifacts increase with distance of
virtual view from available original view

Does not support wide range multi-view 3D
displays

Very limited free viewpoint navigation

Problem of depth estimation
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MPEG-C Part 3

Video + depth as data representation for 3DTV
Enables 3DV with limited FVV
Very simple but efficient

Results from ATTEST: depth can be compressed very
efficiently using video coders such as AVC (5-10%
bitrate compared to color signal)
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MPEG-C Part 3

Initiative driven by Philips, FhG-HHI and other
partners:

Define a simple container format that includes vide o
+ depth + auxiliary data (stereo config)

Fast solution: no long standardization process
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MPEG-C Part 3

Full specification has been proposed, evaluated and
accepted by MPEG

January 2007 FDIS

ISO/IEC 23002-3 Representation of Auxiliary Videoa nd
Supplemental Information

ISO/IEC 13818-1:2003 Carriage of Auxiliary Data
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Multi-view Video Coding (MVC)

« FVV and 3DV representations require transmission of
multiple synchronized video signals  that show the same
scenery from different viewpoints

« Huge amount of data that need to be compressed
efficiently

« Contains a large amount of inter-view statistical
dependencies

We would like to thank the Image Based Realities Gr  oup of Microsoft Research for providing

the Breakdancers and Ballroom data sets. sion for 3DTV - with special

MPEG standards
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MVC

Output
. [ | TV/HDTV
8[| mvc Storage MvCc |
. || Encoder Transmission Decoder |
| Stereo
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Aultiview

N camera .

VIEWS
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MVC Applications

« Multi-view displays, e.g. MERL, Philips
« Autostereoscopic for multiple users

» Support head motion parallax viewing
« Integral imaging

« FVV based on ray-space, light-field
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Multi-view Video Coding (MVC)

« Evaluations have shown that specific MVC exploiting inter-
view statistical dependencies provides significant coding
gain

» Only for dense camera settings, not for dome-type
arrangements SO ST S2 S3 S4 S5 s6 7
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Camera Settings
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Multi-view Prediction

1st order neighbors
* T (temporal)

* S (inter-view)

* L/R (combined)

Tn+1
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a1 S, Sa+1 St S Sn+1 Sat
T I T,y n—' T, B
Ton Ton n—’ Ton

T better than S better than R/L
Influencing factors

Frame rate, camera distance, complexity of
Content (motion, spatial detail)
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MVC Standard

- MPEG decided to launch a new standard based on
H.264/MPEG4-AVC

« MPEG-4 Part 10, Amd. 4

UEvaluation of Call for Proposals January 2006

awbD July 2006
UPDAM January 2007
UFPDAM July 2007
UFDIS January 2008

Compression for 3DTV - with special
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Test Data & Conditions

» 8 MV data sets with 5-16 sequences each

« Different frame rates, image resolutions, camera distances,
camera setups

» Representative test set for MV applications
= 3 bitrates, low, medium, high quality

« Over 200 sequences to be generated

Compression for 3DTV - with special
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MVC Call for Proposals

« Current reference model is based on a proposal made by
FhG-HHI

» Proved best performance out of 8 proposals in response to
a CfP in formal subjective tests

Average

] HHI: Hierarchical B Pictures |

+AVC
* ml

* +n . i 2

/ *h & =3

i 4

u * *5
F x * 6
= + +7
? 3 + 8
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= —_ ra [} = (i} [ay] ~1 o Lin}
L]
]
+

Aljoscha Low Medium High

Hmnrich-Hertz-institut

MVC Reference Model

* Fully compatible to H.264/MPEG4-AVC

» Reorganization of input images into a single stream prior to
encoding

* Uses hierarchical B-pictures combined in temporal and inter-

view dimension

Time [ >
cam 1 * ' ] ' -
Cam 2 *
Cam 3 *
Cam 4 *
cams *. . L
Aljoscha Smolic, 3DTV-CON ‘07 Compression for 3DTV - with special
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Objective Results Ballroom

37
36
m / /
E‘ /
>
. 34
=4
2 33
S pd /
<32
- / — Inter-view Predicition
/ — Simulcast
Anchor
30 T T T T T T

192 256 320 384 448 512 576 640
Avg. Rate [kbps]

Compression for 3DTV - with special
Fraunhofer . . focus on MPEG standards
Machrichtentechnik
Hainrich-Hertz-Institut

Aljoscha Smolic, 3DTV-CON ‘07

Objective Results Racel

41.0
40.0 1 /
= 39.0
S,
>
o 38.0 1
zZ
n
o 37.0
2
< 36.0 |
— Inter-view Prediction
35.0 1 — Simulcast
Anchor
34.0 ‘ - - :
256 384 512 640 768 896

Avg. Rate [kbps]

Compression for 3DTV - with special
Fraunhofer . . focus on MPEG standards
Machrichtentechnik
Hainrich-Hertz-Institut

Aljoscha Smolic, 3DTV-CON ‘07

PDF Created with deskPDF PDF Writer - Trial :: http://www.docudesk.com



Summary Objective Results
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Results

« Fully H.264/MPEG4-AVC compatible bitstream

» Decoder needs to de-interleave the decoded pictures into
MV video streams

» Sophisticated temporal+inter-view prediction structures can
be implemented based on hierarchical B-picture syntax

Compression for 3DTV - with special
Fraunhofer . . focus on MPEG standards
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Full MVVC Structure
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Full MVVC Structure
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MVC High-level Syntax

* Improved random access

* Lowdelay

* Memory optimization

. . ‘ Compression for 3DTV - with special
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Camera 1 Camera 2 Camera 3

Video

plus

Depth

Synthesized

Original
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lllumination Compensation

Adopted for IMVM, technology under consideration
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MVC Core Experiments

Specific tools under investigation in Core
Experiments:

» Disparity vector prediction

» Disparity estimation/compensation
* Inter-view direct mode

* Motion skip mode

» Deblocking filter

Compression for 3DTV - with special
Fraunhofer . . focus on MPEG standards
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MVC Standard
MPEG-4 Part 10, Amd. 4

High-level syntax will be included, part of WD
* ICis part of IMVM, under consideration
» Specific tools under investigation in Core Experime nts

* Inclusion of signal processing tools requires major
redesign of H.264/AVC implementations

* Wil only be done if “sum of improvements” exceeds a
reasonable threshold (e.q. 30% bitrate saving)

Compression for 3DTV - with special

Fraunhofer . . focus on MPEG standards
Machrichtentechnik
Heinrich-Hertz-Institut

Aljoscha Smolic, 3DTV-CON ‘07

Overview

« Introduction, terms, market and standards
« 3D scene representation

» Conventional stereo video coding

= Video plus depth coding

« Multi-view video coding (MVC)

« Multi-view video plus depth (MVD) coding
» 3D mesh compression

« Summary & Conclusions

Compression for 3DTV - with special

Fraunhofer . . focus on MPEG standards
Machrichtentechnik
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Aljoscha Smolic, 3DTV-CON ‘07
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Holografika Wide Range 3D Display

« Up to 45 views are displayed at the same time
» Others: Philips, MERL

a i
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FVV Examples

Aljoscha Smolic, 3DTV-CON ‘07 Compression for 3DTV - with special
focus on MPEG standards

Requirement

» These systems and applications require an input
format that allows

-rendering a wide range (quasi) continuum of
output views

= at the decoder

. . ‘ Compression for 3DTV - with special
Aljoscha Smolic, 3DTV-CON ‘07
108 : Fraunhofer .. focus on MPEG standards
Machri
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Extension to MVD

« MVC
» Usage of N views
» No continuum
« For large N very inefficient

« MPEG-C Part 3
« Disocclusion artifacts increase with distance of virtual
view from available original view
» Does not support wide range multi-view 3D displays
» Very limited free viewpoint navigation

We would like to thank the Image Based Realities Gr  oup of Microsoft Research for providing . . .
the Breakdancers and Ballroom data sets. sion for 3DTV - with special
MPEG standards

Multi-view Video plus Depth (MVD)

*Usage of N videos with depth information
sInterpolation of virtual intermediate views along all cameras
(pair-wise switching)

Camera 1 Camera 2

Synthesized View

Compression for 3DTV - with special

Aljoscha Smolic, 3DTV-CON ‘07
focus on MPEG standards
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Multi-view Video plus Depth (MVD)

N original arbitrary
camera views view area
Aljoscha Smolic, 3DTV-CON ‘07 Fraunhofer ., fii?spgiszggg;g;\;d?m special
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Example — Synthesis of Motion Parallax
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Virtual View Interpolation

Camera 1

L L
1R
: : ¢ Compression for 3DTV - with special
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Virtual View Interpolation

Camera 1

Camera 6
HHEH
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MVD System Overview

B
Estimation 3D Decodi
ecoding
e
l 3D > — N 4

: Representation l
- Transmission Scene Rendering
‘ b 3D Coding
Camera 3D Scene
Views Encoder Decoder
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MVD System Overview

- Display Configuration
- User Preferences

v
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MVD Signal Processing

Analysis Renderi )
N original images endering N video-plus-depth
representations
Rectification
Rectification
N-1 rectified

R N .. M rectified video- 3

image pairs F

9e P A A Y A plus-depth images :
Disparity Matchini

Parallax map Creation

N-1 rectified pairs 3 —T"
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Depth Map Creation ) ]
Virtual view rendering
A!A“AIA

™ by Y Yy M rectified video-
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display views

N

De-Rectification
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representations
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Alternative: LDV

* Layered Depth Video (LDV)
— One video
— One associated depth map
— One background video layer (those parts that are occluded by

original pixels)
— One background depth layer

* May be more efficient (less data)

» May be more difficult to generate (occlusion layers)

. . ‘ Compression for 3DTV - with special
Aljoscha Smolic, 3DTV-CON ‘07
! Fraunhofer . . focus on MPEG standards
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Initiative in JVT

» There are advanced 3D video applications and systems, which are
not efficiently supported by standards

» These require a format that allows rendering a wide range (quasi)
continuum of output views at the decoder

« MVD is a format that would support this, LDV as alternative
« Can be regarded as extension of MVC, MPEG-C Part 3

» Proposal: start a study to investigate how MVD can be
Aljoscha Smolic, 3DTV-CON ‘07 Fraunhofer .. g‘;g‘sp;ismrgg’;z;\; d‘g’“h special

Nachrichtentechnik
Hainrich-Hertz-Institut

Work Plan

* Specification of requirements,

 Evaluation of available ISO and ITU standards rega  rding
efficient support of MVD,

» Collection and generation of MVD test data,
* Specification of test conditions,

» Coding experiments, including available standards and new
algorithms,

* Subjective tests including 3D displays and free vi ewpoint
functionality.

. . ‘ Compression for 3DTV - with special
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Overview

« Introduction, terms, market and standards
» 3D scene representation

» Conventional stereo video coding

= Video plus depth coding

« Multi-view video coding (MVC)

» Multi-view video plus depth (MVD) coding
« 3D mesh compression

« Summary & Conclusions

1R
[tiH1] Compression for 3DTV - with special
Aljoscha Smolic, 3DTV-CON ‘07 P pecia
! ! Fraunhofer . . focus on MPEG standards

Free Viewpoint Video

» Capturing a real dynamic scene with N cameras

» Transformation into a special data representation

« Interpolation of arbitrary intermediate views

= Allows free navigation within the scene (within practical
limits) e

1R
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FVV Acquisition

« Courtesy of:
Stephan Wuermlin
et al.,

ETH Zuerich,
Switzerland

Aljoscha Smolic, 3DTV-CON ‘07 Fraunhofer
Institut
Machrichtentechnik

Hainrich-Hertz-Institut
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FVV Segmentation

« Courtesy of:
Stephan Wuermlin
et al.,

ETH Zuerich,
Switzerland

Aljoscha Smolic, 3DTV-CON ‘07 Fraunhofer
Institut
Machrichtentechnik

Hainrich-Hertz-Institut
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3D Model Reconstruction and Rendering

\

L

Compression for 3DTV - with special
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Object Reconstruction

Shape-from-Silhouette-Approach
a) Hierarchical Voxel Modeling

. T. Lewiner et al.: Efficient Implementation of Marching Cubes Cases with Topological
b) Marching-Cubes-Approach  cuarante, oumal of Graphics Tools, vol. 8, pp. 1-15, 2003,

. G. Taubin: Curve and Surface Smoothing Without Shrinkage, Proc. IEEE
C) Surface Sm OOthlng International Conference on Computer Vision (ICCV 95), 1995.
. H. Hoppe, Efficient Implementation of Progressive Meshes, Computers & Graphics,
d) Mesh Reduction Vol. 22, No. 2, pp. 27-36, 1998 / Tool in DirectX

Frssin )
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Free Viewpoint Video

« Same functionality as CG
objects

= free navigation, can be
viewed from any
viewpoint/direction

« Integration into complete
scenes
(virtual/augmented/real)

« But: depict appearance,
motion, deformation of real
world objects

. . ‘ Compression for 3DTV - with special
Aljoscha Smolic, 3DTV-CON ‘07
! Fraunhofer . . focus on MPEG standards
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Integrated Scene with FVV
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MPEG-4 Representation

Seene Description

¥ L v
3D Geometry Multi-Textures Camera Vectors
\
v v v . ¥ v

Vldeo Coding Auxillary Data

D3DMC , H.264/AVC T |
-P PP[P] - IIIPlP\ 1 BEE R EEE |
Bitstream
Aljoscha Smolic, 3DTV-CON 07 Fraunhofer .. gﬂ:‘sp;isﬂg"Efg’SfaDlL\;r‘d‘éVi‘h special
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MPEG-4 Representation

« Geometry: 3D mesh
» Textures (video streams): H.264/AVC

» Rendering: view-dependent texture mapping

« Supported by MPEG-4 due to recent extension of AFX
developed by Fraunhofer HHI

. . ‘ Compression for 3DTV - with special
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Coding Results for Textures

t PSNR [dB]
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—*— MPEG-4 (Part 2) Core Profile with object shape
—+— MPEG-4 (Part 2) Core Profile without shape
~* H.264/AVC High Profile

~—*-H.264/AVC High Profile with pre-processing
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Differential 3D Mesh Coding (D3DMC)

* Tri-linear interpolation  of eight estimated motion vectors

&)
my / m,

G My $ m,;
. / R
% My / @ m; o
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Fraunhofer

Differential 3D Mesh Coding (D3DMC)

» Subdivision of space and resulting octree structure

8
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Arithmetic Coding

 Linear Quantization of the estimated @ ------------oogfCCIoooIITooIToo

motionvectors T

» Entropy coding of the discrete
estimated motion vectors. Usage of the
well-known Context-Based Adaptive C---------oooo
Binary Arithmetic Coding (CABAC) ‘ ‘
framework of H.264/AVC | " TTE

-2000 -1500 -1000  -500 0 500 1000 1500 2000
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RD-optimized D3DMC

. BI-Orprincization :
* Block diagram of the encoder : e ‘
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Evaluation

* Humanoid sequence provided by Vrije Universiteit Brussel (VUB)
congigfi nf 117 kevframes in different recnliitinng

Y
498 vertices 1940 vertices 7646 vertices
L EH]
1R
: : ¢ Compression for 3DTV - with special
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Evaluation — Humanoid, 498 vertices

wle2 xle-2
2.900 2.900
2538 2.538
2178 2.175

1813 1.813

‘ 1.450 ‘ 1.450
1.088 1.088
0725

0,363
0.000

0.725

0.363
0.000

Original AFX-IC D3DMC
22,7 kbit/s 23,0 kBit/s
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Evaluation — Humanoid, 498 vertices

0,01 7

0,001 ~

Distortion Da

0,0001 T T T T T T T T T 1
0 5 10 15 20 25 30 35 40 45 50

Bitrate [kBits/s]

—— Fixed DBDMC —— AFX IC —=— RD-optimized D3DMC
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Evaluation — Humanoid, 1940 vertices

xle-3
2085

xled
2088

[ 074

GOB4 4 E.0B4

5.053 5.053

Original AFX-IC D3DMC
60,1 kbit/s 62,7 kBit/s

4043

3032
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Evaluation — Humanoid, 1940 vertices
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o L S . ___________________
0,0001
0 20 40 60 80 100 120 140 160 180
Bitrate [kBits/s]
—— Fixed D3DMC —— AFX IC —— RD-optimized D3DMC
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Evaluation — Humanoid, 7646 vertices

xle2 xle-2

3161 3161

k 2.766 2.766

23 2371

1 1976 LW 1.976

A

] 1185 1.185

: 0.790 0.790

IUGSS LDJSE

0.000 0.000

Original AFX-IC D3DMC
128,1 kbit/s 86,4 kBit/s
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Evaluation — Humanoid, 7646 vertices
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Evaluation — Chicken, 3030 vertices

e

AFX-IC at 109 kbit/s D3DMC at 108 kbit/s
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Improvements

» Skinning: INT, France

 Scalable: University of Hannover, Stefanoski, Ostermann

* New standard for dynamic mesh compression under development in
MPEG

. . ‘ Compression for 3DTV - with special
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Message

* FVV and 3DV are new functionalities that expand the user’s
sensation beyond classical 2D video

* Both can be combined

» Technology is available and being optimized
» Standards are available and being developed
* There is the potential for huge new markets

*=>THIS IS READY FOR TAKE OFF
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What needs to be done?

» Optimization of algorithms and processes (esp. with regard to error
prone vision tasks as segmentation, depth estimation, etc.)

* Finalization of standards and addition of missing components (e.g.
efficient format for MVD, LDV)

» Development of convincing applications and systems

* MARKETING

Compression for 3DTV - with special
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Thank you'!

smolic@hhi.de
http://ip.hhi.de/~smolic/
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