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(57) ABSTRACT 

A DTV transmitter includes a pre-processor pre-processing 
enhanced data, a data formatter generating enhanced data 
packets including known data, a multiplexer multiplexing 
the enhanced data packets with main data packets, a data 
randomizer randomizing the multiplexed data packets, an 
RS encoder RS-encoding the randomized data packets, and 
a data interleaver interleaving the RS-coded data packets, 
where a plurality of known data sequences are included in 
the interleaved enhanced data packets. Finally, the DTV 
transmitter further includes an enhanced encoder which 
codes each block of enhanced data placed between any two 
of the known data sequences and bypasses the interleaved 
main data packets. 
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1. 

DTV TELEVISION 
TRANSMITTER/RECEIVER AND METHOD 

OF PROCESSING DATANDTV 
TRANSMITTER/RECEIVER 

Matter enclosed in heavy brackets appears in the 
original patent but forms no part of this reissue specifica 
tion; matter printed in italics indicates the additions 
made by reissue; a claim printed with strikethrough 
indicates that the claim was canceled, disclaimed, or held 
invalid by a prior post-patent action or proceeding. 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

More than one reissue application has been filed for the 
reissue of U.S. Pat. No. 8, 149,941. The reissue applications 
are application Ser: Nos. 14/244, 740 filed Apr. 3, 2014 (now 
U.S. Pat. No. Re. 45,736) and 14/445,888 filed Jul. 29, 2014 
(the present application, a continuation reissue application 
of reissue application Ser: No. 14/244, 740), all of which are 
reissues of U.S. Pat. No. 8, 149,941. This application is a 
continuation reissue application of U.S. Reissue application 
Ser: No. 14/244, 740 filed on Apr. 3, 2014, issued as U.S. Pat. 
No. Re. 45,736 on Oct. 6, 2015, which is a reissue appli 
cation of U.S. Pat. No. 8, 149,941 issued from U.S. patent 
application Ser: No. 13/196,773 filed on Aug. 2, 2011, which 
is a continuation of U.S. patent application Ser. No. 13/053, 
146, filed on Mar. 21, 2011 (and issued as U.S. Pat. No. 
8,014,459 on Sep. 6, 2011), which is a continuation of U.S. 
patent application Ser. No. 11/514,125, filed on Aug. 30. 
2006 (and issued as U.S. Pat. No. 7,936,837 on May 3, 
2011), which claims the benefit of earlier filing date and 
right of priority to Korean Patent Application No. 10-2006 
0006517, filed on Jan. 20, 2006, the contents of all of which 
are hereby incorporated by reference herein in their entirety. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a digital communication 

system, and more particularly, to a digital television (DTV) 
transmitter/receiver and a method of processing data in the 
DTV transmitter/receiver. 

2. Discussion of the Related Art 
Generally, the 8T-VSB transmission system adopted as a 

digital broadcasting standard by Korea and North America is 
a digital broadcast system developed for MPEG video/audio 
data transmission. 
As the digital signal processing technology rapidly devel 

ops with the global use of Internet, the tendency for com 
bining digital home appliances, computer and Internet 
together rises. So, in order to meet the user's various 
demands, many efforts need to be made to develop a system 
capable of transmitting various Supplemental data with 
Video/audio data. 
A user of Supplemental data broadcasting is expected to 

use the Supplemental data broadcasting using a PC card or 
portable device having a simple type indoor antenna 
attached thereto. 

Yet, signal intensity can be considerably decreased due to 
a shield effect of a wall and an influence of a near moving 
object within an indoor space and broadcast receiving per 
formance can be reduced due to a ghost and noise generated 
from a reflective wave. Unlike a case of general video/audio 
data, a case of Supplemental data transmission should have 
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2 
a lower error rate. In case of the video/audio data, an error 
failing to be detected by human eyes/ears does not matter. 
Yet, in case of Supplemental data (e.g., a program execution 
file, stock information, etc.), a 1-bit error can cause a serious 
problem. So, the demand for developing a system more 
persistent against ghost and noise generated from a channel 
1SS. 

Supplemental data transmission will be performed by 
time-division through the same channel of MPEG video/ 
audio in general. Since the beginning of digital broadcasting, 
ATSC VSB digital broadcast receivers receiving the MPEG 
Video/audio only have globally spread in markets. So, the 
Supplemental data transmitted on the same channel of the 
MPEG video/audio should avoid causing any effect to the 
conventional ATSC VSB dedicated receiver previously sup 
plied to the markets. Such a situation is defined as ATSC 
VSB compatibility. And, a supplemental data broadcast 
system should be compatible with the ATSC VSB system. 
Besides, the supplemental data could be called enhanced 
data or E-VSB data. 

However, in a poor channel environment, reception per 
formance of the conventional ATSC VSB reception system 
may be reduced. Specifically, a portable or mobile receiver 
needs higher robustness against a channel change and noise. 

SUMMARY OF THE INVENTION 

Accordingly, the present invention is directed to a digital 
broadcast system which is suitable for transmission of 
Supplemental data and resistant against noise that Substan 
tially obviates one or more problems due to limitations and 
disadvantages of the related art. 
An object of the present invention is to provide a digital 

broadcast system and a processing method, which are 
capable of inserting known data, which is previously known 
in transmitting/receiving ends, into a certain region of data 
interval to transmit it thereto, thereby enhancing receiving 
performance. 

Another object of the present invention is to provide a 
digital broadcast system and a processing method, which are 
capable of performing added block encoding/decoding for 
enhanced data, thereby enhancing transmitting/receiving 
performance. 

Additional advantages, objects, and features of the inven 
tion will be set forth in part in the description which follows 
and in part will become apparent to those having ordinary 
skill in the art upon examination of the following or may be 
learned from practice of the invention. The objectives and 
other advantages of the invention may be realized and 
attained by the structure particularly pointed out in the 
written description and claims hereof as well as the 
appended drawings. 
To achieve these objects and other advantages and in 

accordance with the purpose of the invention, as embodied 
and broadly described herein, a digital television (DTV) 
transmitter for processing main and enhanced data for 
transmission includes a pre-processor for pre-processing the 
enhanced data by coding the enhanced data for forward error 
correction (FEC) and expanding the FEC-coded enhanced 
data, a data formatter for generating enhanced data packets 
including the pre-processed enhanced data and for inserting 
known data into the enhanced data packets, and a first 
multiplexer for multiplexing the enhanced data packets with 
main data packets including the main data. 
The DTV transmitter may further include a data random 

izer for randomizing the multiplexed enhanced and main 
data packets, a first RS encoder for RS-coding the random 
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ized data packets by adding first systematic parity data to 
each main data packet and adding first RS parity place 
holders to each enhanced data packet, and a first data 
interleaver for interleaving the RS-coded main and enhanced 
data packets, where the interleaved enhanced data packets 
include a plurality of known data sequences. 
The DTV transmitter may further include an enhanced 

encoder for coding each block of enhanced data placed 
between any two of the known data sequences in the 
interleaved enhanced data packets and bypassing the inter 
leaved main data packets. Two known data sequences which 
confine each block of enhanced data may be consecutive or 
non-consecutive. 

In one example, The enhanced encoder may include a 
demultiplexer for demultiplexing the interleaved main and 
enhanced data packets, a block encoder for encoding each 
block of enhanced data placed between any two of the 
known data sequences in the demultiplexed enhanced data 
packets, a buffer for temporarily storing the demultiplexed 
main data, and a second multiplexer for multiplexing the 
encoded block of enhanced data and the main data stored in 
the buffer. 

In another example, the enhanced encoder may include a 
demultiplexer for demultiplexing the interleaved main and 
enhanced data packets, an N-way interleaver for dividing 
each block of enhanced data placed between any two of the 
known data sequences in the demultiplexed enhanced data 
packets into N sub-blocks of enhanced data, a plurality of 
sub-block encoders for encoding the sub-blocks of enhanced 
data, respectively, a deinterleaver for deinterleaving the 
encoded sub-blocks of enhanced data, a buffer for tempo 
rarily storing the demultiplexed main data, and a second 
multiplexer for multiplexing the encoded sub-blocks of 
enhanced data and the main data stores in the buffer. 
The DTV transmitter according to the present invention 

may further include a data deinterleaver for de-interleaving 
the data packets outputted from the enhanced encoder, and 
an RS parity remover for removing the first systematic parity 
data and the first RS parity place holders from the de 
interleaved main and enhanced data packets. The DTV 
transmitter may further include a second RS encoder for 
RS-coding the deinterleaved main and enhanced data pack 
ets by adding second systematic parity data to each deinter 
leaved main data packet and adding second RS parity 
holders to each de-interleaved enhanced data packet, and a 
second data interleaver for interleaving the main and the 
enhanced data packets outputted from the second RS 
encoder. 

In addition, the DTV transmitter may further include a 
byte-symbol converter for converting the data packets out 
putted from the second data interleaver into symbols, and a 
trellis encoder for trellis-encoding the converted symbols. 
The trellis encoder is initialized when the symbols represent 
a beginning of a known data sequence. The DTV transmitter 
may further include an initialization controller for generat 
ing initialization data symbols required to initialize one or 
more memories included in the trellis encoder, and a second 
multiplexer for outputting the initialization data symbols to 
the trellis encoder when the symbols represent the beginning 
of the known data sequence. 

Furthermore, the DTV transmitter may further include a 
backward-compatibility processor for generating new parity 
symbols based on an output of the second RS encoder and 
the initialized data symbols and providing the new parity 
data symbols to the second multiplexer, which outputs the 
new parity symbols to the trellis encoder when the symbols 
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4 
outputted from the byte-symbol converter represent the 
second RS parity place holders. 

It is to be understood that both the foregoing general 
description and the following detailed description of the 
present invention are exemplary and explanatory and are 
intended to provide further explanation of the invention as 
claimed. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The accompanying drawings, which are included to pro 
vide a further understanding of the invention and are incor 
porated in and constitute a part of this application, illustrate 
embodiment(s) of the invention and together with the 
description serve to explain the principle of the invention. In 
the drawings: 

FIG. 1 illustrates a schematic block diagram of a digital 
broadcast transmitting system according to an embodiment 
of the present invention; 

FIG. 2 illustrates a detailed block diagram of a Trellis 
encoder of FIG. 1, according to an embodiment of the 
present invention; 

FIG. 3 illustrates a schematic block diagram for a struc 
ture of a data interleaver of FIG. 1; 

FIG. 4 illustrates a view for describing a sequence of 
output of a data interleaver in the VSB frame; 

FIG. 5A illustrates data configuration at the input end of 
the data interleaver as known data is inserted thereto, 
according to the present invention; 

FIG. 5B illustrates data configuration at the output end of 
the data interleaver as known data is inserted thereto, 
according to the present invention: 

FIG. 6A illustrates a schematic block diagram of an 
embodiment of the E-VSB enhanced encoder according to 
the present invention; 

FIG. 6B illustrates a schematic block diagram of another 
embodiment of the E-VSB enhanced encoder according to 
the present invention; 

FIG. 7A illustrates a schematic block diagram of an 
embodiment of the E-VSB enhanced decoder according to 
the present invention; 

FIG. 7B illustrates a schematic block diagram of another 
embodiment of the E-VSB enhanced decoder according to 
the present invention; and 

FIG. 8 illustrates a schematic block diagram of a digital 
broadcast receiving system according to an embodiment of 
the present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

Reference will now be made in detail to the preferred 
embodiments of the present invention, examples of which 
are illustrated in the accompanying drawings. Wherever 
possible, the same reference numbers will be used through 
out the drawings to refer to the same or like parts. 
The terminologies disclosed the present application are 

widely used in this fields of the present invention. However, 
some of them are defined by the inventors. In this case, the 
newly defined terminologies are described in detail in the 
following description. Therefore, the terminologies in the 
present invention will be understood on the basis of the 
disclosure of the present application. 

Enhanced data in the present application may be any of 
application program execution files, data having informa 
tion, such as stock information, etc., and video/audio data. 
Known data may be data which is previously known in 
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transmitting/receiving ends, based on a protocol. Main data 
is indicative of data which can be received by the conven 
tional receiving systems, including video/audio data. 

The present invention serves to multiplex the enhanced 
data having information and the known data known in the 
transmitting/receiving ends, and to transmit them, to 
enhance receiving performance of a receiver. 

Especially, the present invention serves to initialize a 
memory in a Trellis encoder at the beginning portion of the 
known data stream, and apply a block encoding for the 
enhanced data at the transmitting/receiving ends, using the 
initialization characteristics, to perform additional encoding/ 
decoding. 

FIG. 1 illustrates a schematic block diagram of a digital 
broadcast transmitting system according to an embodiment 
of the present invention. The digital broadcast transmitting 
system includes an E-VSB preprocessor 101, an E-VSB 
packet formatter 102, a packet multiplexer 103, a data 
randomizer 104, a scheduler 105, an E-VSB post-processor 
110, an RS encoder/Non-systematic RS parity holder 
inserter 121, a data interleaver 122, a Trellis encoding unit 
123, a compatible processor 130, a frame multiplexer 140, 
and a transmitting unit 150. 
Main data is outputted to the multiplexer 103, based on 

transport packet units. Enhanced data is outputted to the 
E-VSB preprocessor 101. The E-VSB preprocessor 101 
performs pre-processes, such as additional error correction 
code, interleaving, insertion of null data, etc., regarding the 
enhanced data, and then outputs it to the E-VSB formatter 
102. 
The E-VSB packet formatter 102 includes at least one of 

the preprocessed enhance data and predetermined known 
data (or known data place holder), under control of the 
scheduler 105, and adds a 4-byte MPEG header thereto to 
form a MPEG packet based on 188 bytes. After that, the 
MPEG packet is outputted to the packet multiplexer 103. 
The packet multiplexer 103 serves to perform time mul 

tiplexing, based on transport stream (TS) packet unit, for the 
main data packets and the enhanced data packet, according 
to pre-defined multiplexing method, under the control of the 
scheduler 105. Here, the main data packets and the enhanced 
data packet are formed on the basis of 188 byte unit. 

Namely, the scheduler 105 generates a control signal such 
that the packet multiplexer 103 multiplexes main data pack 
ets and enhanced data packets, and then output them to the 
packet multiplexer 103. The packet multiplexer 103 receiv 
ing the control signal multiplexes the main data packets and 
the enhanced data packets, based on TS packet units, and 
outputs the multiplexed result. 
The output of the packet multiplexer 103 is inputted to the 

data randomizer 104. The data randomizer 104 removes an 
MPEG synchronous byte from the input packet and random 
izes the remaining 187 bytes using pseudo random bytes, 
which are generated therein, to output them to the E-VSB 
post-processor 110. 
The E-VSB post-processor 110 includes an RS encoder/ 

Non-systematic RS parity place holder inserter 111, a data 
interleaver 112, an E-VSB enhanced encoder 113, a data 
de-interleaver 114, and an RS byte remover 115. 
The RS encoder/Non-systematic RS parity place holder 

inserter 111 performs a systematic RS encoding or a non 
systematic RS parity holder insertion for the randomized 
data. 

Namely, when the 187 byte packet, which is outputted 
from the data randomizer 104, is main data packet, the RS 
encoder/Non-systematic RS parity place holder inserter 111 
performs systematic RS encoding, which is identical to that 
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6 
of a conventional ATSCVSB system, and adds a parity of 20 
bytes to the end of the 187 byte data, to output it to the data 
interleaver 112. 
On the other hand, when the 187 byte packet, which is 

outputted from the data randomizer 104, is enhanced data 
packet, the RS encoder/Non-systematic RS parity place 
holder inserter 111 inserts RS parity place holder, which is 
composed of null data of 20 bytes, in the packet, and inserts 
data of the enhanced data packet to places of the remaining 
187 byte packet, correspondingly, to output them to the data 
interleaver 112. 
The data interleaver 112 performs data interleaving for the 

output of the RS encoder/Non-systematic RS parity place 
holder inserter 111 to output it to the E-VSB enhanced 
encoder 113. 
The E-VSB enhanced encoder 113 performs additional /2 

encoding for only the enhanced data, which is outputted 
from the data interleaver 112, to output it to the data 
de-interleaver 114. The data de-interleaver 114 performs 
data de-interleaving for the inputted data to output it to the 
RS byte remover 115. Here, the data de-interleaver 114 
performs a reverse process of the data interleaver 112. 

Data interleaving of the data interleaver 112 and encoding 
of the E-VSB enhanced encoder 113 will be described later. 
The RS byte remover 115 removes the 20 byte parity 

which is added in the RS encoder/Non-systematic RS parity 
place holder inserter 111. Here, when the inputted data is 
main data packet, the last 20 bytes of the 207 bytes are 
removed. When the inputted data is the enhanced data 
packet, parity place holders of 20 bytes of 207 bytes are 
removed, in which the parity place holders are inserted 
thereto to perform non-systematic RS encoding. Namely, 
Such procedures for the enhanced data serve to re-calculate 
parity because original data is changed by the E-VSB 
enhanced encoder 113. 
The output of the RS byte remover 115 is inputted to the 

RS encoder/Non-systematic RS parity holder inserter 121. 
When the 187 byte packet, which is outputted from the RS 
byte remover 115, is main data packet, similar to the RS 
encoder/Non-systematic RS parity place holder inserter 111, 
the RS encoder/Non-systematic RS parity holder inserter 
121 performs systematic RS encoding, which is identical to 
a conventional ATSC VSB system, and inserts parity of 20 
bytes to the end of the data of 187 bytes. 
When the packet is enhanced data packet, byte places of 

20 parities are determined in the packet to perform non 
systematic RS encoding in the rear end of the compatible 
processor 130. After that, parities obtained after non-sys 
tematic RS encoding may be inserted in the determined byte 
places of parities or null byte instead of the parities may be 
inserted thereto. The bytes in the enhanced data packet are 
sequentially inserted in the places of the remaining 187 
bytes. The null byte is determined by a certain value. The 
null byte is substituted with a parity value which is calcu 
lated in the non-systematic RS encoder 133 of the compat 
ible processor 130. 

Therefore, the null byte serves to secure a place of parity 
byte of non-systematic RS code. The output of the RS 
encoder/Non-systematic RS parity holder inserter 121 is 
outputted to the data interleaver 122. Also, when the packet 
is enhanced data packet, the output is inputted to the 
compatible processor 130 to re-calculate parity. 
The data interleaver 122 performs interleaving for the 

inputted data, like the interleaving rule of data interleaver 
112. 

FIG. 3 illustrates a schematic block diagram for a struc 
ture of a data interleaver (122 or 112) of FIG. 1, or a 
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convolution interleaver of which branch number is 52 and 
the number M of a unit memory byte is 4. 
As shown in FIG. 3, when a first byte is inputted thereto, 

it is outputted through the first branch, and a second byte is 
inputted thereto through a second branch. Therefore, a value 
before 52*4 bytes is outputted. 

FIG. 4 illustrates a view for describing a sequence of 
output of a data interleaver of FIG. 3 in the VSB frame. The 
data is sequentially inputted from the lower part to the upper 
part, based on segment units, in which bytes in the segment 
are sequentially inputted thereto from left to right. The 
numerals of FIG. 4 are indicative of the output sequence of 
the data interleaver. The data interleaver is operated on the 
basis of unit of 52 segments. 

The output of the data interleaver 122 is inputted to the 
Trellis encoding unit 123. The Trellis encoding unit 123 
encodes the inputted 2 bits to 3 bits to output it thereto. The 
output of the Trellis encoding unit 123 is inputted to the 
frame multiplexer 140. The frame multiplexer 140 inserts a 
field synchronization bit and a segment synchronization bit 
to the output of the Trellis encoding unit 123 to transmit it 
to the transmitting unit 150. The transmitting unit 150 
includes a pilot inserter 151, a VSB modulator 152, and an 
RF converter 153. Since the transmitter unit 150 is operated 
as the conventional VSB transmitter, its detailed description 
will be omitted. 

In order to use the output data of the Trellis encoding unit 
123 as the known data which was defined in the transmitting/ 
receiving ends, it is necessary to initialize a memory of the 
Trellis encoding unit 123 before the known data inserted in 
the enhanced data packet is processed. The input of the 
Trellis encoding unit 123 is needed to perform substitution 
for the initialization. RS parity affected by the changed data 
is recalculated to be substituted with the original parity data. 
Such a procedure is performed in the compatible processor 
130. 

FIG. 2 illustrates a detailed block diagram of a Trellis 
encoding unit 123 of FIG. 1, which is initializable. 
The Trellis encoding unit 123 which is initializable 

includes a byte-symbol converter 201, a multiplexer 202 for 
selecting one of inputs thereof, a Trellis encoder 203 for 
inputting the selected input from the multiplexer 202, and a 
Trellis state initialization controller 204 for initializing the 
Trellis encoder 203. 

Such Trellis encoding unit is operated as follows. The 
byte-symbol converter 201 inputs interleaved databased on 
byte units to convert it to interleaved data based on symbol 
units, and then performs 12-way interleaving for the data to 
output it to the multiplexer 202. 

For a normal case, the output of the byte-symbol con 
verter 201 is selected by the multiplexer 202 such that the 
output can be transmitted to the Trellis encoder 203 through 
the multiplexer 202. On the other hand, when the interleaved 
data is known data and the known data is the beginning 
portion of the Successively inputted known data stream, it is 
necessary to initialize the Trellis encoder 203, since the 
Trellis encoder 203 has a memory and thus its present output 
is affected by present and past inputs. Therefore, in order to 
output a predetermined signal at a certain time, the memory 
of the Trellis encoder 203 must be initialized at a certain 
value. 
When the memory of the Trellis encoder 203 requires 

initialization thereof, a part of the known data is substituted 
with an initialization data to be outputted to the Trellis 
encoder 203. Afterwards, the memory of the Trellis encoder 
203 is initialized to a predetermined value based on the 
initialization data. Therefore, from the time point of the 
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8 
initialization, the output of the Trellis encoder 203 can be the 
known data which is encoded to comply with the transmit 
ting/receiving ends. 
The Trellis state initialization controller 204 for initializ 

ing the Trellis encoder 203 inputs a memory value of the 
Trellis encoder 203 to generate initialization data to be 
inputted to the Trellis encoder 203 and then outputs it to the 
compatible processor 130. 

Namely, the Trellis encoder 203 is operated such that 
upper bit of the two bits composing a symbol is encoded to 
a single bit using a single memory to be outputted, and the 
lower bit is encoded to two bits using the two memories to 
be outputted. Here, when the input data is known data and 
thus the known data is the beginning of the Successively 
inputted known data stream, the memories must be initial 
ized to output the inputted data as desired known data, after 
the inputted data undergoes Trellis encoding. Therefore, 
when the memory of the Trellis encoder 203 requires 
initialization, the Trellis state initialization controller 204 
generates initialization data according to a present state and 
a desired initialization state of the memory, and then outputs 
it to the multiplexer 202. 
The initialization data is formed by 4 bits, or two symbols. 

Here, there may be a plurality of the Trellis encoder 203, for 
example, 12. The 12 bytes outputted from the multiplexer 
202 are sequentially inputted to the each of the Trellis 
encoders 203. Here, the beginning 4 bits of each byte, or two 
symbols, can be initialization data. Namely, the initialization 
controller 204 generates initialization data and then outputs 
it to the multiplexer 202 and the compatible processor 130, 
in which the initialization data initializes the memory of the 
Trellis encoder 203 in first two symbol intervals at which the 
known data symbol stream is started. 
The compatible processor 130 inputs the output of the RS 

encoder/Non-systematic RS parity holder inserter 121 and 
the output of the initialization controller 204 and then 
generates non-systematic 20 byte parity to be outputted to 
the multiplexer 202 of the Trellis encoding unit 123. 

Namely, since the memory of the Trellis encoding unit 
123 is initialized by new data but not by data which is 
interleaved in the data interleaver 122, RS parity must be 
re-generated to Substitute the original parity data. Such 
procedure is performed in the compatible processor 130. 
The compatible processor 130 includes a packet buffer 

131, a symbol-byte converter 132, a non-systematic RS 
encoder 133, and a byte-symbol converter 134. 

Namely, the output of the RS encoder/Non-systematic RS 
parity holder inserter 121 is inputted to the data interleaver 
122 and the packet buffer 131. The initialization data of the 
initialization controller 204 is inputted to the multiplexer 
202 of the Trellis encoding unit 123 and the symbol-byte 
converter 132 of the compatible processor 130. 

Here, since the RS encoder/Non-systematic RS parity 
holder inserter 121 inputs and outputs its input and output 
based on byte unit, the symbol-byte converter 132 converts 
the initialization data of symbol unit to the initialization of 
byte unit and then outputs it to the packet buffer 131. 
The packet buffer 131 inputs the byte output from the RS 

encoder/Non-systematic RS parity holder inserter 121 and 
the byte output from the symbol-byte converter 132 to 
temporarily store them and then outputs them to the non 
systematic RS encoder 133. The non-systematic RS encoder 
133 inputs the byte output from the packet buffer 131 to 
generate parity of non-systematic 20 bytes and then outputs 
the parity based on symbol unit to the multiplexer 202 of the 
Trellis encoding unit 123 through the byte-symbol converter 
134. 
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When the inputted data, which is interleaved and then 
converted to symbols, is the beginning of known data 
stream, the multiplexer 202 selects the initialization symbol 
of the initialization controller 204 instead of the inputted 
symbol, and then outputs it. When the inputted data is RS 
parity or parity place holder, the multiplexer 202 selects the 
output symbol of the symbol-byte converter 134 of the 
compatible processor 130 instead of the inputted symbol. 
Except for the above cases, the multiplexer 202 selects 
inputted data, which is interleaved and then converted to 
symbol, and then outputs it to the Trellis encoder 203. 
Namely, substitution of initialization symbol occurs at 
places of first two symbols in the known data stream, to be 
inputted to the Trellis encoder 203. Also, substitution of 
parity symbol, which is re-calculated in the compatible 
processor 130, occurs at the parity place of each packet, to 
be outputted to the Trellis encoder 203. Especially, when the 
RS encoder/Non-systematic RS parity holder inserter 121 
does not insert a non-systematic RS parity to the enhanced 
data packet but instead inserts a null byte, the compatible 
processor 130 calculates non-systematic RS parity of the 
enhanced data packet, regardless of initialization of the 
Trellis encoder, to perform Substitution using the calculation 
result. 
The Trellis encoder 203 performs Trellis encoding for the 

data outputted from the multiplexer 202, based on symbol 
unit, and then outputs it to the frame multiplexer 140. Also, 
the Trellis encoder 203 outputs its memory state to the 
initialization controller 204. 
Known Data Insertion and Non-systematic RS Parity 

Place 
The following is a description for insertion of known data 

and setting of a non-systematic RS parity place. 
FIG. 5A illustrates data configuration at the input end of 

the data interleaver as known data is inserted thereto. FIG. 
5B illustrates data configuration at the output end of the data 
interleaver as the data of FIG. 5A is inserted thereto. 

Namely, a receiver sequentially inputs data from the 
output end of the data interleaver outputted as the data 
interleaver output. Also, known data must be successively 
inputted thereto in response to the sequence of number of 
FIG. 4, such that the receiver can receive timely successive 
known data. As shown in FIG. 5B, in order that a single data 
segment, which is received in the receiver, is all known data, 
the single data segment is divided into 52 byte units, as 
shown in FIG. 5A. Afterwards, the known data is inserted 
thereto at a place of data segment at each 52 byte unit. Here, 
the beginning part of the known data stream needs initial 
ization byte. Therefore, when the place of known data is 
determined in the data segment, a place of the initialization 
byte is determined as the place at which normal data ends 
and the known data is started, from the point of view of the 
output end of the data interleaver. When the place of 
initialization byte of the known data is determined, the place 
of a non-systematic RS parity byte can be determined. The 
place is preferably located such that the parity bytes can be 
outputted latter than the initialization bytes, from the point 
of view of the output end of the data interleaver. Namely, for 
a single segment, as shown in FIG. 4, the lower order bit is 
outputted earlier from the data interleaver than the larger 
one. Therefore, the RS parity is preferably located later than 
the sequence number of the initialization bytes. 

The following is another embodiment of a method for 
inserting known data thereto. As shown in FIG. 5B, when 
the known data is inserted after the MPEG header in a first 
segment, from the point of view of the output end of the data 
interleaver, or the known data is inserted from after the 
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MPEG header to the end of the segment, since MPEG 
header bytes of a second segment have a certain value for 
enhanced data packets, the MPEG header bytes can be 
regarded as continuation data. 
AS Such, the present invention serves to perform Substi 

tution of data to initialize the memory of the Trellis encoder 
to a predetermined initial state when the known data stream 
is started. Also, the present invention serves to perform 
non-systematic RS encoding for enhanced data packets to 
keep compatibility with conventional receivers by the sub 
stituted data or to insert known data in conventional sys 
tematic RS parity regions. 
E-VSB Enhanced Encoder 
On the other hand, the E-VSB enhanced encoder 113 

performs additional encoding for enhanced data and then 
outputs it thereto. Namely, when the output of the data 
interleaver 112 is main data, the E-VSB enhanced encoder 
113 does not change MPEG header byte, which is added in 
the E-VSB packet formatter 102, or RS parity or RS parity 
place byte, which are added to the enhanced data packet in 
the RS encoder/Non-systematic RS parity place holder 
inserter 111, and outputs them thereto. 

Also, similar to main data, the known data is outputted 
thereto without additional encoding procedure. However, 
the method for processing the known data may be different 
from that for processing the main data. 

For example, there is a method for outputting known data 
which is generated in a symbol region, instead of a known 
data place holder, in the E-VSB enhanced encoder 113, in a 
state where the known data place holder is inserted in the 
E-VSB packet formatter 102. Also, there is another method 
in which the E-VSB enhanced encoder 113 does not change 
data but outputs the data, in State where the known data is 
inserted in the E-VSB packet formatter 102. 
The former method is described through FIG. 6A and 

FIG. 7a, and the latter method is described through FIG. 6B 
and FIG. 7B. 

Firstly, as shown in FIG. 6A, the E-VSB enhanced 
encoder 113 includes a demultiplexer 610, a buffer 620, a 
U/C encoding unit 630, and a multiplexer 640. 
The U/C encoding unit 630 serves to encode U bit of the 

enhanced data to C bit and then to output it thereto. For 
example, when 1 bit of the enhanced data is encoded to two 
bits to output it thereto, U is 1 and C is 2. 
The U/C encoding unit 630 includes a byte-bit converter 

631, a U/C encoder 632, a block interleaver 633, and a 
bit-byte converter 634. The U/C encoder 632 is implemented 
with a 1/2 encoder. The U/C encoder 632 and the block 
interleaver 633 (which is optional) are defined as an 
"enhanced encoder core' in the present invention. 
As shown in FIG. 7A, the demultiplexer 610 outputs its 

output to the buffer 620 when inputted data is main data, and 
to the U/C encoding unit 630 when the inputted data is 
enhanced data. 
The buffer 620 delays main data for a certain time, and 

then outputs it to the multiplexer 640. Namely, when main 
data is inputted to the demultiplexer 610, the buffer 620 is 
used to compensate time delay which is generated while the 
enhanced data is additionally encoded. Afterwards, the main 
data, whose time delay is controlled by the buffer 620, is 
transmitted to the data deinterleaver 114 through the multi 
plexer 640. 
When the known data is inputted, the known data place 

holder is inserted thereto in the E-VSB packet formatter 102. 
The multiplexer 640 of the E-VSB enhanced encoder 113 
selects the training sequence T instead of the known data 
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place holder and then outputs it thereto. Therefore, the 
known data can be outputted without additional encoding. 
On the other hand, the byte-bit converter 631 of the U/C 

encoding unit 630 converts the enhanced data byte to 
enhanced data bits and then outputs them to the 1/2 encoder 
632. The 1/2 encoder 632 encodes inputted one bit to two 
bits to output them thereto. 

The 1/2 encoder 632 is implemented with a convolution 
encoder or a low density parity check (LDPC) encoder, etc., 
which can use block codes. Also, the 1/2 encoder 632 may 
selectively adopt a block interleaver 633 according to imple 
mentation objectives. 

For example, assuming that one byte of the enhanced data 
is extended to two bytes as null bits are inserted among bits 
thereof in the E-VSB pre-processor 101. The byte-bit con 
verter 631 removes the null bits of inputted bytes and then 
outputs only effective data bits to the 1/2 encoder 632. 
The 1/2 encoder 632 encodes one bit input to two bits, on 

the basis of block coding, and the block interleaver 633 
inputs the two bits to perform block interleaving therefor. 
The block interleaving is related to the total system 

performance and may be used in any interleavings, such as 
a random interleaving. 

Here, the 1/2 encoder 632 performs encodings based on 
block units. The block size must be determined such that the 
block interleaver 633 can perform block interleaving. 

According to the present invention, the block size can be 
determined by input format of the E-VSB enhanced encoder 
113, as shown in FIG. 5B. 
The following is a description for a method for determin 

ing block size with reference to the input format of FIG.S.B. 
FIG. 5B shows that the number of parts to initialize the 

memory of Trellis encoder is 5 when interleaving unit is 52 
segments. In this case, it can be divided from one block into 
four blocks. 

Namely, for high block code performance of FIG. 5B, the 
block size can be preferably determined by the bit number 
of the enhanced data from first Trellis initialization to fifth 
Trellis initialization. 

According to another embodiment, the block size can be 
determined by the bit number of the enhanced data from 
among the first Trellis initialization to third Trellis initial 
ization. In this case, the enhanced data of one data inter 
leaving unit, which must be encoded in the E-VSB enhanced 
encoder 113, is divided into two blocks and then encoded. 
Namely, the enhanced data among the first Trellis initializa 
tion and third Trellis initialization is encoded on the basis of 
one block size, and the enhanced data among the third Trellis 
initialization and the fifth initialization is encoded on the 
basis of another block size. 

Also, according to a further embodiment, the block size 
can be determined as the bit number of the enhanced data 
between the first Trellis initialization and the second Trellis 
initialization. In this case, the enhanced data of one data 
interleaving unit, which must be encoded in the E-VSB 
enhanced encoder 113, is divided into four blocks and then 
encoded. 
The enhanced data, which was used to determine the 

block size, must be additionally encoded in the E-VSB 
enhanced encoder 113. Here, the enhanced data does not 
include the known data and non-systematic RS parity. 
The block size can be set with reference to the Trellis 

initialization, since data after Trellis initialization is not 
affected by inputs before the initialization. Namely, since the 
enhanced data have limited lengths with reference to the 
data of the Trellis initialization, start and end of classified 
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blocks are determined. Therefore, encoding performance of 
the enhanced data, which is performed in the block coding, 
can be further increased. 
The bit-byte converter 634 serves to convert output bits of 

the block interleaver 633 to bytes and then outputs them to 
the multiplexer 640. 
The multiplexer 640 selects main data outputted from the 

buffer 620, when the inputted data is main data, and 
enhanced data, which is encoded in the U/C encoding unit 
630, when the inputted data is the enhanced data. Also, when 
the inputted data is known data place holder, the multiplexer 
640 selects training sequence to output it to the deinterleaver 
114. 

FIG. 6A illustrates a schematic block diagram of an 
embodiment of the E-VSB enhanced encoder, and FIG. 6B 
illustrates a schematic block diagram of another embodi 
ment of the E-VSB enhanced encoder. FIG. 6A and FIG. 6B 
are different from one another, regarding a known data 
processing part. Namely, FIG. 6B is identical to FIG. 6A 
except that, when the inputted data is known data, the 
demultiplexer 660 outputs the known data to the buffer 670 
such that the buffer 670 can delay a certain time and then 
output it to the deinterleaver 114 through the multiplexer 
680. Therefore, the detailed description for FIG. 6B will be 
omitted. 

Such processes are performed under the assumption that 
the known data is already inserted in the enhanced data 
packet in the E-VSB packet formatter 102. 
As such, the present invention serves to initialize the 

memory of the Trellis encoder at the beginning part of the 
know data stream and perform additional encoding for the 
enhanced data, based on block coding, using the initializa 
tion. Therefore, performance of the additional encoding for 
the enhanced data can be increased. 

FIG. 7A illustrates a schematic block diagram of an 
embodiment of the E-VSB enhanced decoder 113, and FIG. 
7B illustrates a schematic block diagram of another embodi 
ment of the E-VSB enhanced decoder 113. 

Firstly, as shown in FIG. 7A, the E-VSB enhanced 
encoder 113 includes a demultiplexer 710, a buffer 720, an 
N-way encoder 730, and a multiplexer 740. 
The N-way encoder 730 includes an N-way interleaver 

731, an N-way deinterleaver 733 and N enhanced encoding 
units 7321-732N, which are connected, in parallel, between 
the N-way interleaver 731 and the N-way deinterleaver 733. 

Each enhanced encoding unit includes a symbol-bit con 
verter, an enhanced encoder core, and a bit-symbol con 
verter. The enhanced encoder core includes a U/C encoder 
and a block interleaver. The U/C encoder is preferably 
implemented with a 1/2 encoder. The 1/2 encoder may use 
block codes of a convolution encoder or a low density parity 
check (LDPC) encoder. Also, the 1/2 encoder may selec 
tively use a block interleaver according to implementation 
objectives. 
As shown in FIG. 7A, when the inputted data is main data, 

the demultiplexer 710 outputs the main data to the buffer 
720. When the inputted data is enhanced data, the demulti 
plexer 710 outputs the enhanced data to the N-way inter 
leaver 731 of the N-way encoding unit 730. 
The buffer 720 delays main data for a certain time, and 

then outputs it to the multiplexer 740. Namely, when main 
data is inputted to the demultiplexer 710, the buffer 720 is 
used to compensate time delay which is generated while the 
enhanced data is additionally encoded. Afterwards, the main 
data, whose time delay is controlled by the buffer 720, is 
transmitted to the data deinterleaver 114 through the multi 
plexer 740. 
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When the known data is inputted, the known data place 
holder is inserted thereto in the E-VSB packet formatter 102. 
The multiplexer 740 of the E-VSB enhanced encoder 113 
selects the training sequence T instead of the known data 
place holder and then outputs it thereto. Therefore, the 
known data can be outputted without additional encoding. 
On the other hand, the N-way interleaver 731 converts the 

enhanced data bytes to symbols, such that each of the 
symbols can be distributed to corresponding enhanced 
encoding unit. Namely, the enhanced data of the demulti 
plexer 710 are formed into N divided symbol outputs by the 
N-way interleaver 731 of the N-way encoding unit 730. 

The N divided symbols are sequentially distributed to the 
N enhanced encoding units or non-sequentially distributed 
to the encoding units based on a pre-set interleaving 
Sequence. 

For example, when N is 4, one byte is changed to 4 
symbols. Therefore, the 4 symbols are distributed to the four 
enhanced encoding units, in sequence or in a predetermined 
interleaving sequence. Also, symbols located at the same 
places in each of the four bytes are distributed to 4 enhanced 
encoding units based on a predetermined sequence. 
The enhanced encoding units have the same structure, 

Such that they can operate identically. 
Therefore one of the enhanced encoding units will be 

described in detail. Namely, the symbol-bit converter in the 
enhanced encoding unit inputs a symbol distributed from the 
N-way interleaver 731 to convert it to bits. Afterwards, a null 
bit of the bits is removed, such that only effective data bits 
can be outputted to the enhanced encoder core, in which the 
null bit is inserted thereto through null extension in the 
E-VSB pre-processor 101. 

For example, lets assume that on byte of enhanced data 
is extended to two bytes as null bits are inserted among bits 
in the E-VSB pre-processor 101. Then, the symbol-bit 
converter removes the null bits and outputs only effective 
data bits. 
The 1/2 encoder in the enhanced encoder core encodes 

one bit of input to two bits, based on block coding, and then 
outputs them thereto. The block interleaver inputs the output 
of the 1/2 encoder to perform block interleaving. 

Here, the block size for block coding or block interleaving 
is determined as the block size defined in FIG. 6A and FIG. 
6B is divided by the number of ways N of N-way interleav 
ing. For example, the largest block size can be determined 
as the bit number of effective enhanced data is divided by N. 
in which the effective enhanced data is located among the 
first initialization to the last fifth initialization, of Trellis 
initialization to form known data as shown in FIG. 5B. On 
the other hand, as described above, block interleaving hav 
ing the block size may be used in any interleaving operations 
is related to the total system performance and may be used 
in any interleavings, such as a random interleaving. 
The output of the enhanced encoder core is converted to 

symbols in the bit-symbol converter and then outputted to 
the N-way deinterleaver 733. The N-way deinterleaver 733 
performs deinterleaving for the symbols outputted from the 
respective enhanced encoding units and then outputs them to 
the multiplexer 740. Here, the N-way deinterleaver 733 
performs a reverse operation of the N-way interleaver 731. 
When inputted data is main data, the multiplexer 740 

selects the main data outputted from the buffer 720. When 
the inputted data is enhanced data, the multiplexer 740 
selects the enhanced data outputted from the N-way encod 
ing unit 730. Also, when the inputted data is known data 
place holder, the multiplexer 740 selects training sequence 
to output it to the data deinterleaver 114. 
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FIG. 7A and FIG. 7B are different from one another, 

regarding a known data processing part. Namely, FIG. 7B is 
identical to FIG. 7A except that, when the inputted data is 
known data, the demultiplexer 760 outputs the known data 
to the buffer 770 such that the buffer 770 can delay a certain 
time and then output it to the deinterleaver 114 through the 
multiplexer 780. Therefore, the detailed description for FIG. 
7B will be omitted. 

Such processes are performed under the assumption that 
the known data is already inserted in the enhanced data 
packet in the E-VSB packet formatter 102. 

FIG. 8 illustrates a schematic block diagram of a digital 
broadcast receiving system according to an embodiment of 
the present invention, in which the digital broadcast receiv 
ing system receives data, which are transmitted from the 
digital broadcast transmitting system of FIG. 1, and per 
forms modulation and equalization for the received data to 
restore original data. 
The digital broadcast receiving system includes a tuner 

801, a demodulator 805, an equalizer 803, a known data 
detector/generator 804, an enhanced decoder 805, a data 
deinterleaver 806, an RS decoder/non-systematic RS parity 
remover 807, and a derandomizer 808. 

Also, the digital broadcast receiving system further 
includes a main data packet remover 809, an E-VSB packet 
deformatter 810, and an E-VSB data processor 811. 

Namely, the tuner 801 serves to tune a particular channel 
frequency to perform down converting and then outputs it to 
the demodulator 802 and the known data detector/generator 
804. 
The demodulator 802 performs carrier restoring and tim 

ing restoring for the tuned channel frequency to generate a 
base band signal and then output it to the equalizer 803 and 
the known data detector/generator 804. 
The equalizer 803 compensates distortion in the channel 

included in the demodulated signal and then outputs it to the 
enhanced decoder 805. 

Here, the known data detector/generator 804 detects 
known data place, which is inserted in the transmitting end, 
from input/output data of the demodulator 802, and then 
outputs symbol stream of the known data, which is gener 
ated in the known data place, to the equalizer 803 and the 
enhanced decoder 805. Here, the input/output data of the 
demodulator 802 are indicative of data before or after 
performing demodulation. Also, the known data detector/ 
generator 804 outputs information to the enhanced decoder 
805, such that enhanced data, which performs additional 
encoding through the enhanced decoder 805, can be dis 
criminated from the main data, which does not perform 
additional encoding, and Such that a beginning point of a 
block of the enhanced encoder core, which is discriminated 
by the Trellis initialization of FIG. 5B, can be notified. 
The demodulator 802 enhances its modulation perfor 

mance using the known data symbol stream when perform 
ing timing restoration or carrier restoration. The equalizer 
803 enhances its equalization performance using the known 
data. The enhanced decoder 805 identifies the beginning and 
end of a block and restores data based on the identified 
result. 

Namely, the enhanced decoder 805 performs encoding for 
main data symbols and enhanced data symbols, which are 
outputted from the equalizer 803, to convert them to bytes 
and then outputs them to the deinterleaver 806. Such pro 
cesses will be described in detail as follows. 
The deinterleaver 806 performs deinterleaving and out 

puts the deinterleaving result to the RS decoder/non-sys 
tematic RS parity remover 807. Here, the deinterleaver 806 
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performs a reverse operation of the data interleaver at the 
transmitting end. When the inputted packet from the RS 
decoder/non-systematic RS parity remover 807 is main data 
packet, systematic RS decoding is performed. When the 
inputted packet is enhanced data packet, non-systematic RS 
parity byte, which is inserted to the packet, is removed and 
then outputted to the derandomizer 808. 

The derandomizer 808 performs derandomizing for out 
put of the RS decoder/non-systematic RS parity remover 
807 and then inserts MPEG synchronization byte to the front 
part of each packet to output it, based on 188 byte packet 
unit, thereto. Here, the derandomizer 808 operates a reverse 
operation of the randomizer. 
The derandomizer 808 outputs its output to a main MPEG 

decoder (not shown) and the main data packet remover 809, 
simultaneously. The main MPEG decoder performs decod 
ing for only packet corresponding to the main MPEG, since 
the enhanced data packet is not used in a conventional VSB 
receiver or has null or reserved PID. Therefore, the enhanced 
data packet is not used in the main MPEG decoder and is 
thus ignored. 

The main data packet remover 809 removes a main data 
packet of 188 byte unit from the output of the derandomizer 
808 and outputs it to the E-VSB packet deformatter 810. The 
E-VSB packet formatter 810 removes MPEG header of 4 
bytes from the enhanced data packet which is outputted from 
the main data packet remover 809, in which the MPEG 
header of 4 bytes is inserted to the enhanced data packet by 
the E-VSB formatter at the transmitting end. Also, the 
E-VSB packet formatter 810 removes bytes to which place 
holder (not enhanced data) is inserted at the transmitting 
end, for example place holders for known data, and then 
outputs them to the E-VSB data processor 811. The E-VSB 
data processor 811 performs a reverse operation of E-VSB 
pre-processor 101 at the transmitting end for the output of 
the E-VSB packet deformatter 810, and then outputs 
enhanced data. 
On the other hand, the data inputted to the enhanced 

decoder 805 may be any of main data or known data, or 
enhanced data. Here, the main data and known data do not 
undergo additional encoding but only Trellis encoding. Also, 
the enhanced data undergoes all the additional encoding and 
Trellis encoding. 
When the inputted data are main data or known data (or 

known data place holder), the enhanced decoder 805 per 
forms Viterbi decoding for the inputted data or performs 
hard determination for soft determination value, and then 
outputs the result thereto. Also, the transmitting end regards 
RS parity byte and MPEG header byte, which are added to 
the enhanced data packet at the transmitting end, as main 
data, and does not perform additional encoding therefor. 
Therefore, Viterbi decoding is performed or hard determi 
nation is performed for soft determination value, such that 
the result can be outputted. 
On the other hand, when the inputted data is enhanced 

data, the enhanced decoder 805 performs soft determination 
decoding to obtain a soft determination value, and performs 
decoding for the Soft determination value, such that decod 
ing processes for the enhanced data can be completed. Here, 
the decoding for the soft determination value is a reverse 
operation of the enhanced encoder core at the transmitting 
end. 

Here, when the enhanced encoder core includes a 1/2 
encoder and a block interleaver to perform a reverse opera 
tion thereof, the receiving end must include a block deinter 
leaver and a 1/2 decoder, as reversely arranged. In this 
situation, the block deinterleaver performs deinterleaving 
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for the received data and then the 1/2 decoder performs 1/2 
decoding for the deinterleaving result. On the other hand, 
when the block interleaver was not used at the transmitting 
end, the receiving end does not need the block deinterleaver. 

Namely, the enhanced decoder 805 performs decoding for 
the enhanced data as a decoder whose structure is configured 
such that a Trellis decoder, a block deinterleaver (optional), 
and a 1/2 decoder are adjacently connected to each other. 
When the Trellis decoder and 1/2 decoder are configured 

as an enhanced decoder to output a soft determination value, 
the soft determination value of the Trellis decoder can assist 
determination of the 1/2 decoder. The 1/2 decoder receiving 
such assistance of the Trellis decoder can return its soft 
determination value to the Trellis decoder, such that it can 
assist determination of the Trellis decoder. Such decoding is 
referred to as turbo decoding. When the turbo decoding is 
adopted, the total decoding performance can be enhanced. 

There are algorithms to output the soft determination 
value, such as Soft Output Viterbi Algorithm (SOVA), 
Sub-optimum Soft output Algorithm (SSA), and Maximum 
A Posteriori (MAP), etc. Here, from the point of view of 
symbol errors, the MAP algorithm is superior to the SOVA 
algorithm. The MAP algorithm calculates probability in log 
domain while its performance does not decrease, and does 
not need estimation of noise distribution. 
As the transmitting method of the present invention is 

described above, when a block is used for initialization of a 
memory state of the Trellis encoding unit such that the 
memory of the Trellis encoding unit is returned from a 
predetermined state value to another the predetermined state 
value, the receiving end determines a soft determination 
value using algorithms, such as a MAP algorithm or a 
SOVA, etc., thereby obtaining optimal performance. 
As described above, the digital broadcast system and the 

process method thereof according to the present invention 
have advantages in that errors hardly occur when enhanced 
data are transmitted through channels and they also are 
compatible with the conventional VSB receivers. Also, the 
digital broadcast system and the process method thereof can 
receive enhanced data without errors through channels in 
which ghost images and noise are a serious problem, com 
pared with the conventional VSB system. 

Also, as known data are inserted to a particular place in 
data region and then transmitted, receiving performance of 
a receiving system, whose channel variation is serious, can 
enhanced. 

Especially, the present invention initializes a memory of 
a Trellis encoder at the beginning part of the known data 
stream, and performs additional encoding, based on block 
coding for the enhanced data at the transmitting end, using 
the initialization, thereby increasing its encoding perfor 
mance. Also, the receiving end performs soft determination 
decoding for enhanced data, which is encoded on the basis 
of block coding, thereby increasing its decoding perfor 
aCC. 

The present invention is more effective as it is applied to 
portable and mobile receivers whose channels vary signifi 
cantly. Also, the present invention remarkably shows its 
effect in receivers which require robustness against noise. 

It will be apparent to those skilled in the art that various 
modifications and variations can be made in the present 
invention without departing from the spirit or scope of the 
inventions. Thus, it is intended that the present invention 
covers the modifications and variations of this invention 
provided they come within the scope of the appended claims 
and their equivalents. 
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What is claimed is: 
1. A digital broadcast transmitter comprising: 
a byte-bit converter configured to convert enhanced data 

bytes into bit units and output enhanced data bits; 
a first encoder configured to encode each of the enhanced 

data bits at a code rate of 1/H, wherein H is an integer 
greater than 1; 

a deinterleaver configured to deinterleave enhanced data 
corresponding to the encoded enhanced data bits; 

a removing unit configured to remove Reed Solomon 
(RS) parity data place holders inserted in pre-deter 
mined positions within enhanced data packets includ 
ing the deinterleaved enhanced data; 

a second encoder configured to perform non-systematic 
RS encoding on the enhanced data packets from which 
the RS parity data place holders are removed in order 
to insert RS parity data in the enhanced data packets; 
and 

an interleaver configured to interleave data in the RS 
encoded enhanced data packets, 

wherein an output of the interleaver comprises a first data 
group including rows having a length of 207 bytes, 

wherein an ith row in the first data group has N consecu 
tive Moving Picture Experts Group (MPEG) header 
bytes, 

wherein an input of the interleaver comprises a second 
data group including rows having a length of 207 bytes, 

wherein a jth row in the second data group has M 
consecutive MPEG header bytes, 

wherein N>M, and 
wherein i, j, M and N are integers greater than 1. 
2. The digital broadcast transmitter of claim 1, wherein 

the first data group further includes known data sequences. 
3. The digital broadcast transmitter of claim 2, further 

comprising: 
a trellis encoding unit configured to trellis encode data in 

the first data group, 
wherein the trellis encoding unit includes at least one 
memory that is initialized by initialization data in the 
first data group that is just prior to at least one of the 
known data sequences. 

4. A method of processing broadcast data in a digital 
broadcast transmitter, the method comprising: 

converting, in a byte-bit converter, enhanced data bytes 
into bit units to output enhanced data bits; 

encoding, in a first encoder, each of the enhanced data bits 
at a code rate of 1/H, wherein H is an integer greater 
than 1; 

deinterleaving, in a deinterleaver, enhanced data corre 
sponding to the encoded enhanced data bits: 

removing, in a removing unit, Reed-Solomon (RS) parity 
data place holders inserted in pre-determined positions 
within enhanced data packets including the deinter 
leaved enhanced data; 

performing, in a second encoder, non-systematic RS 
encoding on the enhanced data packets from which the 
RS parity data place holders are removed in order to 
insert RS parity data in the enhanced data packets; and 

interleaving, in an interleaver, data in the RS-encoded 
enhanced data packets, 

wherein an output of the interleaver comprises a first data 
group including rows having a length of 207 bytes, 

wherein an ith row in the first data group has N consecu 
tive Moving Picture Experts Group (MPEG) header 
bytes, 
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wherein an input of the interleaver comprises a second 

data group including rows having a length of 207 bytes, 
wherein a jth row in the second data group has M 

consecutive MPEG header bytes, 
wherein N>M, and 
wherein i, j, M and N are integers greater than 1. 
5. The method of claim 4, wherein the first data group 

further includes known data sequences. 
6. The method of claim 5, further comprising: 

trellis encoding, in a trellis encoding unit, data in the first 
data group, 

wherein at least one memory in the trellis encoding unit 
is initialized by initialization data in the first data group 
that is just prior to at least one of the known data 
sequences. 

7. A method of processing broadcast data in a transmitter, 
the method comprising: 

inserting header data into enhanced data, 
randomizing the enhanced data into which the header 

data are inserted 
first encoding the randomized enhanced data to add 

parity data, 
second encoding the first-encoded enhanced data at a 

code rate of U/C (wherein U-C) by a Low Density 
Parity Check (LDPC) scheme, 

block interleaving the second-encoded enhanced data, 
convolutional interleaving the block-interleaved 

enhanced data, and 
transmitting a frame including the convolutional-inter 

leaved enhanced data and known data to be used for 
channel estimation. 

8. The method of claim 7, wherein the known data are 
derived from a reference sequence, and wherein at least one 
memory for the known data is initialized at a start of the 
reference sequence. 

9. The method of claim 7, wherein the known data are 
inserted into predetermined positions of the frame. 

10. A transmitter for processing broadcast data, the 
transmitter comprising: 

a formatter configured to insert header data into 
enhanced data, 

a randomizer configured to randomize the enhanced data 
into which the header data are inserted 

a first encoder configured to first encode the randomized 
enhanced data to add parity data, 

a second encoder configured to second encode the first 
encoded enhanced data at a code rate of U/C by a Low 
Density Parity Check (LDPC) scheme, wherein UkC, 

a block interleaver configured to block interleave the 
second-encoded enhanced data, 

a data interleaver configured to convolutional interleave 
the block-interleaved enhanced data, and 

a transmitting unit configured to transmit a frame includ 
ing the convolutional-interleaved enhanced data and 
known data to be used for channel estimation. 

II. The transmitter of claim 10, wherein the known data 
are derived from a reference sequence, and wherein at least 
One memory for the known data is initialized at a start of the 
reference sequence. 

12. The transmitter of claim 10, wherein the known data 
are inserted into predetermined positions of the frame. 

k k k k k 


