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11C 220.352 MHz
11D 222.064 MHz
1 10B 211.648 MHz

2 10C 213.360 MHz

3 10D 215.072 MHz

91.04.23

1-2

cht;anFeIs Video Frequency Intervals
24, 25 537.25-541.75 MHz, 543.25 - 547.75 MHz
26, 27 549.25 - 553.75 MHz, 555.25 - 559.75 MHz
28, 29 561.25—-565.75 MHz, 567.25-571.75 MHz
31, 32 579.25-583.25 MHz, 585.25-589.75 MHz
34, 35 597.25-601.75 MHz, 603.25-607.75 MHz




I

e M &
& F-mREGMS
= g-maain
— Bl
o Sk s
-
| L it
HMEAARAKRERL S LT ER
1-3
1-3
CH34 590-596 MHz 5KW
CH31572-578 MHz 3.4KW
CH24 530-536 MHz 5KW
CH35596-602 MHz 5KW




21

2.2

[2]

[2]



2.3

40

80

[2]

10

10

1035






3.1

3.2

14

9

333

FM (5 )

(www.tokyotower .co.jp/)
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DVB-T (Single-Frequency Network, SFN)
Media Corp.
3.3 ATM (Asynchronous Transfer
M ode) (SONET/SDH) UHF CH37
2kW

B 4

LLf T 'qu_%}#
([ e M#ﬁw lsii

| T me | s Cop )
N mfi%ﬁ ; ﬁ;%ﬂ f,.;zt—f"’

| |I'| “\| -.l |ﬁ| | /T/I%:%TM

+
H'""'-—_
3.3 Media Corp.

( 34)  UHFCH40



UHF CH37

100~300W

1kW) UHF CH37

QPSK

16QAM

remote sites

(EPR ~

Media Corp.

1999

2002

‘TV on Phoneset”

3.3

80%

Media Corp.
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multiplexer

DVB-T

SD/HD

"business model”

DAB

(options)

Ensemble
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4.2

DAB DVB-T

(SFN — Single-Frequency Network)

Pager system

narrow band
DAB (Digital Audio
Broadcasting) Eureka 147 “Ensamble Multiplexer”

4-3(4]

- Service Transport Interface (ST1) (EN 300797)
- Ensemble Transport Interface (ETI) (EN 300799)

- Digital baseband In-phase and Quadrature (DIQ) interface (EN
300798)

G.703/G.704 (2M b/s) Ensamble

Multiplexer G.703/G.704 OFDM

( 4-4)[5 contentproviders
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service providers Ensamble providers
networ k providers  and transmitter

providers 4-5 Ensamble

Multiplexer [6]

4-5
DAB
16
MHz
“DAB block” 1.5MHz 5~7
1.5MHz MPEG coded A/V bit stream

(Spectrum License)

DVB-T



Audio/Video
Encader

Andio/Vi
md" #‘ Leirips

Andio Video
Encader I—)

4-6
4-3 4-4
Ensamble Multiplexer HDTV
4-6 "stream multiplexer”
HD/SD DVB-T

Multiplex Operators (BBC, Digital 3/4, SDN,

Ondigital (3))[7] 4-7[8]



Network configurations

4 configurations studied:
= National single frequency network (SFN)
= single & MHz UHF channel for whaole country
= Regional SFN
— all stations in a region are on 1 UHF channel
= Sub-regional SFN
- main station and its relays are in SFN
« Multi-frequency network (MFN)
- like conventional analogue planning

4-7
Ensemble Multiplexer
6MHz
(SONET/SDH)
ETSI - “TS 101191 for the specification of a

Mega-frame for Single Frequency Network (SFN) synchronization”.
EN 300748 Multichannel Microwave Distribution

System (MM DY) 10GHz



(Coverage area)
1.5MHz DAB
DAB
)
8.70dMHz
6MHz 2.704MH

antenna)

DVB-T

" Antenna Farm”

DAB

10B 211.648 MHz (

11C  220.352 MHz ( )

(monopole or dipole

"Ensemble Multiplexer”

172.5 MHz 4-8



DIGITAL DVB-T MODULATOR

MPEG-2 Stream

LHF or VH
Ot put
[ to antena)

F hand

Interface IChanmel ICOFDM IF / RF RF RF
& Syne. | [Encoder | [Modulation Con verter Ampli fier FILTER [
Local
Oscillator
4-8
B.
(timing)
OFDM (orthogonality)
Doppler Effect
Gl (Guard Interval)
OFDM (carrier spacing) 1%
Gl
SFN
4-9 [4] EVT1(single
DAB) ATM(multiple DAB block, single/multiple DVB-T) (leased lines)



10MHz

GPS 1pps

Guard Interval)

(

(timing)

DVB-T

4-10

OFDM )

(

(OSC)

Traremiller 1
Transmiltsr 2
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Metveork
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= Mebwork compansation delay for netacrk patn x
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The “Singapore” Approach

G  wew Lp
mmml: A ”/'

SFN S
J

AST I

Timse Main transmitter \

Stamp Ignores thne

Insertion R T

By farwarding the time stamp
Ta the IVE-T Re-Transmitters the

Use of dynamic delay compensation DVE-T Re-transmitter
Iz possible

4-10

The principle of Dynamic

Dﬂn}rCumpens:lliun "HAW

elecoam
b ') Netwark .
Addapter I mlcrewaye
hre opd hdms
Mac. Delay 600ms Delay F-H‘m franne is

Tranrsmifted
=5T&+max delay-

4-11



Ceps

" RO

SFN .
Adapter |

Max.Delay 700ms

Transmitter Synchronisation

Dynamic Delay Compensation @

M

A

Ipps 10MHz

200ms :Ei m'“ :
Ve ; . :
/ —* Sooms
(mlcrowave
Fibre apticy

e Con ) Ao
N [T AR

ps 10
syNe  DVBT
Calculated storage time —»  gilims

4-12

Compensation)

[9] 411 412

OFDM

(storage time)

(dispersion)

(Dynamic Delay



DVB-T ..__W_,‘

DAB DVB-T e K

( 4-13) o

ATM Network
[

u 4-13

“off-air”

| MEN

(Transport Media -
SONET/SDH, Cable, Twist-Pair ...)

Demultiplexer/Multiplexer Switcher Router Repeater



OPNET

OPNET

3Com Cisco Novdll....

Node Link

OPNET

4-14
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OPNET

DVB-T DAB
SFN
DVB-T ATM (QoS ) DAB E1(2.048
Mb/sec.) (backbone — SONET/SDH)
payload
ATM El
(twisted-pair)

4-15 (  4-15 (a) OC-48
(2488.32 Mb/sec) OPNET
4-15 (b) 0.33ms 1.13ms

(
repeater )
4-16 repeater 0.1ms
0OC-48 repeater



4-15 (b)




4-16 (a)

Lode 4 =]

4-16 (b)




OPNET

DVB-T DAB
C.
OFDM modulation scheme
4-17 5Mb/s 31Mb/s
19Mb/s
) Guard Infenval
[at i
Moduwaticn | Code rafe 1/4 1/8 1/16 192
12 4 08 5.53 5B5 &.03
23 B.64 7.37 7.81 804
QPSK " 7.45 5,25 .78 8,05
515 B.29 822 oTE 10.05
78 8,71 .68 10.25 10.58
12 0,05 11.08 1.1 12.08
213 13.27 14.75 15.61 16.09
16-0aM 34 14.03 16,59 17.56 1B.10
56 16.50 18.43 10.52 20.11
TiB 17.42 19,35 20,49 21.1
112 1403 16.50 17.56 18.10
ﬁ#-ﬂ.ﬂ.ﬂ.ﬂ' 213 19.91 2212 F342 24.13
a4 22.38 24 BB 26.35 27.14
S5 24 88 27 B85 29.27 018
EfL: 26.13 =9 {3 30.74 &7
4-17
[10]
. BxCxM x N .
Useful databit rate= bitg/sec

HDTV



where

B —the efficiency of the RS block code

C —convolution coderate (1/2, 2/3, 3/4, 5/6 or 7/8)

M - # of bitsper carrier (2. QPSK, 4: 16-QAM, 6. 64-QAM)
N - #of data carriersused (1512 for 2k; 6048 for 8k)

T —total duration of the symbol including the Gl

DAB DVB-T Guard Interval

Guard Interval

4-13 D
Povmr . e AR BFH Trarwmilery
(LT r:-H- Ill' -"III.'—‘:-"ll . """’-ﬁ':.::“:"“m"
""i T -
FM Fows: . Fis Trorgreae v
. i st s iy
DAB .
| i o Sl . —— =
[ B
4-18
DVB-T "Hierarchical”
(net bit rate)
Guard Interval net bit rate

DVB-T Hierarchical



Hierarchical broadcast

---simulcast
---multicast
MEGA transport
stream High Priority (HP) stream Low Priority
(LP) stream BERvs. C/N [11] 4-19
A DDEHDI e e e e e e
et
== F
1, 00E-D] gm=mn=mm=mmmmmmmmmmemme e m e e

1,00E-02
EER
1,00E-02 4 R -
1,00E-14 5
1,00E05 T T T T T T T v .
o o0 400 B B0 1000 1Z00 14,00 q6.00 1B00
N

Hierarchical SFN

LP HP



(coverage)

10
(AGL, Above Ground Level)
DVB-T/DAB
1. DVB-T/DAB AGL 15
DAB Band
10dB
2. DVB-T/DAB
dB
” ” (signal
availability)
99%
DAB (single-to-noise, S/N)
14dB OFDM ( )
Band 37dB(M V /m)

1 2dB 37dB(u V/m)



99% single availability

log-nor mal 4dB
50%
99% AGL 10 15
56 dB(u V /m)

Gap Filler Gap Filler

Gap Filler

(isolation) Gap Filler

( )

Feadback F

Transmittar
gain

»

To the
ransmitting antenna

From the
receiving antenna

Gap Filler



(radiation pattern)

80dB [11]
(coupling effect)
DAB (Dipole)
Kathrein Antenna (Type 774
813 m)
Specification:

Frequency range - 174 — 230 MHz (for DAB Ch 11)
Polarization - Vertical

5-2 5-3
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5-4

VHF/UHF 5-4 (a)(b)(c)

(radome) L-type

5-4(c) 5-4 (d) Dielectric Dipole.



5-5

5-5

WIPL-D

200MHz(DAB band)
As 56 5-7 Ah A
Sz (scanned frequency 180~230MH2)
(scanned frequency 80~220M Hz)

100MHz
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6-1
TLM (Transmission-Line Modeling)
()LIGHTNING RETURN STROKE
MODEL (2 THE LPS(lightning protection
structure) MODEL (3)GROUND SYSTEM
MODEL
TLM
FDTD (Finite-

Difference Time-Domain)

[12]

Lighiming Fredscizm “riam ai

TR, R

T

& Tolrrorn, Crmleay

TLM (Transmission-Line Modeling)

Maxwell equation




E.(X, yzt)—

—j —r/C T

Ki 1a(t-r/c)
Arg, r® O(t—r/c)

Ei (X’ yl Z!t) =

E,(X,y,z,t)=
€y
K.l 1 1 ol(t—r/c)
H(X,y,zt)=—2| = I1(t—r/c)+
(x.¥.21) 47:[r3( ) cr? 6(t—r/c)}
6-2 3 L PS (lightning protection structure)

' I ; 0 ia we B0 203 zia i
L 30 g 1540 IC.U pi W0 o ps #) Mapaicii Gcld.
Currcei otrokc of polot B of the LPS. Fiortrir and mapnnci~ fAolds e rawe 1.

ground system ( B )
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LPS ground mode

DVB-T



o 1PN
) .
i Cross Saction
! B4cmX64cm [
| !
23m f F
|
o ="
A !
o !
! “ Cross Section :
! J 150cmX150¢m
! —_—

|

Zm_ - - =
|
Cross Section !
350mX350cm |
15m . }
|
I
i

UHF BAND Tx Anterina X 2 Sets
For 4 Channel TV

Each Ant Include Upper and
Lower Section

VHF BAND Il Tx Antenna X 1 Sets
For 3 Channei TV (TTV,.CTV,CTS)

Each Ant Include Upper ard
Lower Section

VHF BAND [ Tx Antenna X 1 Sets
For 1 Channel TV (NUTV)

Each Ant Include Upper and
Lower Section

FPU Dish Antenna

STL Dish Antenna

(dissipation array system-DAS) [13]

6-4

Hakui city

6-6

Hakui city

[13]



Thurderstorm days

- N

Year
Fiz. 4 Dbservation place, Fig. 2 Thunderstorm days in the observation area.
6-5 6-6
DAS(dissipation array system)
Disspation array system
Lightning rod Lightning rod
Ca
tenna =]
s Ei
Tower Tower
leg leg
DAS
Tower Tower A
1991 1994 e
DAS 1995
DAS 6'7 Structure nf! fﬂhmafnf
build ing pomt
Fig. 6 Cn_:nﬁuraliunof lightning surge ohservation
points.
6-7
6-8

(surge current) EMP (Electromagnetic Pulse)



L Lightningrod |

Current (KA)
=

0
(==

0 02 04 045 08 1 0 20 40 60 80 104

Time () Time {us)
i — = 27 Tower leg
% Building hillar | g
N g0 ]
5 :
-20

02 04 06 03 1 o 0 fl? 60 B0 100
1 Time (us) ime (j= )
Fig. 10 E xample of measured lightning surges for the same lightning strike.
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OPNET

SFN

1-2
537.25 MHz 709.75 MHz

13.8%

b)

DVB-T/DAB

WIPL-D

Channel 51 52

172.5 MHz 623.5 MHz

DVB-T COFDM



(VSWR) (
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= 5-1
DVB-T
Channel 26 27
70.5MHz
DAB
( 52 5-3)
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