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DIGITAL BROADCASTING TRANSMISSION 
SYSTEM, AND A SIGNAL PROCESSING 

METHOD THEREOF 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is a continuation of US. applica 
tion Ser. No. 11/416,259, ?led on May 3, 2006, noW pending, 
Which claims the bene?t of US. Provisional Application No. 
60/724,786, ?led on Oct. 11, 2005 in the United States Patent 
and Trademark Of?ce, and Korean Patent Application No. 
2005-113662, ?led on Nov. 25, 2005 in the Korean Intellec 
tual Property Of?ce, the disclosures of Which are incorpo 
rated herein by reference in their entirety. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 
[0003] Aspects of the invention relate to a method for turbo 
processing and transmitting a digital broadcasting transport 
stream, a digital broadcasting transmission system, and a 
method of processing signals thereof. More particularly, 
aspects of the invention relate to a method for turbo process 
ing and transmitting a digital broadcasting transport stream to 
enhance reception performance of a terrestrial-Wave digital 
television (DTV) system in the US. in accordance With the 
Advanced Television Systems Committee (ATSC) vestigial 
sideband (VSB) transmission system through information 
exchange and mapping With respect to a dual transport stream 
(TS) Which includes normal data and turbo data, and a digital 
broadcasting transmission system. 
[0004] 2. Description of the Related Art 
[0005] The Advanced Television Systems Committee 
(ATSC) vestigial sideband (VSB) transmission system, 
Which is used in a terrestrial-Wave digital television (DTV) 
system in the US, is a single-carrier system that transmits 
one ?eld synchronization (sync) segment for each unit of 3 1 2 
data segments. Therefore, reception performance of the 
ATSC VSB system is inferior over Weak channels, especially 
over a Doppler-fading channel. 
[0006] FIG. 1 is a block diagram of an ATSC VSB digital 
broadcasting transceiver of the related art. The digital broad 
casting transceiver shoWn in FIG. 1 is con?gured in accor 
dance With an enhanced VSB (E-VSB) system proposed by 
Phillips, and produces and transmits a dual stream con?gured 
by adding enhanced or robust data to normal data of the 
standard ATSC VSB system. 
[0007] As shoWn in FIG. 1, a digital broadcasting transmit 
ter includes a randomizer 11, a Reed-Solomon (RS) encoder 
12 having a concatenated encoder form adding parity bytes to 
a dual transport stream to enable errors generated by channel 
impairments during transmission to be corrected during 
reception, an interleaver 13 interleaving the RS-encoded data 
according to a predetermined pattern, and a 2/3 rate trellis 
encoder 14 performing trellis-encoding at a rate of 2/3 With 
respect to the interleaved data and mapping the interleaved 
data to 8-level symbols. With this structure, the digital broad 
casting transmitter performs error-correction encoding With 
respect to the dual stream. 
[0008] The digital broadcasting transmitter further 
includes a multiplexer 15 inserting ?eld synchronization 
(sync) and segment sync in the error-correction encoded data 
according to a data format shoWn in FIG. 2, and a modulator 
16 inserting a pilot by adding a predetermined direct current 
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(DC) value to the data symbols and the inserted segment sync 
and ?eld sync, amplitude-modulating the resulting signal 
onto an intermediate frequency (IF) carrier, ?ltering the 
resulting IF signal to produce a vestigial sideband (VSB) 
signal, up-converting the VSB signal to a radio-frequency 
(RF) signal having a frequency of a desired channel, and 
transmitting the RF signal through the channel. 
[0009] Accordingly, in the digital broadcasting transmitter, 
the normal data and the enhanced or robust data are multi 
plexed according to the dual stream system that transmits the 
normal data and the enhanced or robust data on one channel 
and are inputted to the randomizer 11. The inputted data is 
randomized by the randomizer 11, and the randomized data is 
outer-encoded by the RS encoder 12 Which is an outer 
encoder. The interleaver 13 distributes the encoded data 
according to the predetermined pattern. The interleaved data 
is inner-encoded by the trellis encoder 14 in 12-symbol units. 
The inner-encoded data is mapped to 8-level symbols. The 
?eld sync and the segment sync are inserted in the mapped 
data. The pilot is inserted and the VSB modulation is per 
formed. The VSB signal is up-converted to the RF signal, and 
the RF signal is transmitted through the channel. 
[0010] A digital broadcasting receiver shoWn in FIG. 1 
includes a tuner (not shoWn) converting the RF signal 
received through the channel to a baseband signal, a demodu 
lator 21 performing synchronization detection and demodu 
lation With respect to the baseband signal, an equalizer 22 
compensating for channel distortion generated by multiple 
transmission paths With respect to the demodulated signal, a 
Viterbi decoder 23 correcting errors of the equalized signal 
and decoding the error-corrected signal to symbol data, a 
deinterleaver 24 rearranging the symbol data according to the 
predetermined pattern by Which data Was distributed by the 
interleaver 13 of the digital broadcasting transmitter, an RS 
decoder 25 correcting errors, and a derandomizer 26 deran 
domizing the data corrected by the RS decoder 25 and out 
putting an MPEG-2 (Moving Picture Experts Group) trans 
port stream. Therefore, the digital broadcasting receiver of 
FIG. 1 doWn-converts the RF signal to the baseband signal in 
a reverse order relative to the digital broadcasting transmitter, 
demodulates and equalizes the converted signal, and per 
forms channel-decoding, thereby recovering the original sig 
nal. 

[0011] FIG. 2 shoWs a VSB data frame Where the segment 
sync and the ?eld sync are inserted according to an 8-VSB 
system Which is used in the DTV system in the U.S.As shoWn 
in FIG. 2, one frame includes tWo ?elds. One ?eld includes 
one ?eld sync segment Which is a ?rst segment of the ?eld, 
and 312 data segments. In the VSB data frame, one segment 
corresponding to one MPEG-2 packet comprises a 4-symbol 
segment sync and 828 data symbols. The segment sync and 
the ?eld sync in FIG. 2 are used for synchronization and 
equalization in the digital broadcasting receiver. More spe 
ci?cally, the segment sync and the ?eld sync, Which are 
knoWn to the digital broadcasting transmitter and receiver, are 
used as reference signals When the receiver performs syn 
chronization and equalization. The US. terrestrial -Wave digi 
tal broadcasting system of FIG. 1 is con?gured to produce and 
transmit the dual stream by adding the enhanced or robust 
data to the normal data of the ATSCVSB system of the related 
art. Therefore, the US. terrestrial-Wave digital broadcasting 
system transmits the enhanced or robust data as Well as the 
normal data. 
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[0012] Although the enhanced or robust data is transmitted 
in the dual stream in addition to the normal data, inferior 
reception performance due to multipath channel distortion 
caused by transmission of the normal data stream is not 
remarkably improved. In fact, almost no improvement in the 
reception performance is obtained by the improved normal 
data stream. Moreover, reception performance is not much 
improved With respect to the enhanced or robust stream, 
either. 

SUMMARY OF THE INVENTION 

[0013] Accordingly, an aspect of the invention is to provide 
a method for turbo processing and transmitting a digital 
broadcasting transport stream to enhance reception perfor 
mance of a terrestrial-Wave digital television (DTV) in the US 
in accordance With the advanced television system committee 
(ATSC) vestigial sideband (V SB) through information 
exchange and mapping With respect to a dual transport stream 
(TS) Which includes normal data and turbo data, a digital 
broadcasting transmission system, and a signal-processing 
method thereof. 
[0014] The above aspects and/ or other features of the inven 
tion can substantially be achieved by providing a method of 
processing digital broadcasting signal, comprising: preparing 
a ?rst area for parity insertion With respect to a dual transport 
stream (TS) Which includes a normal stream and a turbo 
stream as multiplexed; interleaving the dual TS Which 
includes the ?rst area for parity insertion therein; detecting 
the turbo stream from the interleaved dual TS, exclusively 
encoding the detected turbo stream, and stu?ing the encoded 
turbo stream in the dual TS for robust processing; and deinter 
leaving the turbo-processed dual TS. 
[0015] According to an aspect of the invention, further 
comprising multiplexing the normal stream and the turbo 
stream to generate the dual TS. 
[0016] According to an aspect of the invention, before pre 
paring the ?rst area for parity insertion, randomizing the dual 
TS may be also provided. 
[0017] According to an aspect of the invention, the gener 
ating the dual TS comprises: preparing a second area for 
parity insertion With respect to the turbo stream; and gener 
ating the dual TS by multiplexing the turbo stream having the 
second area for parity insertion therein With the normal 
stream. 

[0018] According to an aspect of the invention, the gener 
ating the dual TS further comprises: performing Reed-So 
lomon encoding With respect to an externally-received turbo 
stream; and interleaving the turbo stream. 
[0019] According to an aspect of the invention, the detect 
ing the turbo stream comprises: detecting the turbo stream by 
demultiplexing the dual TS Which is interleaved; encoding 
the turbo stream by inserting a parity With respect to the 
detected turbo stream into the second area forparity insertion; 
interleaving the encoded turbo stream; and structuring the 
dual TS by multiplexing the interleaved turbo stream, and the 
normal stream multiplexed from the dual TS. 
[0020] According to an aspect of the invention, the detect 
ing the turbo stream comprises further comprises: converting 
the basic unit of the interleaved dual TS from byte to symbol; 
and converting the basic unit of the structured dual TS struc 
tured from symbol to byte. 
[0021] According to an aspect of the invention, further 
comprising transmitting the deinterleaved dual TS. 
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[0022] According to an aspect of the invention, the trans 
mitting the dual TS comprises: encoding, by inserting a parity 
With respect to the deinterleaved dual TS into the ?rst area for 
parity insertion; interleaving the encoded dual TS; trellis 
encoding the interleaved dual TS; multiplexing, by adding a 
synchronous signal to the trellis-encoded dual TS; and chan 
nel-modulating the multiplexed dual TS and transmitting the 
resultant stream. 

[0023] According to an aspect of the invention, the dual TS 
comprises a ?eld containing a plurality of consecutive pack 
ets, and the turbo stream is arranged in the packets of the ?eld 
at predetermined packet intervals. 
[0024] According to an aspect of the invention, the dual TS 
comprises a ?eld containing a plurality of consecutive pack 
ets, and an option ?eld recording a predetermined type of 
packet information therein, is arranged in the packet Which is 
located in a predetermined position on the ?eld Without over 
lapping With the turbo stream. 

[0025] According to an aspect of the invention, the option 
?eld comprises at least one of a program clock reference 
(PCR), an original program clock reference (OPCR), a splice 
countdoWn Which indicates a number of macro blocks, a 
transport private data length and an adaptation ?eld extension 
length. 
[0026] The dual TS comprises a ?eld containing a plurality 
of consecutive packets, and the turbo stream and the normal 
stream are arranged in the plurality of packets, respectively. 
[0027] According to one aspect of the invention, a method 
of processing digital broadcasting signal may be provided, 
comprising: inserting an additional reference signal to a stuff 
ing area of a dual transport stream (TS) Which includes a 
normal stream and a turbo stream as multiplexed; preparing a 
?rst area for parity insertion With respect to the dual TS; 
interleaving the dual TS having the ?rst insertion for parity 
insertion therein; detecting the turbo stream from the inter 
leaved dual TS, exclusively encoding the detected turbo 
stream for robust processing, and stu?ing the encoded turbo 
stream into the dual TS; and deinterleaving the dual TS Which 
has the encoded turbo stream stuffed therein. 

[0028] According to one aspect of the invention, the 
method further comprises transmitting the deinterleaved dual 
TS. 

[0029] According to one aspect of the invention, the 
method further comprises multiplexing the normal stream 
and the turbo stream to generate the dual TS, and preparing 
the stu?ing area in the dual TS, may be also provided. 

[0030] According to one aspect of the invention, before the 
inserting the additional reference signal, the method further 
comprises randomizing the dual TS Which has the stuf?ng 
area therein. 

[0031] According to one aspect of the invention, the mul 
tiplexing comprises preparing a second area for parity inser 
tion With respect to the turbo stream. 

[0032] According to one aspect of the invention, the mul 
tiplexing further comprises: Reed-Solomon encoding With 
respect to an externally-received turbo stream; and Interleav 
ing the turbo stream. 

[0033] According to one aspect of the invention, the detect 
ing the turbo stream comprises: detecting the turbo stream by 
demultiplexing the interleaved dual TS; encoding the turbo 
stream by inserting a parity With respect to the detected turbo 
stream into the second area for parity insertion; interleaving 



US 2009/0116561A1 

the encoded turbo stream; and structuring the dual TS by 
multiplexing the interleaved turbo stream and the demulti 
plexed normal stream. 
[0034] According to one aspect of the invention, the detect 
ing the turbo stream comprises converting the basic unit of the 
interleaved dual TS from byte to symbol, and detects the turbo 
stream by demultiplexing. 
[0035] According to one aspect of the invention, the struc 
turing the dual TS structures comprises multiplexing the 
interleaved turbo stream and the demultiplexed normal 
stream, and converting the basic unit of the dual TS from 
symbol to byte. 
[0036] According to one aspect of the invention, the 
method further comprises: encoding, by inserting a parity 
With respect to the deinterleaved dual TS into the ?rst area for 
parity insertion; interleaving the encoded dual TS; trellis 
encoding the interleaved dual TS; multiplexing, by adding a 
synchronous signal to the trellis-encoded dual TS; and chan 
nel-modulating the multiplexed dual TS and transmitting the 
resultant stream. 

[0037] According to one aspect of the invention, the trellis 
encoding further comprises initializing the trellis-encoder to 
a predetermined value. 

[0038] According to one aspect of the invention, the 
method further comprises generating a compatible parity, 
using the parity-added dual TS and the trellis-encoded dual 
TS; and recording the compatible parity in a location of the 
dual TS Which corresponds to the parity added. 
[0039] According to one aspect of the invention, the dual 
TS is in the form of a frame comprising a plurality of con 
secutive packets, each packet comprising an adaptation ?eld, 
and the stuf?ng area is at least a part of the adaptation ?eld. 

[0040] According to one aspect of the invention, the dual 
TS comprises the turbo stream arranged in the packets of the 
frame at predetermined packet intervals. 
[0041] According to one aspect of the invention, the dual 
TS comprises an option ?eld arranged in the packet located in 
a predetermined position of the ?eld Which does not overlap 
With the turbo stream, and the stuf?ng area is at least a part of 
the adaptation ?eld excluding the option ?eld. 
[0042] According to one aspect of the invention, the option 
?eld comprises at least one of a program clock reference 
(PCR), an original program clock reference (OPCR), a splice 
countdoWn Which indicates a number of macro blocks, a 
transport private data length and an adaptation ?eld extension 
length. 
[0043] According to one aspect of the invention, a digital 
broadcasting transmission system comprises a parity area 
generating unit preparing a ?rst area for parity insertion With 
respect to a dual transport stream (TS) Which includes a 
normal stream and a turbo stream as multiplexed; a ?rst 
interleaver interleaving the dual TS Which is transmitted from 
the parity area generating unit; a turbo processing unit detect 
ing the turbo stream from the interleaved dual TS, exclusively 
encoding the detected turbo stream for turbo-processing, and 
stul?ng the encoded turbo stream into the dual TS; a deinter 
leaver deinterleaving the dual TS Which is processed by the 
turbo processing unit; and a transmitting unit transmitting the 
dual TS Which is processed at the deinterleaver. 

[0044] According to one aspect of the invention, the system 
further includes a TS structure unit generating the dual TS by 
multiplexing the normal stream and the turbo stream; and a 
randomizing unit randomizing the dual TS Which is generated 
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at the TS structure unit, and providing the generated dual TS 
to the parity area generating unit. 
[0045] According to one aspect of the invention, the TS 
structure unit comprises: a duplicator preparing a second area 
for parity insertion With respect to the turbo stream; and a 
service MUX multiplexing the turbo stream Which is pro 
cessed at the duplicator, and the normal stream, and output 
ting the resultant stream. 
[0046] According to one aspect of the invention, the TS 
structure unit further comprises: a ?rst Reed-Solomon 
encoder encoding an extemally-received turbo stream, and 
providing the resultant stream to the duplicator; and a pre 
interleaver interleaving the turbo stream. 
[0047] According to one aspect of the invention, the turbo 
processing unit comprises: a de-MUX demultiplexing the 
dual TS Which is interleaved in the ?rst interleaver and detect 
ing the turbo stream; a turbo encoder encoding the turbo 
stream by inserting a parity With respect to the turbo stream 
Which is detected by the de-MUX, into the second area for 
parity insertion; a turbo interleaver interleaving the turbo 
stream Which is processed at the turbo encoder; and a turbo 
data MUX structuring a dual transport stream (TS) by multi 
plexing the turbo stream Which is processed at the turbo 
interleaver, and the normal stream Which is demultiplexed at 
the de-MUX. 
[0048] According to one aspect of the invention, the turbo 
processing unit further comprises: a byte/ symbol converting 
unit converting the basic unit from byte to symbol With 
respect to the dual TS Which is processed at the ?rst inter 
leaver, and providing the converted stream to the de-MUX; 
and a symbol/byte converting unit converting the basic unit 
from symbol to byte With respect to the dual TS Which is 
structured by the turbo data MUX. 
[0049] According to one aspect of the invention, the trans 
mission unit comprises: a second Reed-Solomon encoder 
inserting a parity With respect to the dual TS, Which is pro 
cessed at the deinterleaver, into the ?rst area for parity inser 
tion; a second interleaver interleaving the dual TS Which is 
encoded at the second Reed-Solomon (RS) encoder; a trellis 
encoder trellis-encoding the dual TS Which is interleaved by 
the second interleaver; a MUX adding a synchronous signal 
to the trellis-encoded dual TS; and a modulating unit channel 
modulating the multiplexed dual TS and transmitting the 
modulated signal. 
[0050] According to one aspect of the invention, the dual 
TS comprises a ?eld containing a plurality of packets, and the 
turbo stream is arranged in the packets of the ?eld at prede 
termined packet intervals. 
[0051] According to one aspect of the invention, the dual 
TS comprises an option ?eld recording a predetermined type 
of packet information therein, Which is arranged in the packet 
at a predetermined position of the ?eld Which does not over 
lap With the turbo stream. 
[0052] According to one aspect of the invention, the dual 
TS comprises a ?eld containing a plurality of consecutive 
packets, and the turbo stream and the normal stream are 
arranged in the plurality of packets, respectively. 
[0053] According to one aspect of the invention, a digital 
broadcasting transmission system comprises an additional 
reference signal inserting unit receiving a dual transport 
stream (TS) including a normal stream and a turbo stream as 
multiplexed, and inserting an additional reference signal in a 
stuf?ng area provided in the dual TS; a parity area generating 
unit preparing a ?rst area for parity insertion With respect to 


















