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FIG . 77 

No. of bits Format Syntax 
service_map_table_section { 

table id oc 

Header after table id 64 
num ensemble in PHY 

oc uimsbf 
yim?bf co 

10 
10 
16 

A - 

for ( i = 0 ; i < num_ensemble_in_PHY ; i ++ ) { 
reserved 
ensemble id 
num_channels in ensenible 
for ( j = 0 ; j < num_channels_in_ensemble ) { 
major_channel number 
minor channel number 
channel TSID 
hidden 
reserved 
bide_guide 
service_type 
source id 
num ES in channel 
for ( k = 0 ; k < num_ES_in_channel ; k ++ ) { 

stream_type 
reserved 
elementary_PID 
if ( stream_type = 0x03 OR 0x11 ) 
additional info 

1 

4 

uimsbf i 
| 

uimsbf i 
uimsbf i 
bslbf 
11111 ' 
bslbf 
uinisbf ! 
uimsbf ! 
uimsbf 

6 
16 
8 

" 8 uimsbf ! 
????? 

13 uimsbf { 

8 * 3 uimsbf 

} 
6 ' 111111 

uimsbf 10 
reserved 
additional_descriptors_length 
for ( m = 0 ; m < N ; m ++ ) { 

additional_descriptor ( ) 
} 
CRC 32 32 ipchof 
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FIG . 78 

No. of bits Format 

2 
12 
16 

table id 
Section syntax_Indicator 
Private indicator 
Reserved 
Section length 
Transport_stream_id 
Reserved 
Version number 
Current next indicator 
Section number 
Last section number 
Protocol version 
num ensemble in PHY 

2 
5 

11 ! 
' 1 ' 
111 ' 
uimsbf 
uimsbf 
' 11 ' 
uimsbf 
bslbf 
uimsbf 
uimsbf 
uimsbf 
uimsbf 

8 
8 
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FIG . 79 

Value 
Ox00 
Ox01 
Ox02 

Ox03 

0x04 

Ox05 
Ox06 
Ox07 

0x80 - OXOF 

Meaning 
[ Reserved ] 
Analog_television -- The virtual channel carries analog television programming 
ATSC_digital_television - The virtual channel carries television programming 
( audio , video and optional data ) conforming to ATSC standards . 
ATSC_audio – The virtual channel carries audio programming ( audio service 
and optional data ) conforming to ATSC standards . 
ATSC_data_only_service -- The virtual channel carries a data service conforming 
to ATSC standards , but no video of stream_type 0x02 or audio of stream_type 0x81 . 
Software Download Data Service - see A / 97 
Unassociated / small screen service - see A / 65C Amendment 1 
Parameterized Service - New A / V CODEC 
[ Reserved for future ] 
MPH – MPEG - 2 based digital television 
MPH - MPEG - 2 based audio 
MPH - MPEG - 2 based data only service 
MPH – MPEG - 2 based Software download data service 
MPH – DSM - CC IP based service 
MPH – Hybrid : Both MPEG - 2 Based and DSM - CC IP based service is provided 
MPH -Non - MPEG2 IP based service 
MPH – Hybrid : Both MPEG - 2 based and Non - MPEG - 2 IP based service is provided 
[ Reserved for future ] 
[ User Private ] 

Ox10 
Ox11 
Ox12 

0x13 
0x14 
Ox15 
0x16 
Ox17 

Ox18-0x7F 
0x80 - OxFF 
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FIG . 80 

No. of bits Format Syntax 
service_map_table_section { 

table_id co 

Header after table id 64 

do uimsbf nun ensemble in PHY 
for ( i = 0 ; i < num_ensemble_in_PHY ; i ++ ) { 

reserved 
ensemble id 
num channels in ensemble 
for ( i = 0 ; j < num_channels_in_ensemble ) { 

4 

4 

1111 ' 
uimsbf 
uimsbf 8 

Nt M 
IN 

1 
reserved 
event id 
start_time 

14 
32 
2 

' 11 ' 
uimsbf { 
uimsbf i 
' 11 ' 
uimsbf 
uimsbf 

there 

reserved 
2 
20 
8 uimsbf 

- 

ETM location 
length_in seconds 
title_length 
title_text ) 
descriptors_length 
for ( a = 0 ; a < descriptors_length ; a ++ ) { 

descriptor ( ) 

var 

8 uimsbf 1 

} 
event how 
information 
( optional ) 6 

10 
' 111111 ' 
uimsbf 

reserved 
additional_descriptors_length 
for ( i = 0 ; m < N ; m ++ ) { 

additional descriptor ( ) 

CRC 32 32 rpchof 
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FIG . 81 

Start / Power On 

Select a Virtual Channel 591 

Receive SMT $ 92 

Parse ensemble in PHY 893 

Parse nun ensemble id S94 

Pars? num channels in ensemble S95 

S96 
Consume MPH Service 

Extract Major / Minor Channel Number 
channel_TSID , source_id , hidden , 

lide guide , service_type 

S102 

Parse num ES in channel 897 

Extract stream_type S98 

Extract elementary_PID S99 

Process EIT_NOW Info . ( Opt . ) 
S100 

Set up Audio PID , Video PID , Data PID S101 
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FIG . 82 

SMT 

table id 
101 

TVCT Header 

num ensemble in PHY 

ensemble_loop 

102 

ensemble id 
num_channels_in_ensemble 

channel_loop 
major_channel number 
minor channel number 
hidden 
hide guide 
service_type = IP Based MPH 
source id 
target_IP address 

103 

event_NOW_Info . ( Optional ) 
event id 
start time 
ETM location 
length in seconds 
title ) 

104 

descriptors 
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FIG . 83 

No. of bits Format Syntax 
service_map_table_section 

table id od 

Header after table id 64 

4 uimsbf 
uimsbf 

4 
4 

' 1111 ' 
uimsbf 
uimsbf 8 

ensemble id 
nun ensemble in PHY 
for ( j = 0 ; j < numn_ensemble_in_PHY ; i ++ ) { 

reserved 
ensemble id 
num channels in ensemble 
for ( j = 0 ; j < num_channels_in_ensemble ) { 
major_channel_number 
minor channel number 
channel TSID 
hidden 
reserved 
hide_guide 

10 
10 
16 

B 

1 — 

- 

4 - 

uimsbf i 
uimsbf i 
uimsbf 
bslbf 
" 1111 
bsibf 
uimsbf ! 
uimsbf i 
bslbf 
uinisbf i 

1 
service_type 6 

16 
-- 

7 

source id 
IP version_flag 
target_IP_slash 

if ( IP_version_flag = 0 ) 
target IP address 

else 
target_IP address 

1 32 uimsbf 

48 uimsbf ! 

} 
6 ' 111111 

uimsbf 10 
reserved 
additional_descriptors_length 
for ( m = 0 ; ni < N ; m ++ ) { 

additional descriptor ( ) 
CRC 32 32 rpchof 
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FIG . 84 

No. of bits Format Syntax 
service_map_table_section { 

ensemble id 8 

64 

8 uimsbf 
Header after table_id 
nun ensemble in PHY 
for ( i = 0 ; i < num ensemble_in_PHY ; i ++ 

reserved 
burst id 
num_channels in ensemble 
for ( j = 0 ; j < num_channels_in_ensemble ) { 

4 
4 
8 

' 1111 ' 
uimsbf 
uimsbf 

? 
2 

14 
32 
IN 

reserved 
event id 
start time 
reserved 
ETM location 
length_in_seconds 
title_length 
title_text ( ) 
descriptors_length 
for ( a = 0 ; a < descriptors_length ; a ++ ) { 

descriptor ) 

' 11 ' 
uimsbf i 
uimsbf i 
' Il ' 
uiinsbf i 
uimsbf i 
uimsbf 

2 

20 
8 
var 
8 uimsbf 

- 

W ... #ty w 

} 
6 
10 

' u111 ' 
uimsbf 

reserved 
additional descriptors_length 
for ( i = 0 ; i < N ; m ++ ) { 

additional | _descriptor ) 
CRC 32 32 rpchof 

} 
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FIG . 85 

Start / Power On 

Select a Vitual Channel S1301 

Receive SMT 7 S1302 

Parse niun_enseinble_in_PHY S1303 

Parse ensenible id S1304 

Parse num channels in ensemble S1305 

S1306 
Consume MPH Service 

Extract Major / Minor Channel Number 
channel_TSID , source_id , hidden , 

hide_guide , service_type 

S1313 
Parse target IP address S1307 

Process EIT NOW Info . ( Opt . ) S1308 

Access SDP datagran? using target_IP_address $ 1309 

Fetch Media stream addresses / stream type , etc. 
S1310 

Access Media stream datagrams S1311 
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FIG . 86 

Start / Power On 

Select a Virtual Channel S1301 

Receive SMT Z S1302 

Parse num emsemble in PHY S1303 

Parse ensemble id $ 1304 

Parse num channels in ensemble $ 1305 

Consume MPH Service 
Extract Major / Minor Channel Number 
channel_TSID , source_id , hidden , 

hide_guide , service_type 
SI306 

S1313 

Parse target_IP_address S1307 

Process Now event inforination $ 1308 

Filter IP streams in accordance with the 
target_IP address S1312 
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ATSC - M / H Signal 

8606 

Program table information ?? 

8608 

8601 

Tuner 

8605 
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Program table information decoder 

8602 

Demodulator MPH RS frame data 

Channel Manager 

8607 

Application Manager 

Section data 

Program table information buffer 

8604 

MPH Demux 

Service Manager 
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8609 

8603 

A / V / Data Stream 

8610 

-8614 

User Interface 

User 

Data Handler 

8611 

Middleware Engine 

OSD 

8613 
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A / V Decoders 

A / V Post Processor 

A / V Output 

8612 
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Program table information decoder 
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8702 

Channel Manager 

8709 

Application Manager 

Section data 

Program table information buffer 

8704 

Service Manager 

8711 

MPH Demux 

8703 
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DIGITAL BROADCAST SYSTEM FOR according to the VSB transmission scheme , a reception ( Rx ) 
TRANSMITTING / RECEIVING DIGITAL performance becomes deteriorated . 

BROADCAST DATA , AND DATA 
PROCESSING METHOD FOR USE IN THE SUMMARY OF THE INVENTION 

SAME 
Accordingly , the present invention is directed to a digital 

broadcast system and a data processing method for use in the 
Matter enclosed in heavy brackets [ ] appears in the same that substantially obviate one or more problems due to 
original patent but forms no part of this reissue specifica limitations and disadvantages of the related art . 
tion ; matter printed in italics indicates the additions 10 An object of the present invention is to provide a digital 
made by reissue ; a claim printed with strikethrough broadcast system which additionally encodes mobile service 
indicates that the claim was canceled , disclaimed , or held data , and transmits the encoded mobile service data to a 
invalid by a prior post - patent action or proceeding . reception ( Rx ) system , such that it improves a reception ( Rx ) 

performance , and a data processing method for use in the 
15 digital broadcast system . 

Notice : More than one reissue application has been filed Another object of the present invention is to provide a 
for the reissue of U.S. Pat . No. 8,396,043 . The reissue digital broadcast system for inserting known data recognized 
applications are U.S. application Ser . No. 15 / 175,919 ( the by an agreement between a transmission end and a reception 
present application ) , and U.S. application Ser . No. 14/645 , end into a predetermined area of a data zone , and a data 
195 , now U.S. Pat . No. RE46,244 . 20 processing method for use in the digital broadcast system . 

Another object of the present invention is to provide a This application is a divisional Reissue of U.S. applica service information table for effectively establishing a chan tion Ser . No. 14 / 645,195 , filed on Mar. 11 , 2015 , which is a nel of mobile service data . 
reissue of U.S. Pat . No. 8,396,043 , which issued on Mar. 12 , Additional advantages , objects , and features of the inven 
2013 from U.S. application Ser . No. 12 / 147,303 , filed on 25 tion will be set forth in part in the description which follows 
Jun . 26 , 2008 , which claims the benefit of U.S. Provisional and in part will become apparent to those having ordinary 
Application No. 60 / 946,387 , filed on Jun . 26 , 2007 , in the skill in the art upon examination of the following or may be 
name of inventors Jae Hyung SONG , In Hwan CHOI , Kook learned from practice of the invention . The objectives and 
Yeon KWAK , Byoung Gill KIM , Won Gyu SONG , Jin Pil other advantages of the invention may be realized and 
KIM , Jin Woo KIM , Hyoung Gon LEE , Jong Moon KIM , 30 attained by the structure particularly pointed out in the 
Ho Taek HONG , Joon Hui LEE , Jong Yeol SUH , Chul Soo written description and claims hereof as well as the 
LEE titled “ DIGITAL BROADCASTING SYSTEM AND appended drawings . 
METHOD OF PROCESSING DATA IN DIGITAL To achieve these objects and other advantages and in 
BROADCASTING [ SYSTEM ” . ] SYSTEM , which is accordance with the purpose of the invention , as embodied 
hereby incorporated by reference . Also , this application 35 and broadly described herein , a data processing method is 
claims the benefit of U.S. Provisional Application No. provided . In the data processing method , a broadcast signal 
60 / 957,714 , filed on Aug. 24 , 2007 , which is hereby incor in which mobile service data and main service data are 
porated by reference . This application also claims the benefit multiplexed , is received and program table information 
of U.S. Provisional Application No. 60 / 974,084 , filed on describing channel information and event information of the 
Sep. 21 , 2007 , which is hereby incorporated by reference . 40 mobile service data according to an identifier of an ensemble in which the mobile service data are multiplexed , in the This application also claims the benefit of U.S. Provisional received broadcast signal is parsed . The mobile service data Application No. 60 / 977,379 , filed on Oct. 4 , 2007 , which is is outputted by using the parsed program table information . hereby incorporated by reference . This application also In another aspect of the present invention , a digital claims the [ priority ] benefit of earlier filing date and right of 45 broadcast system is provided . The digital broadcast system 
priority to Korean Application No. 10-2008-0060518 , filed includes a receiver configured to receive a broadcast signal 
on Jun . 25 , 2008 , the contents of all of which [ is ] are hereby in which mobile service data and main service data are 
incorporated by reference in their entireties . multiplexed , a program table information decoder config 

ured to parse program table information describing channel 
BACKGROUND OF THE INVENTION 50 information and event information of the mobile service data 

according to an identifier of an ensemble in which the 
1. Field of the Invention mobile service data are multiplexed , in the received broad 
The present invention relates to a digital broadcast sys cast signal , a demultiplexer configured to demultiplex the 

tem , and more particularly to a digital broadcast system for mobile service data contained in the broadcast signal , a 
transmitting / receiving digital broadcast data , and a data 55 decoder configured to decode the demultiplexed mobile 
processing method for use in the same . service data , and a output unit configured to output the 

2. Discussion of the Related Art decoded mobile service data by using the parsed program 
A variety of digital broadcast standards have been widely table information . 

used throughout the world . For example , a vestigial side In another aspect of the present invention , a data process 
band ( VSB ) transmission scheme has been used as a digital 60 ing method is provided . The data processing method 
broadcast standard for the North America and the Republic includes generating program table information describing 
of Korea . This VSB scheme is based on a single - carrier mobile service data and an event information of the mobile 
scheme , such that a reception ( Rx ) performance of a recep service data , which is to included in an ensemble , in which 
tion ( Rx ) system may deteriorate under poor channel envi the mobile service data are multiplexed , according to an 
ronments . Specifically , a portable or mobile broadcast 65 identifier of the ensemble , multiplexing the generated pro 
receiver requires much higher resistance to a channel varia gram table information and the mobile service data , multi 
tion or noise . So , if mobile service data is transmitted plexing the multiplexed data and the main service data , and 
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outputting the multiplexed result as broadcast data and FIG . 17 illustrates a conceptual block diagram of the 
transmitting the broadcast data by modulating the multi MPH frame encoder according to an embodiment of the 
plexed broadcast data . present invention ; 

The broadcast signal includes a data group in which the FIG . 18 illustrates a detailed block diagram of an RS 
mobile service data error - correction - encoded by at least one 5 frame encoder among a plurality of RS frame encoders 
of code rates and the main service data are interleaved , and within an MPH frame encoder ; 
the mobile service data in the interleaved data group FIG . 19 ( a ) and FIG . 19 ( b ) illustrate a process of one or 
includes periodically - inserted known data . two RS frame being divided into several portions , based 
And the program table information includes an internet upon an RS frame mode value , and a process of each portion 

protocol ( IP ) address at which the mobile service data locate . 10 being assigned to a corresponding region within the respec 
tive data group ; It is to be understood that both the foregoing general FIG . 20 ( a ) to FIG . 20 ( c ) illustrate error correction encod description and the following detailed description of the ing and error detection encoding processes according to an present invention are exemplary and explanatory and are embodiment of the present invention ; intended to provide further explanation of the invention as FIG . 21 ( a ) to FIG . 21 ( d ) illustrate an example of per 

claimed . forming a row permutation ( or interleaving ) process in super 
frame units according to the present invention ; BRIEF DESCRIPTION OF THE DRAWINGS FIG . 22 ( a ) and FIG . 22 ( b ) illustrate an example of cre 
ating an RS frame by grouping data , thereby performing 

The accompanying drawings , which are included to pro- 20 error correction encoding and error detection encoding ; 
vide a further understanding of the invention and are incor FIG . 23 ( a ) and FIG . 23 ( b ) illustrate an exemplary process 
porated in and constitute a part of this application , illustrate of dividing an RS frame for configuring a data group 
embodiment ( s ) of the invention and together with the according to the present invention ; 
description serve to explain the principle of the invention . In FIG . 24 illustrates a block diagram of a block processor 
the drawings : 25 according to an embodiment of the present invention ; 

FIG . 1 illustrates a structure of a MPH frame for trans FIG . 25 illustrates a detailed block diagram of a convo 
mitting and receiving mobile service data according to the lution encoder of the block processor of FIG . 24 ; 
present invention ; FIG . 26 illustrates a symbol interleaver of the block 

FIG . 2 illustrates an exemplary structure of a VSB frame ; processor of FIG . 24 ; 
FIG . 3 illustrates a mapping example of the positions to FIG . 27 illustrates a block diagram of a group formatter 

which the first 4 slots of a sub - frame are assigned with according to an embodiment of the present invention ; 
respect to a VSB frame in a space region ; FIG . 28 illustrates a detailed diagram of one of 12 trellis 

FIG . 4 illustrates a mapping example of the positions to encoders included in the trellis encoding module of FIG . 15 ; 
FIG . 29 illustrates an example of assigning signaling which the first 4 slots of a sub - frame are assigned with 35 information area according to an embodiment of the present respect to a VSB frame in a time region ; invention ; FIG . 5 illustrates an alignment of data after being data FIG . 30 illustrates a detailed block diagram of a signaling interleaved and identified ; encoder according to the present invention ; 

FIG . 6 illustrates an enlarged portion of the data group FIG . 31 illustrates an example of a syntax structure of 
shown in FIG . 5 for a better understanding of the present 40 TPC data according to the present invention ; 
invention ; FIG . 32 ( a ) to FIG . 32 ( d ) illustrate an example of power 

FIG . 7 illustrates an alignment of data before being data saving in a receiver when transmitting 3 parades to an MPH 
interleaved and identified ; frame level according to the present invention ; 

FIG . 8 illustrates an enlarged portion of the data group FIG . 33 ( a ) to FIG . 33 ( e ) illustrate an example of a 
shown in FIG . 7 for a better understanding of the present 45 transmission scenario of the TPC data and the FIC data level 
invention ; according to the present invention ; 

FIG . 9 illustrates an exemplary assignment order of data FIG . 34 illustrates an example of a training sequence at 
groups being assigned to one of 5 sub - frames according to the byte level according to the present invention ; 
the present invention ; FIG . 35 illustrates an example of a training sequence at 

FIG . 10 illustrates an example of multiple data groups of 50 the symbol according to the present invention ; 
a single parade being assigned ( or allocated ) to an MPH FIG . 36 illustrates a block diagram of a demodulating unit 
frame ; in a receiving system according to the present invention ; 

FIG . 11 illustrates an example of transmitting 3 parades to FIG . 37 illustrates a data structure showing an example of 
an MPH frame according to the present invention ; known data being periodically inserted in valid data accord 

FIG . 12 illustrates an example of expanding the assign- 55 ing to the present invention ; 
ment process of 3 parades to 5 sub - frames within an MPH FIG . 38 illustrates a block diagram showing a structure of 
frame ; a demodulator of the demodulating unit shown in FIG . 36 ; 

FIG . 13 illustrates a block diagram showing a general FIG . 39 illustrates a detailed block diagram of the 
structure of a digital broadcast transmitting system accord demodulator shown in FIG . 38 ; 
ing to an embodiment of the present invention ; FIG . 40 illustrates a block diagram of a frequency offset 

FIG . 14 illustrates a block diagram showing an example estimator according to an embodiment of the present inven 
of a service multiplexer ; tion ; 

FIG . 15 illustrates a block diagram showing an example FIG . 41 illustrates a block diagram of a known data 
of a transmitter according to an embodiment of the present detector and initial frequency offset estimator according to 
invention ; 65 the present invention ; 

FIG . 16 illustrates a block diagram showing an example FIG . 42 illustrates a block diagram of a partial correlator 
of a pre - processor according to the present invention ; shown in FIG . 41 ; 

60 
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FIG . 43 illustrates a second example of the timing recov FIG . 76 is a structural diagram illustrating a service map 
ery unit according to the present invention ; table ( SMT ) including elementary stream information 

FIG . 44 ( a ) and FIG . 44 ( b ) illustrate examples of detecting received via a single ensemle according to one embodiment 
timing error in a time domain ; of the present invention ; 

FIG . 45 ( a ) and FIG . 45 ( b ) illustrate other examples of 5 FIG . 77 shows a detailed structure of the SMT shown in 
detecting timing error in a time domain ; FIG . 76 according to the present invention ; 

FIG . 46 illustrates an example of detecting timing error FIG . 78 shows header information of the SMT according 
using correlation values of FIG . 44 and FIG . 45 ; to the present invention ; 

FIG . 47 illustrates an example of a timing error detector FIG . 79 shows service information of the SMT according 
according to the present invention ; 10 to the present invention ; 

FIG . 48 illustrates an example of detecting timing error in FIG . 80 is a structural diagram illustrating a SMT further 
including event information according to the present inven a frequency domain according to an embodiment of the tion ; present invention ; FIG . 81 is a flow chart illustrating a SMT processing FIG . 49 illustrates another example of a timing error 15 method according to the present invention ; detector according to the present invention ; FIG . 82 is a structural diagram illustrating a SMT includ FIG . 50 illustrates a block diagram of a DC remover ing an IP stream received via at least one ensemble accord according to an embodiment of the present invention ; ing to another embodiment of the present invention ; FIG . 51 illustrates an example of shifting sample data FIG . 83 shows a detailed structure of the SMT shown in 

inputted to a DC estimator shown in FIG . 50 ; 20 FIG . 82 according to another embodiment of the present 
FIG . 52 illustrates a block diagram of a DC remover invention ; 

according to another embodiment of the present invention ; FIG . 84 is a structural diagram illustrating a SMT further 
FIG . 53 illustrates a block diagram of another example of including event information according to another embodi 

a channel equalizer according to the present invention ; ment of the present invention ; 
FIG . 54 illustrates a detailed block diagram of an example 25 FIG . 85 is a flow chart illustrating a SMT processing 

of a remaining carrier phase error estimator according to the method according to another embodiment of the present 
present invention ; invention ; 

FIG . 55 illustrates a block diagram of a phase error FIG . 86 is another flow chart illustrating a SMT process 
detector obtaining a remaining carrier phase error and phase ing method according to another embodiment of the present 
noise according to the present invention ; 30 invention ; 

FIG . 56 illustrates a phase compensator according to an FIG . 87 is a block diagram illustrating an apparatus for 
embodiment of the present invention ; receiving mobile service data according to one embodiment 

FIG . 57 illustrates a block diagram of another example of of the present invention ; and 
a channel equalizer according to the present invention ; FIG . 88 is a block diagram illustrating an apparatus for 

FIG . 58 illustrates a block diagram of another example of 35 receiving mobile service data according to another embodi 
a channel equalizer according to the present invention ; ment of the present invention . 

FIG . 59 illustrates a block diagram of another example of 
a channel equalizer according to the present invention ; DETAILED DESCRIPTION OF THE 

FIG . 60 illustrates a block diagram of an example of a CIR INVENTION 
estimator according to the present invention ; 

FIG . 61 illustrates a block diagram of an example of a Reference will now be made in detail to the preferred 
block decoder according to the present invention ; embodiments of the present invention , examples of which 

FIG . 62 illustrates a block diagram of an example of a are illustrated in the accompanying drawings . Wherever 
feedback deformatter according to the present invention ; possible , the same reference numbers will be used through 

FIG . 63 ( a ) to FIG . 65 ( f ) illustrate process steps of error 45 out the drawings to refer to the same or like parts . In 
correction decoding according to an embodiment of the addition , although the terms used in the present invention are 
present invention ; selected from generally known and used terms , some of the 

FIG . 66 illustrates a block diagram of a receiving system terms mentioned in the description of the present invention 
according to an embodiment of the present invention ; have been selected by the applicant at his or her discretion , 

FIG . 67 illustrates a bit stream syntax for a VCT accord- 50 the detailed meanings of which are described in relevant 
ing to the present invention ; parts of the description herein . Furthermore , it is required 

FIG . 68 illustrates a service_type field according to an that the present invention is understood , not simply by the 
embodiment of the present invention ; actual terms used but by the meaning of each term lying 

FIG . 69 illustrates a service location descriptor according within . 
to an embodiment of the present invention ; Among the terms used in the description of the present 

FIG . 70 illustrates examples that may be assigned to the invention , main service data correspond to data that can be 
stream_type field according to the present invention ; received by a fixed receiving system and may include 

FIG . 71 illustrates a bit stream syntax for an EIT accord audio / video ( AN ) data . More specifically , the main service 
ing to the present invention ; and data may include AN data of high definition ( HD ) or 

FIG . 72 illustrates a block diagram of a receiving system 60 standard definition ( SD ) levels and may also include diverse 
according to another embodiment of the present invention ; data types required for data broadcasting . Also , the known 

FIGS . 73 and 74 show exemplary channel management data correspond to data pre - known in accordance with a 
based on program categories according to the present inven pre - arranged agreement between the receiving system and 
tion ; the transmitting system . Additionally , among the terms used 

FIG . 75 is a conceptual diagram illustrating a service 65 in the present invention , “ MPH ” corresponds to the initials 
transmission structure based on a parade according to the of “ mobile ” , “ pedestrian ” , and “ handheld ” and represents 
present invention ; the opposite concept of a fixed - type system . Furthermore , 

40 
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the MPH service data may include at least one of mobile FIG . 1 illustrates a structure of a MPH frame for trans 
service data , pedestrian service data , and handheld service mitting and receiving mobile service data according to the 
data , and will also be referred to as “ mobile service data " for present invention . In the example shown in FIG . 1 , one MPH 
simplicity . Herein , the mobile service data not only corre frame consists of 5 sub - frames , wherein each sub - frame 
spond to MPH service data but may also include any type of 5 includes 16 slots . In this case , the MPH frame according to 
service data with mobile or portable characteristics . There the present invention includes 5 sub - frames and 80 slots . 
fore , the mobile service data according to the present inven Also , in a packet level , one slot is configured of 156 data 
tion are not limited only to the MPH service data . packets ( i.e. , transport stream packets ) , and in a symbol 

The above - described mobile service data may correspond level , one slot is configured of 156 data segments . Herein , 
to data having information , such as program execution files , 10 the size of one slot corresponds to one half ( 1/2 ) of a VSB 
stock information , and so on , and may also correspond to field . More specifically , since one 207 - byte data packet has 
A / V data . Most particularly , the mobile service data may the same amount of data as a data segment , a data packet 
correspond to A / V data having lower resolution and lower prior to being interleaved may also be used as a data 
data rate as compared to the main service data . For example , segment . At this point , two VSB fields are grouped to form 
if an AN codec that is used for a conventional main service 15 a VSB frame . 
corresponds to a MPEG - 2 codec , a MPEG - 4 advanced video FIG . 2 illustrates an exemplary structure of a VSB frame , 
coding ( AVC ) or scalable video coding ( SVC ) having better wherein one VSB frame consists of 2 VSB fields ( i.e. , an odd 
image compression efficiency may be used as the A / V codec field and an even field ) . Herein , each VSB field includes a 
for the mobile service . Furthermore , any type of data may be field synchronization segment and 312 data segments . The 
transmitted as the mobile service data . For example , trans- 20 slot corresponds to a basic time period for multiplexing the 
port protocol expert group ( TPEG ) data for broadcasting mobile service data and the main service data . Herein , one 
real - time transportation information may be transmitted as slot may either include the mobile service data or be 
the main service data . configured only of the main service data . If one MPH frame 

Also , a data service using the mobile service data may is transmitted during one slot , the first 118 data packets 
include weather forecast services , traffic information ser- 25 within the slot correspond to a data group . And , the remain 
vices , stock information services , viewer participation quiz ing 38 data packets become the main service data packets . 
programs , real - time polls and surveys , interactive education In another example , when no data group exists in a slot , the 
broadcast programs , gaming services , services providing corresponding slot is configured of 156 main service data 
information on synopsis , character , background music , and packets . Meanwhile , when the slots are assigned to a VSB 
filming sites of soap operas or series , services providing 30 frame , an off - set exists for each assigned position . 
information on past match scores and player profiles and FIG . 3 illustrates a mapping example of the positions to 
achievements , and services providing information on prod which the first 4 slots of a sub - frame are assigned with 
uct information and programs classified by service , medium , respect to a VSB frame in a space region . And , FIG . 4 
time , and theme enabling purchase orders to be processed . illustrates a mapping example of the positions to which the 
Herein , the present invention is not limited only to the 35 first 4 slots of a sub - frame are assigned with respect to a 
services mentioned above . In the present invention , the VSB frame in a time region . Referring to FIG . 3 and FIG . 
transmitting system provides backward compatibility in the 4 , a 38th data packet ( TS packet # 37 ) of a 1st slot ( Slot # 0 ) 
main service data so as to be received by the conventional is mapped to the 1st data packet of an odd VSB field . A 38th 
receiving system . Herein , the main service data and the data packet ( TS packet # 37 ) of a 2nd slot ( Slot # 1 ) is mapped 
mobile service data are multiplexed to the same physical 40 to the 157th data packet of an odd VSB field . Also , a 38th data 
channel and then transmitted . packet ( TS packet # 37 ) of a 3rd slot ( Slot # 2 ) is mapped to 

Furthermore , the digital broadcast transmitting system the 1st data packet of an even VSB field . And , a 38th data 
according to the present invention performs additional packet ( TS packet # 37 ) of a 4th slot ( Slot # 3 ) is mapped to 
encoding on the mobile service data and inserts the data the 157th data packet of an even VSB field . Similarly , the 
already known by the receiving system and transmitting 45 remaining 12 slots within the corresponding sub - frame are 
system ( e.g. , known data ) , thereby transmitting the pro mapped in the subsequent VSB frames using the same 
cessed data . Therefore , when using the transmitting system method . 
according to the present invention , the receiving system may Meanwhile , one data group may be divided into at least 
receive the mobile service data during a mobile state and one or more hierarchical regions . And , depending upon the 
may also receive the mobile service data with stability 50 characteristics of each hierarchical region , the type of 
despite various distortion and noise occurring within the mobile service data being inserted in each region may vary . 
channel . For example , the data group within each region may be 
MPH Frame Structure divided ( or categorized ) based upon the receiving perfor 

In the embodiment of the present invention , the mobile mance . In an example given in the present invention , a data 
service data are first multiplexed with main service data in 55 group is divided into regions A , B , C , and D in a data 
MPH frame units and , then , modulated in a VSB mode and configuration prior to data deinterleaving . 
transmitted to the receiving system . At this point , one MPH FIG . 5 illustrates an alignment of data after being data 
frame consists of K1 number of sub - frames , wherein one interleaved and identified . FIG . 6 illustrates an enlarged 
sub - frame includes K2 number of slots . Also , each slot may portion of the data group shown in FIG . 5 for a better 
be configured of K3 number of data packets . In the embodi- 60 understanding of the present invention . FIG . 7 illustrates an 
ment of the present invention , K1 will be set to 5 , K2 will alignment of data before being data interleaved and identi 
be set to 16 , and K3 will be set to 156 ( i.e. , K1 = 5 , K2 = 16 , fied . And , FIG . 8 illustrates an enlarged portion of the data 
and K3 = 156 ) . The values for K1 , K2 , and K3 presented in group shown in FIG . 7 for a better understanding of the 
this embodiment either correspond to values according to a present invention . More specifically , a data structure iden 
preferred embodiment or are merely exemplary . Therefore , 65 tical to that shown in FIG . 5 is transmitted to a receiving 
the above - mentioned values will not limit the scope of the system . In other words , one data packet is data - interleaved 
present invention . so as to be scattered to a plurality of data segments , thereby 
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being transmitted to the receiving system . FIG . 5 illustrates end ) of each MPH block , the receiving system is capable of 
an example of one data group being scattered to 170 data performing equalization by using the channel information 
segments . At this point , since one 207 - byte packet has the that can be obtained from the known data . Therefore , a 
same amount of data as one data segment , the packet that is stronger equalizing performance as compared to region C / D 
not yet processed with data - interleaving may be used as the 5 may be yielded ( or obtained ) . 
data segment . Referring to FIG . 5 , MPH block 2 ( B2 ) and MPH block 

FIG . 5 shows an example of dividing a data group prior 9 ( B9 ) correspond to a region having more interference from 
to being data - interleaved into 10 MPH blocks ( i.e. , MPH the main service data as compared to region B. A long 
block 1 ( B1 ) to MPH block 10 ( B10 ) ) . In this example , each known data sequence cannot be inserted in any side of MPH 
MPH block has the length of 16 segments . Referring to FIG . 10 block 2 ( B2 ) and MPH block 9 ( B9 ) . Herein , the region 
5 , only the RS parity data are allocated to portions of the first including MPH block 2 ( B2 ) and MPH block 9 ( B9 ) will be 
5 segments of the MPH block 1 ( B1 ) and the last 5 segments referred to as “ region CE = B2 + B9 ) ” . Finally , in the example 
of the MPH block 10 ( B10 ) . The RS parity data are excluded shown in FIG . 5 , MPH block 1 ( B1 ) and MPH block 10 
in regions A to D of the data group . More specifically , when ( B10 ) correspond to a region having more interference from 
it is assumed that one data group is divided into regions A , 15 the main service data as compared to region C. Similarly , a 
B , C , and D , each MPH block may be included in any one long known data sequence cannot be inserted in any side of 
of region A to region D depending upon the characteristic of MPH block 1 ( B1 ) and MPH block 10 ( B10 ) . Herein , the 
each MPH block within the data group . region including MPH block 1 ( B1 ) and MPH block 10 

Herein , the data group is divided into a plurality of ( B10 ) will be referred to as “ region D ( = B1 + B10 ) " . Since 
regions to be used for different purposes . More specifically , 20 region C / D is spaced further apart from the known data 
a region of the main service data having no interference or sequence , when the channel environment undergoes fre 
a very low interference level may be considered to have a quent and abrupt changes , the receiving performance of 
more resistant ( or stronger ) receiving performance as com region C / D may be deteriorated . 
pared to regions having higher interference levels . Addition FIG . 7 illustrates a data structure prior to data interleav 
ally , when using a system inserting and transmitting known 25 ing . More specifically , FIG . 7 illustrates an example of 118 
data in the data group , wherein the known data are known data packets being allocated to a data group . FIG . 7 shows 
based upon an agreement between the transmitting system an example of a data group consisting of 118 data packets , 
and the receiving system , and when consecutively long wherein , based upon a reference packet ( e.g. , a 1 “ packet ( or 
known data are to be periodically inserted in the mobile data segment ) or 157th packet ( or data segment ) after a field 
service data , the known data having a predetermined length 30 synchronization signal ) , when allocating data packets to a 
may be periodically inserted in the region having no inter VSB frame , 37 packets are included before the reference 
ference from the main service data ( i.e. , a region wherein the packet and 81 packets ( including the reference packet ) are 
main service data are not mixed ) . However , due to interfer included afterwards . In other words , with reference FIG . 
ence from the main service data , it is difficult to periodically 5 , a field synchronization signal is placed ( or assigned ) 
insert known data and also to insert consecutively long 35 between MPH block 2 ( B2 ) and MPH block 3 ( B3 ) . Accord 
known data to a region having interference from the main ingly , this indicates that the slot has an off - set of 37 data 
service data . packets with respect to the corresponding VSB field . The 

Referring to FIG . 5 , MPH block 4 ( B4 ) to MPH block 7 size of the data groups , number of hierarchical regions 
( B7 ) correspond to regions without interference of the main within the data group , the size of each region , the number of 
service data . MPH block 4 ( B4 ) to MPH block 7 ( B7 ) within 40 MPH blocks included in each region , the size of each MPH 
the data group shown in FIG . 5 correspond to a region where block , and so on described above are merely exemplary . 
no interference from the main service data occurs . In this Therefore , the present invention will not be limited to the 
example , a long known data sequence is inserted at both the examples described above . 
beginning and end of each MPH block . In the description of FIG . 9 illustrates an exemplary assignment order of data 
the present invention , the region including MPH block 4 45 groups being assigned to one of 5 sub - frames , wherein the 
( B4 ) to MPH block 7 ( B7 ) will be referred to as “ region A 5 sub - frames configure an MPH frame . For example , the 
( FB4 + B5 + B6 + B7 ) " . As described above , when the data method of assigning data groups may be identically applied 
group includes region A having a long known data sequence to all MPH frames or differently applied to each MPH frame . 
inserted at both the beginning and end of each MPH block , Furthermore , the method of assigning data groups may be 
the receiving system is capable of performing equalization 50 identically applied to all sub - frames or differently applied to 
by using the channel information that can be obtained from each sub - frame . At this point , when it is assumed that the 
the known data . Therefore , the strongest equalizing perfor data groups are assigned using the same method in all 
mance may be yielded ( or obtained ) from one of region A to sub - frames of the corresponding MPH frame , the total 
region D. number of data groups being assigned to an MPH frame is 

In the example of the data group shown in FIG . 5 , MPH 55 equal to a multiple of “ 5 ' . According to the embodiment of 
block 3 ( B3 ) and MPH block 8 ( B8 ) correspond to a region the present invention , a plurality of consecutive data groups 
having little interference from the main service data . Herein , is assigned to be spaced as far apart from one another as 
a long known data sequence is inserted in only one side of possible within the MPH frame . Thus , the system can be 
each MPH block B3 and B8 . More specifically , due to the capable of responding promptly and effectively to any burst 
interference from the main service data , a long known data 60 error that may occur within a sub - frame . 
sequence is inserted at the end of MPH block 3 ( B3 ) , and For example , when it is assumed that 3 data groups are 
another long known data sequence is inserted at the begin assigned to a sub - frame , the data groups are assigned to a 1st 
ning of MPH block 8 ( B8 ) . In the present invention , the slot ( Slot # 0 ) , a 5th slot ( Slot # 4 ) , and a 9th slot ( Slot # 8 ) in 
region including MPH block 3 ( B3 ) and MPH block 8 ( B8 ) the sub - frame , respectively . FIG . 9 illustrates an example of 
will be referred to as “ region BC = B3 + B8 ) " . As described 65 assigning 16 data groups in one sub - frame using the above 
above , when the data group includes region B having a long described pattern ( or rule ) . In other words , each data group 
known data sequence inserted at only one side ( beginning or is serially assigned to 16 slots corresponding to the follow 
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ing numbers : 0 , 8 , 4 , 12 , 1 , 9 , 5 , 13 , 2 , 10 , 6 , 14 , 3 , 11 , 7 , of the secondary RS frame for regions C / D are assigned and 
and 15. Equation 1 below shows the above - described rule transmitted to regions C / D of the corresponding data group . 
( or pattern ) for assigning data groups in a sub - frame . Additionally , one RS frame transmits one ensemble . 

j = ( 41 + 0 ) mod 16 Equation 1 Herein , the ensemble is a collection of services requiring the 
same quality of service ( POS ) and being encoded with the 0-0 if i < 4 , 

0 = 2 else if i < 8 , same FEC codes . More specifically , when one parade is 
configured of one RS frame , then one parade transmits one Herein , 

0 = 1 else if i < 12 , ensemble . Conversely , when one parade is configured of two 
0 = 3 else . RS frames , i.e. , when one parade is configured of a primary 
Herein , j indicates the slot number within a sub - frame . RS frame and a secondary RS frame , then one parade 

The value of j may range from 0 to 15 ( i.e. , Osjs15 ) . Also , transmits two ensembles ( i.e. , a primary ensemble and a 
variable i indicates the data group number . The value of i secondary ensemble ) . More specifically , the primary 
may range from 0 to 15 ( i.e. , Osis15 ) . ensemble is transmitted through a primary RS frame of a 

In the present invention , a collection of data groups 15 parade , and the secondary ensemble is transmitted through 
included in a MPH frame will be referred to as a “ parade ” . a secondary RS frame of a parade . The RS frame is a 
Based upon the RS frame mode , the parade transmits data of 2 - dimensional data frame through which an ensemble is 
at least one specific RS frame . The mobile service data RS - CRC encoded . 
within one RS frame may be assigned either to all of regions As described in the assignment of data groups , the parades 
A / B / C / D within the corresponding data group , or to at least 20 are also assigned to be spaced as far apart from one another 
one of regions A / B / C / D . In the embodiment of the present as possible within the sub - frame . Thus , the system can be 
invention , the mobile service data within one RS frame may capable of responding promptly and effectively to any burst 
be assigned either to all of regions A / B / C / D , or to at least error that may occur within a sub - frame . Furthermore , the 
one of regions A / B and regions C / D . If the mobile service method of assigning parades may be identically applied to 
data are assigned to the latter case ( i.e. , one of regions A / B 25 all sub - frames or differently applied to each sub - frame . 
and regions C / D ) , the RS frame being assigned to regions According to the embodiment of the present invention , the 
A / B and the RS frame being assigned to regions C / D within parades may be assigned differently for each MPH frame 
the corresponding data group are different from one another . and identically for all sub - frames within an MPH frame . 

In the description of the present invention , the RS frame More specifically , the MPH frame structure may vary by being assigned to regions A / B within the corresponding data 30 MPH frame units . Thus , an ensemble rate may be adjusted 
group will be referred to as a “ primary RS frame ” , and the on a more frequent and flexible basis . 
RS frame being assigned to regions C / D within the corre FIG . 10 illustrates an example of multiple data groups of 
sponding data group will be referred to as a “ secondary RS a single parade being assigned ( or allocated ) to an MPH 
frame ” , for simplicity . Also , the primary RS frame and the frame . More specifically , FIG . 10 illustrates an example of 
secondary RS frame form ( or configure ) one parade . More 35 a plurality of data groups included in a single parade , 
specifically , when the mobile service data within one RS wherein the number of data groups included in a sub - frame frame are assigned either to all of regions A / B / C / D within is equal to “ 3 ” , being allocated to an MPH frame . Referring 
the corresponding data group , one parade transmits one RS to FIG . 10 , 3 data groups are sequentially assigned to a 
frame . Conversely , when the mobile service data within one sub - frame at a cycle period of 4 slots . Accordingly , when 
RS frame are assigned either to at least one of regions A / B 40 this process is equally performed in the 5 sub - frames 
and regions C / D , one parade may transmit up to 2 RS included in the corresponding MPH frame , 15 data groups 
frames . More specifically , the RS frame mode indicates are assigned to a single MPH frame . Herein , the 15 data 
whether a parade transmits one RS frame , or whether the groups correspond to data groups included in a parade . 
parade transmits two RS frames . Table 1 below shows an Therefore , since one sub - frame is configured of 4 VSB example of the RS frame mode . 45 frame , and since 3 data groups are included in a sub - frame , 

the data group of the corresponding parade is not assigned 
TABLE 1 to one of the 4 VSB frames within a sub - frame . 

For example , when it is assumed that one parade transmits 
one RS frame , and that a RS frame encoder located in a later ( 2 bits ) Description 50 block performs RS - encoding on the corresponding RS 

There is only one primary RS frame for all frame , thereby adding 24 bytes of parity data to the corre group regions 
There are two separate RS frames . sponding RS frame and transmitting the processed RS 
Primary RS frame for group regions A and B frame , the parity data occupy approximately 11.37 % ( 24 ) 
Secondary RS frame for group regions C and D ( 187 + 24 ) x100 ) of the total code word length . Meanwhile , 

55 when one sub - frame includes 3 data groups , and when the 
data groups included in the parade are assigned , as shown in 
FIG . 10 , a total of 15 data groups form an RS frame . 

Table 1 illustrates an example of allocating 2 bits in order Accordingly , even when an error occurs in an entire data 
to indicate the RS frame mode . For example , referring to group due to a burst noise within a channel , the percentile is 
Table 1 , when the RS frame mode value is equal to ‘ 00 ' , this 60 merely 6.67 % ( = 1 / 15x100 ) . Therefore , the receiving system 
indicates that one parade transmits one RS frame . And , when may correct all errors by performing an erasure RS decoding 
the RS frame mode value is equal to ' 01 ' , this indicates that process . More specifically , when the erasure RS decoding is 
one parade transmits two RS frames , i.e. , the primary RS performed , a number of channel errors corresponding to the 
frame and the secondary RS frame . More specifically , when number of RS parity bytes may be corrected . By doing so , 
the RS frame mode value is equal to ' 01 ' , data of the primary 65 the receiving system may correct the error of at least one 
RS frame for regions A / B are assigned and transmitted to data group within one parade . Thus , the minimum burst 
regions A / B of the corresponding data group . Similarly , data noise length correctable by a RS frame is over 1 VSB frame . 

RS frame mode 

00 
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Meanwhile , when data groups of a parade are assigned as broadcast station , and the transmitter 200 is located in a site 
described above , either main service data may be assigned placed at a predetermined distance from the studio . The 
between each data group , or data groups corresponding to transmitter 200 may be located in a plurality of different 
different parades may be assigned between each data group . locations . Also , for example , the plurality of transmitters 
More specifically , data groups corresponding to multiple 5 may share the same frequency . And , in this case , the 
parades may be assigned to one MPH frame . Basically , the plurality of transmitters receives the same signal . Accord 
method of assigning data groups corresponding to multiple ingly , in the receiving system , a channel equalizer may 
parades is very similar to the method of assigning data compensate signal distortion , which is caused by a reflected 
groups corresponding to a single parade . In other words , wave , so as to recover the original signal . In another 
data groups included in other parades that are to be assigned 10 example , the plurality of transmitters may have different 
to an MPH frame are also respectively assigned according to frequencies with respect to the same channel . 
a cycle period of 4 slots . At this point , data groups of a A variety of methods may be used for data communica 
different parade may be sequentially assigned to the respec tion each of the transmitters , which are located in remote 
tive slots in a circular method . Herein , the data groups are positions , and the service multiplexer . For example , an 
assigned to slots starting from the ones to which data groups 15 interface standard such as a synchronous serial interface for 
of the previous parade have not yet been assigned . For transport of MPEG - 2 data ( SMPTE - 310M ) . In the SMPTE 
example , when it is assumed that data groups corresponding 310M interface standard , a constant data rate is decided as 
to a parade are assigned as shown in FIG . 10 , data groups an output data rate of the service multiplexer . For example , 
corresponding to the next parade may be assigned to a in case of the 8VSB mode , the output data rate is 19.39 
sub - frame starting either from the 12th slot of a sub - frame . 20 Mbps , and , in case of the 16VSB mode , the output data rate 
However , this is merely exemplary . In another example , the is 38.78 Mbps . Furthermore , in the conventional 8VSB 
data groups of the next parade may also be sequentially mode transmitting system , a transport stream ( TS ) packet 
assigned to a different slot within a sub - frame at a cycle having a data rate of approximately 19.39 Mbps may be 
period of 4 slots starting from the 3rd slot . transmitted through a single physical channel . Also , in the 

FIG . 11 illustrates an example of transmitting 3 parades 25 transmitting system according to the present invention pro 
( Parade # 0 , Parade # 1 , and Parade # 2 ) to an MPH frame . vided with backward compatibility with the conventional 
More specifically , FIG . 11 illustrates an example of trans transmitting system , additional encoding is performed on the 
mitting parades included in one of 5 sub - frames , wherein the mobile service data . Thereafter , the additionally encoded 
5 sub - frames configure one MPH frame . When the 1st parade mobile service data are multiplexed with the main service 
( Parade # 0 ) includes 3 data groups for each sub - frame , the 30 data to a TS packet form , which is then transmitted . At this 
positions of each data groups within the sub - frames may be point , the data rate of the multiplexed TS packet is approxi 
obtained by substituting values “ O’to “ 2 ' for i in Equation 1 . mately 19.39 Mbps . 
More specifically , the data groups of the 1st parade ( Parade At this point , the service multiplexer 100 receives at least 
# 0 ) are sequentially assigned to the 1st , 5th , and oth slots ( Slot one type of mobile service data and program specific infor 
# 0 , Slot # 4 , and Slot # 8 ) within the sub - frame . Also , when 35 mation / program and system information protocol ( PSI / 
the 2nd parade includes 2 data groups for each sub - frame , the PSIP ) table data for each mobile service so as to encapsulate 
positions of each data groups within the sub - frames may be the received data to each TS packet . Also , the service 
obtained by substituting values “ 3 and 4 ' for i in Equation multiplexer 100 receives at least one type of main service 
1. More specifically , the data groups of the 2nd parade data and PSI / PSIP table data for each main service and 
( Parade # 1 ) are sequentially assigned to the 2nd and 12th slots 40 encapsulates the received data to a transport stream ( TS ) 
( Slot # 3 and Slot # 11 ) within the sub - frame . Finally , when packet . Subsequently , the TS packets are multiplexed 
the 3rd parade includes 2 data groups for each sub - frame , the according to a predetermined multiplexing rule and outputs 
positions of each data groups within the sub - frames may be the multiplexed packets to the transmitter 200 . 
obtained by substituting values “ 5 ' and ' 6 ' for i in Equation Service Multiplexer 
1. More specifically , the data groups of the 3rd parade 45 FIG . 14 illustrates a block diagram showing an example 
( Parade # 2 ) are sequentially assigned to the 7th and 11th slots of the service multiplexer . The service multiplexer includes 
( Slot # 6 and Slot # 10 ) within the sub - frame . a controller 110 for controlling the overall operations of the 
As described above , data groups of multiple parades may service multiplexer , a PSI / PSIP generator 120 for the main 

be assigned to a single MPH frame , and , in each sub - frame , service , a PSI / PSIP generator 130 for the mobile service , a 
the data groups are serially allocated to a group space having 50 null packet generator 140 , a mobile service multiplexer 150 , 
4 slots from left to right . Therefore , a number of groups of and a transport multiplexer 160 . 
one parade per sub - frame ( NOG ) may correspond to any one The transport multiplexer 160 may include a main service 
integer from ' 1 ' to 8 ’ . Herein , since one MPH frame multiplexer 161 and a transport stream ( TS ) packet multi 
includes 5 sub - frames , the total number of data groups plexer 162 
within a parade that can be allocated to an MPH frame may 55 Referring to FIG . 14 , at least one type of compression 
correspond to any one multiple of “ 5 ' ranging from “ 5 ' to encoded main service data and the PSI / PSIP table data 
40 ' . generated from the PSI / PSIP generator 120 for the main 
FIG . 12 illustrates an example of expanding the assign service are inputted to the main service multiplexer 161 of 

ment process of 3 parades , shown in FIG . 11 , to 5 sub - frames the transport multiplexer 160. The main service multiplexer 
within an MPH frame . 60 161 encapsulates each of the inputted main service data and 
General Description of the Transmitting System PSI / PSIP table data to MPEG - 2 TS packet forms . Then , the 

FIG . 13 illustrates a block diagram showing a general MPEG - 2 TS packets are multiplexed and outputted to the TS 
structure of a digital broadcast transmitting system accord packet multiplexer 162. Herein , the data packet being out 
ing to an embodiment of the present invention . putted from the main service multiplexer 161 will be 

Herein , the digital broadcast transmitting includes a ser- 65 referred to as a main service data packet for simplicity . 
vice multiplexer 100 and a transmitter 200. Herein , the Thereafter , at least one type of the compression encoded 
service multiplexer 100 is located in the studio of each mobile service data and the PSI / PSIP table data generated 
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from the PSI / PSIP generator 130 for the mobile service are More specifically , in order to match the output data rate of 
inputted to the mobile service multiplexer 150 . the mobile service multiplexer 150 to a constant data rate , 

The mobile service multiplexer 150 encapsulates each of the null packet generator 140 generates null data packets , 
the inputted mobile service data and PSI / PSIP table data to which are then outputted to the mobile service multiplexer 
MPEG - 2 TS packet forms . Then , the MPEG - 2 TS packets 5 150 . 
are multiplexed and outputted to the TS packet multiplexer For example , when the service multiplexer 100 assigns K 
162. Herein , the data packet being outputted from the mobile Mbps of the 19.39 Mbps to the mobile service data , and 
service multiplexer 150 will be referred to as a mobile when the remaining ( 19.39 - K ) Mbps is , therefore , assigned 
service data packet for simplicity . to the main service data , the data rate of the mobile service 
At this point , the transmitter 200 requires identification 10 data that are multiplexed by the service multiplexer 100 

information in order to identify and process the main service actually becomes lower than K Mbps . This is because , in 
data packet and the mobile service data packet . Herein , the case of the mobile service data , the pre - processor of the 
identification information may use values pre - decided in transmitting system performs additional encoding , thereby 
accordance with an agreement between the transmitting increasing the amount of data . Eventually , the data rate of 
system and the receiving system , or may be configured of a 15 the mobile service data , which may be transmitted from the 
separate set of data , or may modify predetermined location service multiplexer 100 , becomes smaller than K Mbps . 
value with in the corresponding data packet . For example , since the pre - processor of the transmitter 
As an example of the present invention , a different packet performs an encoding process on the mobile service data at 

identifier ( PID ) may be assigned to identify each of the main a coding rate of at least 1/2 , the amount of the data outputted 
service data packet and the mobile service data packet . 20 from the pre - processor is increased to more than twice the 

In another example , by modifying a synchronization data amount of the data initially inputted to the pre - processor . 
byte within a header of the mobile service data , the service Therefore , the sum of the data rate of the main service data 
data packet may be identified by using the synchronization and the data rate of the mobile service data , both being 
data byte value of the corresponding service data packet . For multiplexed by the service multiplexer 100 , becomes either 
example , the synchronization byte of the main service data 25 equal to or smaller than 19.39 Mbps . 
packet directly outputs the value decided by the TSO / Therefore , in order to match the data rate of the data that 
IEC13818-1 standard ( i.e. , 0x47 ) without any modification . are finally outputted from the service multiplexer 100 to a 
The synchronization byte of the mobile service data packet constant data rate ( e.g. , 19.39 Mbps ) , an amount of null data 
modifies and outputs the value , thereby identifying the main packets corresponding to the amount of lacking data rate is 
service data packet and the mobile service data packet . 30 generated from the null packet generator 140 and outputted 
Conversely , the synchronization byte of the main service to the mobile service multiplexer 150 . 
data packet is modified and outputted , whereas the synchro Accordingly , the mobile service multiplexer 150 encap 
nization byte of the mobile service data packet is directly sulates each of the mobile service data and the PSI / PSIP 
outputted without being modified , thereby enabling the main table data that are being inputted to a MPEG - 2 TS packet 
service data packet and the mobile service data packet to be 35 form Then , the above - described TS packets are multiplexed 
identified . with the null data packets and , then , outputted to the TS 

A plurality of methods may be applied in the method of packet multiplexer 162 . 
modifying the synchronization byte . For example , each bit Thereafter , the TS packet multiplexer 162 multiplexes the 
of the synchronization byte may be inversed , or only a main service data packet being outputted from the main 
portion of the synchronization byte may be inversed . 40 service multiplexer 161 and the mobile service data packet 

As described above , any type of identification information being outputted from the mobile service multiplexer 150 and 
may be used to identify the main service data packet and the transmits the multiplexed data packets to the transmitter 200 
mobile service data packet . Therefore , the scope of the at a data rate of 19.39 Mbps . 
present invention is not limited only to the example set forth According to an embodiment of the present invention , the 
in the description of the present invention . 45 mobile service multiplexer 150 receives the null data pack 
Meanwhile , a transport multiplexer used in the conven ets . However , this is merely exemplary and does not limit 

tional digital broadcasting system may be used as the the scope of the present invention . In other words , according 
transport multiplexer 160 according to the present invention . to another embodiment of the present invention , the TS 
More specifically , in order to multiplex the mobile service packet multiplexer 162 may receive the null data packets , so 
data and the main service data and to transmit the multi- 50 as to match the data rate of the finally outputted data to a 
plexed data , the data rate of the main service is limited to a constant data rate . Herein , the output path and multiplexing 
data rate of ( 19.39 - K ) Mbps . Then , K Mbps , which corre rule of the null data packet is controlled by the controller 
sponds to the remaining data rate , is assigned as the data rate 110. The controller 110 controls the multiplexing processed 
of the mobile service . Thus , the transport multiplexer which performed by the mobile service multiplexer 150 , the main 
is already being used may be used as it is without any 55 service multiplexer 161 of the transport multiplexer 160 , and 
modification . the TS packet multiplexer 162 , and also controls the null 

Herein , the transport multiplexer 160 multiplexes the data packet generation of the null packet generator 140. At 
main service data packet being outputted from the main this point , the transmitter 200 discards the null data packets 
service multiplexer 161 and the mobile service data packet transmitted from the service multiplexer 100 instead of 
being outputted from the mobile service multiplexer 150. 60 transmitting the null data packets . 
Thereafter , the transport multiplexer 160 transmits the mul Further , in order to allow the transmitter 200 to discard the 
tiplexed data packets to the transmitter 200 . null data packets transmitted from the service multiplexer 
However , in some cases , the output data rate of the mobile 100 instead of transmitting them , identification information 

service multiplexer 150 may not be equal to K Mbps . In this for identifying the null data packet is required . Herein , the 
case , the mobile service multiplexer 150 multiplexes and 65 identification information may use values pre - decided in 
outputs null data packets generated from the null packet accordance with an agreement between the transmitting 
generator 140 so that the output data rate can reach K Mbps . system and the receiving system . For example , the value of 
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the synchronization byte within the header of the null data tion on how the main service data and the mobile service 
packet may be modified so as to be used as the identification data or various types of mobile service data are multiplexed . 
information . Alternatively , a transport_error_indicator flag The information included in the transmission parameter 
may also be used as the identification information . are merely exemplary to facilitate the understanding of the 

In the description of the present invention , an example of 5 present invention . And , the adding and deleting of the 
using the transport_error_indicator flag as the identification information included in the transmission parameter may be 
information will be given to describe an embodiment of the easily modified and changed by anyone skilled in the art . 
present invention . In this case , the transport_error_indicator Therefore , the present invention is not limited to the 
flag of the null data packet is set to ‘ l ’ , and the transport_ examples proposed in the description set forth herein . 

Furthermore , the transmission parameters may be pro error_indicator flag of the remaining data packets are reset vided from the service multiplexer 100 to the transmitter to ' 0 ' , so as to identify the null data packet . More specifi 
cally , when the null packet generator 140 generates the null 200. Alternatively , the transmission parameters may also be 

set up by an internal controller ( not shown ) within the data packets , if the transport_error_indicator flag from the transmitter 200 or received from an external source . 
header field of the null data packet is set to ‘ l’and then 15 Transmitter 
transmitted , the null data packet may be identified and ; FIG . 15 illustrates a block diagram showing an example 
therefore , be discarded . In the present invention , any type of of the transmitter 200 according to an embodiment of the 
identification information for identifying the null data pack present invention . Herein , the transmitter 200 includes a 
ets may be used . Therefore , the scope of the present inven controller 200 , a demultiplexer 210 , a packet jitter mitigator 
tion is not limited only to the examples set forth in the 20 220 , a pre - processor 230 , a packet multiplexer 240 , a 
description of the present invention . post - processor 250 , a synchronization ( sync ) multiplexer 

According to another embodiment of the present inven 260 , and a transmission unit 270. Herein , when a data packet 
tion , a transmission parameter may be included in at least a is received from the service multiplexer 100 , the demulti 
portion of the null data packet , or at least one table or an plexer 210 should identify whether the received data packet 
operations and maintenance ( OM ) packet ( or OMP ) of the 25 corresponds to a main service data packet , a mobile service 
PSI / PSIP table for the mobile service . In this case , the data packet , or a null data packet . For example , the demul 
transmitter 200 extracts the transmission parameter and tiplexer 210 uses the PID within the received data packet so 
outputs the extracted transmission parameter to the corre as to identify the main service data packet and the mobile 
sponding block and also transmits the extracted parameter to service data packet . Then , the demultiplexer 210 uses a 
the receiving system if required . More specifically , a packet 30 transport_error_indicator field to identify the null data 
referred to as an OMP is defined for the purpose of operating packet . The main service data packet identified by the 
and managing the transmitting system . For example , the demultiplexer 210 is outputted to the packet jitter mitigator 
OMP is configured in accordance with the MPEG - 2 TS 220 , the mobile service data packet is outputted to the 
packet format , and the corresponding PID is given the value pre - processor 230 , and the null data packet is discarded . If 
of 0x1FFA . The OMP is configured of a 4 - byte header and 35 a transmission parameter is included in the null data packet , 
a 184 - byte payload . Herein , among the 184 bytes , the first then the transmission parameter is first extracted and out 
byte corresponds to an OM_type field , which indicates the putted to the corresponding block . Thereafter , the null data 
type of the OM packet . packet is discarded . 

In the present invention , the transmission parameter may The pre - processor 230 performs an additional encoding 
be transmitted in the form of an OMP . And , in this case , 40 process of the mobile service data included in the service 
among the values of the reserved fields within the OM_type data packet , which is demultiplexed and outputted from the 
field , a pre - arranged value is used , thereby indicating that demultiplexer 210. The pre - processor 230 also performs a 
the transmission parameter is being transmitted to the trans process of configuring a data group so that the data group 
mitter 200 in the form of an OMP . More specifically , the may be positioned at a specific place in accordance with the 
transmitter 200 may find ( or identify ) the OMP by referring 45 purpose of the data , which are to be transmitted on a 
to the PID . Also , by parsing the OM_type field within the transmission frame . This is to enable the mobile service data 
OMP , the transmitter 200 can verify whether a transmission to respond swiftly and strongly against noise and channel 
parameter is included after the OM_type field of the corre changes . The pre - processor 230 may also refer to the trans 
sponding packet . The transmission parameter corresponds to mission parameter when performing the additional encoding 
supplemental data required for processing mobile service 50 process . Also , the pre - processor 230 groups a plurality of 
data from the transmitting system and the receiving system . mobile service data packets to configure a data group . 

The transmission parameter corresponds to supplemental Thereafter , known data , mobile service data , RS parity data , 
data required for processing mobile service data from the and MPEG header are allocated to pre - determined regions 
transmitting system and the receiving system . Herein , the within the data group . 
transmission parameter may include data group information , 55 Pre - Processor within Transmitter 
region information within the data group , block information , FIG . 16 illustrates a block diagram showing the structure 
RS frame information , super frame information , MPH frame of a pre - processor 230 according to the present invention . 
information , parade information , ensemble information , Herein , the pre - processor 230 includes an MPH frame 
information associated with serial concatenated convolution encoder 301 , a block processor 302 , a group formatter 303 , 
code ( SCCC ) , and RS code information . The significance of 60 a signaling encoder 304 , and a packet formatter 305. The 
some information within the transmission parameters has MPH frame encoder 301 , which is included in the pre 
already been described in detail . Descriptions of other processor 230 having the above - described structure , data 
information that have not yet been described will be in detail randomizes the mobile service data that are inputted to the 
in a later process . demultiplexer 210 , thereby creating a RS frame . Then , the 

The transmission parameter may also include information 65 MPH frame encoder 301 performs an encoding process for 
on how signals of a symbol domain are encoded in order to error correction in RS frame units . The MPH frame encoder 
transmit the mobile service data , and multiplexing informa 301 may include at least one RS frame encoder . More 
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specifically , RS frame encoders may be provided in parallel , More specifically , the data randomizer 411 of the primary 
wherein the number of RS frame encoders is equal to the encoder 410 receives mobile service data of a primary 
number of parades within the MPH frame . As described ensemble outputted from the output demultiplexer ( DE 
above , the MPH frame is a basic time cycle period for MUX ) 309. Then , after randomizing the received mobile 
transmitting at least one parade . Also , each parade consists 5 service data , the data randomizer 411 outputs the random 
of one or two RS frames . ized data to the RS - CRC encoder 412. At this point , since the 

FIG . 17 illustrates a conceptual block diagram of the data randomizer 411 performs the randomizing process on 
MPH frame encoder 301 according to an embodiment of the the mobile service data , the randomizing process that is to be 
present invention . The MPH frame encoder 301 includes an performed by the data randomizer 251 of the post - processor 
input demultiplexer ( DEMUX ) 309 , M number of RS frame 10 250 on the mobile service data may be omitted . The data 
encoders 310 to 31M - 1 , and an output multiplexer ( MUX ) randomizer 411 may also discard the synchronization byte 
320. Herein , M represent the number of parades included in within the mobile service data packet and perform the 
one MPH frame . The input demultiplexer ( DEMUX ) 309 randomizing process . This is an option that may be chosen 
splits input ensembles . Then , the split input ensembles by the system designer . In the example given in the present 
decide the RS frame to which the ensembles are to be 15 invention , the randomizing process is performed without inputted . Thereafter , the inputted ensembles are outputted to discarding the synchronization byte within the correspond 
the respective RS frame . At this point , an ensemble may be ing mobile service data packet . 
mapped to each RS frame encoder or parade . For example , The RS - CRC encoder 412 uses at least one of a Reed 
when one parade configures one RS frame , the ensembles , Solomon ( RS ) code and a cyclic redundancy check ( CRC ) 
RS frames , and parades may each be mapped to be in a 20 code , so as to perform forward error collection ( FEC ) 
one - to - one ( 1 : 1 ) correspondence with one another . More encoding on the randomized primary ensemble , thereby 
specifically , the data in one ensemble configure a RS frame . forming a primary RS frame . Therefore , the RS - CRC 
And , a RS frame is divided into a plurality of data groups . encoder 412 outputs the newly formed primary RS frame to 
Based upon the RS frame mode of Table 1 , the data within the RS frame divider 413. The RS - CRC encoder 412 groups 
one RS frame may be assigned either to all of regions 25 a plurality of mobile service data packets that is randomized 
A / B / C / D within multiple data groups , or to at least one of and inputted , so as to create a RS frame . Then , the RS - CRC 
regions A / B and regions C / D within multiple data groups . encoder 412 performs at least one of an error correction 
When the RS frame mode value is equal to ' 01 ' , i.e. , when encoding process and an error detection encoding process in 

the data of the primary RS frame are assigned to regions A / B RS frame units . Accordingly , robustness may be provided to 
of the corresponding data group and data of the secondary 30 the mobile service data , thereby scattering group error that 
RS frame are assigned to regions C / D of the corresponding may occur during changes in a frequency environment , 
data group , each RS frame encoder creates a primary RS thereby enabling the mobile service data to respond to the 
frame and a secondary RS frame for each parade . Con frequency environment , which is extremely vulnerable and 
versely , when the RS frame mode value is equal to ' 00 ' , liable to frequent changes . Also , the RS - CRC encoder 412 
when the data of the primary RS frame are assigned to all of 35 groups a plurality of RS frame so as to create a super frame , 
regions A / B / C / D , each RS frame encoder creates a RS frame thereby performing a row permutation process in super 
( i.e. , a primary RS frame ) for each parade . Also , each RS frame units . The row permutation process may also be 
frame encoder divides each RS frame into several portions . referred to as a “ row interleaving process ” . Hereinafter , the 
Each portion of the RS frame is equivalent to a data amount process will be referred to as “ row permutation ” for sim 
that can be transmitted by a data group . 40 plicity . 

The output multiplexer ( MUX ) 320 multiplexes portions More specifically , when the RS - CRC encoder 412 per 
within M number of RS frame encoders 310 to 310M - 1 are forms the process of permuting each row of the super frame 
multiplexed and then outputted to the block processor 302 . in accordance with a pre - determined rule , the position of the 
For example , if one parade transmits two RS frames , por rows within the super frame before and after the row 
tions of primary RS frames within M number of RS frame 45 permutation process is changed . If the row permutation 
encoders 310 to 310M - 1 are multiplexed and outputted . process is performed by super frame units , and even though 
Thereafter , portions of secondary RS frames within M the section having a plurality of errors occurring therein 
number of RS frame encoders 310 to 310M - 1 are multi becomes very long , and even though the number of errors 
plexed and transmitted . The input demultiplexer ( DEMUX ) included in the RS frame , which is to be decoded , exceeds 
309 and the output multiplexer ( MUX ) 320 operate based 50 the extent of being able to be corrected , the errors become 
upon the control of the control unit 200. The control unit 200 dispersed within the entire super frame . Thus , the decoding 
may provide necessary ( or required ) FEC modes to each RS ability is even more enhanced as compared to a single RS 
frame encoder . The FEC mode includes the RS code mode , frame . 
which will be described in detail in a later process . At this point , as an example of the present invention , 

FIG . 18 illustrates a detailed block diagram of an RS 55 RS - encoding is applied for the error correction encoding 
frame encoder among a plurality of RS frame encoders process , and a cyclic redundancy check ( CRC ) encoding is 
within an MPH frame encoder . One RS frame encoder may applied for the error detection process in the RS - CRC 
include a primary encoder 410 and a secondary encoder 420 . encoder 412. When performing the RS - encoding , parity data 
Herein , the secondary encoder 420 may or may not operate that are used for the error correction are generated . And , 
based upon the RS frame mode . For example , when the RS 60 when performing the CRC encoding , CRC data that are used 
frame mode value is equal to ' 00 ' , as shown in Table 1 , the for the error detection are generated . The CRC data gener 
secondary encoder 420 does not operate . The primary ated by CRC encoding may be used for indicating whether 
encoder 410 may include a data randomizer 411 , a Reed or not the mobile service data have been damaged by the 
Solomon - cyclic redundancy check ( RS - CRC ) encoder errors while being transmitted through the channel . In the 
( 412 ) , and a RS frame divider 413. And , the secondary 65 present invention , a variety of error detection coding meth 
encoder 420 may also include a data randomizer 421 , ods other than the CRC encoding method may be used , or 
RS - CRC encoder ( 422 ) , and a RS frame divider 423 . the error correction coding method may be used to enhance 
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the overall error correction ability of the receiving system . TABLE 2 - continued 
Herein , the RS - CRC encoder 412 refers to a pre - determined 
transmission parameter provided by the control unit 200 
and / or a transmission parameter provided from the service for Region A for Region B for Region C for Region D 
multiplexer 100 so as to perform operations including RS 5 
frame configuration , RS encoding , CRC encoding , super 
frame configuration , and row permutation in super frame 
units . 

FIG . 19 illustrates a process of one or two RS frame being 
divided into several portions , based upon an RS frame mode 10 
value , and a process of each portion being assigned to a 6771 corresponding region within the respective data group . More 6285 
specifically , FIG . 19 ( a ) shows an example of the RS frame 
mode value being equal to ' 00 ' . Herein , only the primary 
encoder 410 of FIG . 18 operates , thereby forming one RS 15 
frame for one parade . Then , the RS frame is divided into 
several portions , and the data of each portion are assigned to Others Reserved 
regions A / B / C / D within the respective data group . FIG . 
19 ( b ) shows an example of the RS frame mode value being 
equal to ' 01 ' . Herein , both the primary encoder 410 and the Table 2 shows an example of the PL values for each data 
secondary encoder 420 of FIG . 18 operate , thereby forming group within an RS frame , wherein each PL value varies two RS frames for one parade , i.e. , one primary RS frame depending upon the SCCC outer code mode , when the RS and one secondary RS frame . Then , the primary RS frame is frame mode value is equal to ' 00 ' , and when the SCCC divided into several portions , and the secondary RS frame is 
divided into several portions . At this point , the data of each block mode value is equal to ' 00 ' . For example , when it is 
portion of the primary RS frame are assigned to regions A / B 25 assumed that each SCCC outer code mode value of regions 
within the respective data group . And , the data of each A / B / C / D within the data group is equal to ' 00 ' ( i.e. , the 
portion of the secondary RS frame are assigned to regions block processor 302 of a later block performs encoding at a 
C / D within the respective data group . coding rate of 1/2 ) , the PL value within each data group of the 
Detailed Description of the RS Frame corresponding RS frame may be equal to 9624 bytes . More 

FIG . 20 ( a ) illustrates an example of an RS frame being 30 specifically , 9624 bytes of mobile service data within one RS generated from the RS - CRC encoder 412 according to the frame may be assigned to regions A / B / C / D of the corre present invention . According to this embodiment , in the RS sponding data group . frame , the length of a column ( i.e. , number of rows ) is set to 
187 bytes , and the length of a row ( i.e. , number of column ) TABLE 3 is set to N bytes . At this point , the value of N , which 35 
corresponds to the number of columns within an RS frame , 
can be decided according to Equation 2 . 
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Table 3 shows an example of the PL values for each data 
Herein , NoG indicates the number of data groups group within an RS frame , wherein each PL value varies 

assigned to a sub - frame . PL represents the number of SCCC depending upon the SCCC outer code mode , when the RS 
payload data bytes assigned to a data group . And , P signifies 45 frame mode value is equal to ' 00 ' , and when the SCCC 
the number of RS parity data bytes added to each column of block mode value is equal to ' 01 ' . 
the RS frame . Finally , [ X ] is the greatest integer that is equal 
to or smaller than X. TABLE 4 More specifically , in Equation 2 , PL corresponds to the 
length of an RS frame portion . The value of PL is equivalent 50 
to the number of SCCC payload data bytes that are assigned 
to the corresponding data group . Herein , the value of PL for Region A for Region B 

may vary depending upon the RS frame mode , SCCC block 
mode , and SCCC outer code mode . Table 2 to Table 5 below 
respectively show examples of PL values , which vary in 
accordance with the RS frame mode , SCCC block mode , 
and SCCC outer code mode . The SCCC block mode and the 
SCCC outer code mode will be described in detail in a later 
process . Table 4 shows an example of the PL values for each data 

TABLE 2 60 group within a primary RS frame , wherein each PL value 
varies depending upon the SCCC outer code mode , when the 

SCCC outer code mode RS frame mode value is equal to '01 ” , and when the SCCC 
block mode value is equal to ' 00 ' . For example , when each for Region A for Region B for Region C for Region D SCCC outer code mode value of regions A / B is equal to ' 00 ' , 

65 7644 bytes of mobile service data within a primary RS frame 
may be assigned to regions A / B of the corresponding data 
group . 
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TABLE 5 derandomizer instead of the RS frame decoder . Therefore , if 
a removable fixed byte ( e.g. , synchronization byte ) does not 
exist within the mobile service data packet that is being 

for Region C for Region D inputted to the RS - CRC encoder 412 , or if the mobile 
5 service data that are being inputted are not configured in a 

packet format , the mobile service data that are being input 
ted are divided into 187 - byte units , thereby configuring a 
packet for each 187 - byte unit . 

Subsequently , N number of packets configured of 187 
bytes is grouped to configure a RS frame . At this point , the 

Table 5 shows an example of the PL values for each data RS frame is configured as a RS frame having the size of 
group within a secondary RS frame , wherein each PL value N ( row ) x187 ( column ) bytes , in which 187 - byte packets are 
varies depending upon the SCCC outer code mode , when the sequentially inputted in a row direction . More specifically , 
RS frame mode value is equal to ‘ 01 ' , and when the SCCC 15 includes 187 bytes . When the RS frame is created , as shown each of the N number of columns included in the RS frame 
block mode value is equal to ' 00 ' . For example , when each 
SCCC outer code mode value of regions C / D is equal to in FIG . 20 ( a ) , the RS - CRC encoder 412 performs a ( Nc , 
' 00 ' , 1980 bytes of mobile service data within a secondary Kc ) -RS encoding process on each column , so as to generate 

Nc - KcE = P ) number of parity bytes . Then , the RS - CRC RS frame may be assigned to regions C / D of the corre 
sponding data group . encoder 412 adds the newly generated P number of parity 

bytes after the very last byte of the corresponding column , According to the embodiment of the present invention , thereby creating a column of ( 187 + P ) bytes . Herein , as the value of N is equal to or greater than 187 ( i.e. , N = 187 ) . shown in FIG . 20 ( a ) , Kc is equal to 187 ( i.e. , Kc = 187 ) , and More specifically , the RS frame of FIG . 20 ( a ) has the size of Nc is equal to 187 + P ( i.e. , Nc = 187 + P ) . Herein , the value of N ( row ) x187 ( column ) bytes . More specifically , the RS - CRC 
encoder 412 first divides the inputted mobile service data 25 below shows an example of an RS code mode , as one of the 

P may vary depending upon the RS code mode . Table 6 
bytes to units of a predetermined length . The predetermined RS encoding information . length is decided by the system designer . And , in the 
example of the present invention , the predetermined length TABLE 6 is equal to 187 bytes , and , therefore , the 187 - byte unit will 
be referred to as a “ packet ” for simplicity . For example , the 30 Number of Parity Bytes ( P ) 
inputted mobile service data may correspond either to an ( 211 , 187 ) MPEG transport stream ( TS ) packet configured of 188 - byte ( 223 , 187 ) units or to an IP datagram . Alternatively , the IP datagram ( 235 , 187 ) 
may be encapsulated to a TS packet of 188 - byte units and , Reserved Reserved 
then , inputted . 
When the mobile service data that are being inputted Table 6 shows an example of 2 bits being assigned in correspond to a MPEG transport packet stream configured of order to indicate the RS code mode . The RS code mode 188 - byte units , the first synchronization byte is removed so represents the number of parity bytes corresponding to the as to configure a 187 - byte unit . Then , N number of packets RS frame . For example , when the RS code mode value is are grouped to form an RS frame . Herein , the synchroniza- 40 equal to ' 10 ' , ( 235,187 ) -RS - encoding is performed on the tion byte is removed because each mobile service data RS frame of FIG . 20 ( a ) , so as to generate 48 parity data packet has the same value . Meanwhile , when the input bytes . Thereafter , the 48 parity bytes are added after the last mobile service data of the RS frame do not correspond to the data byte of the corresponding column , thereby creating a 

MPEG TS packet format , the mobile service data are input column of 235 data bytes . When the RS frame mode value 
ted N number of times in 187 - byte units without being 45 is equal to ' 00'in Table 1 ( i.e. , when the RS frame mode 
processed with the removing of the MPEG synchronization indicates a single RS frame ) , only the RS code mode of the 
byte , thereby creating a RS frame . corresponding RS frame is indicated . However , when the RS 

In addition , when the input data format of the RS frame frame mode value is equal to ' 01 ' in Table 1 ( i.e. , when the 
supports both the input data corresponding to the MPEG TS RS frame mode indicates multiple RS frames ) , the RS code 
packet and the input data not corresponding to the MPEG TS 50 mode corresponding to a primary RS frame and a secondary 
packet , such information may be included in a transmission RS frame . More specifically , it is preferable that the RS code 
parameter transmitted from the service multiplexer 100 , mode is independently applied to the primary RS frame and 
thereby being sent to the transmitter 200. Accordingly , the the secondary RS frame . 
RS - CRC encoder 412 of the transmitter 200 receives this When such RS encoding process is performed on all N 
information to be able to control whether or not to perform 55 number of columns , a RS frame having the size of N ( row ) x 
the process of removing the MPEG synchronization byte . ( 187 + P ) ( column ) bytes may be created , as shown in FIG . 
Also , the transmitter provides such information to the 20 ( b ) . Each row of the RS frame is configured of N bytes . 
receiving system so as to control the process of inserting the However , depending upon channel conditions between the 

transmitting system and the receiving system , error may be MPEG synchronization byte that is to be performed by the included in the RS frame . When errors occur as described 
RS frame decoder of the receiving system . Herein , the 60 above , CRC data ( or CRC code or CRC checksum ) may be process of removing the synchronization byte may be per used on each row unit in order to verify whether error exists 
formed during a randomizing process of the data randomizer in each row unit . The RS - CRC encoder 412 may perform 
411 in an earlier process . In this case , the process of the CRC encoding on the mobile service data being RS encoded removing the synchronization byte by the RS - CRC encoder so as to create ( or generate ) the CRC data . The CRC data 
412 may be omitted . 65 being generated by CRC encoding may be used to indicate 
Moreover , when adding synchronization bytes from the whether the mobile service data have been damaged while 

receiving system , the process may be performed by the data being transmitted through the channel . 

00 
01 
10 
11 

24 
36 
48 

35 



25 

US RE47,857 E 
25 26 

The present invention may also use different error detec When all row permutation processes in super frame units 
tion encoding methods other than the CRC encoding are completed , the super frame is once again divided into G 
method . Alternatively , the present invention may use the number of row - permuted RS frames , as shown in FIG . 
error correction encoding method to enhance the overall 21 ( d ) , and then provided to the RS frame divider 413 . 
error correction ability of the receiving system . FIG . 20 ( c ) 5 Herein , the number of RS parity bytes and the number of 
illustrates an example of using a 2 - byte ( i.e. , 16 - bit ) CRC columns should be equally provided in each of the RS 
checksum as the CRC data . Herein , a 2 - byte CRC checksum frames , which configure a super frame . As described in the is generated for N number of bytes of each row , thereby error correction scenario of a RS frame , in case of the super adding the 2 - byte CRC checksum at the end of the N number frame , a section having a large number of error occurring of bytes . Thus , each row is expanded to ( N + 2 ) number of 10 therein is so long that , even when one RS frame that is to be bytes . Equation 3 below corresponds to an exemplary equa decoded includes an excessive number of errors ( i.e. , to an tion for generating a 2 - byte CRC checksum for each row 
being configured of N number of bytes . extent that the errors cannot be corrected ) , such errors are 

scattered throughout the entire super frame . Therefore , in g ( x ) = x 16 + x12 + x + 1 Equation 3 comparison with a single RS frame , the decoding perfor 
The process of adding a 2 - byte checksum in each row is 15 mance of the super frame is more enhanced . 

only exemplary . Therefore , the present invention is not The above description of the present invention corre 
limited only to the example proposed in the description set sponds to the processes of forming ( or creating ) and encod 
forth herein . As described above , when the process of RS ing an RS frame , when a data group is divided into regions 
encoding and CRC encoding are completed , the ( Nx187 ) A / B / C / D , and when data of an RS frame are assigned to all 
byte RS frame is expanded to a ( N + 2 ) x ( 187 + P ) -byte RS 20 of regions A / B / C / D within the corresponding data group . 
frame . Based upon an error correction scenario of a RS More specifically , the above description corresponds to an frame expanded as described above , the data bytes within embodiment of the present invention , wherein one RS frame the RS frame are transmitted through a channel in a row is transmitted using one parade . In this embodiment , the direction . At this point , when a large number of errors occur secondary encoder 420 does not operate ( or is not active ) . during a limited period of transmission time , errors also 
occur in a row direction within the RS frame being pro Meanwhile , 2 RS frames are transmitting using one 
cessed with a decoding process in the receiving system . parade , the data of the primary RS frame may be assigned 
However , in the perspective of RS encoding performed in a to regions A / B within the data group and be transmitted , and 
column direction , the errors are shown as being scattered . the data of the secondary RS frame may be assigned to 
Therefore , error correction may be performed more effec regions C / D within the data group and be transmitted . At this 
tively . At this point , a method of increasing the number of 30 point , the primary encoder 410 receives the mobile service 
parity data bytes ( P ) may be used in order to perform a more data that are to be assigned to regions A / B within the data 
intense error correction process . However , using this method group , so as to form the primary RS frame , thereby per 
may lead to a decrease in transmission efficiency . Therefore , forming RS - encoding and CRC - encoding . Similarly , the 
a mutually advantageous method is required . Furthermore , secondary encoder 420 receives the mobile service data that 
when performing the decoding process , an erasure decoding 35 are to be assigned to regions C / D within the data group , so 
process may be used to enhance the error correction perfor as to form the secondary RS frame , thereby performing 

RS - encoding and CRC - encoding . More specifically , the 
Additionally , the RS - CRC encoder 412 according to the primary RS frame and the secondary RS frame are created 

present invention also performs a row permutation ( or independently . 
interleaving ) process in super frame units in order to further FIG . 22 illustrates examples of receiving the mobile enhance the error correction performance when error cor service data that are to be assigned to regions A / B within the rection the RS frame . FIG . 21 ( a ) to FIG . 21 ( d ) illustrates an data group , so as to form the primary RS frame , and receives example of performing a row permutation process in super the mobile service data that are to be assigned to regions C / D frame units according to the present invention . More spe 
cifically , G number of RS frames RS - CRC - encoded is within the data group , so as to form the secondary RS frame , 
grouped to form a super frame , as shown in FIG . 21 ( a ) . At 45 thereby performing error correction encoding and error 
this point , since each RS frame is formed of ( N + 2 ) x ( 187 + P ) detection encoding on each of the first and secondary RS 
number of bytes , one super frame is configured to have the frames . More specifically , FIG . 22 ( a ) illustrates an example 
size of ( N + 2 ) x ( 187 + P ) xG bytes . of the RS - CRC encoder 412 of the primary encoder 410 
When a row permutation process permuting each row of receiving mobile service data of the primary ensemble that 

the super frame configured as described above is performed 50 are to be assigned to regions A / B within the corresponding 
based upon a pre - determined permutation rule , the positions data group , so as to create an RS frame having the size of 
of the rows prior to and after being permuted ( or interleaved ) N1 ( row ) x187 ( column ) . Then , in this example , the primary 
within the super frame may be altered . More specifically , the encoder 410 performs RS - encoding on each column of the 
ith row of the super frame prior to the interleaving process , RS frame created as described above , thereby adding P1 
as shown in FIG . 21 ( b ) , is positioned in the jih row of the 55 number of parity data bytes in each column . Finally , the 
same super frame after the row permutation process , as primary encoder 410 performs CRC - encoding on each row , 
shown in FIG . 21 ( c ) . The above - described relation between thereby adding a 2 - byte checksum in each row . 
i and j can be easily understood with reference to a permu FIG . 22 ( b ) illustrates an example of the RS - CRC encoder 
tation rule as shown in Equation 4 below . 422 of the secondary encoder 420 receiving mobile service 

j = G ( i mod ( 187 + P ) ) + [ i / ( 187 + P ) ] 60 data of the secondary ensemble that are to be assigned to 
regions C / D within the corresponding data group , so as to i = ( 187 + P ) ( j mod G ) + Li / G ] Equation 4 create an RS frame having the size of N2 ( row ) x187 ( col 

where Osi , js ( 187 + P ) G - 1 ; or umn ) . Then , in this example , the secondary encoder 420 
where Osi , j < ( 187 + P ) G performs RS - encoding on each column of the RS frame 
Herein , each row of the super frame is configured of 65 created as described above , thereby adding P2 number of 

( N + 2 ) number of data bytes even after being row - permuted parity data bytes in each column . Finally , the secondary 
in super frame units . encoder 420 performs CRC - encoding on each row , thereby 

mance . 
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adding a 2 - byte checksum in each row . At this point , each of More specifically , the RS - encoded and CRC - encoded RS 
the RS - CRC encoders 412 and 422 may refer to a pre frame , shown in FIG . 23 ( a ) , is divided into several portions , 
determined transmission parameter provided by the control as shown in FIG . 23 ( b ) . The number of divided portions at 
unit 200 and / or a transmission parameter provided from the the RS frame is equal to ( 5xNOG ) . Particularly , the first 
service multiplexer 100 , the RS - CRC encoders 412 and 422 5 ( 5xNOG ) -1 ) number of portions each has the size of PL , 
may be informed of RS frame information ( including RS and the last portion of the RS frame may be equal to or 
frame mode ) , RS encoding information ( including RS code smaller than PL . If the size of the last portion is smaller than 
mode ) , SCCC information ( including SCCC block informa PL , a stuffing byte ( or dummy byte ) may be inserted in order 
tion and SCCC outer code mode ) , data group information , to fill ( or replace ) the lacking number of data bytes , as shown 
and region information within a data group . The RS - CRC 10 in Equation 5 below , thereby enabling the last portion of the 
encoders 412 and 422 may refer to the transmission param RS frame to also be equal to PL . 
eters for the purpose of RS frame configuration , error 

S = ( 5xNoGxPL ) - ( ( N + 2 ) x ( 187 + P ) ) Equation 5 correction encoding , error detection encoding . Furthermore , 
the transmission parameters should also be transmitted to the Herein , each portion including data having the size of PL 
receiving system so that the receiving system can perform a 15 passes through the output multiplexer 320 of the MPH frame 
normal decoding process . encoder 301 , which is then outputted to the block processor 

The data of the primary RS frame , which is encoded by 302 . 
RS frame units and row - permuted by super frame units from At this point , the mapping order of the RS frame portions 
the RS - CRC encoder 412 of the primary encoder 410 , are to a parade of data groups in not identical with the group 
outputted to the RS frame divider 413. If the secondary 20 assignment order defined in Equation 1. When given the 
encoder 420 also operates in the embodiment of the present group positions of a parade in an MPH frame , the SCCC 
invention , the data of the secondary RS frame , which is encoded RS frame portions will be mapped in a time order 
encoded by RS frame units and row - permuted by super ( i.e. , in a left - to - right direction ) . For example , as shown in 
frame units from the RS - CRC encoder 422 of the secondary FIG . 11 , data groups of the 2nd parade ( Parade # 1 ) are first 
encoder 420 , are outputted to the RS frame divider 423. The 25 assigned ( or allocated ) to the 13th slot ( Slot # 12 ) and then 
RS frame divider 413 of the primary encoder 410 divides the assigned to the 3rd slot ( Slot # 2 ) . However , when the data are 
primary RS frame into several portions , which are then actually placed in the assigned slots , the data are placed in 
outputted to the output multiplexer ( MUX ) 320. Each por a time sequence ( or time order , i.e. , in a left - to - right direc 
tion of the primary RS frame is equivalent to a data amount tion ) . More specifically , the 1st data group of Parade # 1 is 
that can be transmitted by one data group . Similarly , the RS 30 placed in Slot # 2 , and the 2nd data group of Parade # 1 is 
frame divider 423 of the secondary encoder 420 divides the placed in Slot # 12 . 
secondary RS frame into several portions , which are then Block Processor 
outputted the output multiplexer ( MUX ) 320 . Meanw the block processor 302 performs an SCCC 

Hereinafter , the RS frame divider 413 of the primary RS outer encoding process on the output of the MPH frame 
encoder 410 will now be described in detail . Also , in order 35 encoder 301. More specifically , the block processor 302 
to simplify the description of the present invention , it is receives the data of each error correction encoded portion . 
assumed that an RS frame having the size of N ( row ) x187 Then , the block processor 302 encodes the data once again 
( column ) , as shown in FIG . 20 ( a ) to FIG . 20 ( c ) , that P at a coding rate of 1 / H ( wherein H is an integer equal to or 
number of parity data bytes are added to each column by greater than 2 ( i.e. , H22 ) ) , thereby outputting the 1 / H - rate 
RS - encoding the RS frame , and that a 2 - byte checksum is 40 encoded data to the group formatter 303. According to the 
added to each row by CRC - encoding the RS frame . Accord embodiment of the present invention , the input data are 
ingly , the RS frame divider 413 divides ( or partitions ) the encoded either at a coding rate of 1/2 ( also referred to as 
encoded RS frame having the size of ( N + 2 ) ( row ) x187 " 1 / 2 - rate encoding ” ) or at a coding rate of 1/4 ( also referred to 
( column ) into several portions , each having the size of PL as “ 1 / 4 - rate encoding ” ) . The data of each portion outputted 
( wherein PL corresponds to the length of the RS frame 45 from the MPH frame encoder 301 may include at least one 
portion ) . of pure mobile service data , RS parity data , CRC data , and 
At this point , as shown in Table 2 to Table 5 , the value of stuffing data . However , in a broader meaning , the data 

PL may vary depending upon the RS frame mode , SCCC included in each portion may correspond to data for mobile 
block mode , and SCCC outer coder mode . Also , the total services . Therefore , the data included in each portion will all 
number of data bytes of the RS - encoded and CRC - encoded 50 be considered as mobile service data and described accord 
RS frame is equal to or smaller than 5xNoGxPL . In this ingly . 
case , the RS frame is divided ( or partitioned ) into ( ( 5x The group formatter 303 inserts the mobile service data 
NoG ) -1 ) number of portions each having the size of PL and SCCC - outer - encoded and outputted from the block proces 
one portion having a size equal to smaller than PL . More sor 302 in the corresponding region within the data group , 
specifically , with the exception of the last portion of the RS 55 which is formed in accordance with a pre - defined rule . Also , 
frame , each of the remaining portions of the RS frame has in association with the data deinterleaving process , the 
an equal size of PL . If the size of the last portion is smaller group formatter 303 inserts various place holders ( or known 
than PL , a stuffing byte ( or dummy byte ) may be inserted in data place holders ) in the corresponding region within the 
order to fill ( or replace ) the lacking number of data bytes , data group . Thereafter , the group formatter 303 deinter 
thereby enabling the last portion of the RS frame to also be 60 leaves the data within the data group and the place holders . 
equal to PL . Each portion of an RS frame corresponds to the According to the present invention , with reference to data 
amount of data that are to be SCCC - encoded and mapped after being data - interleaved , as shown in FIG . 5 , a data 
into a single data group of a parade . groups is configured of 10 MPH blocks ( B1 to B10 ) and 

FIG . 23 ( a ) and FIG . 23 ( b ) respectively illustrate examples divided into 4 regions ( A , B , C , and D ) . Also , as shown in 
of adding S number of stuffing bytes , when an RS frame 65 FIG . 5 , when it is assumed that the data group is divided into 
having the size of ( N + 2 ) ( row ) x ( 187 + P ) ( column ) is divided a plurality of hierarchical regions , as described above , the 
into 5xNoG number of portions , each having the size of PL . block processor 302 may encode the mobile service data , 
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which are to be inserted to each region based upon the bols increases more and more from region A to region D , the 
characteristic of each hierarchical region , at different coding error correction encoding performance becomes more and 
rates . For example , the block processor 302 may encode the more deteriorated . Therefore , when grouping a plurality of 
mobile service data , which are to be inserted in region A / B MPH block to form one SCCC block , such deterioration in 
within the corresponding data group , at a coding rate of 1/2 . 5 the error correction encoding performance may be reduced . 
Then , the group formatter 303 may insert the 1 / 2 - rate As described - above , when the block processor 302 per 
encoded mobile service data to region A / B . Also , the block forms encoding at a 1 / H - coding rate , information associated processor 302 may encode the mobile service data , which with SCCC should be transmitted to the receiving system in are to be inserted in region C / D within the corresponding order to accurately recover the mobile service data . Table 7 
data group , at a coding rate of 1/4 having higher ( or stronger ) 10 below shows an example of a SCCC block mode , which error correction ability than the 1 / 2 - coding rate . Thereafter , indicating the relation between an MPH block and an SCCC the group formatter 303 may insert the 1 / 2 - rate encoded 
mobile service data to region C / D . In another example , the block , among diverse SCCC block information . 
block processor 302 may encode the mobile service data , TABLE 7 which are to be inserted in region C / D , at a coding rate 15 
having higher error correction ability than the 1 / 4 - coding 
rate . Then , the group formatter 303 may either insert the 
encoded mobile service data to region C / D , as described Description 

per SCCC Block per SCCC Block above , or leave the data in a reserved region for future usage . 
According to another embodiment of the present inven- 20 SCB input , SCB input , 

tion , the block processor 302 may perform a 1 / H - rate 
encoding process in SCCC block units . Herein , the SCCC 
block includes at least one MPH block . At this point , when 
1 / H - rate encoding is performed in MPH block units , the 
MPH blocks ( B1 to B10 ) and the SCCC block ( SCB1 to 25 SCB4 

SCB5 B5 + B10 SCB10 ) become identical to one another ( i.e. , SCB1 = B1 , 
SCB2 = B2 , SCB3 = B3 , SCB4 = B4 , SCB5 = B5 , SCB6 = B6 , 
SCB7 = B7 , SCB8 = B8 , SCB9 = B9 , and SCB10 = B10 ) . For 
example , the MPH block 1 ( B1 ) may be encoded at the 
coding rate of 1/2 , the MPH block 2 ( B2 ) may be encoded at 30 
the coding rate of 1/4 , and the MPH block 3 ( B3 ) may be 
encoded at the coding rate of 1/2 . The coding rates are applied More specifically , Table 4 shows an example of 2 bits 
respectively to the remaining MPH blocks . being allocated in order to indicate the SCCC block mode . 

Alternatively , a plurality of MPH blocks within regions A , For example , when the SCCC block mode value is equal to 
B , C , and D may be grouped into one SCCC block , thereby 35 ' 00 ' , this indicates that the SCCC block and the MPH block 
being encoded at a coding rate of 1 / H in SCCC block units . are identical to one another . Also , when the SCCC block Accordingly , the receiving performance of region C / D may mode value is equal to ' 01 ' , this indicates that each SCCC 
be enhanced . For example , MPH block 1 ( B1 ) to MPH block block is configured of 2 MPH blocks . 
5 ( B5 ) may be grouped into one SCCC block and then As described above , if one data group is configured of 2 
encoded at a coding rate of 1/2 . Thereafter , the group for- 40 SCCC blocks , although it is not indicated in Table 7 , this 
matter 303 may insert the 1 / 2 - rate encoded mobile service information may also be indicated as the SCCC block mode . 
data to a section starting from MPH block 1 ( B1 ) to MPH For example , when the SCCC block mode value is equal to 
block 5 ( B5 ) . Furthermore , MPH block 6 ( B6 ) to MPH block ' 10 ' , this indicates that each SCCC block is configured of 5 
10 ( B10 ) may be grouped into one SCCC block and then MPH blocks and that one data group is configured of 2 
encoded at a coding rate of 1/4 . Thereafter , the group for- 45 SCCC blocks . Herein , the number of MPH blocks included 
matter 303 may insert the 1 / 4 - rate encoded mobile service in an SCCC block and the position of each MPH block may 
data to another section starting from MPH block 6 ( B6 ) to vary depending upon the settings made by the system 
MPH block 10 ( B10 ) . In this case , one data group may designer . Therefore , the present invention will not be limited 
consist of two SCCC blocks . to the examples given herein . Accordingly , the SCCC mode 

According to another embodiment of the present inven- 50 information may also be expanded . 
tion , one SCCC block may be formed by grouping two MPH An example of a coding rate information of the SCCC 
blocks . For example , MPH block 1 ( B1 ) and MPH block 6 block , i.e. , SCCC outer code mode , is shown in Table 8 
( B6 ) may be grouped into one SCCC block ( SCB1 ) . Simi below . 
larly , MPH block 2 ( B2 ) and MPH block 7 ( B7 ) may be 
grouped into another SCCC block ( SCB2 ) . Also , MPH block 55 TABLE 8 
3 ( B3 ) and MPH block 8 ( B8 ) may be grouped into another 
SCCC block ( SCB3 ) . And , MPH block 4 ( B4 ) and MPH 
block 9 ( B9 ) may be grouped into another SCCC block code mode ( 2 bits ) Description 
( SCB4 ) . Furthermore , MPH block 5 ( B5 ) and MPH block 10 Outer code rate of SCCC block is 1/2 rate 
( B10 ) may be grouped into another SCCC block ( SCB5 ) . In 60 
the above - described example , the data group may consist of Reserved 10 MPH blocks and 5 SCCC blocks . Accordingly , in a data 
( or signal ) receiving environment undergoing frequent and 
severe channel changes , the receiving performance of More specifically , Table 8 shows an example of 2 bits 
regions C and D , which is relatively more deteriorated than 65 being allocated in order to indicate the coding rate informa 
the receiving performance of region A , may be reinforced . tion of the SCCC block . For example , when the SCCC outer 
Furthermore , since the number of mobile service data sym code mode value is equal to ' 00 ' , this indicates that the 
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coding rate of the corresponding SCCC block is 12. And , encoder 513 and the symbol interleaver 514 are virtually 
when the SCCC outer code mode value is equal to ' 01 ' , this concatenated with the trellis encoding module in the post 
indicates that the coding rate of the corresponding SCCC processor in order to configure an SCCC block . More 
block is 1/4 . specifically , the RS frame portion - SCCC block converter 

If the SCCC block mode value of Table 7 indicates ' 00 ' , 5 511 divides the RS frame portions , which are being inputted , 
the SCCC outer code mode may indicate the coding rate of into multiple SCCC blocks using the SIBL of Table 9 and 
each MPH block with respect to each MPH block . In this Table 10 based upon the RS code mode , SCCC block mode , 
case , since it is assumed that one data group includes 10 and SCCC outer code mode . Herein , the MPH frame 
MPH blocks and that 2 bits are allocated for each SCCC encoder 301 may output only primary RS frame portions or 
block mode , a total of 20 bits are required for indicating the 10 both primary RS frame portions and secondary RS frame 
SCCC block modes of the 10 MPH modes . In another portions in accordance with the RS frame mode . 
example , when the SCCC block mode value of Table 7 When the RS Frame mode is set to ' 00 ' , a portion of the 
indicates ‘ 00 ' , the SCCC outer code mode may indicate the primary RS Frame equal to the amount of data , which are to 
coding rate of each region with respect to each region within be SCCC outer encoded and mapped to 10 MPH blocks ( B1 
the data group . In this case , since it is assumed that one data 15 to B10 ) of a data group , will be provided to the block 
group includes 4 regions ( i.e. , regions A , B , C , and D ) and processor 302. When the SCCC block mode value is equal 
that 2 bits are allocated for each SCCC block mode , a total to ' 00 ' , then the primary RS frame portion will be split into 
of 8 bits are required for indicating the SCCC block modes 10 SCCC Blocks according to Table 9. Alternatively , when 
of the 4 regions . In another example , when the SCCC block the SCCC block mode value is equal to ' 01 ' , then the 
mode value of Table 7 is equal to ' 01 ' , each of the regions 20 primary RS frame will be split into 5 SCCC blocks accord 
A , B , C , and D within the data group has the same SCCC ing to Table 10 . 
outer code mode . When the RS frame mode value is equal to ' 01 ' , then the 
Meanwhile , an example of an SCCC output block length block processor 302 may receive two RS frame portions . 

( SOBL ) for each SCCC block , when the SCCC block mode The RS frame mode value of ' 01 ' will not be used with the 
value is equal to ' 00 ' , is shown in Table 9 below . 25 SCCC block mode value of ‘ 01 ' . The first portion from the 

primary RS frame will be SCCC - outer - encoded as SCCC 
TABLE 9 Blocks SCB3 , SCB4 , SCB5 , SCB6 , SCB7 , and SCB8 by the 

block processor 302. The SCCC Blocks S3 and S8 will be 
mapped to region B and the SCCC blocks SCB4 , SCB5 , 

30 SCB6 , and SCB7 shall be mapped to region A by the group 1/2 rate formatter 303. The second portion from the secondary RS 
SCB1 ( B1 ) frame will also be SCCC - outer - encoded , as SCB1 , SCB2 , 
SCB2 ( B2 ) SCB9 , and SCB10 , by the block processor 302. The group SCB3 ( B3 ) formatter 303 will map the SCCC blocks SCB1 and SCB10 SCB4 ( B4 ) 597 
SCB5 ( B5 ) 35 to region D as the MPH blocks B1 and B10 , respectively . 
SCB6 ( B6 ) Similarly , the SCCC blocks SCB2 and SCB9 will be mapped 
SCB7 ( B7 ) 2772 1386 to region C as the MPH blocks B2 and B9 . 
SCB8 ( B8 ) 627 The byte - bit converter 512 identifies the mobile service SCB9 ( B9 ) 
SCB10 ( B10 ) data bytes of each SCCC block outputted from the RS frame 

40 portion - SCCC block converter 511 as data bits , which are 
then outputted to the convolution encoder 513. The convo More specifically , when given the SCCC output block lution encoder 513 performs one of 1 / 2 - rate encoding and length ( SOBL ) for each SCCC block , an SCCC input block 1 / 4 - rate encoding on the inputted mobile service data bits . length ( SIBL ) for each corresponding SCCC block may be FIG . 25 illustrates a detailed block diagram of the con decided based upon the outer coding rate of each SCCC 45 volution encoder 513. The convolution encoder 513 includes block . The SOBL is equivalent to the number of SCCC two delay units 521 and 523 and three adders 522 , 524 , and output ( or outer - encoded ) bytes for each SCCC block . And , 525. Herein , the convolution encoder 513 encodes an input the SIBL is equivalent to the number of SCCC input ( or data bit U and outputs the coded bit U to 5 bits ( u0 to u4 ) . payload ) bytes for each SCCC block . Table 10 below shows At this point , the input data bit U is directly outputted as an example of the SOBL and SIBL for each SCCC block , 50 uppermost bit u0 and simultaneously encoded as lower bit when the SCCC block mode value is equal to ' 01 ' . ulu2u3u4 and then outputted . More specifically , the input 
data bit U is directly outputted as the uppermost bit u0 and 

TABLE 10 simultaneously outputted to the first and third adders 522 
and 525 . 

The first adder 522 adds the input data bit U and the output 
SCCC Block bit of the first delay unit 521 and , then , outputs the added bit 

to the second delay unit 523. Then , the data bit delayed by SCB1 ( B1 + B6 ) 
SCB2 ( B2 + B7 ) a pre - determined time ( e.g. , by 1 clock ) in the second delay 
SCB3 ( B3 + B8 ) unit 523 is outputted as a lower bit ul and simultaneously 
SCB4 ( B4 + B9 ) 60 fed - back to the first delay unit 521. The first delay unit 521 
SCB5 ( B5 + B10 ) delays the data bit fed - back from the second delay unit 523 

by a pre - determined time ( e.g. , by 1 clock ) . Then , the first 
In order to do so , as shown in FIG . 24 , the block processor delay unit 521 outputs the delayed data bit as a lower bit u2 

302 includes a RS frame portion - SCCC block converter 511 , and , at the same time , outputs the fed - back data to the first 
a byte - bit converter 512 , a convolution encoder 513 , a 65 adder 522 and the second adder 524. The second adder 524 
symbol interleaver 514 , a symbol - byte converter 515 , and an adds the data bits outputted from the first and second delay 
SCCC block - MPH block converter 516. The convolutional units 521 and 523 and outputs the added data bits as a lower 
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