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ATSC

» Advanced Television Systems Committee

o Started May 1983

 Explore the need for and coordinate national
technical standards for Advanced Television

 Generation, distribution and reception of enhanced
TV and HDTV

» Members: ABC, CBS, Televisia (Mexico), Sun,
TI, Zenith, Dolby Lab, Eastman Kodak, Sony
MIT

« ATSC Standards

« ATSC Recommended practice
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ATSC

« CBS: 1080 1 (1080 lines interlaced)
* ABC, NBC, FOX: 720P

» Schedule

*Analog stops after 2006 e -
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ATSC

Some standards by ATSC
» A/53B Digital Television Standard (DTV)
« A/52A Digital Audio Compression AC-3
» A/65A Program and System Information Protocol
« A/70 Coniditional Access System
« A/80 Modulation and Coding for DTV over Satellite
» A/90 Data Broadcast Standard
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Digital Television Standard

 High quality video over a 6 MHz channel
19 Mbit/s terrestial broadcasting

« 38 Mbit/s cable broadcasting

* Video: MPEG-2, Audio: AC-3
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Digital Television Standard
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DTV — Video formats

Table Al Standardized Video Input Formats

Video Standard Active Lines Active Samp ks’ Line
SMFTE 274M 1080 1920
SMFTE 29&M 720 1280
ITU-RET.&01-4 483 720

Table A} Compression Format Constraints

vertical_size wvalue horizontal_size_walue aspect_ratio_information frame_rate code progressive sequence
1080 1920 13 124,58 1
4.5 a
720 1280 1.3 124,578 i
T
204 39 lidE- =] ;
450 : -
40 |0 124,578 i
4.5 J
Legend for MPEG-2 coded valuss:
aspect_ratic_information; 1 = squars samples, 2 = 4:3 display aspect ratio, 3 = 16:2 display aspect mtio
frame_mate_code: 1 = 238976 Hz, 2 =24 Hz, 4 =2087 Hz, 5= 30 Hz, T = 50894 Hz, B = 60 Hz

|pregressive_ssquence: 0 = intedaced scan, 1 = progressive scan
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DTV — Multiplex

 ISO/IEC 13818-1 — Fixed-length packet transport

» Multiplexes are identified using PID

» PES — Packetized Elemenatary Stream —
Encapsulated Video and Audio stream

Modem

Souces for encoding
Wwideo, audio, data, ate )
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DTV — RF/Transmission system
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Encoded transport packet size:

187 data bytes + 20 RS parity bytes = 207 bytes
207 bytes - 8 bits/byte = 1656 bits
2/3 rate convolutional coding requires 3/2 - 1656 bits = 2484 bits
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DTV — RF/Transmission system

Data organzation for transmission:

Hd.H_ B2& Eymbols _H
Pl 2 st F1

Frame: 2 data fields T ¥
Data field: 313 segments
Segments: 828 symbols Iv i
(828 x 8 bits= 2484 bits) I

H— ] 5_[‘.':_|I11EI'||: _q

FT7.53 ps
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DTV — Data Randomizer

Generator Polynominal (3 o = X184X0134 X124 X1 T4 XT4 540340 +1
The initalization (pre load) occurs during the Aeld syne intensal

Initalization to F1B0 hex (Load to 1)
W16 W15 14 }13 ¥ X2
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DTV — Reed Solomon, interleaving

» Reed solomon encoder RS(207,187)
» (compare DVB-T RS(204,188))

* Byte Interleaver:

.1

2 My =4Bytes)

F ram 3 21 Ta
—] [T ITITT}—=

Reed -Solomon .

Pre-Coder and
Encoder - Trellis Encoder
L]
51 (82|
o—{ | [ | ---L[ [}
(B=}52 =R
— |1 |---11[]ITIl] =

=&, B=E£Z, N=208, R-5 Block =207, BXM=N
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DTV — Trellis encoding

2/3 rate trellis code, mapped into 8 levels

Interference Filter

Pre-coder Trellis Encoder 8-Level Symbol Mapper
X Y, z, MAP
‘ M > z,2,Z, | R
000 -7
D 001 5
010 -3 R -
X, Y, z, 011 -1
> 100 +1
Z, 101 +3
D D > 110 +5
” 111 +7
D = 12 symbols delay
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DTV — VSB Data segments

Data Diata

Segment Data + FEC Begment

+7 STHE ;o SYNG
+5 F Y |
+3 { ff
+1 —
N p— N N —
. .i"f ff —
-5
T foox
+ i 7

Levels Before 4 828 Symbols i

Pilat Addition | Symbols 207 Byles Symbeis

(Pilat=1.25)

- Data Segment .
832 Symbols
208 Bytes

Sync: 4 symbols of 2 levels ={10 01}
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DTV — Data Field sync

Precode”
832 Symbols |
a1 o
+5
+3

+1

1 PNS11 PHE3 | PNe3 | PNE3 |vSB | Reserved
3
-5
7

1 +2F

Levels Before 4 51 63 | 63 | B3 | 24
Pilet Addition | Symbals Bymbols Sym- | Sym- | Sym- |Sym-| Symbeols
(Pilot=1.25) bols | bols | bols |bols

* For trellis coded terrestrial 8 WSB the last 12 symbols of the previous segment
are duplicated in the last 12 reserved symbols of the field sync.

4 symbolsync={10 01}
PN511: Pseudo random signal
PN63: Pseudo random signal
VSB mode: 8-VSB or 16-VSB
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[Data
Segment

+15 SYNC

+13
+11

DTV -16 VSB

Data + FEC

Diata
Segment
E¥YNC

-1
-13
-15

Levels Before 4
Pilat Addition Symbols
(Pilet=2.5)

528
Symbols

Data Segment

832 Symbols

4
Symbals
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DTV -16 VSB

Data Reed- Data Pilat vsa RF
— Ll Solomon || Inter. (e - - i | Up
Randiomizer b i Mappe MUK Insertian Miodulator Com
Segment Syme
Field Sync
X, X X. X | o
Byte to 1 1 1 1 +15
Symbol 1 1 1 o0 | +13
Conversion 1 1 0 1 +11
7 | x. |8 X 1 1 0 0 +9
5 x“ i —= 1 0 1 1 +7
5 x“" g [ 15t Nibble X, 1 ] 1 0 +5
1
—= | 4| x, | — 1 0 0 1 +3
From ""j-"-i“-:;_., X 1 0 0 0 2
Byte a2 » —w 0 1 1 1 1 To
Interteaver | 2 | Xpz [ L0 nibbi MUX
1| X [ f 2nd Nibble X, 0 1 1 © -3
0 x‘-‘i [ —_— 1 0 1 -5
d2 - 0 1 0 © -7
LsE
0o o 1 1 -9
0O 0 1 © -11
0o o 0o 1 13
0 0 0 o -15
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DTV — VSB Modulation

 8-VSB — Aplitude modulation with 8 amplitude levels
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DTV — VSB Modulation

Amplitude-modulating using the signal gives the

following spectrum:

6 MHz C

HANNEL

How fit into
6 MHz ?
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DTV — VSB Modulation

Symbol rate 10,76 MHz

Using Nyquist theorem, sampling rate must
be twice the bandwidth (compare Audio CD)
Gives bandwith of 5,38 MHz

This bandwith is generated using filtering

1. ——

.?V}
Pilot

o =4

||
Suppressed
Carrier

31— 5.38 MHz o f— 3
La

M |
" 6.0 MHz "

7
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DVB-T to ATSC comparison

No. of carriers 1705 or 6817 1

Modulation QPSK, 16-QAM, 8-VSB
64-QAM

Hierarchy coding Yes No

Outer coding (RS)

8 byte errors

10 byte errors

Inner coding 64 stat conv. 4 state conv.
Conv coding rate Yo, 213, %4, 516, 718 | 2/3

Energy dispersal 15 bit shift, 3 taps 16 bit shift, 9 taps
Bit rate (Mbit/s) 4.981031.7,8 Mhz |19.4, 6 Mhz
Minimum signal 25.2 dB uV 27.2 dB uV

level *

Doppler * +/- 140 Hz +/- 1 Hz

Echo correction * +/- 32 us +3to— 20 us
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DVB-T to ATSC comparison

Svstems I ATSC 8-VSB | DVE-T COFDM | 1SDE-T BST-OFDM
Source coding
Yideo Mam Profile svntax of [SOVTEC 13818-2 (MPEG-2 - video)
ATSC Standard AS2 (Dolby | ISOAEC 13818-2 (MPEG-2 | ISCVIEC 13818-7 (MPEG-2
Aucho AC-3) Laver II andio) and Dolby AAC andio)

AC-3

Transport Stremm

[SOVIEC 13818-1 (MPEG-2 TS transport stream

Transmission system

Channel coding

Chter coding

F-5 (207 187, t=10)

B-S {20, 188 t=§)

Chter interlcaver

52 K-5 block interleaver

12 R-8§ block mterleaver

[nner coding

Fate 2/3 trelhs code

Punctured convolutional code: Rate: 172, 2/3.3/4, 5/6, T/R

Constramt length

7. Polvnomals (octal)

171, 133
P - -1-‘

Inner interleaver

12 to 1 trelhs code

interlecaver

Bat-wase interleaving and
frequency interleaving

Bit-wise iterleaving,
frequency interleaving, and
selectable time interleaving

Drata randommzation

l6-lnt PRBS

16-lnt PRBS

| 6-but PRBS

Modulation

B-VEB and 16-V5EB

COFDM
OPSE, T60AM and 640AM
Hicrarchical modulation:
multi-resolution
constellanon { 160OAM and
od AN
Croard mterval: 132, 1716,
'8 & 1/4 of OFDM symbol
2 modes: 2k and 8k FFT

BST-OFDM wath 13
frequency segments
DOPSE, OPSE, 1603AM
and 640 ANM

Hierarchical modulanon:
chotce of three diftferem
modulations on cach
seament

Croard meerval: 1032, 1716,
I8 & 14 ot OFDM symbol
I maodes: 2k, Ak and 8k FFT
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DVB-T/ATSC C/N

DTTB System COFDM 8-VSB

Test Rig Beginning (7 MHz) 19.15dB 14.3-14.4 dB
NEC Tx 180 W 19.3 dB 14.5 dB
Harris Tx 180 W 19.2 dB 14.5 dB
Harris Tx 600/900 W 19.9dB 14.3 dB

Test Rig End (7 MHz) 19.4-19.6 dB 14.35dB
Test Rig (6 MHz) NA 15.1 dB

2012 Digital televsion techniques 25



DVB-T/ATSC Minimum signal

DTTB
Conditions

Test Rig

NEC Tx 200W

Harris Tx 200W

Harris Tx
600/900W

COFDM
(dBuV)

25.1

25.3

25.2

25.8

8-VSB
(dBuV)

27.2

27.2

28.25
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DVB-T/ATSC Spot parameters

Fayload Bitrate Mb/s

Pal C4 Protection

COFDM] FEC | Sys [Min Zig] Cale | Guard | Guard | Guard | Guard] Lower  [Fal/Cotdm|Pal/Cofdm| Upper
MODO | Code | C/W | Level | Rx MF ] 144 1/8 116 | 1482 L Adjacent | Co Chan | Co Chan | Adjacent
TYPE | Rate | idB) | (dBuvy| (dB) | (Mbis)| (MbSs) | (Wbis)| (Mbisi] Ch (dB) | Max (dB) ] Ctr (dB) | Ch (dB)
QPFSK ] 12 1 54 11.7 4.8 435 484] H12 575 -44.8 -12.8 -13.0 -49 .2
QPSK | 243 | BE | 13.2 5.1 B81| B45] B3| 704 -44.5 5.1 3.4 -47 .0
QPSK ] 34 | 7B | 148 5.7 BA3] FUE| VEE| 79Y 437 1.1 -4.0 -45.3
QPSK ] 5% | 87 | 168 6.6 F26| B0 854 8800 -423 5.8 3.1 -43.3
QPSK ] 78 | 95| 19.2 8.2 FB2[ 847 895 924 -408 8.0 8.7 -42 .10

1B-0AM] 12 | 112 177 a.0 871 9B 10.25] 1056] -43.5 -3.0 -8.49 46 .1

1B-0AM] 2/3 |13.0( 196 8.1 11.61] 12580] 13.66] 14.07] -421 1.1 -2.3 -43.3

16-0AM] 34 141 ( 208 5.3 153.06) 14.51] 1537 1583 -40.2 5.0 3.3 -41.2

16-0AM] 56 | 1556 228 549 14.51) 16.13] 17.08] 17.59) -37.0 1.2 849 -39.1

16-0AM] 78 | 163 248 7.1 1524 16893] 17.93] 1847 -35.2 14.7 15.9 -37 .3

B4-CAM] 172 168 | 233 5.0 13.06) 14.51] 1537 1583 -41.2 -3.3 -3.1 417

BA-CLAM] 273 [19.1 | 252 4 B 17.42) 19.35] 2049] 21.11) -35.4 3.7 1.4 -37 .5

B4-CLAM] 34 206 275 5.4 19.69) .77 2305] 2375] -35.0 12.0 10.8 -35.9

B4-0AM] 5B | 222 30.0 E.3 2177 24.19] X8E1] B39 -31.2 15.4 171 -33.1

B4-CLAM] 78 | 237 | 32.4 7.2 2286 25.40] XBE9) 271 2838 231 2256 -30.3
8-WEB | 243 151 ] 472 11.2 - - 19.39) -38.6 2.6 8.1 -38.7

Blue Payload Figures are 188204 scaled from actual measure ment

Fed Figures are calculated from the 1532 Guard interw al data
The Yellow Background COF DM B4C1AM data indicates the selected modulation type

Minimurm Signal Lev els are for 50 Ohms

2012
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DVB-T/ATSC Echo

Echo Level
Guard | Guard | Guard | Guard i R
1/4 14 116 132 |Threshold| Lev el
Echo Delay & Type (dB) (dE) (dB) (dB) (dB) {dBrn}
7 .458us Post Echo 15t Measure 0.5 -1.6 -0.8 -4 .4 18.3 -45.55
7.48us Pre Echo 1st Measure 0.7 -1.4 -1.4 -5.1 19.8 -45.55
7. 480us Post Echo 2nd Measure 1] 0 ] -4.3 19 .5 -48 45
7. 483 us Pre Echo 2nd Measure 1 1] ] -5.3 20.4 -49.45
0 dB T/ Threshold (dB) 32 37 33 -
5. 71us Post BEcho 1] 0.5 ] ] 192 | -44.65
5.71us Pre BEcho 1] 0.5 ] ] 19.3  |-44.65
0 dB C/M Threshold (dB) ar - 40 38
4 18us Post Echo 1] 0 ] ] 193 |-42.15
4 18us Pre BEcho 1] 0 ] ] 19.4  |-42.15
0 dB C/M Threshold (dB) 41 40 40 45
1.71us Post BEcho 1] 1] ] ] 19.3 | -42.65
1.71us Pre BEcho 0 1] ] ] 19.4 | -42.65
0 dB T/ Threshold (dB) 39 40 4] 39
0.38us Post Bcho 0 1] ] ] 19.3 A7 5
0.358us Pre Bcho 1] 0 1] 1] 193 Crm Fx Felock
0 dB C/M Threshold (dB) el el 37 37 8%5SB Echo|Threshold| Level Lev el
Echao Delay & Type (dB) (dB) (dBm] (dB)
7 48us PostEcho | -22& 31 144 [-a67] 42
7.48us Pre Echo -13.5 14 .8 -4k
5./ 0505 Post Echo -2 14.4 -42 .8
5.7/05us Pre Echo -13.8 14.8 -42 .8
4 18us Post Echo -4.4 8 -20 14 .4 -30.9 -4 .4
4.18us Pre Echo -13.8 14 B -a8.9
1.705us Post Echo [-20&-06| 145 [-337] B0
1.705us Pre Echo AT 14.5 -33.7
2012 Digital tein.aaus PostEcho | -08&-13] 145 | -45.1
0.38us Pre Echo -18&-18 14 B -45 1




Figure 3.9.1 - CIN Threshold vs Echo Level for COFDM 64-0AM 213 FEC 1/8 Guard & 8-VSB
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3G I\ | 1 —s—4 2us Post Coax Echo 8-WSEB
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AT L —=— 7 5us Post Coax Echa 8-VSE
3 . | 17 2us Post Link Echo COFDM
5 i 1 —&— 17 .2us Post Link Echo 8-VSE
21 \ 17.2us Pre Link Echo COFDM
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Bit Error Rate

Figure 3.17.1 - BER vs Signal Level for COFDM and 8-vSB
1 N0E+I0 ;
I |
u |
1.00E-01 N '| —=— COFDM Test Rig
- \i«ﬂ ; —=— COFDM MEC Tx 180 W
- —&— COFDM Harris Tx 180 W
1 D0E-07 ﬁ b —— V5B Test Rig
1.00E-03
1.00E-04
1 D0E-05 3 _
==
Q‘qﬁ\
1.00E0B * %}1‘%
] e
» i .
1.00E-07 =
E o
L J

1.00E-08

87 -85 - 1 -80 79 78 7
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Bit Error Rate

Figure 3.18.1 - BER vs Carrier to Noise for COFDM 64-ClAM 2/3 FEC System Software V1
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1.00E-02 = = = —®— Harriz Tx BO0WY —
L = Link Tx Direct (3% —
= T m —=— Link Echo Original COFDM w1 [
1.00E-03 Sl el
e 3 -
" "m
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30

Figure 3.19.1 - C/N Threshold vs Minimum Receiver Levelfor COFDM 1/8 Guard Interval & 8-VSB
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Figure 3.18.3 - BER vs Carrer to Noise for 8vSB
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Parameter COFDM 8-VSB Section
CIN Threshold in Native System Bandwidth 19.1dB 15.1dB
C/N Threshold Measured as 7 MHz a Channel 19.1dB 14.3dB
Minimum Receiver Signal Level 25.1dBuvV  27.2dBuV
Calculated Apparent Noise Figure 4.6dB 11.3dB
Payload Data Capacity 19.35 Mb/s | 19.39 Mb/s
DTTB into PAL Co-Channel Protection | OP 50.5dB 51.2dB
DTTB into PAL Co-Channel Protection SCM40 41.1 dB 45.4 dB
DTTB into PAL Co-Channel Protection SCM30 35.8dB 38.7dB
DTTB into PAL Lower Adjacent Channel Protection LOP 3.5dB 4.6 dB
DTTB into PAL Lower Adjacent Channel Protection -5.3dB -1.5dB
BFMethto PAL Lower Adjacent Channel Protection -9.5dB -7.7dB
BEMBthto PAL Upper Adjacent Channel Protection LOP 5.5dB 5.0dB
DTTB into PAL Upper Adjacent Channel Protection -6.4 dB -0.9dB
BFHEthto PAL Upper Adjacent Channel Protection -10.6 dB -7.8dB
PaMi3fo DTTB Co-Channel Interference 1.4dB 9.1dB ,
PAL into DTTB Lower Adjacent Channel Interference -35.4dB -38.6.dB ,
PAL into DTTB Upper Adjacent Channel Interference -37.5dB -38.7.dB ,
CW into DTTB in channel interference range +6 to -11 +14 to +7
DTTB into DTTB Co-Channel Hostile Interference ZOQ_BdB 1_4955(_1_5
DTTB into DTTB Lower Adjacent Channel Interferen -28.3dB -30.4 dB
DTTR into DTTR Upper Ad}acent Channel In'rprfprpn ce -28 5 dB -322dBR
Impulse Noise Performance (Differential to PAL Grade 4) 9-14 dB 17-25 dB
7.5 us Coax Static Post Echo Level 0dB -2.2dB
7.5 us Coax Static Pre Echo Level 0dB -13.5dB
17.2 us Link Static Post Echo Level -8 dB -8.4
17.2us L |nk Stat(‘ Pre Echo Level -3dB -16.2
Sensitivity to IF Translator Performance Low High ,
Echo Level for 1 dB change in C/N Threshold - Coax -11 dB -12 dB
Echo Level for 1 dB change in C/N Threshold - Link -17 dB -14 dB
Static Doppler Post Echo Performance (-3 dB about + 140 Hz +1Hz
Wﬁmal DTTB Shoulder Level for 200 W Transmitter 34-39 dB 39-41 dB
Receiver Signal Level where C/N Threshold Degrades 1 34 dBuV 35 dBuvV
?ﬁf Air PALCh7&9into DTTB nrotect!on -36.3dB -34.4 dB
Estimated Receiver IF Bandwidth 7.1 MHz 6.0 MHz
AECrelockrange 115 kHz 359-kHz
Tuning Offset Steps ~: e g s, 8X.200 16 x 250
2012 Modulation |[F Frequency 2igital TelevsIol lLe%éngb 44191z
Modulated |F Bandwidth 6.7 MHz 55 MHz
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