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TAT (Time—Axis Transform)
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Reconstructed picture of TAT system

(b)

Original picture

(a)

...-._-a

1T
...__:_

__._

u_.w_m.m..“.___

--o

> -4

.:- _m:. .....-.o

I
___ |
i

o
Udt
-

Spatial distribution of TAT modes
- C mode)

(white : E mode, black

Band-limited picture

(c)



3RITTAT
F51b3s

3RITTAT
EEa




MEEZZTAEEOVTAHAERN T L

0 256 512

04232 Ew’ AR
s 10 N\
313' . /////////', 3l 31

Number of blocks

Modified distortion of the block



MM ITHoTJ)oy

IRFTAEFEH T H TG 12— DB

(a) s1 (b) s>

® O e O c e O e
® O e O ©c e O e
® O e O O e O e
® O @& O O e O e

2RITHE YT H TG 12— DB

(a) s1 (b) s

® O @& O O e O e
O O O O ® & o o
®¢ O e O O e O @
O& 019 70 ® o o ¢



HMEH T AR

S

LPF
X 8 X
H = X L S X,

X —— ExEE — x

+
S X, 5=} H,' S X h1=Sih
- hi : impulse response of Hi
. h : impulse response of H
H
8¢ X




R DETHY

>
>
/

= /5]

>
-
/




(2)FTVAX (3DTLE)

FTV (Free—viewpoint Television)
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— Movie “The Matrix” (19994 )
— CMU “EyeVision” (20014£)
HRTLE

— Nagoya Univ. “Bird’s Eye View System” (20004 )

— Nagoya Univ. “Free-viewpoint TV (2001 4F)
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® |EEE Intelligent Vehicle Symposium 2001, Outstanding Papers in Interactive
Sessions Award

® 3XRTEBEIVITFLIR2001, BFHR/XE
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Makoto Sekitoh, Koichi Toyota, Toshiaki Fujii, Tadahiko Kimoto and Masayuki
Tanimoto, “A Virtual Bird's-Eye View System Based on Real Image, “Electronic
Imaging and the Visual Arts 2000 Gifu, 8, pp.8-1 - 8-7, October 2000.



re &
> 2
! =3 -'-‘ ! n.‘,l.\(_

160x120 pixels, 10 frames/sec



FTVO a7 i



X o




FTVD iras - IR E




100BR AT L
(BB RKFIMI-COE - &AM ZE=E L E B F)

ARG Y 44X 1392Hx 1040V [pixel]
&I —L L—FRKIE 29.4118 [ fps]
MG H DR R 8 [bits/pixel]
No— Bayer¥ k) w7
F—A=

BR{& T —> 50 B AF #3950 [min]
JL—LREFAEZTDIEEDE 1A [usec]
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FTV Demo: Aquarium
Original Camera Views (15 Cameras)




FTV Demo: Aquarium

Generated Free Views




Original Views




Generated Views - Interpolated -




Generated Views - Forward and Backward -




FTV on PC
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FTV on a laptop PC FTV on a mobile player FTV on an all-around
with mouse control with touch panel control 3D display (Seelinder)

FTV ona2D display FTV on a multi-view 3D display FTV on a multi-view 3D display
with head tracking without head tracking with head tracking
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Metal Halide Lamp
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. . Optical Image
Rotating Mirror of Object
(45 deg Slanted) R
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2001/ 2002/ 2003/ 2004/ 2005/ 2006/ 2007/ 2011/
12 12 10 10 07 01 07 03 t1me‘
Proposal || 3DAV CfC CiE CiP Evaluation Req. on || CfP
of FTV || seminar on 3DAV || on MVC || on MVC || of proposals || FTV on 3DV
2001/12 : 2004/03 2009/05
Start 3DAV . Start MVC (Multi-view Video Coding) MVC completed
3DAV ' MVC (moved to JVT on 2006/07)
*Requirements on 3DAV «CEson | 2007/04
*EEs on 3DAV MVC . Start MPEG-FTV
i 3DV
Targets . ;
converged | - 2009/02
FTV | | Requirements
onl on 3DV
First phase of FTV . Second phase

of FTV
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http://vision.kuee.kyoto-u.ac.jp/
japanese/news/004.html

frame #157

2BRRTLA

“Applications and
Requirements for 3DAV”,

ISO/IEC JTC1/SC29/WGl1,
N5877, July 2003. FT‘ 7
I_,_I 4= = kit Al A.Smoli¢, and Peter Kauff,
K 1l « . .
Z8 1 T % I E] #& Interactive 3D Video

Representation and Coding
Technologies”, Proceedings of the
IEEE, Special Issue on Advances in
Video Coding and Delivery, Vol. 93,
No. 1, pp.98-110, January 2005.
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MPEG 3DAV Seminar
December 8, 2002
Awaji Yumebutai International Conference Center

- i

Cosponsors: Organizing Committee:
MPEG AHG on 3DAV . Masayuki Tanimoto (Chair, Nagoya University)
IMI (Intelhgent Medla Integration, Toshiaki Fujii (Nagoya University)
Nagoya University) Yoshinori Sugihara (JEITA)
JEITA Kohtaro Asai (Mitsubishi Electric)
Cooperation: Hideaki Kimata (NTT)
IEICE, ITE
LECTURES
13:00-13:15

Introduction by Dr. Leonardo Chiariglione (Convener of MPEG)

13:15-15:15

(1) A Natural 3-D Display System: Parts of Results in Advanced 3-D Tele-Vision Project
by Telecommunication Advancement Organization (TAO) in Japan

Prof. Toshio Honda (Chiba University)

(2) Three-Dimensional Television System Based on Integral Photography
Mr. Makoto Okui (NHK, Japan Broadcasting Corporation)

(3) FTV (Free Viewpoint Television)
Prof. Masayuki Tanimoto (Nagoya University)

(4) Heterogeneous and Interactive 3D Video on the Argus Sensor Array

Prof. David J. Brady (Duke University)



200443 H “Call for Comments on 3DAV”
[221#E AR E . N164E A FTVE 32§

INTERNATIONAL ORGANISATION FOR STANDARDISATION
ORGANISATION INTERNATIONALE DE NORMALISATION
ISO/IEC JTC 1/SC 29/WG 11

CODING OF MOVING PICTURES AND AUDIO
ISO/IEC JTC 1/SC 29/WG 11 N6081
Miinchen, March 2004

Source Leonardo Chiariglione, Convenor
Title Resolutions of the 68th meeting
Status  Approved

Resolutions of the 68" meeting

7.4.3 WG11 thanks the following companies and organizations for their
responses to the Call for Comments on 3DAV: 3D Consortium,
Chukyo TV, ETRI, Fraunhofer HHI, Hanyang University, Hitachi,
KDDI, Matsushita, Mitsubishi Electric Corporation, Mitsubishi
Electric Research Laboratory, NEC, NHK, NTT, NTT Docomo,
Sanyo, Sharp, Sky, Sony, STMicroelectronics, Toshiba, TU Ilmenau.



200557 B F#4T® “Introduction to Multi-view Video Coding”
FIVDFSEE7ZEMVCELTIREIL

INTERNATIONAL ORGANIZATION FOR STANDARDIZATION
ORGANISATION INTERNATIONALE NORMALISATION
ISOMIEC JTC 1/SC29/WG 11
CODING OF MOVING PICTURES AND AUDIO

ISOMEC JTC 1/5C 29'WG 11N73 2 8

July 2005, Poznan, Poland

Title Introduction to Multi-view Video Coding
Source Video
Status Approved

Iniroduction

Convergence of technologies from computer graphics, computer wision, mmltimedia,
telecommumications, broadeasting, and related fields enables the development of applications
that sigmificantly extend the sensation of classical 2D wideo. Those new types of applicabons
allow the user to freely choose a viewpoint of a visual scene orfand provide a 3D depth
impression of a visual scene [1].

Fig. 1 shows a Free viewpomnt TV (FTV) system [7]. FTV can generate very natural free
viewpoint images in real time as shown in Fig. 2. A scene is captured using a dense amray of
synchronized cameras. The camera images are placed in a simple manner forming a Ray
Space [£] that allows rendering the scene from any position by simple processing. So the user
can view the scene not only from the onginal camera positions but also from any virtual

viewpoint. FTV supports a wide vanety of applications since it can be applied to any kind of
scene.

FTV and FVV (free viewpoint video) are interestmg for user applications (DVD of an
opera’concert where the user can freely choose the viewpoint) as well as for (post-Jproduction.
Systems for the latter are already being used (e.g. for sports, movies, EyeVision, Matrix-
effects).

Fig. 1. Capturing and processing parts of FTV system. Fig. 2. Free viewpoint images generated in real time.



MV C (Multi-view Video Coding)
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020043 AR, 2009F5H#T
( ISO/IEC 14496-10:2009 Annex H)

Time
(frame)

View (camera)

Multi-camera Multiview video
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Adopted by Blu-ray 3D
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INTERNATIONAL ORGANISATION FOR STANDARDISATION
ORGANISATION INTERNATIONALE DE NORMALISATION
ISO/IEC JTC1/SC29/WG11

CODING OF MOVING PICTURES AND AUDIO

ISO/IEC JTC1/SC29/WG11 M14417
San Jose, USA, April 2007

Title: Proposal on Requirements for FTV

Source: Nagoya University, NTT, and KDDI

Author: Masayuki Tanimoto (Nagoya Univ.), Toshiaki Fujii (Nagoya
Univ.), Hideaki Kimata (NTT), and Shigeyuki Sakazawa (KDDI)

Status: Proposal
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Correction
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FTV Reference Model




Participants of Exploration Experiment (200942 A IR 1£33%t)

Nagoya Univ. (Masayuki Tanimoto, tanimoto@nuee.nagoya-u.ac.jp,
Toshiaki Fujii, fujii@nuee.nagoya-u.ac.jp)
NTT (Shinya Shimizu, shimizu.shinya@]lab.ntt.co.jp)

UPM (Pablo Carballeira, pcl@gti.ssr.upm.es)
Philips (Fons Bruls, fons.bruls@philips.com)
GIST (Yo-Sung Ho, hoyo@gist.ac.kr,
Kwan-Jung Oh, kjoh81@gist.ac.kr,
Cheon Lee, leecheon@gist.ac.kr,
Sang-Beom Lee, sblee@gist.ac.kr)
ETRI (Gi-Mun Um, gmum@etri.re.kr,

Gun Bang, gbang@etri.re.kr)
JVC (Hiroya Nakamura, nakamura-hiroya@jvc-victor.jp)
Poznan Univ. (Marek Domanski domanski@et.put.poznan.pl,
of Technology Krzysztof Klimaszewski , kklima@et.put.poznan.pl
Olgierd Stankiewicz, ostank@multimedia.edu.pl)

Thomson (Purvin Pandit, purvin.pandit@thomson.net,
Guillaume Boisson, guillaume.boisson@thomson.net,
Dong Tian, dong.tian@thomson.net,
Patrick Lopez, patrick.lopez@thomson.net)

MERL (Sehoon Yea, yea@merl.com

Anthony Vetro, avetro@merl.com)

Peking Univ. (Siwei Ma, swma@jdl.ac.cn)

Tsinghua Univ. (Xiaozhong Xu xxzh(00@mails.tsinghua.edu.cn,
Gang Zhu zhug01@mails.tsinghua.edu.cn,
Ping Yang yangping00@mails.tsinghua.edu.cn)

(Sixin Lin, linsx@huawei.com,

Shan Gao, s.gao@huawei.com

Lianhuan Xiong, lh_xiong@huawei.com)

Huawei

Xidian Univ. (Haitao Yang, htyang@mail.xidian.edu.cn)
Telefonica (Leonardo Lizcano, lle@tid.es)
Samsung (Youngho Moon, youngho78.moon@samsung.com)
LG Electronics (Jung Eun Lim, earth@lge.com,
Jaewon Sung, jwsung3@]lge.com)
Nokia/TUT (Ying Chen, ying.chen@tut.fi)
NICT (Taka Senoh, senoh@nict.go.jp)
Kwangwoon Univ. (Dong-Gyu Sim, dgsim@kw.ac.kr,
Gwangshin Cho, bbaktoong@kw.ac.kr)

Sharp (Andrew Segall, asegall@sharplabs.com)
Fraunhofer HHI (Aljoscha Smolic, Smolic@hhi.de)
NCTU/ITRI (Yi-Wen Chen, ewchen@csie.nctu.edu.tw)
Motorola (Faisal Ishtiaq, faisal@motorola.com,

Yong Wang, YongWang@motorola.com)
NXP (Arnaud Bourge, Arnaud.Bourge@nxp.com)

Ericsson (Ivana Radulovic, Ivana.Radulovic@ericsson.com)
Logitech (Lazar Bivolarski, Lazar Bivolarski@logitech.com)
Orange/ (Stephane Pateux, stephane.pateux@orange-
France Telecom ftgroup.com)

FUB (Vittorio Baroncini, vittorio@fub.it)

Sony (Teruhiko Suzuki, teruhikos@jp.sony.com)

Zhejiang Univ. (Lu Yu, yul@zju.edu.cn)
ASTRI (Carmen Cheng, carmen@astri.org)
Qualcomm (Giovanni Motta, gmotta@qualcomm.com)
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Depth 3DV
Estimation Encoder
Stereo Sender side

camera

Trans-
mission|

3DV
Decoder

View
Synthesis

Receiver side

MlllthleW “Introduction to 3D Video”, ISO/IEC
. JTC1/SC29/WG11, N9784, May
display 2008,

Targeting multiview 3D display
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2022 FIFA WORLD CUP"JAPAN

PROPOSAL 1

mklRETo/09 =8B Full Court 3D Vision
— F « ATV RH360EICRE S NIZ200E DK HAATA,
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ISSCC® 2012 | February 19-23, 2012

Silicon Systems for Sustainability

San Francisco Marriott Marquis, San Francisco, California, USA

Special Evening Topics

Sunday, February 19
What’s Next in Robots? ~ Sensing, Processing, Networking Toward

Human Brain and Body.
Hiroshi Ishiguro, Osaka University Simon DiMaio, Intuitive Surgical
Gunter Niemeyer, Willow Garage Bruno Maisonnier, Aldebaran Robotics

Monday, February 20

Technologies that Could Change the World - You Decide!
Kofi Makinwa, Delft University of Technology Aaron Partridge, SiTime
Yannis Tsividis, Columbia University

Georges Gielen, Katholieke Universiteit Leuven

Michael Perrott, Masdar Institute of Science and Technology

Optical PCB Interconnects, Niche or Mainstream?

David Miller, Stanford University Mario Paniccia, Intel
Bert Offrein, IBM Research - Zurich Keishi Ohashi, NEC
Tuesda

ision for Future Television
Brendan Traw, Intel
Masayuki Tanimoto, Nagoya Universit

Yuzo Hirayama, Toshiba ‘
|
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