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FIG. 4

Input byte M byte Output byle
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FIG. 6

Enhanced MPEG data
from E-VSB pre-processor after coding

MPEG header

Known

Data
generator
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DIGITAL TELEVISION
TRANSMITTER/RECEIVER AND METHOD
OF PROCESSING DATA IN DIGITAL
TELEVISION 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 indi-
cates that the claim was canceled, disclaimed, or held
invalid by a prior post-patent action or proceeding.

This application is a reissue of U.S. Pat. No. 8,391,385 B2,
which issued on Mar. 5, 2013, from U.S. application Ser. No.
13/403,919, filed on Feb. 23, 2012, which 1s a continuation of
U.S. application Ser. No. 12/606,128, filed Oct. 26, 2009,
now U.S. Pat. No. 8,149,940, which 1s a continuation of U.S.
application Ser. No. 11/428,309, filed Jun. 30, 2006, now U.S.
Pat. No. 7,620,118, which pursuant to 35 U.S5.C. §119(a),
claims the benefit of earlier filing date and right of priority to
Korean Patent Application No. 10-2005-00940/4, filed on
Oct. 6, 2003, all of which are hereby 1incorporated by refer-
ence herein 1n their entireties as 11 fully set forth herein.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present 1invention relates to a digital telecommunica-
tions system, and more particularly, to a digital television
(DTV) transmuitter/receiver and a method of coding data 1n the
DTV transmitter/recerver. Although the present invention 1s
suitable for a wide scope of applications, 1t 1s particularly
suitable for modulating a digital television signal to a vesti-
gial side band (VSB) mode and transmitting and receiving the

VSB modulated digital television signal.
2. Discussion of the Related Art

Since the second haltf 0o 1998, the United States of America
has adopted an advanced television systems committee
(ATSC) 8T-VSB transmission method as the 1995 standard
for broadcasting. Presently, the Republic of Korea 1s also
providing broadcast programs by adopting the ATSC 8T-VSB
transmission method as the standard for broadcasting.
Accordingly, experimental broadcasting began 1n May 1995,
and a test-broadcasting system began on Aug. 31, 2000.

FI1G. 1 1llustrates a conventional ATSC 8T-VSB transmit-
ting system. A data randomizer randomizes MPEG video/
audio data that are inputted. A Reed-Solomon encoder Reed-
Solomon encodes data so as to add a 20-byte parity code. A
data interleaver interleaves the data. A trellis encoder converts
the data from bytes to symbols and, then, trellis-encodes the
converted data. A multiplexer (MUX) multiplexes a symbol
column and synchromization signals, and a pilot inserter adds
a pilot signal to the symbol column. A VSB modulator con-
verts the symbol column to an 8VSB signal of an intermediate
frequency bandwidth. And, a RF converter converts the VSB-
converted signal to an RF bandwidth signal and transmaits the
RF bandwidth-converted signal to an antenna.

The 8T-VSB transmission mode, which 1s adopted as the
standard for digital broadcasting 1n North America and the
Republic of Korea, 1s a system that has been developed for the
transmission of MPEG video/audio data. However, presently,
the technology for processing digital signals 1s being devel-
oped at a vast rate, and, as a larger number of the population
uses the Internet, digital electric appliances, computers, and
the Internet are being integrated. Therefore, 1n order to meet
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with the various requirements of the users, a system that can
add video/audio data through a digital television channel so as
to transmit diverse additional information needs to be devel-
oped.

Some users may assume that additional data broadcasting
would be applied by using a PC card or a portable device
having a simple 1n-door antenna attached thereto. However,
when used 1ndoors, the intensity of the signals may decrease
due to a blockage caused by the walls or disturbance caused
by approaching or proximate mobile objects. Accordingly,
the quality of the recerved digital signals may be deteriorated
due to a ghost effect and noise caused by reflected waves.
However, unlike the general video/audio data, when transmiut-
ting the additional data, the data that 1s to be transmitted
should have a low error ratio. More specifically, in case of the
video/audio data, errors that are not perceived or acknowl-
edged through the eyes or ears of the user can be 1gnored,
since they do not cause any or much trouble. Conversely, 1n
case of the additional data (e.g., program execution file, stock
information, etc.), an error even 1n a single bit may cause a
serious problem. Therefore, a system highly resistant to ghost
elfects and noise 1s required to be developed.

The additional data are generally transmitted by a time-
division method through the same channel as the MPEG
video/audio data. However, with the advent of digital broad-
casting, AI'SC VSB digital television receivers that receive
only MPEG video/audio data are already supplied to the
market. Therefore, the additional data that are transmitted
through the same channel as the MPEG video/audio data
should not influence the conventional ATSC VSB recervers
that are provided 1n the market. In other words, this may be
defined as ATSC VSB compatibility, and the additional data
broadcast system should be compatible with the ATSC VSB
system. Herein, the additional data may also be referred to as
enhanced data or E-VSB data. Furthermore, 1n a poor channel
environment, the receiving quality of the conventional ATSC
VSB recetving system may be deteriorated. More specifi-
cally, resistance to changes in channels and noise 1s more
highly required when using portable and/or mobile receivers.

SUMMARY OF THE INVENTION

Accordingly, the present mnvention 1s directed to a digital
television (DTV) transmitter and a method of coding data in
the DTV transmitter that substantially obviate one or more
problems due to limitations and disadvantages of the related
art.

An object of the present invention 1s to provide a digital
television system that i1s suitable for transmitting additional
data and that 1s highly resistant to noise.

Another object of the present invention 1s to provide a
digital television system that can enhance a decoding pertor-
mance of an additional data symbol.

A further object of the present mvention 1s to provide a
digital television (D'TV) transmitter and a method of coding
data 1n the DTV transmitter that can insert known data 1n a
specific area of the additional data and transmitting the data to
a transmitter/receiver, thereby enhancing the reception per-
formance of the digital television system.

Additional advantages, objects, and features of the mven-
tion will be set forth 1 part 1n the description which follows
and 1n part will become apparent to those having ordinary
skill 1n the art upon examination of the following or may be
learned from practice of the invention. The objectives and
other advantages of the ivention may be realized and
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attained by the structure particularly pointed out in the written
description and claims hereot as well as the appended draw-
Ings.

To achieve these objects and other advantages and 1n accor-
dance with the purpose of the mvention, as embodied and
broadly described herein, a digital television (DTV) transmit-
ter for coding enhanced data for transmission includes a data
formatter for generating an enhanced data packet including
the enhanced data and a known data sequence, a data random-
izer for randomizing the enhanced data packet, a Reed-So-
lomon (RS) encoder for RS-coding the randomized data
packet by adding first parity data, a data interleaver for inter-
leaving the RS-coded data packet, and a trellis encoding unit
for trellis-encoding the interleaved data packet, wherein the
trellis encoding unit may include a trellis-coded modulation
(TCM) encoder for generating a first output bit by trellis-
encoding a first input bit and generating a second output bitby
bypassing the first input bit, and a pre-coder for generating a
third output bit by pre-coding a second mput bit, wherein
memories included in the TCM encoder and the pre-coder are
initialized when the known data sequence 1s mputted to the
trellis encoding unit.

The trellis encoding unit may further include an initializa-
tion controller for generating 1nitialization data bits required
to mitialize the memories of the TCM encoder and the pre-
coder, and a multiplexer for replacing a portion of the known
data sequence with the mitialization data bits, wherein an
output of the multiplexer 1s inputted to the TCM encoder and
the pre-coder. And, the DTV transmitter may further include
a backward-compatibility processor which generates second
parity data based on the RS-coded data packet in which the
portion of the known data sequence 1s replaced with the
initialization data bits to reflect the replacement made by the
multiplexer. Herein, the multiplexer further may replace the
first parity data included 1n the interleaved data packet with
the second parity data.

In another aspect of the present invention, a method of
coding enhanced data for transmission in a digital television
(DTV) transmitter includes generating an enhanced data
packet including the enhanced data and a known data
sequence, randomizing the enhanced data packet, Reed-So-
lomon (RS)-coding the randomized data packet by adding
first parity data, interleaving the RS-coded data packet, and
trellis-encoding the interleaved data packet using a trellis
encoding unit which includes a trellis-coded modulation
(TCM) encoder and a pre-coder, wherein trellis-encoding the
interleaved data packet may include generating a first output
bit by trellis-encoding a first input bit and generating a second
output bit by bypassing the first input bit in the TCM encoder,
generating a third output bit by pre-coding a second input bit
in the pre-coder, and initializing memories icluded in the
TCM encoder and the pre-coder when the known data
sequence 1s inputted to the trellis encoding unit.

Herein, in1tializing memories included in the TCM and the
pre-coder may include generating initialization data bits
required to 1nitialize the memories of the TCM encoder and
the pre-coder, replacing a portion of the known data sequence
with the initialization data bits, and mputting the known data
sequence including the initialization data bits to the TCM
encoder and the pre-coder. The ftrellis-encoding the inter-
leaved data packet may further include generating second
parity data based on the RS-coded data packet in which the
portion of the known data sequence 1s replaced with the
initialization data bits. The trellis-encoding the interleaved
data packet may further include replacing the first parity data
included 1n the iterleaved data packet with the second parity
data.
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It 1s 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 ivention and are 1ncor-
porated in and constitute a part of this application, illustrate
embodiments of the mnvention and together with the descrip-
tion serve to explain the principle of the invention. In the
drawings:

FIG. 1 1llustrates a block view of a conventional ATSC
8T-VSB transmitting system;

FIG. 2 illustrates a structure of a general VSB transmission
frame;

FIG. 3 illustrates an overall block view of a digital televi-
sion transmitter according to the present invention;

FIG. 4 1llustrates a block view of a data interleaver shown
in FIG. 3 according to an embodiment of the present inven-
tion;

FIG. § illustrates an operation example of the data inter-
leaver shown 1n FIG. 3 on the frame structure according to the
present invention;

FIG. 6 illustrates a detailed block view of a packet format-
ter shown in FIG. 3 according to an embodiment of the
present invention;

FIG. 7 illustrates a frame structure showing an example of
iserting known data prior to interleaving according to the
present invention;

FIG. 8 1llustrates the example of mserting known data by
describing each corresponding segment;

FIG. 9 illustrates a frame structure showing an example of
inserting known data after interleaving according to the
present invention;

FIG. 10 illustrates a detailed block view of a trellis encoder
according to an embodiment of the present invention;

FIG. 11 1llustrates a detailed block view of an example of a
trellis encoder shown 1n FIG. 10; and

FIG. 12 illustrates a block view showing an overall struc-

ture of the digital television recerver according to an embodi-
ment of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

Retference will now be made in detail to the preferred
embodiments of the present invention, examples of which are
illustrated 1n the accompanying drawings. Wherever pos-
sible, the same reference numbers will be used throughout the
drawings to refer to the same or like parts. In addition,
although the terms used 1n the present invention are selected
from generally known and used terms, some of the terms
mentioned 1n the description of the present invention have
been selected by the applicant at his or her discretion, the
detailed meanings of which are described 1n relevant parts of
the description herein. Furthermore, it 1s required that the
present nvention 1s understood, not simply by the actual
terms used but by the meaning of each term lying within.

In the present ivention, the enhanced data may either
consist of data including information such as program execu-
tion files, stock information, and so on, or consist of video/
audio data. Additionally, the known data refer to data already
known based upon a pre-determined agreement between the
transmitter and the receiver. Furthermore, the main data con-
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s1st of data that can be received from the conventional recerv-
ing system, wherein the main data include video/audio data.

FI1G. 2 illustrates a structure of a general VSB transmission
frame. Herein, one frame 1s configured of two fields. Each
field includes one field synchronization segment and 312 data
segments. The present mvention relates to inserting known
data 1n a predefined position within the data segment and
transmitting the data, thereby enhancing the recerving perior-
mance of the digital television receiver.

FI1G. 3 1llustrates an overall block view of a digital televi-
sion (DTV) transmitter according to the present mvention.
The DTV transmitter includes an E-VSB pre-processor 301,
an E-VSB packet formatter 302, a packet multiplexer 303, a
data randomizer 304, an E-VSB post-processor 310, a Reed-
Solomon (RS) encoder 321, a data interleaver 322, a trellis
encoding unit 323, a backward-compatibility processor 324,
a frame multiplexer 325, and a transmitter 330. In the present
invention having the above-described structure, main data are
outputted to the packet multiplexer 303 in transport packet
units, and enhanced data are outputted to the E-VSB pre-
processor 301. The E-VSB pre-processor 301 pre-processes
the enhanced data, such as encoding additional error correc-
tion and inserting null data bits, and then outputs the pre-

processed enhanced MPEG stream to the E-VSB packet for-
matter 302.

The E-VSB packet formatter 302 aligns the pre-processed
data and the pre-defined known data on a specific position of
the packet in accordance with a set rule. Thereafter, the
E-VSB packet formatter 302 outputs the aligned data to the
packet multiplexer 303 1n even packet units. The detailed
operation of the E-VSB packet formatter 302 will be
described 1n a later process. Furthermore, the packet multi-
plexer 303 multiplexes the enhanced data packet and the main
data packet 1n accordance with a pre-defined multiplexing
rule, the enhanced MPEG packet having the known data
inserted therein and transmitted from the E-VSB packet for-
matter 302. Then, the multiplexed data passes through the
data randomizer 304 and 1s outputted to the E-VSB post-
processor 310. Herein, the E-VSB post-processor 310
includes a Reed-Solomon (RS) encoder 311, a data inter-
leaver 312, an E-VSB convolutional encoder 313, a data
deinterleaver 314, and a RS byte remover 315. The RS
encoder 311 RS-codes the data outputted from the data ran-
domizer 304. Thereafter, the RS encoder 311 adds a 20-byte
parity data and outputs the data to the data interleaver 312.

FIG. 4 1llustrates a block view of the data interleaver 312,
shown 1n FIG. 3, according to an embodiment of the present
invention. In this example, a convolutional interleaver having
52 branches and a unit memory byte number of M=4 1is
described. In the data interleaver 312, when a first byte 1s
inputted, the mputted first byte 1s directly outputted through a
first branch, and a second byte 1s iputted through a second
branch. Accordingly, a value prior to 52*4 bytes 1s outputted.

FIG. § illustrates an operation example of the data inter-
leaver shown 1in FIG. 3 on the frame structure according to the
present invention. Herein, the data 1s inputted 1n segment
units from top to bottom, and the byte within the segment 1s
iputted first to the left side and then to the right side. The
numbers shown 1n FIG. 5 indicate the outputted order from
the interleaver. The data interleaver 312 1s operated in units of
52 segments. The output data of the data interleaver 312 are
outputted to the E-VSB convolutional encoder 313, wherein
the output data 1s E-VSB convolutional encoded. Then, the
E-VSB convolutional encoded data pass through the data
interleaver 314 and are outputted to the RS byte remover 315,
thereby removing (or deleting) the 20-byte parity. This 1s to
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recalculate the parity since the original data has been modi-
fied by the E-VSB convolutional encoder 313.

More specifically, the output of the RS byte remover 315 1s
inputted to the RS encoder 321 so as to be RS-coded. Then,
aiter the 20-byte parity 1s added once again, the data 1s out-
putted to the data interleaver 322. The operation of the data
interleaver 322 can be easily understood by referring to FIG.
3 and FIG. 4. Therefore, a detailed description of the same
will be omitted for simplicity.

The output of the data interleaver 322 is mputted to the
trellis encoding unit 323. The trellis encoding unmit 323
encodes the mputted 2 bits to 3 bits and outputs the encoded
data (1.e., 3 bits) to the frame multiplexer 325. In order to
make the data outputted from the trellis encoding unit 323 as
the known data defined from the DTV transmuitter/receiver, a
memory within the trellis encoding unit 323 needs to be
initialized with respect to the known data inserted in the
enhanced packet. At this point, mnitialization 1s performed by
a new set of data and not by the input data. Therefore, a new
RS parity should be created and be replaced with the mitial
parity data. More specifically, this operation 1s performed by
the backward-compatibility processor 324. The mnitialization
process of the trellis encoding unit 323 and the operation of
the backward-compatibility processor 324 will also be
described in detail 1n a later process.

The output of the trellis encoding unit 323 1s inputted to the
frame multiplexer 325. Then, the frame multiplexer 325
inserts field and segment synchronization signals to the out-
put data of the trellis encoding unit 323 and outputs the data
to the transmitter 330. The transmitter 330 includes a pilot
iserter 331, a VSB modulator 333, and a radio frequency
(RF) converter 334. Since this structure 1s similar to the
transmitting system of FIG. 1, a detailed description of the
same will be omitted for simplicity.

Hereinaftter, the operation of the packet formatter 302 waill
be described 1in detail. FIG. 5 1llustrates a detailed block view
of the packet formatter shown in FIG. 3 according to an
embodiment of the present invention. The packet formatter
302 includes a known data generator 511 and a multiplexer
513. The known data generator 511 creates the known data,
and the multiplexer 513 multiplexes and outputs the data
pre-processed by the E-VSB pre-processor 301 and the
MPEG header byte. More specifically, the multiplexed and
outputted known data are interleaved and trellis-encoded
from the transmitting end, thereby being transmaitted to the
receiving end. In the VSB transmission frame structure of the
receiving end, the frame structure being the last step prior to
the final transmission, the transmitted known data is used as a
separate reference data other than the synchronization data 1n
a channel equalizer and a demodulator. Herein, in the related
art recewver, only the synchronization data are used as the
reference data. Thus, the receiving performance can be
enhanced. Additionally, the output of the packet formatter
302 1s outputted 1n 188-byte units. The first 4 bytes corre-
spond to the MPEG header byte. And, the known data and the
output data of the E-VSB pre-processor are multiplexed in the
remaining 184 bytes.

FIG. 7 illustrates a frame structure showing an example of
iserting known data prior to interleaving according to the
present invention. However, this does not correspond to the
final frame that 1s to be transmitted. In other words, FIG. 7
illustrates a portion of the data segments within the frame and,
more specifically, illustrates an example of the known data
being inserted by the packet formatter 302. For a better under-
standing and simplicity of the description of the present
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invention, the frame structure shown in the example of F1G. 7
consists of 52 segments, which corresponds to an interleaving
depth.

Referring to FIG. 7, the frame structure broadly consists of
4 data areas. More specifically, the frame structure consists of
a header area 701, a payload area 702 1n which only the
E-VSB data can be present, a parity area 703, and a known
data area 704 1n which the known data can be present. Herein,
the known data area 1s divided into a first area 705 1n which the
trellis encoder can be initialized, and a second area 706 1n
which the trellis encoder cannot be mitialized.

The first area 705 1n which the trellis encoder can be 1ni-
tialized corresponds to a position of the bytes that are output-
ted from the data interleaver earlier than the parity bytes of the
corresponding segment. At this point, when the inputted data
1s changed from the enhanced data or main data to the known
data, a portion or all of the data in the first area 7035 1s replaced
with an 1mitialization data and inputted to the memory of the
trellis encoding unit 323. A portion of all of the first area 705

in which the trellis encoder can be mitialized may include the
known data and/or the enhanced data.

The second area 706 1n which the trellis encoder cannot be
iitialized may include the known data or the general
enhanced data. Herein, the area size of both data types may be
adequately modified by the designer of the present invention.
In other words, the amount of the known data and that of the
enhanced data 1s relative to one another. Furthermore, the size
of the first area 705 and the size of the second area 705 may
differ in each segment.

In the example shown 1n the preferred embodiment of the
present invention, the size of each area differs in accordance
with a segment order within a VSB data field. FIG. 8 illus-
trates the example of inserting known data by describing each
corresponding segment. This 1s to enable, after a data inter-
leaving process, the known data of each segment to be gath-
ered (or grouped) 1n a specific area. For example, when the
interleaving depth of a segment 1s 52, and when the order (e)
of the segment 1s equal to or higher than 13 and equal to or
lower than 30 (1.e., 13=e<30), the segment sequentially
includes a header area, an area 1n which the trellis encoder
cannot be 1nitialized, an area in which the trellis encoder can
be 1mmitialized, and a payload area. This order 1s repeated 4
times, and thereatter, a parity area 1s included.

When data 1s interleaved 1n the above-described structure
by the data interleaver 322, the corresponding frame structure
1s as shown 1n FIG. 9. More specifically, FIG. 9 illustrates a
frame structure showing an example of inserting known data

alter interleaving according to the present mvention. Refer-
ring to FIG. 9, the data of the header areas are first included,
and then the data of the known data areas are included. In
other words, the known data which were scattered 1n each
segment prior to the data iterleaving process are grouped 1n
a plurality of segments after the data interleaving process. The
known data areas are followed by data of the parity areas and
the data of the payload areas.

FI1G. 10 1llustrates a detailed block view of a trellis encoder
according to an embodiment of the present invention. More
specifically, F1G. 10 1s an example of a detailed block view of
the trellis encoding unit 323 that can be mnitialized and that
trellis-encodes the data interleaved by the data interleaver as
shown 1 FIG. 9. Referring to FIG. 10, the trellis encoding
unit 323 includes a multiplexer 611, a trellis encoder 612, and
an initialization controller 613. The multiplexer 611 multi-
plexes and outputs the interleaved data, the parity bytes out-
putted from the backward-compatibility processor 324, and
the imitialization data bits 1n accordance with a predetermined
rule. The 1nitialization controller 613 generates 1nitialization
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data bits for initializing the memory of the trellis encoder 612,
s0 as to output the generated initialization data bits to the
multiplexer 611 and the backward-compatibility processor
324.

More specifically, when the interleaved data are the known
data, and the known data are positioned at the beginning of the
known data sequence, to which data 1s consecutively mput-
ted, then mitialization of the trellis encoding unit 323 1s
required. More specifically, when a known data sequence 1s
inputted to the trellis encoder 612 as the mput data, various
types of output sequences may be obtained depending upon
the memory state of the trellis encoder 612. Therefore, by first
initializing the trellis encoder 612 to a predetermined value,
when the known data sequence begins, and then inputting the
known data, the known data output sequence may be obtained
from the output of the trellis encoder 612. Accordingly, when
the memory of the trellis encoder 612 1s required to be 1ni-
tialized, a portion of the known data should be replaced with
the mitialization data bits and outputted to the trellis encoder
612. Accordingly, the memory of the trellis encoder 612 1s
initialized by the imtialization data bits, and the output of the
trellis encoder 612 includes the known data coded with a
pattern desired by the DTV transmitter/receiver.

When the interleaved and outputted data are the known
data, and when 1mnitialization 1s required, the multiplexer 611
replaces a portion of the mterleaved data with the 1nitializa-
tion data bits and outputs the data to the trellis encoder 612.
Additionally, on the parity position within each enhanced
data segment, the multiplexer 611 outputs the parity data
outputted from the backward-compatibility processor 324 to
the trellis encoder 612. In other instances, the multiplexer 611
outputs the interleaved data to the trellis encoder 612. There-
alter, the trellis encoder 612 trellis-encodes the data outputted
from the multiplexer 611 by symbol units. Herein, each sym-
bol consists of 2 bits. For simplicity of the description, among
the 2 bits, the upper bit will be referred to as ‘d1’, and the
lower bit will be referred to as *d0’.

FIG. 11 illustrates a detailed block view of an example of
the trellis encoder 612 shown 1n FIG. 10. Herein, the trellis
encoder 612 recerves 2 mput bits (d1, d0). Then, after coding
(or encoding) the 2 mnput bits (d1, d0), the trellis encoder 612
outputs 3 bits (c2, c1, c0). Accordingly, the trellis encoder 612
includes a trellis coded modulation (TCM) encoder 621, and
a pre-coder 622. Herein, the lower bit d0 of the imnput symbol
1s inputted to the TCM encoder 621, and the upper bit d1 of
the iput symbol 1s inputted to the pre-coder 622. The TCM
encoder 621 includes a line bypassing the mput bit d0 to a
second output bit c1, a memory ml temporarily storing and
outputting a first output bit c0 that i1s fed-back, an adder
adding the mput bit d0 to the memory m1 and outputting the
added bit, and a memory m0 temporarly storing the bit out-
putted from the adder and outputting the bit as a first output bit
c0 and feeding-back the output bit to the memory m1.

The pre-coder 622 1ncludes an adder, and a memory m2.
The adder adds the mput bit d1 to the signal that 1s fed-back
and outputting the mput bit-added signal as a third output
signal c2. And, the memory m2 temporarly stores the third
output signal c2 that 1s outputted from the adder and feeds-
back the adder. At this point, each memory (i.e., m0 to m2) 1s
provided with the same clock and operated 1n synchroniza-
tion with the clocks

In the structure shown in FIG. 11, the lower bit d0 1s
directly outputted as the second output bit cl. Simulta-
neously, the lower bit d0 1s trellis-encoded by the two memo-
ries m0 and m1 and the adder of the TCM encoder 621, so as
to be outputted as the first output bit c0. The upper bit d1 1s
pre-coded by the adder and the memory m2 of the pre-coder
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622, so as to be outputted as the third bit ¢2. Therefore, the
state of the memory m2 of the trellis encoder 612 i1s deter-
mined only by the upper bit d1, and the state for each of the
memories ml and m0 1s determined only by the lower bit d0.

As shown in FIG. 11, only one d1 bit is required for ini- 2
tializing the memory m2 of the trellis encoder 612 to a pre-
determined value, and two d0 bits are required for initializing
the memory m1 and m0 of the trellis encoder 612 to a prede-
termined value. Therefore, 1n order to initialize the memories
m2, m1, and m0 of the trellis encoder 612, at least 2 input
symbols are required.

Table 1 shown below describes the mput of two symbols
required for mmtializing the memory from an arbitrary
m2m1moO state to a 000 state.

10

15

TABLE 1
m2m1mO [ d1d0/279 d1d0
000 00/00 or 10/10 20
001 00/01 or 10/11
010 01/00 or 11/10
0 11 01/01 or 11/11
100 00/10 or 10/00
101 00/11 or 10/01
110 01/10 or 11/00 55
111 01/11 or 11/01

Herein, for example, when the state 1s m2mlmO=111, in
order to mitialize the status 111 to 000, the d1d0 mnput symbol
should be consecutively mputted as 01, 11 oras 11, O1. 30

Accordingly, the initialization controller 613 receives the
state value of the memory m2m1moO 1n the trellis encoder.
Thereaiter, the initialization controller 613 creates (or gener-
ates) an mput symbol sequence required for the imtialization
by referring to Table 1 and outputs the input symbol sequence 35
to the multiplexer 611. More specifically, when 1nitialization
of the memory 1s required, the mitialization controller 613
verifies the state of the memory m2m1mO and refers to Table
1, so as to generate (or create) and output the imtialization
data bits to the multiplexer 611. At this point, 12 trellis encod- 40
ers are mcluded in the VSB transmitting system. Further,
since 2 symbols are required for mmitializing the memory of
cach trellis encoder, a total of 24 input symbols are first used
for imtializing when the known data sequence begins. Con-
versely, 1t can be easily estimated that when the state to which 45
the memory 1s to be mitialized 1s not 000, two other symbol
sequences different from the ones shown in Table 1 are
required. Therefore, a detailed description of the same will be
omitted for simplicity.

The itialization controller 613 outputs the mitialization 50
data bits to the backward-compatibility processor 324. More
specifically, since the memory 1s imtialized by a new set of
data and not by the interleaved data, the RS parity should be
newly created and replaced with the original (or initial) parity
data. This operation 1s performed by the backward-compat- 55
ibility processor 324. Herein, the backward-compatibility
processor 324 receives the output of the RS encoder 321 and
the output of the imitialization controller 613 within the trellis
encoding umt 323, thereby creating a 20-byte parity and
outputting the created parity to the multiplexer 611. The 60
output of the trellis encoding umt 323 1s outputted to the
frame multiplexer 325. Thereaiter, the frame multiplexer 3235
inserts field and segment synchronization signals to the out-
put data of the ftrellis encoding unit 323, which are then
transmitted through the transmaitter 330. 65

FI1G. 12 illustrates a block view showing an overall struc-
ture of the digital television recerver according to an embodi-

10

ment of the present mvention. More specifically, FIG. 12
1llustrates an example of a VSB recelving system that receives
data transmitted from the VSB transmitting system, shown 1n
FIG. 3, and that demodulates and equalizes the received data
so as to restore the transmitted data. The VSB receiving

system 1ncludes a tuner 711, a demodulator 712, an equalizer
713, a known data (or sequence) detector 714, a Viterbi
decoder 715, a deinterleaver 716, a Reed-Solomon (RS)
decoder 717, and a derandomizer 718. The VSB receiving
system also includes a main packet remover 719, a E-VSB
packet deformatter 720, and an E-VSB data processor 721.

The tuner 711 tunes the frequency of a particular channel.
Subsequently, the tuner 711 down-converts the tuned ire-
quency and outputs the tuned channel frequency to the
demodulator 712. The demodulator 712 performs carrier
wave restoration and timing restoration of the tuned channel
frequency wave, and outputs the processed channel frequency
wave to the equalizer 713. The equalizer 713 performs com-
pensation for any channel distortion included 1n the demodu-
lated s1gnal and outputs the compensated signal to the Viterbi
decoder 715.

At this point, the known data detector 714 detects the
known data, which have been imserted by the transmitting
end, from the output data of the demodulator 712. Then, the
known data detector 714 outputs the detected known data to
the demodulator 712 and the equalizer 713. When the
demodulator 712 uses the known data during the timing
recovery or the carrier recovery, the demodulating perfor-
mance may be enhanced. Similarly, when the equalizer 713
uses the known data for the channel equalization, the equal-
1zation performance may be enhanced.

The output of the equalizer 713 passes through the Viterbi
decoder 715, the deinterleaver 716, the RS decoder 717, and
the derandomizer 718. Thereatfter, the output data 1s outputted
to a main MPEG decoder (not shown) and simultaneously
outputted to the main packet remover 719. The Viterbi
decoder 715 Viterb1 decodes the data outputted from the
equalizer 713 and converts the Viterb1 decoded data to bytes.
Thereatter, the converted data are outputted to the deinter-
leaver 716. The deinterleaver 716 performs an inverse process
of the data interleaver of the DTV transmitter and outputs the
deinterleaved data to the RS decoder 717. The RS decoder
717 decodes the output of the deinterleaver 716 and removes
the panty data from the input data and outputs the parity-
removed data to the derandomizer 718.

The derandomizer 718 performs an mverse process of the
randomizer of the DTV transmitter on the output of the RS
decoder 717. Thereaiter, the derandomizer 718 inserts the
MPEG synchronization byte in the beginning of each packet,
thereby outputting the data in 188-byte packet units. The
output of the derandomizer 718 1s simultaneously outputted
to the main MPEG decoder (not shown) and to the main data
packet remover 719. Herein, the main MPEG decoder only
decodes the packet(s) corresponding to the main MPEG. It
the packet ID 1s a null packet ID or a reserved packet D,
which was used for the enhanced data packet, the main MPEG
decoder does not perform the decoding process.

In the meantime, the main data packet remover 719
removes the 188-byte unit main data packet from the data
outputted from the derandomizer 718 and outputs the pro-
cessed data to the E-VSB packet deformatter 720. Subse-
quently, the E-VSB packet deformatter 720 removes (or
deletes) the 4-byte MPEG header and the known data place
holder byte (or the known data byte) from the 188-byte packet
outputted from the main data packet remover 719. Thereatter,
the E-VSB packet deformatter 720 outputs the processed data
to the E-VSB data processor 721. The E-VSB data processor
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721 performs an mverse process of the E-VSB pre-processor
301 of the transmitting system, so as to process the data
outputted from the E-VSB packet deformatter 720. Subse-
quently, the E-VSB data processor 721 outputs the final out-
put data.

As described above, the digital television (DTV) transmit-
ter and the method of coding data 1n the DTV transmuitter
according to the present invention have the following advan-
tages. More specifically, the DTV transmitter/receiver 1s
highly protected against (or resistant to) any error that may
occur when transmitting additional data through a channel,
and the DTV transmitter/receiver 1s also highly compatible to
the conventional VSB system. The present invention may also
receive the additional data without any error even 1n channels
having severe ghost effect and noise. Additionally, by 1nsert-
ing known data 1n a specific area of the data area and trans-
mitting the processed data, the recerving performance of the
DTV recerver liable to a frequent change in channel may be
enhanced. Finally, the present invention 1s even more effec-
tive when applied to mobile and portable recervers, which are
also liable to a frequent change 1n channel and which require
protection (or resistance) against intense 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, 1t 1s intended that the present invention
covers the modifications and variations of this invention pro-
vided they come within the scope of the appended claims and
their equivalents.

What 1s claimed 1s:

1. A [transmitter of] transmitter for transmitting a digital

broadcast signal, the transmitter comprising:

an encoder [configured] to encode enhanced data:;

a packet formatter [configured] to generate enhanced data
packets including the encoded enhanced data and known
data sequences;

a first multiplexer [configured] to multiplex the enhanced
data packets and main data packets having main data;

a data randomizer [configured] to randomize the main data
in the multiplexed data packets;

a data interleaver [configured] to interleave data of the
enhanced data packets 1n the multiplexed data packets
and the randomized main data;

a trellis [encoder configured to trellis-encode] erncoding
unit that includes a second multiplexer and a trellis
encoder having memories,

wherein the second multiplexer selects the mterleaved data
or initialization data obtained based on values of the
memovries,
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wherein the trellis encoder trellis-encodes the selected
data, and

[and to initialize] wherein the memories [included in the
trellis encoder] are initialized by using the initialization
data at a start of at least one of the known data sequences;

a backward-compatibility processor [configured] to gener-
ate parity data based on the mitialization data and pro-
vide the generated parity data to the trellis [encoder]
encoding unit, and

a transmission unit Jconfigured] to transmit a transmission
frame including the trellis encoded data,

wherein the transmission frame has a plurality of segments,
and

wherein the known data sequences are located 1n specific
segments of the transmission frame.

2. The transmuitter of claim 1, wherein the transmitter fur-

ther comprises:

an RS (Reed-Solomon) [frame] encoder [configured] to
encode [mobile] data in the multiplexed data packets.

3. A method of transmitting a digital broadcast signal, the

method comprising:

encoding enhanced data;

generating enhanced data packets including the encoded
enhanced data and known data sequences;

multiplexing the enhanced data packets and main data
packets having main data;

randomizing the main data in the multiplexed data packets;

interleaving data of the enhanced data packets 1n the mul-
tiplexed data packets and the randomized main data;

selecting, by a trellis encoding unit having memories, the
interleaved data or initialization data obtained based on
values of the memories;

trellis-encoding the [interleaved] selected data;

initializing #2e memories [included in a trellis encoder] by
using the mitialization data at a start of at least one of the
known data sequences;

generating parity data based on the 1nitialization data;

providing the generated parity data to the trellis [encoder}
encoding unit, and

transmitting a transmission frame including the trellis
encoded data,

wherein the transmission frame has a plurality of segments,
and

wherein the known data sequences are located in specific
segments of the transmission frame.

4. The method of claim 3, further comprising RS (Reed-

Solomon) encoding [mobile] data in the multiplexed data
packets.
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