_ SET2005
(M)

Trend of Digital Broadcasting in Japan
and Research and Development in NHK STRL

Masayuki TAKADA

NHK Science and Technical Research Laboratories

Sep. 21, 2005 1



N SET2005
(M)

Contents

1. Introduction of NHK STRL

2. Digital broadcasting in Japan
- I1SDB family : Satellite, Terrestrial, Cable Broadcasting

3. New services for digital broadcasting
- Digital terrestrial broadcasting for handheld receivers
- Broadcasting based on Home Servers

4., NHK STRL Vision "NEXT"

5. Typical research and development in NHK STRL
- View, Know, Use

6. Other technologies from the Open House 2005
- Productions, Transmissions, Presentations, Devices

/. Summary



1. Introduction of NHK STRL

Leading organization
for future broadcasting world
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NHK STRL

B NHK (Japan Broadcasting Cooperation)
® Established in 1925

® Non-profit public broadcasting organization
® 2 AM radio, 1 FM radio, 2 terrestrial TV, 3 satellite TV

B NHK STRL (Science & Technical Research Labs.)
® Established in 1930

(5 years later science radio broadcasting started)
® Research department of NHK
® Major research themes

& Advanced television systems, Wireless systems, Advanced broadcasting
devices, Program production and future broadcasting related systems and
devices.
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3'd generation research complex

B Opened in April 2002 e _- e
i i Fla?Ny.
® 14 stories high . a;ﬁi;;i;k
(office tower) 3a¢! l :E::EEEE
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(experiment building)

B STRL area
® B2 — 5" floors

B STRL employees ('05,March)
® 282 personnel

(260 research engineers)

B Researches based on “Middle and long term research
vision(MLRYV) of STRL” are conducted
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Organization of STRL (9 research labs.)

Wireless systems

® Terrestrial/satellite digital broadcasting, wireless LAN
Networked broadcasting systems

® Networked program production broadcasting systems and services
Advanced television systems

® Ultra high definition video (super hi-vision), 3D visual systems
Acoustics and audio signal processing

® High definition audio systems, acoustic signal analysis and coding
Visual information technologies

® Video compression and image expression
Intelligent information processing

® Metadata production and applications, image recognition, media processing
Human science

® Services for visual or hearing impaired, software agents, speech processing
Advanced broadcasting devices

® Ultrahigh-sensitivity imaging devices, ultrahigh-density recording
Materials science

® Materials for displays and recording devices 6
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Broadcasting systems in the digital era

ISDB (Integrated Services Digital Broadcasting)

International ( ¢
communications
satellite Coml?wnications
satellite
) 2.6GHz
Satellite ISDB i i
% atellite \ Mobile reception

P

]
Two-way cable ISDB
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ISDB family
. . ——{ )——
MPEG-2 = Satellite Py
= |Error correction Modulation F'\
Video |1 Coding ->| RS(204,188) > TC-8PSK
:  Cable
E_)Error correction N Modulation @
Audio -3 Coding [ Multiplexing |2 |_RS(204,188) 64QAM
: Terrestrial
= |Error correction :
. = Modulation K
Data |— Coding |p =~ RS(204,188)F Segmented OFDM >
+Conv. code

Package, communication, and
other media (DVB and ATSC)

T

MPEG-2 TS
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Transmission parameters for ISDB family

System ISDB-S ISDB-C ISDB-T
Video coding MPEG-2 Video (ISO/IEC 13818-2)
Audio coding MPEG-2 AAC (ISO/IEC 13818-7)

Data broadcasting

BML (XHTML), ECMAScript

Multiplex

MPEG-2 Systems (ISO/IEC 13818-1)

Conditional access

Multi 2

Error Outer (204,188) Reed-Solomon code
correction 2/3Trellis Code / ) )
Inner Conv.code(1/2-7/8) Conv.code(1/2-7/8)
Segmented OFDM
: TC-8PSK,

Modulation QP(S:}f BSPSK 64QAM (DQPSK,QPSK,

’ 160QAM,640AM)

Information bit rate 52.17 Mbit/s (Max) 28.6 Mbit/s 3.7 — 23.2 Mbit/s

Channel bandwidth

34.5 MHz (12GHz)

6 MHz (Cable)

6 MHz (VHF/UHF)

10
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Digital broadcasting services in Japan

B High picture quality / sound quality
® HDTV and 5.1 surround stereo system

B Multi-programs broadcasting

LS <5L-R27y - |

B High performance o5 amearen |
® Electronic Program Guide (EPG) e
® Data broadcasting (program related data services, —[|emsie— i
Interactive data services) = o DB

B Digital terrestrial TV broadcasting
Along with digital satellite broadcasting services,
® Services for mobile reception terminals (1 segment broadcasts)

® Regional broadcasts

® NHK Data Online
New service using the Internet connection of digital broadcasting receivers

11
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(Wwi®)  Schedule of digitalization
of broadcasting media in Japan

Launched on Dec.1, 2003

I
I
E Digital v Tokyo, Nagoya, Osaka Metro Area :
-‘_é Terrestrial TV Reaching all of Japan :
§ Other major capital cities (by Year 200:6)
E Conventional I
Analog TV Switch-over!
in July 24, 2011
I
~  BSDigital TV  started on Dec.1, 2000 :
|_
@ I
= BSAnalog TV Closing by 2011
© (eXpected)
T BS Analog . :
n HDTV Closing by 2007 I
(expected) I

CATV (re-transmission  BS Digital S

Dlgltal Terrestrial Experimental Broadcasts started in Oct. 2003 in Tokyo, Osaka Metro A!ea

Audio
Fully digiled
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3. New services for digital broadcasting

13
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New services are coming !

Launched on Dec.1, 2003

I
I
E Digital v Tokyo, Nagoya, Osaka Metro Area :
-‘_é Terrestrial TV Reaching all of Japan :
@ Other major capital cities (by Year 200:6)
E Conventional
Analog TV
_ I
~ BSDigital TV Started on Dec.1,2000  Service for Broadcasting
|_
© 5s Analog TV handheld based on |
= nalo : i
= . terminals home serVéfy 92y 20t
© BS Analog
& HDTV

(expected)
CATV (re-transmission  BS Digital S

Digital Terrestrial

Audio Experimental Broadcasts started in Oct. 2003 in Tokyo, Osaka Metro A!e
uail

Fully digiddt



Digital terrestrial broadcasting
for handheld receivers
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Segmented OFDM and services in ISDB-T

6-MHz TV channel (13 segments)

1segment service 1

Example
Video:14 Mbps
Case 1
C 5 Video: idleo: Video:
ase —=~ 4.3 Mbps .4 Mbps —— 4.3 Mbps

Data Broadcasting Data Broadcasting Data Broadcasting

Transmission Data Rate: 310 kbps
Modulation: QPSK (1/2)

- Low Bit Rate Video: AVC/H.264
- Data Broadcasting

16
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Handheld terminals for ISDB-T (prototypes)
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Handheld terminals

B Get information related to a program with low-bit-rate video from data
broadcasting or Internet

Low-Dbit-rate video from broadcasting channel

)

B Video:AVC/H.264 (about 128 kbps)
B Audio: AAC-SBR (about 48 kbps)
B Data Broadcasting

[ Zhaese s B Closed caption

e SR m Wake up function in case of

emergenc
W A5 gency

A\

Information from broadcasting and communication channel

18
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Service model of 1-segment service

for handheld communication terminals

SET2005

m Various types of services can be realized using functionalities
combining 1-segment service reception and mobile communication

<

Linkage from broadcasting to communication

——

Broadcasting program view

Data broadcasting view

Handheld data online

" =

NHK

-BJOHRSE
-<5 UfBRItR
-BE/NZBRIR

Link to web sites
-HEBIEXD

B
-EBREEN

[ ]
[ ]
-BsiER v’
BRELEDE
BB LR

To receive and view
broadcasting program

with mobile terminal

To receive data broadcasting
on the air
(due to low bit rate,
content is limited.)

-TV program is on the air
-Data is received via
the Internet (without limit
of bandwidth)

Full screen display of internet
content (TV program does

not appear on the screen)

19
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Network-Linked Service for handheld reception(1)

B Get the information related to a program with low-bit-rate video from
data broadcasting

Low-bit-rate video from broadcasting channel

adt” |
S k] 4 : .
® &5 OiE TS ECI864 ) 4 B29 . B, # TEBH S BT O DERLTL)
51 [T B 40 T BEEUES F 3REMABIIS 250 EWEOEIEBEEE D

; 5, B O R T LT B, s RS EST, SEED

M’L o BB MBEEI T 503, 8l&D L TEIHEER 2T,
W iRERR ! A il = (|| e,

1/2 2/2

Choose  summary :> Data broadcasting provides summary
from the display of the program.

20
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Network-Linked Service for handheld reception(2)

B Rich information will be available through Internet

»r

. P = :
I s BT

E F-o4347
B 10) 5 PR ERIR LA 23 —3 9 b & E H B #8000~ @ ihEFE T SR EHME
a5 @0 B 40 sk | T’_ti L":;_-__\._, L LS &/ T 2iEs] RO EBTIL. B TRIEE D
BEA fmf=l i R B SRl IE A, FERRRTRNTE. AR £ A5
WS | S E ! | Y et SITEIFERICT 6, SBEcEdh g
g t000e = WEE 7 HES&T M.
BHNHET) AT —3A " S b F B0

Choose “On-Line” . i} Display the profile
from the display :>Connect to Internet:> Select “Cast :> of the cast

21
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-/ Waking up a handheld receiver
with an emergency warning

warning issued >
<

Receive only Emergency

_ _ Wake up handheld receiver
Warning Signal (EWS)

Emergency
warnlng broadgast

Power Consumption:
under 3nW (desired)

== =l The system does not

sz Il employ FFT, but
instead stays on

o) Sstand-by for the EMS

I “ih frequency component.

JHHIIU
¢

-i=n<¢J| Explanation >|

Frequency

Low power Active mode

consumption e to receive emergency

Stand-by mode _ warning broadcast

Frequency 22

G Digital terrestrial broadcasting (Bandwidth: 6MHz) =————
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Improved AVC/H .264 video encoder

--:_.‘h-- v
g

‘.‘; ’ ‘.
Conventional image Image processed with picture quality
using AVC/H.264 scheme enhancement technology
Explanation |

23
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Transmission test for handheld reception

—
H ol

Receiving antenna height : 1.5m
Receiving antenna : Cross dipole antenna

- 7 directions (spokewise)
- 1,3,5,10,15,20,25,30 km

24
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Distribution of measured field strength

c Average : 29dB

~

E 90% )L Eo : ideal (free sPace) ) 0

T 80 | S,

e

5 70 = . T x

S | o %

7 60 X q; --ﬁ--i—--ﬁ-‘%&,--

= 50 = 30 % x

4= S X

240 g 40

> L

= <

8991 10 100 Y

2 1 10 100
Distance from the transmitter (km) Distance from the transmitter (km)

Average attenuation from Eo (free space electric field strength) = 29dB

25
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Broadcasting based on home servers

B Home Server: large-capacity storage unit for TV programs
B Enables anytime viewing by using metadata

' : T High-function EPG
Program | -
+ Metadata \

Home server

Internet

27
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(Weyie) Service example for broadcasting
based on home servers and Internet

Digest teaching material
Continuing education

NHK text _based on home servers
used in school classroom

Digest viewing of
“desired” scenes

Home server |

e —— ! o wn GO me
Ead. MEA e i
ey o

‘\{ oY Spoken command
Wl want to select program
-‘hl that | missed”

— = —

' B : _ :
Network-linked DR ﬁlverse services thai

broadcasting —__meet individual needs
services T S
®Broadband — ‘\
linkage Internet
®Cellular phone
{Municipality,}

linkage
//’ =s School
= |
Explanation Ll

1

— ‘

i

Broadcasting
station server

28



4. NHK STRL Vision "NEXT"
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NHK STRL Vision “NEXT”

If it were nearby in real time
a broad range of daily activities
and in times of emergency

“Human-oriented” system

30
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R&D Framework Explanation

Broadcasting technology that learns from human possibilities

Advanced content
production and agile
news-reporting
systems

Ultimate
broadcasting system
conveying a strong
sensation of reality

Ubiquitous and
universal services

RN RN N R NN RN RN NN RN NN N R N RN RN N RN NN RN N N RN RN R RN RN NN RN NN R R AN R RN RN AN AN NN AN AN NN NN NN NN AN AN NNNARENENNAENENREEREEEEREEREEREEEEE -
.

Audio-video technology Content production technology Network technology; Highly functional Flexible system
conveying a heightened that incorporates the knowledge Security technology wireless construction :

: sensation of reality of production experts transmission technology
technology
System technology
<Approaches> ‘ ‘
{ Image/speech recognition,  Analysisand  Psychology: Ultrahigh-resolution — Devices with ~ \.2nophotoni
language processing application for Physiology video devices, new functions arrl]oeﬁeﬂ;)lglcs
knowledge and Ultra large-capacity

sensibility recording devices

Human science Fundamental device technology
................................................................................................................................................................................................................................................. 31



_ SET2005
(X&)

5. Typical research and development
iIn NHK STRL

32
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Typical research and development

H View
® Super Hi-Vision
® [ntegral 3-D television
® Electro-holography

B Know

® Metadata production system

® Advanced program production system using wired and wireless IP
networks

® Advanced imaging devices
® Ultrahigh-speed high-sensitivity camera
® Ultrahigh-sensitivity HDTV new-super-HARP handheld camera

m Use

® Flexible displays
® TV agent system

33



Research on Ultimate System with
Heightened Sensation of Reality

SET2005
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Super Hi-Vision
(Ultra-high-definition, Wide-screen System with 4000 Scanning Lines)

B Future TV System with Greater Sensation of Reality

BEffects
@ Strong sensation of reality (as if you are there)
®More exciting live TV programs

BOur objectives
®Examine physical and psychological effects

®Enhance the reality sensation for future TV systems
A

114320 Lines
|| (1080 x4)

7680 pixels
(1920x4)

Explanation LI

35
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Integral 3-D television

B Natural and realistic autostereoscopic images can be viewed from
any viewpoint.
® Requires no special viewing glasses Viewinc

® Different aspects of the object can be seen
depending on the viewing position

® 3-D effects viewable at any viewing angle

a little higher

B STRL’s prototype can shoot and display 3-D
Images in real-time.

Viewing a little lower
Vertical parallax

Super-high-definition camera
(2000 scanning line equivalent)

Imaging system Explanation >|

36



%K) SET2005
Electro-holography

BTechnology to record and reproduce optical information with the use of
optical interference ---> reproduce ideal autostereoscopic images

HApplied to a three-dimensional television system
BMany issues to be overcome ---> low quality and narrow viewing zone

-Emu te Image overlaps ' biragpe after
1mlir|;':g-| i P ﬁ:m }? remrional of coni v ate amage

Conjugate inage LI
. Y Marrew . Wide wiowing zone
ST . futmrming distmce: 90 cmj
T Conjugate image elimination technology
- e e Viewing zonz enlargement 18 hnology
Laser beam Lager beam
Previows eleciro-holegraphy system Impreved electro-holog rapiy sysiem

Common electro-holography system _
Explanation Pl .
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Research on Advanced Content Production
and Mobile News-reporting Systems
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Metadata production system

B Program script and shooting plan can be used for metadata production
for drama and documentary program.

B Metadata can be efficiently produced for sports programs by combining
Image recognition, speech recognition, natural language processing, etc.

SR Audio data

Nakata shoots!j

Services for
mobile receivers

Data ofo
Image i . . 5
. ; )~ broadcasting
t
leecpl)ro?_ram >recognl ion Metadata:
proauction Speech . || ®10 minutes Service based .
_recognition J~ Il 30 seconds ~» o1 home g eem———_
Metadata " Natural ® A shot on goal SIS
production language by Nakata
system \_processing
Internet

Explanation >| -

Archives
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W#*)  Advanced program production system
using wired and wireless IP networks

B Program production system using broadcasting equipment and contents not
only within a broadcasting station but also other stations or archive facilities
via broadband networks.

WVirtual netwoark

Can be used witho
having to know the

wiredfwireless

= .
transmission pEli'lﬂ.J
SA 2

T

Stable HDTW
transmissbon

—
Broadcasting
station

Fraaly :nn_'nhims i_quipmnnt
broadoasting stations. Explanation P> |

40

Mobile relays broadcast using '
ad hoc wireless netwaork

Program production system using wired/wireless network
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Advanced imaging devices

Incid&H light
ECompact ultrahigh- oo .
sensitivity camera HARP targe <
capable of vivid l
. . Thickness: 15 um
nighttime shots and higher
. ] ] (multi plication factor,
BImaging device using 200 and higher)
organic films for a PRSI S - T hafed e
palm-size camera h $ 1
system Field emitter array image sensor with HARP target
G
Organic film for blue Red mal?llua

Organic film for green

Organic film for red

4 Blue signal
il

.
n gy —>
A

<
-

Transparent readout circuit

Green signal

Red signal

Explanation Ll

i

41

Conceptual image of future imaging device using organic films
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Ultrahigh-speed high-sensitivity camera

B Captures clear images of phenomena too quick for the naked eye
under ordinary lighting conditions

B Shoots at 1 million frames per second (high sensitivity)

Picture example
Baseball »| Golf »| Soap Bubble »| Balloon ¥ 42
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W#*)  Ultrahigh-sensitivity HDTV
new-super-HARP handheld camera

B For emergency night time reporting
B Clear HDTV picture under moonlit conditions
B 200x the sensitivity of a CCD camera, 50,000x for still pictures

Picture captured by conventional
CCD camera (Gain: +42 dB)

HDTV new-super HARP
handheld camera

Explanation Ll

Picture captured by HARP camera

43



Research on Ubiquitous
and Universal Services
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Flexible displays

B Flexible organic electroluminescence (EL) display

B Flexible liquid crystal display

Flexible Organic Flexible Liquid Crystal Display Organic TFT-driven

-

Electroluminescence Display (A4 size) Liquid Crystal Display (5x5
elements)

Explanation >|
45
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TV agent system

B Let's anyone easily operate digital broadcasting receivers

B New Q&A function with a spoken dialogue TV operation
capability.

( TV for everyone |

4 B
\ *
TV-agent More accessible
Who confronted processing flow &= Easy-to-use interface broadcasting :
Yoshitsune on Language Wlﬂ"l human-like response (losed-caption broadcast |
the Gojyo Bridge?, Az ﬁ : [Slowed-pace speech
analysi roa soe)
analysis Data broadcasting feckandabiis | the elderly viewers |
1 < Closed-captioned [ Gaze interface |
Dat'a broac_iggs_t - __Simple remate r.nntrél |
retrieval E__:I_r]ter_r]el;) Tiactile presentation) .
4 . asier, more active TV use Enhanced broadcasting
Retrieval P service for the ejderly
result Y » (=¥and handicapped
N ik



6. Other technologies
from the Open House 2005
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Other technologies

B Program productions
® 1080/60p HDTV system
® Bone conduction intercom headsets for broadcaster
B Transmission technologies
® Millimeter-wave mobile camera
® Luneberg lens antenna system for HDTV transmission
B Presentations
® Field emission display
® Tactile presentation system for visually impaired persons
B Fundamentals

® Digital holographic memory
® Spintronics

48
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1080/60p HDTV system

B For improving the quality of HDTV image
® Progressive-scanning HDTV camera system

CAMETH Transeml 57 D5 play

Progressive
scanmnimg

Fregressye seanmning sanal

Scannimg schems
conversion ieraped SRanmng - Enhanced-guality

Concepiual Image of Improving HDTY Image guallty
by uslng progressive scanning
Explanation Pl

50
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(M) k) Bone conduction intercom headsets
for broadcaster

B To overcome difficulty for hearing sounds under some situation, a bone
conductive intercom was developed.

B Bone conduction uses a mechanism whereby the human body's bones
transmit sound by their vibration.

i _Audiiory
_ nerve

loudspeaker e

Bone conduction | T pr b K
intercom

Bone Conduction Intercom Headsets for Broadcasters

51
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Millimeter-wave mobile camera

B Wireless HDTV camera system using MIMO-OFDM transmission
B \Wireless camera system free up camerawork

ra “u - Hﬂlﬂmﬂ E Y
Transmission system fﬁ“ WS Reception sy stem
7 ok
OFDM OFDM
HDTV modulator <:] - > [:} demodulator™
camera . o MIMO
Separate signals S signal
m:" two channéls r,x‘“ ﬁ“‘u‘ pracessor
o
r _ Camera Image
OFDM OFDM
modulator | "-'4':"“'*“ ﬁm“lmr}_'
L {-%.
e, ,_r"’
A  fndenma o Andennal /
By forming many radio-wave paths, #he camera gan send Explanation LI

bigh-quality video ssgrals containmg baice the infermation that sweuld e posxible ebhaowize.
Millimeter-wave mobile camera using MIMO-DFDM transmisslon system

53
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for HDTV transmission

B Luneberg lens antenna instead of parabolic antenna for satellite

communications
® Small, lightweight antenna
® Prompt stellite transmission

[Sphare]
Radic wave

Focal point

A radie signal emtenmg from the fooal
peoink redfraceks at fhe boundary =urfaces
of thisteen diefeciric layess which e

Relative perfmitlivily=%

= Redative pe rmitbraty=1

[Hemisphere]

Fadic ware

Relative permittivity=2
Focal point

Ralative parmiftiviry=1
[ - |

& spherical shape is difcult = fix n plaoe
bt 8 hemigpherical shape obiame the
samme effcct o @ sphere F o eflestor is

dileremt relative pesmittivities between 1 nstalled e bodtom.
and Z. o i1 radiates from She oppeesie
side as a plane wave.

Lens antenna mechanism

54
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WE*®)  Tactile presentation system
for visually impaired persons

B High-resolution tactile display for graphical information

B Tactile navigator enables a user to navigate a GUI's screen or table through
touch

High-resolution tactile display
{1.27 mm pin interval)

Explanation LI
Tactile presentation system to display GUI and graphical data

EPG screen
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Field emission display

B For Super Hi-Vision programs to be viewed in the homes of the future
B Thin field emission displays with high luminous efficiency
B Compact flat display with high picture quality and low power consumption

E—— £ E R T2 )
T Tansparest eleclrods
Fhasphar
T | .| Cold cathode
Facus eteati o e 2EF - lll:(!yaph'tﬂ nanafiber)
ﬁa.lemuh;;m-f M
Gilass SubSIiale—— il I_“_I I

Explanation LI
structure of field emission display using graphite nanofiber
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Digital holographic memory

B Holographic recording using optical interference as an advanced recording

technology
/ Phase-code data \ / \
Reference Pattern 1 ,
Reference beam Fattem 1 beam . page 1 . Page n
e

Fattum-n n ;_ﬁ‘m 2 H‘J}‘j{:
o' f
Lens __,f”" !

Object beam f ﬂﬂ | Jrf "

Signal data == Reproduced
= 1 =k data
aae . Multiplexing recording area
\ Pagen Iﬂecnrding /\‘ Reproduction /
iy, "

Phase-code multiplexing halographic recording  Explanation >|
59
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Spintronics

B Key technology for a future recording device.

B The spin-injection magnetization reversal technology is capable of performing
pinpoint recording onto a small magnetic dot, without magnetic field spread.

B This technology enables high-density recording at lower current, which means
less power consumption.

Protection layer
mﬁﬁim{ reversal : X | Magnetic free layer CogsFess
i ed electron flo Monmagnetic middle layer Cu
Magretle pinned layer CoFess
Spin-polarized electron. ntiferromagnetic laver Iiin

Bottom electrode

Prototype cPP-Glﬂﬁ spin-injection magnetization reversal device 60
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summary

B R&D based on NHK STRL vision “NEXT”
® “NEXT”: NHK EX Technology (Express, Excel and Expand)
® Broadcasting technology that learns from human possibilities

M for ultimate broadcasting systems

W for advanced program production and news-reporting
systems

M for ubiquitous and universal services

. 3

B Broadcasting will play an important role in the creation of
culture and in the lives of people.

B Collaboration with organizations in the world

62
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