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History of Television Technology
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History of Television Technology 
in Thailand

12 yrs. 46 yrs.

B E 2498 (1955) B E 2510 (1967) B E 2556 (2013)B.E.2498 (1955)
First Black/White Television 
Transmission in Thailand

“Channel 4 Bangkhunphrom”

B.E.2510 (1967)
Color Television Broadcast Station

(Analog Station)

B.E.2556 (2013)
Digital Television Broadcast Station

Royal Thai Army (Ch 5) starts trialChannel 4 Bangkhunphrom

FCC 525 Lines CCIR PAL 625 Lines

Royal Thai Army (Ch.5) starts trial 
transmission from Baiyok II Tower on 

January 25, 2013

DVB-T2FCC 525 Lines 
(Black/White)

CCIR PAL 625 Lines DVB T2
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History of Television Technology
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History of Television Technology 
in Thailand (National Frequency Plan)

NBTC Frequency Plan for 

Digital Terrestrial Television Broadcasting 

B.E.2555 (2012)

Frequency Plan for VHF/UHF Analog Television 
B.E.2539 (1996)

Frequency Plan for UHF Analog Television

F Pl f VHF A l T l i i

Frequency Plan for UHF Analog Television 
B.E.2530 (1987)

Frequency Plan for VHF Analog Television 
B.E.2528 (1985)
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Broadcasting Service Master Plan
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Broadcasting Service Master Plan
(2012 – 2016)

 Strategy 5.6 of the master plan : “Transition to 
Digital Television and Digital Radio”Digital Television and Digital Radio

 Shall begin the digital terrestrial television  Shall begin the digital terrestrial television 
broadcasting within 4 years 

 80% of Households in major cities shall be able to 
i  di i l di  d di i l l i i  i  receive digital radio and digital television services 

within 5 years
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Introduction to DVBIntroduction to DVB
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Second Generation of DVB Systems

+
Second Generation of DVB Systems
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Second Generation of DVB Systems

Driver for 2nd generation

Additional capacity for HD and 3D

 Improved chip set technology

New algorithms

New business models

 Features of 2nd generation

Close to theoretical limitsClose to theoretical limits

Capacity and/or robustness increase

Support of new delivery schemesSupport of new delivery schemes
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Basic of DVB-T2Basic of DVB T2
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Basic DVB-T2 Transmission Systems
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Basic DVB T2 Transmission Systems
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Fundamental Technology of DVB-T2
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Fundamental Technology of DVB T2

FFT size

32K

16K

8K

FEC

Inner
LDPC

(Low Density Parity Check) 8K

4K

2K

(Low Density Parity Check)

Outer
BCH

(Bose-Chaudhuri-
Hocquenghem)

1K

+
Number of carriers
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Number of carriers

DVB-T DVB-T
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OFDM subcarriers
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OFDM subcarriers

Sin (x) / x 
function
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Basic OFDM
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Basic OFDM
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Guard Interval = Time Slot between Symbols
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FFT Modes
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FFT Modes

Source : LS Telcom
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Guard Interval
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Guard Interval
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Key Features of DVB-T2Key Features of DVB T2
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Key Features of DVB T2

1. Forward Error Correction : LDPC

2 Modulation2. Modulation

3. Extended Bandwidth Mode

4 Rotated Constellation4. Rotated Constellation

5. Pilot Patterns

6. Physical Layer Pipes (PLPs)

7. Single Frequency Network (SFN)

+
1 Forward Error Correction

NBTC

1. Forward Error Correction

the code rate is k/n for every k bits ofthe code rate is k/n, for every k bits of 
useful information, the coder generates 
totally n bits of data, of which n-k are 
redundant. [Wiki]
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LDPC
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LDPC

 LDPC (Low Density Parity Check) error correcting codes 
( > 30% improvement)(  30% improvement) 

Source : DVB Bluebook A133
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2 Modulation
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2. Modulation

 Higher order modulation in DVB-T2 (up to 256QAM) 

 can carry up to 8 bits per carrier
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Modulation (2)

NBTC

Modulation (2)

+
Modulation Code Rate and Bitrate
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Modulation, Code Rate, and Bitrate 
Modulation Code rate Bitrate (Mbit/s)

1/2 7.4442731
3/5 8 9457325

QPSK

3/5 8.9457325
2/3 9.9541201
3/4 11.1979220
4/5 11.9486510
5/6 12 45655305/6 12.4565530

16-QAM

1/2 15.0374320
3/5 18.0703800
2/3 20.1073230
3/4 22 6198020 @ 8MH  32K M d  GI 1/128  PP73/4 22.6198020
4/5 24.1362760
5/6 25.1622360
1/2 22.4817050
3/5 27 0161120

@ 8MHz, 32K Mode, GI 1/128, PP7

64-QAM

3/5 27.0161120
2/3 30.0614430
3/4 33.8177240
4/5 36.0849270
5/6 37.61878905/6 37.6187890

256-QAM

1/2 30.0748630
3/5 36.1407590
2/3 40.2146450
3/4 45.23960403/ 5 3960 0
4/5 48.2725520
5/6 50.3244720

Source : ETSI TS 102 831
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3 Extended Bandwidth Mode
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3. Extended Bandwidth Mode

O t f b d t f 32K d f ll i kl th Out-of-band spectrum for 32K mode falls away more quickly than 
spectrum for 2K mode

 Allow 2% extra bandwidth/capacity whilst remaining within 
normal spectrum mask

Source : ITU Workshop – BKK Feb 2012
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Extended Bandwidth Mode (2)
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Extended Bandwidth Mode (2)
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4 Rotated Constellation
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4. Rotated Constellation

 Information of bits is presented on each axis (Projection on each 
axis)axis)

 Additional information for soft decision decoding

 Up to 5 dB robustness gainp g

Source : LS Telcom
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Rotated Constellation (2)
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Rotated Constellation (2)

Source : 
Multichoice
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Rotated Constellation (3)
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Rotated Constellation (3)
(Robustness)

 Rotated constellations provide Rotated constellations provide 
significantly improved 
robustness against loss of data 
cellscells

 No degradation (nor gain) in 
Gaussian channel

 Can achieve gains of 5-7 dB 
on difficult channels e.g. 15% 
cell loss channel

 Can translate into increased 
bit rate by choosing less 
robust FEC with lower 
overhead

C i f f f t t d/ t t d t ll ti

Source : DVB Presentation

Comparison of performance for rotated/non-rotated constellations 
(code rate=4/5; channel = Rayleigh + 15% erasures of subcarriers)
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5 Pilot Pattern
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5. Pilot Pattern
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Pilot Pattern (2)
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Pilot Pattern (2)
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Pilot Pattern (3)
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Pilot Pattern (3)

PP1 Less pilots = Less overhead

PP2 FFT 
size

Guard interval
1/128 1/32 1/16 19/256 1/8 19/128 1/4

PP2 PP2

PP3 32K PP7
PP4
PP6

PP2
PP8
PP4

PP2
PP8
PP4

PP2
PP8

PP2
PP8

-

PP7
PP2 PP2

PP2 PP2PP4

PP5

16K PP7
PP7
PP4
PP6

PP8
PP4
PP5

PP8
PP4
PP5

PP2
PP3
PP8

PP2
PP3
PP8

PP1
PP8

PP8 PP8 PP2 PP2PP5

PP6

8K PP7
PP7
PP4

PP8
PP4
PP5

PP8
PP4
PP5

PP2
PP3
PP8

PP2
PP3
PP8

PP1
PP8

4K
PP7 PP4 PP2

PP1

PP7

4K -
PP4 PP5

-
PP3

- PP1

2K -
PP7
PP4

PP4
PP5

-
PP2
PP3

- PP1

PP4 PP2

PP8
1K - -

PP4
PP5

-
PP2
PP3

- PP1

Source : ETSI EN 302755



+
6 Physical Layer Pipes (PLPs)
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6. Physical Layer Pipes (PLPs)

Source : DVB Presentation
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Concept of PLPs
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Concept of PLPs

Source : DVB Presentation
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Concept of PLPs
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Concept of PLPs

Source : Multichoice
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Concept of PLPs
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Concept of PLPs

Mode AMode A

Mode B
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Fixed and Configurable Parameters
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Fixed and Configurable Parameters

Fixed Configurable

Source : LS Telcom

+
MPLP Demo at Broadcast Asia 2011
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MPLP Demo at Broadcast Asia 2011

Source : DVB Presentation
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7 Single Frequency Network (SFN)
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7. Single Frequency Network (SFN)

 Single Frequency Network (SFN) is a network of synchronized 
transmitter stations radiating identical signal in the same RFtransmitter stations radiating identical signal in the same RF 
channel (defined in GE06, p46)

+
Synchronization
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Synchronization

MIP = Megaframe Initialization Packet
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What makes SFN operation possible
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What makes SFN operation possible

 Clocked transmission

 Time- and Frequency Synchronization

 Provision of a Guard Interval

+
Signals in SFN
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Signals in SFN

Self interference

Source : Multichoice
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SFN Network
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 โครงข่ายแบบ SFN ถือไดว้า่มีจุดเด่นเร่ืองประสิทธิภาพการใชง้านคล่ืนความถ่ีอยา่งมาก 

SFN Network

เน่ืองจากใชท้รัพยากรคล่ืนความถ่ีนอ้ยลง 

 แต่กย็งัมีขอ้จาํกดัเร่ืองของการรบกวนแบบ self interference หรือ inter symbol  แตกยงมขอจากดเรองของการรบกวนแบบ self-interference หรอ inter-symbol 
interference ซ่ึงเกิดจากสญัญาณจากแต่ละสถานีส่งมาถึงเคร่ืองรับในเวลาไม่พร้อมกนัและ
ออกนอกกรอบเวลาของ guard interval

 ดงันั้นโครงข่ายแบบ SFN ซ่ึงอาศยัเทคโนโลย ี
COFDM จึงมีขอ้จาํกดัในเร่ืองของระยะห่างCOFDM จงมขอจากดในเรองของระยะหาง
สูงสุดของเคร่ืองส่ง เพื่อใหแ้น่ใจวา่สญัญาณ
จากแต่ละแหล่งท่ีไปถึงแต่ละจุดของเขตบริการุ
ยงัอยูใ่นกรอบเวลาของ guard interval

+
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DVB-T2 PlanningDVB T2 Planning
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Determine 

Reception Mode
- Fixed Outdoor

- Portable Outdoor

If SFN, determine 
appropriate FFT and GI 

for the distance 
between transmitting 

Determine required 
data rate (sufficient for 

numbers of channel 
programs)

NBTC

D t i  F  

- Portable Indoor stations programs)

Gaussian Model 
Determine Frequency 
Channel in UHF Band

Determine Parameter Set 
(FFT, GI, Modulation, CR, PP)

Ricean Model

Rayleigh Model

Correction Factors :

C/N Calculation

BER 10-7 

Pilot boost

Real channel estimation

Others

Field Strength Calculation
Receiver noise input power

Feeder loss

Antenna aperture and gain

Oth

Adjust parameters to 
meet the requirements

ERP Calculation

Others

Required coverage areas
Terrain information

Surrounding information

Validate the result

Surrounding information

Transmitting ant. height

Receiving ant height

ERP of Transmitting Station

Frequency Planning Methodology 
according to
NBTC Frequency Plan

+
DVB-T2 Planning
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DVB T2 Planning

Reception Mode
 Fixed Rooftop

 Portable Outdoor

P t bl I d Portable Indoor

Parameter Set

Capacity Planning
 Capacity vs Robustness

Coverage Planning (Required C/N and Required FS)

 Interference and Protection Ratio
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Reception Mode
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Reception Mode

+
Parameter Set

ขนาด FFT 
(FFT Size)

สัดส่วนช่วงเวลาป้องกนั
(Guard Interval Fraction)

NBTC
1k 1/16, 1/8, 1/4
2k 1/32, 1/16, 1/8, 1/4
4k 1/32, 1/16, 1/8, 1/4 ขนาด FFT สัดส่วนช่วงเวลาป้องกนั (Guard Interval Fraction)
8k 1/128, 1/32, 1/16, 19/256, 1/8, 19/128, 1/4
16k 1/128, 1/32, 1/16, 19/256, 1/8, 19/128, 1/4
32k 1/128  1/32  1/16  19/256  1/8  19/128

ขนาด FFT 
(FFT Size)

สดสวนชวงเวลาปองกน (Guard Interval Fraction)
1/128 1/32 1/16 19/256 1/8 19/128 1/4

32K PP7
PP4

PP2
PP8

PP2
PP8

PP2 PP2
32k 1/128, 1/32, 1/16, 19/256, 1/8, 19/128
8k 

extended 1/128, 1/32, 1/16, 19/256, 1/8, 19/128, 1/4

32K PP7
PP6

PP8
PP4

PP8
PP4

PP8 PP8

PP7
PP2
PP8

PP2
PP8

PP2 PP2
PP1

16k 
extended 1/128, 1/32, 1/16, 19/256, 1/8, 19/128, 1/4

32k 

16K PP7 PP4
PP6

PP8
PP4
PP5

PP8
PP4
PP5

PP3
PP8

PP3
PP8

PP1
PP8

PP8 PP8 PP2 PP2
extended 1/128, 1/32, 1/16, 19/256, 1/8, 19/128

การมอดูเลตสัญญาณ อตัราการเข้ารหัส

8K PP7
PP7
PP4

PP4
PP5

PP4
PP5

PP3
PP8

PP3
PP8

PP1
PP8

4K
PP7 PP4 PP2

PP1
(Modulation) (Code Rate)
QPSK หรือ

16-QAM หรือ

4K PP4 PP5 PP3
PP1

2K
PP7
PP4

PP4
PP5

PP2
PP3

PP1
16 QAM หรอ
64-QAM หรือ

256-QAM

1/2, 3/5, 2/3, 3/4, 4/5, 5/6
1K -

PP4
PP5

PP2
PP3

PP1
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Capacity vs Robustness
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Capacity vs Robustness (2)

NBTC

Capacity vs Robustness (2)
To have same coverage, higher order modulation requires higher tx power
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สรปผลของการปรับค่าพารามเิตอร์ 
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สรุปผลของการปรบคาพารามเตอร 

Note : From DVB-T

+
สรปผลของการปรับค่าพารามเิตอร์ (2)

NBTC

สรุปผลของการปรบคาพารามเตอร (2)

Note : From DVB-T
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Coverage Planning

รายการ รูปแบบของการรับสัญญาณ (Reception mode)

* อา้งอิงค่าจาก EBU Tech 3348

Fixed Portable outdoor Portable Indoor
ความถี่วทิยุ 650 MHz 650 MHz 650 MHz

ิ ์  DVB T2 256 QAM  FEC 2/3  32k 64 QAM  FEC 2/3  32k 64 QAM  FEC 2/3  16k พารามเตอรของระบบ DVB-T2 256-QAM, FEC 2/3, 32k 
Extended, PP7

64-QAM, FEC 2/3, 32k 
Extended, PP4

64-QAM, FEC 2/3, 16k 
Extended, PP1

อตัราบิตโดยประมาณ 33-40 Mbit/s 26-29 Mbit/s 23-28 Mbit/s
อตัราส่วนคลืน่พาห์ต่อสัญญาณรบกวนที่
ต้องการ (C/N)

20.0 dB 17.9 dB 18.3 dB

ป ์ ็ ์ ื ้ ี่ ี่ ้เปอร์เซ็นต์ของพนืทคีรอบคลุมทีต้องการ 95% 95% 95%
ค่าเทยีบเท่าความแรงสนามไฟฟ้าตํา่สุดที่
ต้องการ ณ จุดรับสัญญาณ (Emed) 54.3 dBμV/m 60.2 dBμV/m 75.9 dBμV/mุ ญญ ( med)
โดยประมาณ

μ μ μ

ระยะทางสูงสุดที่ต้องการ + แบบจําลองการแพร่กระจายคลืน่ (propagation model) => กาํลงัส่งออกอากาศของสถานี

หรือ 

กาํลงัส่งออกอากาศของสถานี + แบบจําลองการแพร่กระจายคลืน่ (propagation model) => ระยะทางสูงสุดทีส่ามารถรับสัญญาณ

+
Required C/N and Required Field Strength

NBTC

Required C/N and Required Field Strength

Calculations and Methodologies are based on NBTC Frequency Plan  (Reference : EBU Tech 3348)
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NBTC Notifications onNBTC Notifications on 
Technical Standards 

• ป ื่ ิ ํ ั ใ ้ ิ โ ั ์• ประกาศ กสทช. เรือง มาตรฐานทางเทคนคสาํหรบการใหบ้รการโทรทศน
ภาคพื้นดินในระบบดิจิตอล

• ประกาศ กสทช. เร่ือง มาตรฐานทางเทคนิคสาํหรับเคร่ืองรับสญัญาณโทรทศัน์
ื้ ิ ใ ิ ิภาคพนดนในระบบดจตอล

+

NBTC

NBTC Notification onNBTC Notification on 
Technical Standard for DTTB Transmission 
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+ Summary of 
NBTCNBTC Technical Standard on DTTB Transmission

 Scope : 

Minimum requirement for equipments in free-to-air DVB-T2 transmission systems

 Frequency Range : 

510-790 MHz with 8 MHz Bandwidth

 Baseband signal and compression

Video coding : MPEG-4 AVC/H.264 

SD 576i | HD 720p | HD 1080i

Audio coding : MPEG-4 HE-AACv2

 Transmission

Framing Structure, Channel Coding and Modulation : ETSI EN 302 755

Single Frequency Network : ETSI TS 101 191



+ Summary of 
NBTC

 Multiplexing

NBTC Technical Standard on DTTB Transmission (2)

Service Information (SI) : ETSI EN 300 468

Data Broadcasting : ETSI EN 301 192

MPEG-2 Transport Stream : ETSI TS 101 154

Modulator Interface (T2-MI) (if any SFN or MPLP opreration) : ETSI TS 102 773

 System Software Update: SSU : ETSI TS 102 006

 Subtitling :  ETSI EN 300 743

 Measurement Methods : ETSI TR 101 290/DVB Document A14-2

+

NBTC

NBTC Notification onNBTC Notification on 
Technical Standard for DTTB Receiver 



+ Summary of 
NBTCNBTC Technical Standard on DTTB Receiver

Based on Specification from 
Malaysia and Singapore and Draft y g p
ASEAN Common Specification 

+ Summary of 
NBTCNBTC Technical Standard on DTTB Receiver (2)

1.Scope

2. General Requirements 2.1 Electrical Safety: 
TIS 1195 2536TIS.1195-2536

2.2 Electromagnetic Compatibility:
CISPR13/TIS 2185 2547CISPR13/TIS.2185-2547

2.3 Installation and Usage
Must supply with installation manual and instruction manualMust supply with installation manual and instruction manual
both Thai and English language

2.4 Remote Control
Must supply with remote control with 
the tactile marking on the ‘5’ button



+ Summary of 
NBTCNBTC Technical Standard on DTTB Receiver (3)

3. Connectors and Interfaces)

RF Input Connector/RF Loop-through    |                  RCA                  |                 HDMI

4. RF Tuner and Decoder Requirements 4.2 Radio Frequency Requirements4. RF Tuner and Decoder Requirements 4.2 Radio Frequency Requirements
470-862 MHz      |      BW 8 MHz      |      NF < 6dB    
Sensitivity <  -78.3 dBm |       off-set ± 125KHz

4.2 DVB-T2 Operating Modesp g
ETSI EN 302 755  
Support MPLP and SFN

5. De-multiplexing and Transport Stream ETSI TS 101 154 
ISO/IEC 13818-1

6. Video and audio Video coding : MPEG-4 AVC/H.264 
Resolution : SD 576i    |     HD 720p/1080i
AFD (Active Format Description)
Audio coding : MPEG-4 HE-AACv2

+ Summary of 
NBTCNBTC Technical Standard on DTTB Receiver (4)

7. Processing and Display 7.1 Processor and Memory
DDRAM ≥ 64 MB    |    Flash  ≥ 8MB    |    Processor  ≥ 300 MHz

7.2 Character set): ETSI EN 300 468 Table 00 and Table 07

7.3 On Screen Display: OSD : Thai and English

7.4 Subtitling system : ETSI EN 300 743 and support DDS (Display Definition Segment)

7 5 Multi-Language Support : THA | ENG | QAA7.5 Multi Language Support : THA | ENG | QAA

7.6 Services and Channel Number: 1-799 for National service (ONID 0x22FC)
    800-999 for other services

7 7 L i l Ch l D i7.7 Logical Channel Descriptor

7.8 Electronic Program Guide: EPG  : shall restore program information for next 7 days

7.9 Signal Strength and Signal Quality

8. System Software Update: SSU ETSI TS 102 006
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NBTC Notification onNBTC Notification on 
DTTB Frequency Plan

+ Summary of 
NBTCNBTC Technical Standard on DTTB Frequency Plan

 In accordance with Thailand’s Table of Frequency Allocation 

Allocation to services

Thailand Footnotes

510-790 
BROADCASTING

T-unlicensed2
T-TV

Fixed
Mobile

  5.149 5.306 5.311A

 Bandwidth 8 MHz

 Frequency channel number : Channel No. 26 to 60 (Total 35 Channels)

 39 service areas  consist of 39 main stations and 114 gap filling stations 39 service areas, consist of 39 main stations and 114 gap-filling stations

 5 multiplexes (MUX) per service area (during simulcast period)



+ Summary of 
NBTC

35 channels are divided into 6 groups (D1-D6) plus 2 special groups (T-D1-T-D2)

NBTC Technical Standard on DTTB Frequency Plan (2)

Group
#Channels 

in each 

Channel for DTTB in each group

35 channels are divided into 6 groups (D1 D6), plus 2 special groups (T D1 T D2)

Group
group N-3 N N+3 N+4 N+6 N+7 N+8

N+
11

N+
12

N+
15

N+
16

N+
18

N+
19

N+
20

N+
23

N+
24

D1 7 - 28 31 - - 35 - 39 - 43 - - 47 - 51 -

D2 7 26 29 32 - - 36 - 40 - 44 - - 48 - - -

D3 7 27 30 33 - - 37 - 41 - 45 - - 49 - - -

D4 7 34 38 42 46 50 54 57D4 7 - 34 - 38 - - 42 - 46 - 50 - - 54 57 -

D5 3 - 52 55 - 58 - - - - - - - - - - -

D6 3 - 53 56 - 59 - - - - - - - - - - -

T-D1 7 - 26 - 30 - - 34 - 38 - 42 - - 46 - 50

T-D2 7 - 28 - 32 - - 36 - 40 - 44 - - 48 - 52

Note 1) Based on Radio Frequency Plan for Analog TV
Note 2) Channels in red are for DTTB implementation along THA-MLA border areas 
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