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VSB COMMUNICATION SYSTEM 

CROSS REFERENCE TO RELATED ART 

0001. This application claims the benefit of Korean Patent 
Application Nos. 2001-20929 and 2001-284.05, filed on Apr. 
18, 2001 and May 23, 2001, respectively, which are hereby 
incorporated by reference in their entirety. 
0002 This application incorporates by reference in their 
entirety co-pending U.S. application Ser. No. , mailed 
via Express Mail No. EF334462226US entitled “VSB 
TRANSMISSIONSYSTEM FOR PROCESSING SUPPLE 
MENTAL TRANSMISSION DATA and Ser. No. s 

mailed via Express Mail No. ET2351 10894 US entitled “VSB 
RECEPTION SYSTEM WITH ENHANCED SIGNAL 
DETECTION FOR PROCESSING SUPPLEMENTAL 
DATA 

BACKGROUND OF THE INVENTION 

0003 1. Field of the Invention 
0004. The present invention relates to a digital television 
transmission system, and more particularly, to a 8T-VSB 
(Vestigial Sideband) communication system for transmitting 
and receiving supplemental data in addition to MPEG data 
and to a signal format for the VSB communication system. 
0005 2. Description of the Related Art 
0006. The United States of America has employed ATSC 
8T-VSB (8 Trellis-Vestigial Sideband) as a standard since 
1995, and has been broadcasting in the ATSC 8T-VSB since 
the later half of 1998. South Korea also has employed the 
ATSC 8T-VSB as a standard. South Korea started test broad 
casting in May 1995, and has since August 2000 put in place 
a regular test broadcasting system. The advancement of tech 
nology allows the transmission of digital television (DTV) in 
the same 6 MHz bandwidth currently used by NTSC. 
0007 FIG. 1B illustrates a block diagram of a conven 
tional ATSC 8T-VSB transmission system 6 (“VSB transmis 
sion system'). The VSB transmission system 6 generally 
comprises a data randomizer 11, Reed-Solomon coder 12, 
data interleaver 13, Trellis coder 14, multiplexer 15, pilot 
inserter 16, VSB modulator 17 and RF converter 18. 
0008 Referring to FIG. 1B, there is a data randomizer 11 
for receiving and making random MPEG data (video, audio 
and ancillary data). The data randomizer 11 receives the 
MPEG-II data output from an MPEG-II encoder. Although 
not shown in FIG. 1B, the MPEG-II encoder takes baseband 
digital video and performs bit rate compression using the 
techniques of discrete cosine transform, run length coding, 
and bi-directional motion prediction. The MPEG-II encoder 
then multiplexes this compressed data together with pre 
coded audio and any ancillary data that will be transmitted. 
The result is a stream of compressed MPEG-II data packets 
with a data frequency of only 19.39 Mbit/Sec. The MPEG-II 
encoder outputs such data to the data randomizer in serial 
form. MPEG-II packets are 188 bytes in length with the first 
byte in each packet always being the sync or headerbyte. The 
MPEG-II sync byte is then discarded. The sync byte will 
ultimately be replaced by the ATSC segment sync in a later 
stage of processing. 
0009. In the VSB transmission system 6, the 8-VSB bit 
stream should have a random, noise-like signal. The reason 
being that the transmitted signal frequency response must 
have a flat noise-like spectrum in order to use the allotted 6 
MHZ channel space with maximum efficiency. Random data 
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minimizes interference into analog NTSC. In the data ran 
domizer 11, each byte value is changed according to known 
pattern of pseudo-random number generation. This process is 
reversed in the VSB receiver in order to recover the proper 
data values. 
0010. The Reed-Solomon coder 12 of the VSB transmis 
sion system 6 is used for Subjecting the output data of the data 
randomizer 11 to Reed-Solomon coding and adding a 20 byte 
parity code to the output data. Reed Solomon encoding is a 
type of forward error correction scheme applied to the incom 
ing data stream. Forward error correction is used to correct bit 
errors that occur during transmission due to signal fades, 
noise, etc. Various types of techniques may be used as the 
forward error correction process. 
(0011. The Reed-Solomon coder 12 takes all 187 bytes of 
an incoming MPEG-II data packet (the sync or header byte 
has been removed from 188 bytes) and mathematically 
manipulates them as a block to create a digital sketch of the 
block contents. This “sketch’ occupies 20 additional bytes 
which are added at the tail end of the original 187 byte packet. 
These 20 bytes are known as Reed-Solomon parity bytes. The 
20 Reed-Solomon parity bytes for every data packet add 
redundancy for forward error correction of up to 10 byte 
errors/packet. Since Reed-Solomon decoders correct byte 
errors, and bytes can have anywhere from 1 to 8 bit errors 
within them, a significant amount of error correction can be 
accomplished in the VSB reception system. The output of the 
Reed-Solomon coder 12 is 207 bytes (187 plus 20 parity 
bytes). 
0012. The VSB reception system will compare the 
received 187 byte block to the 20 parity bytes in order to 
determine the validity of the recovered data. If errors are 
detected, the receiver can use the parity bytes to locate the 
exact location of the errors, modify the corrupted bytes, and 
reconstruct the original information. 
0013 The data interleaver 13 interleaves the output data of 
the Reed-Solomon coder 12. In particular, the data interleaver 
13 mixes the sequential order of the data packet and disperses 
or delays the MPEG-II packet throughout time. The data 
interleaver 13 then reassembles new data packets incorporat 
ing small sections from many different MPEG-II (pre-inter 
leaved) packets. The reassembled packets are 207 bytes each. 
0014. The purpose of the data interleaver 13 is to prevent 
losing of one or more packets due to noise or other harmful 
transmission environment. By interleaving data into many 
different packets, even if one packet is completely lost, the 
original packet may be substantially recovered from informa 
tion contained in other packets. 
0015 The VSB transmission system 6 also has a trellis 
coder14 for converting the output data of the data interleaver 
13 from byte form into symbol form and for subjecting it to 
trellis coding. In the trellis coder 14, bytes from the data 
interleaver 13 are converted into symbols and provided one 
by one to a plurality of Trellis coders and precoders shown in 
FIG. 9. 

0016 Trellis coding is another form of forward error cor 
rection. Unlike Reed-Solomon coding, which treated the 
entire MPEG-II packet simultaneously as a block, trellis cod 
ing is an evolving code that tracks the progressing stream of 
bits as it develops through time. 
0017. The trellis coder 14 adds additional redundancy to 
the signal in the form of more (than four data levels, creating 
the multilevel (8) data symbols for transmission. For trellis 
coding, each 8-bit byte is split up into a stream of four, 2-bit 
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words. In the trellis coder 14, each 2-bit input word is com 
pared to the past history of previous 2-bit words. A 3-bit 
binary code is mathematically generated to describe the tran 
sition from the previous 2-bit word to the current one. These 
3-bit codes are substituted for the original 2-bit words and 
transmitted as the eight level symbols of 8-VSB. For every 
two bits that enter the trellis coder 14, three bits are produced. 
0018. The trellis decoder in the VSB receiver uses the 
received 3-bit transition codes to reconstruct the evolution of 
the data stream from one 2-bit word to the next. In this way, 
the trellis coder follows a “trail” as the signal moves from one 
word to the next through time. The power of trellis coding lies 
in its ability to track a signal's history through time and 
discard potentially faulty information (errors) based on a 
signal's past and future behavior. 
0019. A multiplexer 15 is used for multiplexing a symbol 
stream from the trellis coder 14 and synchronizing signals. 
The segment and the field synchronizing signals provide 
information to the VSB receiver to accurately locate and 
demodulate the transmitted RF signal. The segment and the 
field synchronizing signals are inserted after the randomiza 
tion and error coding stages so as not to destroy the fixed time 
and amplitude relationships that these signals must possess to 
be effective. The multiplexer 15 provides the output from the 
trellis coder 14 and the segment and the field synchronizing 
signals in a time division manner. 
0020. An output packet of the data interleaver 13 com 
prises the 207 bytes of an interleaved data packet. After trellis 
coding, the 207 byte segment is stretched out into a baseband 
stream of 828 eight level symbols. The segment synchroniz 
ing signal is a four symbol pulse that is added to the front of 
each data segment and replaces the missing first byte (packet 
sync byte) of the original MPEG-II data packet. The segment 
synchronizing signal appears once every 832 symbols and 
always takes the form of a positive-negative-positive pulse 
Swinging between the +5 and -5 signal levels 
0021. The field synchronizing signal is an entire data seg 
ment that is repeated once per field. The field synchronizing 
signal has a known data symbol pattern of positive-negative 
pulses and is used by the receiver to eliminate signal ghosts 
caused by poor reception. 
0022. The VSB transmission system 6 also has the pilot 
inserter 16 for inserting pilot signals into the symbol stream 
from the multiplexer 15. Similar to the synchronizing signals 
described above, the pilot signal is inserted after the random 
ization and error coding stages so as not to destroy the fixed 
time and amplitude relationships that these signals must pos 
sess to be effective. 

0023. Before the data is modulated, a small DC shift is 
applied to the 8T-VSB baseband signal. This causes a small 
residual carrier to appear at the Zero frequency point of the 
resulting modulated spectrum. This is the pilot signal pro 
vided by the pilot inserter 16. This gives the RF PLL circuits 
in the VSB receiver something to lock onto that is indepen 
dent of the data being transmitted. 
0024. After the pilot signal has been inserted by the pilot 
inserter 16, the output is subjected to a VSB modulator 17. 
The VSB modulator 17 modulates the symbol stream from 
the pilot inserter 16 into an 8VSB signal of an intermediate 
frequency band. The VSB modulator 17 provides a filtered 
(root-raised cosine) IF signal at a standard frequency (44Mhz. 
in the U.S.), with most of one sideband removed. 
0025. In particular, the eight level baseband signal is 
amplitude modulated onto an intermediate frequency (IF) 
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carrier. The modulation produces a double sideband IF spec 
trum about the carrier frequency. The total spectrum is too 
wide to be transmitted in the assigned 6 MHZ channel. 
0026. The sidelobes produced by the modulation are sim 
ply scaled copies of the center spectrum, and the entire lower 
sideband is a mirror image of the upper sideband. Therefore 
using a filter, the VSB modulator discards the entire lower 
sideband and all of the sidelobes in the upper sideband. The 
remaining signal (upper half of the center spectrum) is further 
eliminated in one-half by using the Nyquist filter. The 
Nyquist filter is based on the Nyquist Theory, which summa 
rizes that only a /2 frequency bandwidth is required to trans 
mit a digital signal at a given sampling rate. 
0027 Finally, there is an RF (Radio Frequency) converter 
18 for converting the signal of an intermediate frequency 
band from the VSB modulator 17 into a signal of a RF band 
signal, and for transmitting the signal to a reception system 
through an antenna 19. 
0028. The foregoing VSB communication system is at 
least partially described in U.S. Pat. Nos. 5,636,251, 5,629, 
958 and 5,600,677 by Zenith Co. which are incorporated 
herein by reference. The 8T-VSB transmission system, which 
is employed as the standard digital TV broadcasting in North 
America and South Korea, was developed for the transmis 
sion of MPEG video and audio data. As technologies for 
processing digital signals develop and the use of the Internet 
increases, the trend currently is to integrate digitized home 
appliances, the personal computer, and the Internet into one 
comprehensive system. 
(0029. Therefore, in order to satisfy the variety of the 
demands of users, there is a need to develop a communication 
system that facilitates the addition and transmittal of a variety 
of Supplemental data to the video and audio data through the 
digital broadcasting channel. It is predicted that the use of 
Supplemental data broadcasting may require PC (Personal 
Computer) cards or portable appliances, with simple indoor 
antennas. 

0030. However, there can be a substantial reduction of 
signal strength due to walls and nearby moving bodies. There 
also can be ghost and noise caused by reflective waves, which 
causes the performance of the signal of the Supplemental data 
broadcasting to be substantially poor. Supplemental data 
broadcasting is different from general video and audio data in 
that it requires a lower error ratio in transmission. For general 
Video and audio data, errors imperceptible to the human eye 
or ear are inconsequential. In contrast, for Supplemental data, 
even one bit of error in the supplemental data (which may 
include program execution files, Stock information, and other 
similar information) may cause a serious problem. Therefore, 
the development of a communication system that is more 
resistant to the ghost and noise occurring on the channel is 
absolutely required. 
0031. In general, the supplemental data is transmitted by a 
time division system on a channel similar to the MPEG video 
and audio data. After the incorporation of digital broadcast 
ing, there has already been a widespread emergence in the 
home appliance market of receivers equipped to receive 
ATSCVSB digital broadcast signals. These products receive 
MPEG video and audio data only. Therefore, it is required 
that the transmission of Supplemental data on the same chan 
nel as the MPEG video and audio data has no adverse influ 
ence on the existing receivers that are equipped to receive 
ATSCVSB digital broadcasting. Such objective is defined as 
ATSC VSB backward compatibility, and the supplemental 
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data broadcasting system must be a system that is backward 
compatible with the ATSC VSB communication system. 
0032. In the meantime, in a poor channel environment, the 
reception performance of the existing ATSC VSB reception 
system may decrease. Because the Supplemental data and the 
MPEG data are multiplexed in segment units, the order of 
multiplexing is closely related to the receiving performance 
of the Supplemental data. That is, the receiving performance 
of the Supplemental data may be significantly poor depending 
on the order of multiplexing. 

SUMMARY OF THE INVENTION 

0033 Accordingly, the present invention is directed to a 
VSB communication system that substantially obviates one 
or more of the problems due to limitations and disadvantages 
of the related art. 
0034. An object of the present invention is to provide a 
new VSB communication system which is suitable for trans 
mission of a Supplemental data, and robust to noise and ghost 
(multipath). 
0035 Another object of the present invention is to provide 
a VSB communication system that can enhance receiving 
performance. 
0036. A further object of the present invention is to pro 
vide a method for multiplexing supplemental data and MPEG 
data in a VSB communication system, and for improving 
receiving performance of the VSB communication system. 
0037 Additional features and advantages of the invention 
will be set forth in the description that follows, and in part will 
be apparent from the description, or may be learned by the 
practice of the invention. The objectives and other advantages 
of the invention will be realized and attained by the structure 
particularly pointed out in the written description and claims 
hereofas well as the appended drawings. 
0038. To achieve these and other advantages and in accor 
dance with the purpose of the present invention, as embodied 
and broadly described, segments of Supplemental data pack 
ets received through a first path of a VSB communication 
system and segments of MPEG transport packets received 
through a second path of the VSB communication system are 
multiplexed under a fixed rule within a data field. 
0039. According to an embodiment of the present inven 

tion, a VSB communication system comprises a VSB trans 
mission system for multiplexing a coded MPEG data and a 
coded Supplemental data having a null sequence inserted 
therein with required multiplexing information included 
thereto according to Supplemental data packets, and transmit 
ting a multiplexed data field; and a VSB reception system for 
detecting the required multiplexing information from the 
multiplexed data field, decoding the multiplexed data field by 
using the null sequence and the detected multiplexing infor 
mation, and demultiplexing the multiplexed data into the 
MPEG data and the supplemental data in response to the 
multiplexing information. Preferably, the multiplexing infor 
mation of the supplemental data is within the multiplexed 
data field. The preferred multiplexing ratio of the supplemen 
tal data and the MPEG data is one segment to one segment 
(1:1) or one segment to three segments (1:3). 
0040. According to an aspect of the present invention, the 
number of the Supplemental data packets multiplexed within 
one multiplexed data field is preferably between 0 to 156. The 
multiplexing information is contained in at least one of a 
reserved area of a field synchronizing signal segment in the 
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multiplexed data field and a first Supplemental data segment 
after the field synchronizing signal segment. 
0041 According to another aspect of the present inven 
tion, the multiplexing information is in the reserved area that 
includes 92 symbols having a first value (preferably a current 
P value, a second value (preferably a count down value 
before changing the current P value) and a third value (pref 
erably a next P value to be changed). The current P value 
occupies at least 8 bits, count down value occupies at least 8 
bits, and the next P value to be changed occupies at least 8 
bits. Preferably, the reserved area is divided into first and 
second 12 bit sections, the first and the second 12 bit section 
being inverted with respect to each other. The second 12 bit 
section is a bit-wise inversion of the first 12 bit section. 

0042. A method for processing MPEG and supplemental 
data packets in a VSB transmission system with a Supplemen 
tal data coder is described. In such process, the Supplement 
data coder generates coded Supplemental data packets from 
the Supplemental data packets. The method comprises the 
steps of multiplexing the coded Supplemental data packets 
and MPEG data packets in at least one data field, the data field 
having a plurality of segments, each segment corresponding 
to at least one of the coded Supplemental data packets and the 
MPEG data packets, wherein the multiplexing is performed 
in response to a number of the Supplemental data packets; and 
modulating the multiplexed data field in the VSB transmis 
sion system. 
0043. The method further comprises subjecting the 
Supplemental data packets to Reed-Solomon coding for error 
correction; inserting a null sequence into the Reed-Solomon 
coded supplemental data packets; and adding the MPEG 
header to the Supplemental data packets having the null 
sequence inserted therein to obtain the coded Supplemental 
data packets. The Supplemental data packets may be Sub 
jected to interleaving for enhancing resistance to burst noise. 
0044. A method for processing MPEG and coded supple 
mental data packets in a VSB reception system having a 
Supplemental data decoder to generate the Supplemental data 
packets from the coded Supplemental data packets is 
described. The method comprises the steps of detecting mul 
tiplexing information from a data field received by the VSB 
reception system, the multiplexing information being pre 
pared in response to a number of the Supplemental data pack 
ets and containing demultiplexing information for separating 
Supplemental data segments and the MPEG data segments; 
demultiplexing the data field into the MPEG data packets and 
the coded Supplemental data packet by using the multiplexing 
information; and using the Supplemental data decoder, decod 
ing the coded Supplemental data packets to obtain the Supple 
mental data packets. 
0045. Alternatively, a method for multiplexing MPEG 
data and Supplemental data in a VSB transmission system 
comprises the steps of determining a number of supplemental 
data packets to be multiplexed with MPEG data segments in 
a data field, wherein the data field includes a plurality of 
MPEG and Supplemental data segments; and assigning a 
position of the Supplemental data segment to everyY segment 
of the data field starting from a preselected start position of 
the data field in sequential order until the end of the data field, 
and assigning remaining Supplemental data segments to every 
Y segment of the data field starting from a Subsequent start 
position that is offset by a predefined offset position from a 
previous start position of the data field. 
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0046 According to an aspect of the present invention, Y is 
preferably every fourth segment and the predefined offset 
position is one segment. In addition, the preselected start 
position is preferably adjacent to a field synchronization sig 
nal segment. 
0047. It is to be understood that both the foregoing general 
description and the following detailed description are exem 
plary and explanatory and are intended to provide further 
explanation of the invention as claimed. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0048. The accompanying drawings, which are included to 
provide a further understanding of the invention and are 
incorporated in and constitute a part of this specification, 
illustrate embodiments of the invention and, together with the 
description, serve to explain the principles of the invention. 
0049 FIG. 1A illustrates a block diagram showing a VSB 
transmission system and a Supplemental data encoder in a 
VSB communication system in accordance with a preferred 
embodiment of the present invention; 
0050 FIG. 1B illustrates a block diagram of a VSB trans 
mission system in FIG. 1A: 
0051 FIG. 2 illustrates a data field diagram in a case where 
the VSB signal communication system of the present inven 
tion has a poor decoding performance; 
0052 FIG.3 illustrates a data field diagram in a case where 
supplemental data and MPEG data are multiplexed in a 1:3 
ratio in a VSB signal communication system of the present 
invention; 
0053 FIG. 4 illustrates a data field diagram in a case where 
supplemental data and MPEG data are multiplexed in a 1:1 
ratio in a VSB signal communication system of the present 
invention; 
0054 FIG. 5A illustrates a multiplexed data field diagram 
when the supplemental data segments and the MPEG data 
segments are multiplexed in a 1:3 ratio with the offset K1 set 
to “0”; 
0055 FIG. 5B illustrates a multiplexed data field diagram 
when the supplemental data segments and the MPEG data 
segments are multiplexed in a 1:3 ratio with the offset K1 set 
to 1 : 
0056 FIG.5C illustrates a multiplexed data field diagram 
when the supplemental data segments and the MPEG data 
segments are multiplexed in a 1:3 ratio with the offset K1 set 
to 2: 
0057 FIG.5D illustrates a multiplexed data field diagram 
when the supplemental data segments and the MPEG data 
segments are multiplexed in a 1:3 ratio with the offset K1 set 
to 3: 
0058 FIG. 6A illustrates a multiplexed data field diagram 
when the supplemental data segments and the MPEG data 
segments are multiplexed in a 1:1 ratio with the offset K1 set 
to “0” and the offset K2 set to 1: 
0059 FIG. 6B illustrates a multiplexed data field diagram 
when the supplemental data segments and the MPEG data 
segments are multiplexed in a 1:1 ratio with the offset K1 set 
to “0” and the offset K2 set to 2: 
0060 FIG. 7 illustrates a functional diagram of a data 
interleaver of the VSB transmission system; 
0061 FIG. 8 illustrates a diagram showing data input/ 
output of the data interleaver; 
0062 FIG. 9 illustrates a functional diagram showing a 
Trellis coder of the VSB transmission system; 
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0063 FIG. 10 illustrates a segment structure of a field 
synchronizing signal segment of a data field according to the 
preferred embodiment of the present invention; 
0064 FIG. 11 illustrates a block diagram showing a VSB 
reception system in a VSB signal communication system of 
the present invention; and 
0065 FIG. 12 illustrates a block diagram of the multiplex 
ing information detector. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

0.066 Reference will now be made in detail to the pre 
ferred embodiments of the present invention, examples of 
which are illustrated in the accompanying drawings. 
0067. The VSB communication system according to a pre 
ferred embodiment of the present invention includes a trans 
mission system and a reception system. In FIG. 1A, the VSB 
transmitter 110 in accordance with a preferred embodiment 
of the present invention includes a VSB Supplemental data 
encoder 8 and a VSB transmission system 6. The description 
of the VSB transmission system 6 is described above in con 
nection with FIG. 1B, and thus, will not be repeated. Accord 
ing to the preferred embodiment of the present invention, the 
VSB supplemental data encoder 8 includes a Reed-Solomon 
coder 1, a data interleaver 2, a null sequence inserter 3, an 
MPEG header inserter 4, a multiplexer 5, an 8T-VSB trans 
mission system 6, and an antenna 7. 
0068. As shown in FIG. 1A, for the transmission of the 
supplemental data from the VSB transmitter 110 (i.e., a 
broadcasting station) to a VSB reception system on a channel 
(terrestrial or cable), the VSB transmitter 110 subjects the 
Supplemental data to various digital signal processes. To pro 
vide backward compatibility of the present invention with 
existing devices, the Supplemental data is preferably 164 byte 
packet which will eventually be processed to be a 187 byte 
packet before entering the VSB transmission system 16. 
However, the size of the supplemental data packet may be 
varied so long as the output of the VSB supplemental data 
encoder 8 is compatible with the VSB transmission system 6. 
0069. In the VSB supplemental data encoder 8, there is 
provided a Reed-Solomon coder 1 for the correction of errors. 
The supplemental data is coded at a Reed-Solomon coder (or 
R-S coder) 1. Preferably, the Reed-Solomon coder 1 is used 
for Subjecting the Supplemental data to Reed-Solomon cod 
ing and adding a 20 byte parity code to the output data. As 
described above, Reed Solomon encoding is a type of forward 
error correction scheme applied to the incoming data stream. 
Forward error correction is used to correct bit errors that 
occur during transmission due to signal fades, noise, etc. 
Various other types of error correction techniques known to 
one of ordinary skill in the art may be used as the forward 
error correction process. 
0070 According to the preferred embodiment, the Reed 
Solomon coder 1 of the VSB supplemental data encoder 8 
takes 164 bytes of an incoming Supplemental data packet and 
mathematically manipulates them as a block to create a digi 
tal sketch of the block contents. The 20 additional bytes are 
added at the tail end of the original 164 byte packet. These 20 
bytes are known as Reed-Solomon parity bytes. Since Reed 
Solomon decoders of the VSB reception system correct byte 
errors, and bytes can have anywhere from 1 to 8 bit errors 
within them, a significant amount of error correction can be 
accomplished in the VSB receiver. The output of the Reed 
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Solomon coder 1 is preferably 184 bytes (164 bytes from the 
original packet plus 20 parity bytes). 
(0071. The VSB supplemental data encoder 8 further 
includes the data interleaver 2, which interleaves the output 
data of the Reed-Solomon coder 1. The data interleaver 2 is 
for interleaving the coded Supplemental data to enhance per 
formance against burst noise. The data interleaver 2 may be 
omitted without deviating from the gist of the present inven 
tion. 

0072 The data interleaver 2 according to the preferred 
embodiment mixes the sequential order of the Supplemental 
data packet and disperses or delays the Supplemental data 
packet throughout time. The data interleaver 2 then reas 
sembles new data packets incorporating Small sections from 
many different Supplemental data packets. Each one of the 
reassembled packets are 184 bytes long. 
0073. As described above, the purpose of the data inter 
leaver 2 is to prevent losing of one or more packets due to 
noise or other harmful transmission environment. By inter 
leaving data into many different packets, even if one packet is 
completely lost, the original packet may be recovered from 
information contained in other packets. 
0.074. However, because there is a data interleaver in the 
ATSC 8T-VSB transmission system, the data interleaver for 
the Supplemental data can be omitted if it is not required to 
enhance the burst noise performance of the Supplemental 
data. For this reason, the data interleaver 2 may not be nec 
essary for the VSB supplemental data encoder 8. 
0075. The VSB supplemental data encoder 8 also includes 
the null sequence inserter 3 for inserting a null sequence to an 
allocated region of the interleaved (if the data interleaver 2 
was present) or Reed-Solomon coded Supplemental data for 
generating the predefined sequence for the Supplemental data 
at an input terminal of a Trellis coder (shown in FIG. 1B). The 
null sequence is inserted so that the VSB reception system 
receives the Supplemental data more reliably, even in a noisy 
channel or a multipath fading channel. 
0076 Further referring to FIG. 1A, the VSB supplemental 
data encoder 8 includes the MPEG header inserter 4 for 
adding an MPEG header to the supplemental data having the 
null sequence inserted thereto, for backward-compatibility 
with the legacy VSB reception system. Because the MPEG-II 
data supplied to the VSB transmission system 6 is 187 bytes 
long, the MPEG header inserter 4 places, preferably, three 
headers in front of each packet (which was 184 bytes) to form 
a 187 byte long packet identical to the MPEG-II data packet. 
0077. The supplemental data having the MPEG header 
added thereto is provided to a multiplexer 5. The multiplexer 
5 receives as inputs the processed supplemental data from the 
MPEG header inserter 4 and MPEG data packets. MPEG data 
packet, Such as a broadcasting program (movie, sports, enter 
tainment, or drama), coded through another path (preferably 
an output from an MPEG encoder), is received together with 
the supplemental data at the multiplexer 5. Upon reception of 
the MPEG data and the supplemental data, the multiplexer 5 
multiplexes the supplemental data and the MPEG data at a 
fixed ratio in a time division manner in segment units under 
the control of a controller defining a multiplexing ratio and 
unit and forwards the multiplexed data to the 8T-VSB trans 
mission system 6. According to the present invention, 313 
data segments are combined to make one data field. 
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0078. The VSB transmission system 6, which is described 
in detail in reference to FIG. 1B, processes the multiplexed 
data and transmits the processed data to the VSB reception 
system through the antenna 7. 
(0079. The operation of the 8TVSB transmission system 6 
will be explained with reference to FIG. 1B. The packets 
multiplexed in segment units are processed at the VSB trans 
mission system 6. There is a data randomizer 11 in FIG. 1B 
for making the multiplexed packets random, and a Reed 
Solomon coder 12 for subjecting the randomized data to 
Reed-Solomon coding and adding a parity code of 20 bytes to 
each of the randomized data packets. The data interleaver 13 
interleaves the Reed-Solomon coded packets. The Trellis 
coder 14 converts the bytes of the interleaved data packets 
into symbols and Subjecting them to Trellis coding. 
0080. As described above, the packets are interleaved to 
provide symbols from one packet to be interleaved into many 
packets before being forwarded to the Trellis coder 14. There 
is a multiplexer 15 for multiplexing a symbol stream and for 
synchronizing signals, and a pilot inserter 16 for adding pilot 
signals to the symbol streams. There is a VSB modulator 17 
for modulating the symbol stream into 8T-VSB signals. There 
is a RF converter 18 for converting a base band signal, an 
8T-VSB signal, into a RF band signal, which is transmitted to 
the reception system through an antenna 7. 
I0081. Both a Trellis decoder and a slicer predictor in the 
digital VSB reception system shown in FIG. 11 use a Viterbi 
algorithm for estimation of sequence of state transition. An 
ACS (Accumulate/Compare/Select) part in the Viterbialgo 
rithm calculates metrics of all the possible paths for all states, 
selects a path with the minimum value (the maximum likeli 
hood), and stores a corresponding metric value. In this 
instance, a path metric calculated presently is a path metric of 
a prior time corresponding to the path added with a branch 
metric. Accordingly, the path metrics calculated up to a prior 
symbol influence the following symbols. 
I0082 While a predefined sequence is inserted in the sym 
bols of the supplemental data at the VSB transmission system, 
no predefined sequence is included in the symbols of the 
MPEG data. This causes the reliability of an accumulated 
path metric to be reduced in a symbol section of the MPEG 
transport data than a symbol section of the Supplemental data. 
Therefore, when the symbols of the MPEG data and the 
symbols of the Supplemental data are mixed, the symbols of 
the MPEG data give influences to the symbols of the supple 
mental data. This situation causes the decoding performance 
of the symbols of the supplemental data to be inferior. 
I0083. Because the range of the influence is a few symbols, 
there is a difference (an error rate) of decoding performances 
between the symbols of the supplemental data in the vicinity 
of the influence range and the symbols of the Supplemental 
data positioned somewhat away from the influence range. In 
other words, for the symbols corresponding to the Supple 
mental data, the error rate of the symbols of the supplemental 
data is higher on a boundary between the symbol section of 
MPEG transport data and the symbol section of the supple 
mental data. 

I0084. Accordingly, in order to maximize the decoding 
performance of the Supplemental data symbols, it is prefer 
able that the Supplemental data symbols are transmitted in 
Succession or inlarge groups. It is required that there is at least 
a boundary between the symbol section of the MPEG trans 
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port data and the symbol section of the Supplemental data. 
The boundary is closely related to the multiplexer, the inter 
leaver, and the Trellis coder. 
0085 FIG. 2 illustrates an example of multiplexing the 
supplemental data and the MPEG data at a multiplexing ratio 
of 2:6. This is an example where a decoding performance of 
the supplemental data symbols is less than desirable. The left 
side diagram illustrates a data field segment diagram in a case 
when multiplexing is made to include two supplemental data 
segments and six MPEG segments to form a data field. The 
right side diagram illustrates the same data field (as the left 
side diagram) having first 52 bytes and the next 52 bytes 
provided from the data interleaver 13 to coders in the Trellis 
coder 14. Preferably, there are 12 coders and precoders in the 
Trellis coder 14 as shown in FIG. 9. Each column in the right 
side diagram represents input to each coder in the Trellis 
coder 14. As can be perceived from the drawing, since the 
multiplex pattern is not in a 12 byte cycle, bytes of the Supple 
mental data are not grouped on a particular Trellis coder. 
I0086 FIGS. 3 and 4 illustrate preferred examples of mul 
tiplexing. FIG. 3 illustrates a diagram showing an example 
where the supplemental data and MPEG data are multiplexed 
in a 1:3 ratio. FIG. 4 illustrates a diagram showing an example 
where supplemental data and MPEG data are multiplexed in 
a 1:1 ratio. 

0087. A basic principle of multiplexing the supplemental 
data and the MPEG data according to the preferred embodi 
ment of the present invention will be explained. The principle 
of multiplexing of the present invention is based on a number 
of supplemental data packets (denoted as P). When a period of 
the multiplex pattern for forming a data field is assumed to be 
4 segments, a decoding performance of the Supplemental data 
is maximized. One Supplemental data packet corresponds to 
two segments, and 0 to 156 (312/2) supplemental data pack 
ets may be multiplexed in one data field. The supplemental 
data multiplexed with the MPEG data in a four-segment 
period are bunched and provided to the Trellis coder 14 
through the data interleaver 13. 
0088 Using the above information, rules expressed in the 
following equations may be formulated. A map may be pro 
vided by using the following equations for multiplexing the 
supplemental data segments in the VSB data field. The 
supplemental data segments are multiplexed in the VSB data 
field, according to the following equations. 

SS = ((4i + K1)mod312) + 1, (1) 
Og Pa 39: MAP= 

i = 0, 1,... , 2P-1 

SS = ((4i + K1)mod312) + 1, (2) 
40 g Pa 78: MAP = U 

i = 0, 1,..., 77 
SS = ((4i + K2)mod312) + 1, 

i = 0, 1, ... , 2P-79 

SS = ((4i + K1)mod312) + 1, (3) 
79 g Pa 117: MAP= U 

i = 0, 1,..., 77 
SS = ((4i + K2)mod312) + 1, U 

i = 0, 1,..., 77 
SS = ((4i + K3)mod312) + 1, 

i = 0, 1,... , 2P-157 
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-continued 
SS = ((4i + K1)mod312) + 1, (4) 

118 g Pa 156: AP = U 
i = 0, 1,..., 77 

SS = ((4i + K2)mod312) + 1, U 
i = 0, 1,..., 77 

SS = ((4i + K3)mod312) + 1, U 
i = 0, 1,..., 77 

SS = ((4i + K3)mod312) + 1, 
i = 0, 1,... , 2P-235 

1 <S < 312 (5) 

Os K1, K2, K3, K4s 311 (6) 

(Km mod 4) + (Kn mod 4) for n + in (7) 

1 < n, n < 4 (8) 

I0089. In above equations (1) to (8), the ‘s’ indicates a 
segment position in the data field offset from the field syn 
chronizing signal location and has a value ranging from 1 to 
312. The K1, K2, K3, and K4 indicate offsets for adjusting the 
starting positions for multiplexing the Supplemental data seg 
ments with reference to the field synchronizing signal, and 
have a value ranging from 0 to 311. (Km mod 4) and (Kn mod 
4) have different values for different values of mand n. 
0090 The above equations may be summarized such that, 
in a case where a number of the Supplemental data segments 
to be multiplexed in one data field is smaller than 4 of 312 
segments (0sPs39), a position of the Supplemental data 
segment is assigned to every fourth segment of the data field, 
starting from a particular position of the data field. 
0091. Where the number of the supplemental data seg 
ments to be multiplexed in one data field is greater than /4 of 
312 bytes but smaller than /2 of 312 (40sPs78), a position 
of the Supplemental data segment is assigned to every fourth 
segment of the data field starting from a particular position of 
the data field. Then, for rest of the supplemental data seg 
ments, a position of the Supplemental data segment is 
assigned to every fourth segment of the data field starting 
from another particular position of the data field. 
0092. Where the number of the supplemental data seg 
ments to be multiplexed in one data field is greater than /2 of 
312 bytes but smaller than 34 of 312(79sPs 117), a position 
of the Supplemental data segment is assigned to every fourth 
segment of the data field starting from a particular position of 
the data field for /2 of the positions of the supplemental data 
segments to be multiplexed. Then, for the rest of the supple 
mental data segments, a position of the Supplemental data 
segment is assigned to every fourth segment of the data field 
starting from another particular position of the data field, i.e., 
taking a different starting position of multiplexing the Supple 
mental data. 

0093. Where the number of the supplemental data seg 
ments to be multiplexed in one data field is greater than 3/4 of 
312 bytes but smaller than 1 (118sPs 156), a position of the 
Supplemental data segment is assigned to every fourth seg 
ment of the data field starting from a particular position of the 
data field for 3/4 of the positions of the supplemental data 
segments to be multiplexed. Then, for the rest of the supple 
mental data segments, a position of the Supplemental data 
segment is assigned to every fourth segment of the data field 
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starting from another particular position of the data field, i.e., 
taking a different starting position of multiplexing the Supple 
mental data. 
0094. In equations (1) to (8), the offset values K1, K2, K3, 
and K4 are set to be in a range of 0 to 311, to generalize the 
starting position of multiplexing the Supplemental data seg 
ments in the data field. If the four offset values K1, K2, K3, 
and K4 are fixed and used in the VSB communication system, 
the values are not required to be included in the multiplexing 
information. 
0095 Examples of multiplexing the MPEG segments and 
the extra segments according to equations (1) to (8) will be 
explained with reference to the drawings. FIG. 5A illustrates 
a diagram showing a multiplexed data field when the Supple 
mental data segments and the MPEG data segments are mul 
tiplexed in a 1:3 ratio with the offset K1 set to 0. FIG. 5B 
illustrates a diagram showing a multiplexed data field when 
the Supplemental data segments and the MPEG data segments 
are multiplexed in a 1:3 ratio with the offset K1 set to 1. FIG. 
5C illustrates a diagram showing a multiplexed data field 
when the supplemental data segments and the MPEG data 
segments are multiplexed in a 1:3 ratio with the offset K1 set 
to 2. FIG.5D illustrates a diagram showing a multiplexed 
data field when the Supplemental data segments and the 
MPEG data segments are multiplexed a 1:3 ratio with the 
offset K1 set to 3. FIGS.5A to 5D correspond to an example 
where the number P of supplemental data packets are 39. 
0096. In each figure, a diagram on the left side illustrates a 
form of multiplexing the supplemental data segments and the 
MPEG data segments with reference to the field synchroniz 
ing signal. A diagram on the right side illustrates a form of an 
output signal of the interleaver as provided to twelve Trellis 
coders residing in the Trellis coder 14, respectively. 
0097 FIG. 5A illustrates data field and trellis coder input 
diagrams showing the Supplemental data segment being mul 
tiplexed for every fourth data field segments starting from a 
first segment of the data field with reference to the field 
synchronizing signal. The diagram on the right side illustrates 
the first 52 bytes of supplemental data and the second 52 bytes 
of supplemental data from the interleaver being provided to 
12 Trellis coders next to the field synchronizing signal. That 
is, the first 52 bytes of supplemental data are provided to the 
12 Trellis coders by 12 bytes over four times (48 bytes), 
leaving four bytes among the 52 bytes. The four remaining 
bytes are provided to the 12 Trellis coders together with the 
first 8 bytes of the second 52 bytes. 
0098. According to the multiplexing pattern of the supple 
mental data expressed in equations (1) to (8), the four remain 
ing bytes among the first 52 bytes maintain a fixed multiplex 
ing pattern with the first 8 bytes among the second 52 bytes. 
This implies that bytes of the Supplemental data are grouped 
to a particular coder or coders among the twelve Trellis cod 
ers. The multiplexing of the supplemental data with the bytes 
group to a particular coder or coders enhances the decoding 
performance of the supplemental data at the VSB reception 
system. 
0099 FIG. 5B illustrates data field and trellis coder input 
diagrams showing the Supplemental data segment being mul 
tiplexed starting from a second segment of the data field with 
reference to the field synchronizing signal. FIG.5C illustrates 
a diagram showing the Supplemental data segment being mul 
tiplexed starting from a third segment of the data field with 
reference to the field synchronizing signal. FIG.5D illustrates 
a diagram showing the Supplemental data segment being mul 
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tiplexed starting from a fourth segment of the data field with 
reference to the field synchronizing signal. The cases of FIG. 
SB to SD are identical to the case of FIG. 5A in that one 
Supplemental data segment is multiplexed for every four seg 
ments of the data field, and bytes of the supplemental data are 
grouped in a particular coder or coders. 
0100 Cases where the supplemental data segments and 
the MPEG data segments are multiplexed in a ratio of 1:1 by 
using equations (1) to (8) will be explained. FIG. 6A illus 
trates a diagram showing a multiplexed data field when the 
Supplemental data segments and the MPEG data segments (or 
MPEG transport segments) are multiplexed in a 1:1 ratio with 
the offset K1 set to ‘O’ and the offset K2 set to 1. FIG. 6B 
illustrates a diagram showing a multiplexed data field when 
the Supplemental data segments and the MPEG data segments 
(or MPEG transport segments) are multiplexed in a 1:1 ratio 
with the offset K1 set to ‘O’ and the offset K2 set to 2. 

0101 Referring to FIGS.6A and 6B, it can be seen that the 
following situation occurs in the multiplexed data field. FIGS. 
5A to 5D illustrate examples where the MPEG data segments 
(or the MPEG transport segments) are multiplexed in a 1:3 
ratio. In this instance, the Supplemental data bytes are 
grouped to a particular coder or coders even if the starting 
positions of the Supplemental data multiplexing differ with 
reference to the field synchronizing signal. Therefore, by a 
combination of any two cases of FIGS. 5A to 5D, a charac 
teristic identical to the case when the MPEG data segments 
(or the MPEG transport segments) are multiplexed in a 1:3 
ratio can be maintained even if the MPEG data segments (or 
the MPEG transport segments) are multiplexed in a 1:1 ratio. 
0102) For an example, if the cases of FIGS.5A and 5B are 
combined, the Supplemental data bytes are grouped to a par 
ticular Trellis coderas shown in FIG. 6A. If the cases of FIGS. 
5A and 5C are combined, the supplemental data bytes are 
bunched to a particular Trellis coder as shown in FIG. 6B. 
0103 Equations (9) to (12) are a summary of methods for 
multiplexing the MPEG data segments (or MPEG transport 
segments) and the Supplemental data segments according to 
the number of the supplemental data packets when the offset 
values K1, K2, K3, and K4 in the equations (1) to (8) are fixed 
to 0, 2, 1, and 3 respectively. P denotes a number of supple 
mental data packets to be multiplexed in one data field. MAP 
denotes a set of locations the Supplemental data are multi 
plexed in one data field. 
0104 Preferably, the P value is divided into four regions, 
and the supplemental data and the MPEG transport data in 
each region are multiplexed differently. In equations 9 to 12, 
an elements in a set represents a segment position in a data 
field from the location of the field synchronizing signal. Once 
P is fixed, then the MAP is determined. Then the supple 
mental data segments are multiplexed with the MPEG trans 
port data in an order of the ‘s’ in the MAP. 

SS = 4i + 1, (9) 

Og Pa 39: ur- i = 0, 1, ... } (1 as a 312) 
2P-1 

40 < Ps 78: MAP = {s S = 4i + 1, i = 0, 1,..., 77}U (10) 
SS = 4i + 3, 

{ (1 as a 312) 
2P-79 
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-continued 

79s Pa 117: MAP = {s S = 4i + 1, i = 0, 1,..., 77}U (11) 
{SS = 4i + 3, i = 0, 1,... , 77U 
SS = 4i +2, 
i = 0, 1, ... , , (1 < S < 312) 
2P-157 

118 g Ps. 156: MAP = {s S = 4i + 1, i = 0, 1, ... , 77}U (12) 
{SS = 4i +3, i = 0, 1, ... , 77U 
{SS = 4i + 2, i = 0, 1, ... , 77U 
SS = 4i + 4, 

E. (1 as a 312) 2P-235 

0105. As explained above, FIG. 3 illustrates a case when 
the supplemental data and the MPEG data are multiplexed at 
a 1:3 ratio, where equation (9) is applicable corresponding to 
a case where Pfalls in the range 0sPs39. FIG. 4 illustrates 
a case when the supplemental data and the MPEG data are 
multiplexed at a 1:1 ratio, where equation (10) is applicable in 
the case where P falls between 40s Ps78. The data multi 
plexed according to the foregoing methods is processed 
through the data interleaver 13 and the Trellis coder 14 in the 
8TVSB transmission system 6. 
0106 FIG. 7 illustrates a diagram showing a data inter 
leaver. FIG. 8 illustrates a diagram showing data input/output 
orders of the data interleaver in FIG. 7. FIG. 9 illustrates a 
functional diagram of a Trellis coder, when the 8T VSB 
transmission system transmits the multiplexed data in Succes 
sion for making the Supplemental data decoding performance 
to be at a maximum level. The process for multiplexing the 
supplemental data and the MPEG data in 1:3 will be 
explained in detail, with reference to FIGS. 7 to 9. 
0107 As stated above, FIG. 7 illustrates the data inter 
leaver in the VSB transmission system, where a convolutional 
interleaver has B branches where B is preferably 52 and M 
bytes of unit memories, where M is preferably 4. As shown in 
FIG. 7, the interleaver is operative synchronous to a first byte 
of one data field. The first byte is received and directly for 
warded through the first branch, and a second byte is received 
through the second branch and a value 52x4 bytes prior to the 
second byte is forwarded. 
0108 FIG. 8 illustrates a diagram showing input/output 
orders of the data interleaver in FIG. 7. In FIG. 8, the data is 
received from an upper side to a lower side of the data field in 
segment units, and bytes in each segment are received from 
left to right. Numerals in FIG. 8 represent the forwarding 
order of the interleaver shown in FIG. 7. The first byte of the 
data field next to a field synchronizing signal is received at the 
first branch in FIG. 7 and forwarded directly as is. The first 
byte corresponds to a numeral 1 in FIG.8. The next byte is 
received at the second branch of the interleaver. 

0109. As shown in FIG. 7, the interleaver forwards a byte 
received 52x4 (M)=208 bytes prior to the next byte, to for 
ward a byte corresponding to a numeral 2 as shown in FIG.8. 
Upon reception of the next byte, the interleaver forwards a 
byte 52x8 (2M)=416 bytes prior to the received byte, to 
forward a byte corresponding to a numeral 3 as shown in FIG. 
8. According to the foregoing method, 52 bytes from the 
interleaver are forwarded to the 12 Trellis coders and pre 
coders (shown in FIG. 9) in succession. A 53rd byte is 
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received at the first branch of the interleaver and directly 
forwarded. The interleaver is operative in a 52 segment depth, 
and connected to the 12 Trellis coders and precoders. There 
fore, the 52 bytes from the interleaver are forwarded to the 
Trellis coders and the precoders by 12 bytes in a cycle period 
of four times. 

0110. In this instance, when the process is carried out for 
four times, only 48 bytes (12 bytesx4 times=48) are for 
warded to the Trellis coders and the precoders, leaving 4 
bytes. The remaining 4 bytes are forwarded to the 12 Trellis 
coders and the precoders together with first 8 bytes of the next 
52 bytes. Therefore, multiplexing the supplemental data and 
MPEG transport data segments with a period of 4 maximizes 
bunching the Supplemental data symbols into Trellis coders. 
0111 FIG. 9 illustrates a functional diagram of a Trellis 
coder 14 used in the VSB transmission system 6 of the present 
invention. The inputs and outputs to the twelve (12) Trellis 
coders and the precoders are multiplexed. As shown in FIG.9. 
the 12 bytes form the interleaver provided to the 12 Trellis 
coders and the precoders by one byte, when each of the bytes 
are Subjected to Trellis coding, to produce 4 symbols (each 
symbol has two bits). The symbols from each of the Trellis 
coders are multiplexed by one symbol before the symbols are 
forwarded. 

0112 FIG. 10 illustrates a segment structure of a field 
synchronizing signal segment in a data field of the VSB 
transmission system of the present invention. In FIG. 10, the 
segment of the field synchronizing signal contains the multi 
plexing information to be used by the VSB reception system. 
The VSB reception system detects the multiplexing informa 
tion in the segment containing the field synchronizing signal 
and performs the correct decoding by using the multiplexed 
information. 

0113. As explained, once the number P (0 to 156) of the 
Supplemental data packets is fixed, the multiplexed positions 
of the supplemental data are fixed in the data field. The VSB 
transmission system then transmits only a P value to the 
VSB reception system. 
0114 For facilitating a quantity change of the Supplemen 
tal data to be multiplexed even if it is in the middle of trans 
mission of data from the VSB transmission system to the VSB 
reception system, the VSB transmission system transmits the 
current P value, a number of data fields until the present P 
value is changed (i.e., a count down value until the P value 
change occurs), and a P value to be changed in the reserved 
area of the field synchronizing signal segment shown in FIG. 
10 to the VSB reception system. 
0115 Accordingly, the VSB reception system receives 
data without any error from the VSB transmission system, 
even if the P value is changed. The multiplexing information 
is contained in the reserved area of the field synchronizing 
signal. 
0116. As shown in FIG. 10, of the total 832 symbols of the 
field synchronizing signal segment, 92 symbols are assigned 
to the reserved area. For example, the multiplexing informa 
tion transmitted through the reserved area is as follows. 8 bits 
may be assigned to the current P value, another 8 bits are 
assigned to the P value to be changed, and another 8 bits are 
assigned to a number of fields until the current P value is 
changed to a next P value. Therefore, a total of 24bits of the 
multiplexing information is transmitted to the VSB reception 
system using the reserved area. If the count down value until 
change is 0, it implies that the current P value will not be 
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changed for the time being. At this time, the next P value is the 
same with the current P value. 
0117 Even in a case when comb filtering is carried out in 
the VSB reception system due to the interference from an 
NTSC broadcasting signal, the present broadcasting type, 
detection of the multiplexing information is required. To 
accommodate for such situation, the entire 24 bits of multi 
plexing information is preferably divided into two 12 bit 
pieces of information, where one of the two pieces of 12 bit 
information has a form inverted with respect to the other. That 
is, one piece of 12 bit information is transmitted to the VSB 
reception system, together with another piece of 12 bit infor 
mation inverted to the first piece of 12 bit information. 
0118. As shown in FIG. 10, the 24-bit multiplexing infor 
mation is divided into two 12-bit sections of information. The 
first 12-bit section and the second 12-bit section are inverse of 
each other and occupy the reserved area. Preferably, the inver 
sion is a bit-wise-inversion. 
0119 For more stable transmission of the multiplexing 
information from the VSB transmission system to the VSB 
reception system under a poor channel situation (in a form 
that the multiplexing information is included to a first Supple 
mental data segment next to the field synchronizing signal), 
the multiplexing information may be transmitted to the VSB 
reception system as part of the Supplemental data segment. 
0120 FIG. 11 illustrates a block diagram of a digital VSB 
reception system 300 in accordance with a preferred embodi 
ment of the present invention, which improves reception per 
formance by using a predefined sequence and receives 
supplemental data transmitted by the VSB transmitter. 
0121. In FIG. 11, the VSB reception system 300 of the 
present invention includes a sequence generator 31 for indi 
cating a symbol of the Supplemental data and generating a 
predefined sequence included in the Supplemental data, a 
modified legacy VSB receiver 32 for processing the data 
received from the VSB transmitter 110 (shown in FIG. 1A) in 
a reverse order of the VSB transmission system. The VSB 
reception system 300 further includes a demultiplexer 34 for 
demultiplexing the data from the modified legacy VSB 
receiver 32 into the MPEG data (also known as data segment) 
and the Supplemental data (also known as data segment), and 
a Supplemental data decoder 35 for processing the Supple 
mental data segment from the demultiplexer 34 in reverse 
order of the transmission system, to obtain the original 
Supplemental data. 
0122. As shown in FIG. 11, the modified legacy VSB 
receiver 32 includes a demodulator 41, a comb filter 42, a 
channel equalizer 43, a slicer predictor 44, a phase tracker 45. 
a Trellis decoder 46, a first data deinterleaver 47, a first 
Reed-Solomon decoder 48, and a data de-randomizer 49. The 
supplemental data decoder 35 includes an MPEG header 
remover 51, a null sequence remover 52, a second data 
deinterleaver 53, and a second Reed-Solomon decoder 54. 
0123. According to the preferred embodiment, the 
demodulator 41 converts a RF band signal into a base band 
signal, and the synchronizing and timing recovery system 
recovers a segment synchronizing signal, a field synchroniz 
ing signal, and a symbol timing. The comb filter 42 removes 
an NTSC interference signal, if detected, and the channel 
equalizer 43 corrects a distorted channel by using the slicer 
predictor 44. 
0.124. The phase tracker 45 corrects a rotated phase, and 
the Trellis decoder 46 undertakes Viterbi decoding by using 
the generated sequence and the Viterbialgorithm. The chan 
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nel equalizer 43, the slicer predictor 44, the phase tracker 45, 
and the Trellis decoder 46 process the received symbols by 
using the sequence generated at the sequence generator 31. 
0.125. The first data deinterleaver 47 acts in reverse of the 
action of the data interleaver in the ATSC 8TVSB transmis 
sion system. The first Reed-Solomon decoder 48 again 
decodes a signal Reed-Solomon coded at the ATSC 8TVSB 
transmission system. The data derandomizer 49 acts in 
reverse of the action of the data randomizer in the transmis 
sion system. 
I0126. According to the preferred embodiment of the 
present invention the sequence generator 31 decodes the sym 
bol received from the VSB transmission system correspond 
ing to the Supplemental data, and generates a sequence iden 
tical to the predefined sequence that is inserted and 
transmitted in the Supplemental data. 
I0127. As described above, the channel equalizer 43, the 
slicer predictor 44, the phase tracker 45, and the Trellis 
decoder 46 improve signal processing performances by using 
the predefined sequence. This occurs when the components 
using the predefined sequence use the sequence information 
with the delayed sequence information, taking the delay in 
data processing at prior components into account. 
I0128. In the VSB reception system300, the demultiplexer 
34 demultiplexes the data from the modified legacy VSB 
receiver 32 into a supplemental data segment and an MPEG 
data segment by using the multiplexing information detected 
from, for example, the field synchronizing signal. In the pre 
ferred embodiment the first Reed-Solomon decoder 54 makes 
no Reed-Solomon decoding of the Supplemental data seg 
ment, but only removes the 20 byte parity added at the Reed 
Solomon coder in the VSB transmission system. 
I0129. If the channel noise is excessive, many errors are 
present in the parity bytes of the Reed-Solomon code com 
pared to the supplemental data because the parity bytes of the 
ATSC Reed-Solomon code has no predefined sequence 
inserted, resulting in no gain at the Trellis decoder 46. The 
first Reed-Solomon decoder 48 makes no Reed-Solomon 
decoding of the Supplemental data segment because it is 
highly possible that the first Reed-Solomon decoder 48 
makes an erroneous correction in the case where the Supple 
mental data segment has an error in excess of for example, 10 
bytes. 
0.130. The supplemental data segment from the demulti 
plexer 34 is provided to the MPEG header remover 51. The 
MPEG header remover 51 removes 3 bytes of MPEG header 
from the supplemental data segment. The MPEG header is 
inserted when the Supplemental data is transmitted in an 
ATSC format at the VSB transmission system. 
I0131 The null sequence remover 52 then removes the null 
sequence inserted in the Supplemental data segment at the null 
sequence inserter in the VSB transmission system. The sec 
ond data deinterleaver 53 acts in reverse of the interleaving 
process on the Supplemental data segment in the VSB trans 
mission system. If the interleaving process is omitted in the 
VSB transmission system, the VSB reception system 300 
may disable the second deinterleaver 53 or not include it at all. 
The second Reed-Solomon decoder 54 decodes the Reed 
Solomon code of the Supplemental data segment. 
0.132. Since the predefined sequence is inserted in the 
supplemental data symbol only, the VSB reception system 
300 is required to identify the supplemental data symbol, and 
to determine whether the predefined sequence from the trans 
mission system is 0 or 1. 
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0133. The VSB reception system 300 in FIG.11 improves 
a reception performance by using the predefined sequence 
inserted at the VSB transmission system. Referring to FIG. 
11, the multiplexing information detector 33 detects the mul 
tiplexing information contained in the reserved area of the 
field synchronization signal segment and outputs a demulti 
plexing control signal. The demultiplexer 34 received the 
demultiplexing control signal for separating the bitstream 
into the supplemental data and the MPEG data packets by 
using the multiplexing information. 
0134. If the multiplexing information is included at the 

first Supplemental data segment next to the field synchroni 
Zation signal, then the multiplexing information detector 33 
extracts that information from the decoded supplemental data 
and uses this for more robust tracking of multiplexing infor 
mation. Also, when the received data is the Supplemental data, 
the multiplexing information detector 33 provides a demulti 
plexing control signal which facilitates bypassing of the first 
Reed-Solomon decoder 48 and thus not making the first 
Reed-Solomon decoding by using the multiplexing informa 
tion from the field synchronizing signal. 
0135 FIG. 12 illustrates a block diagram of the multiplex 
ing information detector 33 according to the preferred 
embodiment of the present invention. According to FIG. 12, 
the multiplexing information detector 33 includes a 2-level 
slicer 202, a serial-to-parallel converter 204, a multiplexing 
information extractor 206, and ancillary devices, such as flip 
flop. 208, comparator 210, confidence counter 214 and error 
detector 212. 

0136. The 2-level slicer 202 decides the sign of the 
received data from, for example, the phase tracker 45 of the 
modified legacy VSB receiver 32. The serial-to-parallel con 
verter 204 converts the bit stream of the multiplexing infor 
mation to 48-bit parallel data. The multiplexing information 
extractor 206 extract only the 24-bit multiplexing information 
(also referred to as payload data b23 ... b0) out of the 48-bit 
data discarding the comb filter compensation bits. The 24-bit 
flip-flop latches the multiplexing information to the sequence 
generator 31, the first Reed-Solomon decoder 48 and the 
demultiplexer 34. The error detector 212 checks if the com 
pensation bits b23... b0 are the complements (e.g., negated 
b23... b0) of payload bits b23... b0 and if b23... b16 
equals b7 . . . b0 when b15 . . . b8–0x00. If error is 
detected, the error detector holds the confidence counter 214. 
0.137 Referring to FIG. 12, the comparator 210 compares 
the multiplexing information of current field segment with the 
ones of previous field (the content of the flip-flop 208). If they 
are the same, then the comparator 210 causes the confidence 
counter 214 to be incremented by one. If not the same, then 
the confidence counter 214 is decreased by one. The confi 
dence counter 214 sets the lock signal to “1” if the counter 
value is greater than a threshold. If the lock signal is enabled, 
a transition from an acquisition process to a tracking process 
OCCU.S. 

0.138. In FIG. 12, the enable signals provided to the vari 
ous components of the multiplexing information detector 33 
allows such components to be preferably enabled near the end 
of each field sync segment. 
0.139. The above described process allows the VSB 
receiver to reliably and simply acquire the multiplexing infor 
mation by correlation. This process is called an acquisition 
process. It is also necessary, for the VSB receiver, which has 
already acquired the information by correlation of field sync 
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data, to be then able to instantly and reliably track changes in 
the P value (number of supplemental data packets in a field). 
0140. In this regard, the multiplexing information from a 
data field, excluding the comb filter compensation bits, is 
duplicated in the first Supplemental segment of the data field. 
As a result, the VSB receiver tracks changes more reliably 
using robustly coded multiplexing information contained in 
the first supplemental segment. If the VSB receiver finds that 
the multiplexing information previously acquired by field 
sync correlation does not match the one in the first Supple 
mental segment, the multiplexing information detector restart 
the acquisition process. 
0.141. The VSB communication system of the present 
invention has the following advantages. First, the use of the 
predefined sequence and the multiplexing information in 
transmission of the MPEG data and the supplemental data on 
a channel makes the VSB communication system of the 
present invention more robust to channel impairment. 
0142. Second, the VSB communication system of the 
present invention has backward compatibility with the related 
art VSB reception system. 
0143. Third, the use of the predefined sequence and the 
multiplexing information permits the VSB communication 
system of the present invention to receive the Supplemental 
data without an error even on a channel having ghost and 
noise heavier than the related art VSB communication sys 
tem. 

0144. Fourth, the multiplexing of the supplemental data 
and the MPEG data under a fixed rule improves the decoding 
performance of the supplemental data in the VSB reception 
system. 
0145 Fifth, the broadcaster can change the number of 
supplemental packets to be multiplexed (i.e., the P value). 
0146 It will be apparent to those skilled in the art that 
various modifications and variations can be made in the VSB 
communication system of the present invention without 
departing from the spirit or scope of the invention. Thus, it is 
intended that the present invention cover the modifications 
and variations of this invention provided they come within the 
Scope of the appended claims and their equivalents. 

1-48. (canceled) 
49. A method of processing data in a transmission system, 

the method comprising: 
performing first encoding on first data in a first encoder, the 

first data being input to the first encoder through a first 
path; 

multiplexing the encoded first data with second data in a 
multiplexer, the second data being input to the multi 
plexerthrough a second path; 

performing second encoding on the multiplexed first and 
second data in a second encoder; and 

interleaving the encoded first and second data in an inter 
leaver. 

50. The method of claim 49, wherein the first data and the 
second data include at least audio or video. 

51. The method of claim 49, wherein the second path is 
different from the first path. 

52. The method of claim 49, wherein the second encoding 
comprises first Reed-Solomon (RS) coding the multiplexed 
first data. 

53. The method of claim 49, wherein the second encoding 
comprises second Reed-Solomon (RS) coding the multi 
plexed second data. 
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54. A transmission system for processing data, the trans 
mission system comprising: 

a first encoder performing first encoding on first data, the 
first data being input to the first encoder through a first 
path; 

a multiplexer multiplexing the encoded first data with sec 
ond data, the second data being input to the multiplexer 
through a second path; 

a second encoder performing second encoding on the mul 
tiplexed first and second data; and 

an interleaver interleaving the encoded first and second 
data. 
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55. The transmission system of claim 54, wherein the first 
data and the second data include at least audio or video. 

56. The transmission system of claim 54, wherein the sec 
ond path is different from the first path. 

57. The transmission system of claim 54, wherein the sec 
ond encoding comprises first Reed-Solomon (RS) coding the 
multiplexed first data. 

58. The transmission system of claim 54, wherein the sec 
ond encoding comprises second Reed-Solomon (RS) coding 
the multiplexed second data. 
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