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1

ROBUST SIGNAL TRANSMISSION IN
DIGITAL TELEVISION BROADCASTING

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.

This application 1s filed under 35 U.S.C. 111(a), claims
pursuant to 35 U.S.C. 119(e)(1) benefit of the filing date of
provisional U.S. patent application Ser. No. 60/4377,648 filed
2 Jan. 2003 pursuant to 35 U.S.C. 111(b), and claims pursu-
ant to 35 U.S.C. 119(e)(1) benefit of the filing date of provi-
sional U.S. patent application Ser. No. 60/458,547 filed 26
Mar. 2003 pursuant to 35 U.S.C. 111(b), both of which pro-
visional applications are incorporated herein by reference.

This invention relates to techniques of forward-error-
correction 1n a digital broadcasting system, and 1n particular,
relates to supplementary forward-error-correction coding for
data packets at the transport stream layer.

BACKGROUND OF THE

INVENTION

The MPEG-2 standard addresses the combining of one or
more elementary streams of video, audio and other data into
single or multiple streams that are suitable for storage or
transmission. In very general terms, the MPEG-2 standard
for transmitting digital video and associated audio and other
information mvolves the following three steps. In the first
step, a digital video signal (from a digital camera or from an
analog to digital converter) 1s compressed by analyzing and
encoding the signal using spatial and temporal redundancy.
Spatial redundancy refers to the redundant information
inside one video frame while temporal redundancy refers to
the redundant information between consecutive frames. This
process generates: Intra-frames (I-frames ), which contain all
of the information 1n an entire 1mage; Predicted frames
(P-Frames), which have some compression as they are pre-
dicted based on past I-frames and/or other P-frames; and
Bi-directionally predicted frames (B-irames), which are the
most compressed 1images as they are predicted from past and
tuture I-Frames and P-Frames. In the second step carried out
concurrently with the first step, an audio signal 1s com-
pressed by removing low-power tones adjacent high-power
tones. Removal of these tones does not affect the signal,
because the high-power tones tend to mask the lower-power
tones, making them inaudible to the human ear. In the final
third step, the compressed video signals, audio signals and
related time stamps of those signals are assembled into pack-
cts and 1nserted into a Packetized Elementary Stream (PES).
Each packet 1n a packetized elementary stream contains
overhead mformation such as a start code, stream 1D, packet
length, optional packetized elementary stream header and
stulling bytes, in addition to the actual packet bytes of video
and audio data.

To facilitate the multiplexing together of several streams
of packetized elementary streams of different types of data, a
Programme Specific Information (PSI) table 1s also created,
which includes a series of tables to reassemble specific pack-
ctized elementary stream within multiple channels of pack-
ctized elementary streams. The packetized elementary
stream and the program specific mformation provide the
basis for a Transport Stream (1S) of packetized elementary
stream and program specific information packets.

Of particular interest to the invention disclosed herein 1s
the transport stream as defined in Annex D of the “ATSC
Digital Television Standard” published by the Advanced
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Television Systems Committee (ATSC) 1n 1995 as 1ts docu-
ment A/53. This standard defines the broadcasting of digital
television (DTV) signals within the United States of
America and 1s referred to 1n this specification simply as

“A/53”. Annex D of A/53 specifies that the original data
transport stream 1s composed of 187-byte packets of data
corresponding to MPEG-2 packets without their imitial sync
bytes. Annex D of A/53 specifies that data are to be random-
ized by being exclusive-ORed with a specific 2'°-bit maxi-
mal length pseudo-random binary sequence (PRBS) which
1s 1nitialized at the beginning of each data field. Annex D of
A/53 specifies (207, 187) Reed-Solomon forward-error-
correction (R-S FEC) coding of packets of randomized data
followed by convolutional interleaving. The convolutional
interleaving prescribed by A/53 provides error correction
capability for continuous burst noise up to 193 microseconds
(2070 symbol epochs) in duration. The convolutionally
interleaved data with R-S FEC coding are subsequently trel-
lis coded to %4 original code rate and mapped 1nto eight-level
digital symbols. The symbols are parsed into 828-symbol
sequences.

Annex D specifies that the data frame shall be composed
of two data fields, each data field composed of 313 data
segments, and each data segment composed of 832 symbols.
Annex D specifies that each data segment shall begin with a
4-symbol data-segment-synchronization (DSS) sequence.
Annex D specifies that the initial data segment of each data
field shall contain a data-field-synchronization (DFS) signal
following the 4-symbol DSS sequence therein. The DSS and
DEFS signals are composed of symbols with +5 or -5 modu-
lation signal values. The 2" through 3137 data segments
cach conclude with a respective one of the trellis-coded 828-
symbol sequences, the convolutional interleaving of which
sequences extends to a depth of 52 data segments. The digi-
tal symbols are transmitted by eight-level modulation with
+7, +5, 43, +1, -1, -3, -5 and -7 modulation signal values.
Owing to the A/53 baseband DTV signal being transmitted
via vestigial-sideband suppressed-carrier amplitude modula-
tion of a radio-frequency carrier, this eight-level modulation
signal 1s referred to as trellis-coded 8VSB signal. These
transmissions are accompamed by a pilot carrier of the same
frequency as the suppressed carrier and of an amplitude cor-
responding to modulation value of +1.25.

The fifth through 515% symbols in the initial data segment
of each data field are a specified PN511 sequence—that 1s, a
pseudo-random noise sequence composed of 511 symbols
capable of being rendered as +5 or -5 modulation signal
values. The 5167 through 704” symbols in the initial data
segment of each data field are a triple-PN63 sequence. The
middle PN63 sequence 1s imnverted 1n sense of polarity every
other data field. The 705 through 728” symbols in the ini-
tial data segment of each data field contain a VSB mode code
speciiying the nature of the vestigial-sideband (VSB) signal
being transmitted. The remaining 104 symbols 1n the nitial
data segment ol each data field are reserved, with the last
twelve of these symbols being a precode signal that repeats
the last twelve symbols of the data in the last data segment of
the previous data field. A/53 specifies such precode signal to
implement trellis coding and decoding procedures being
able to resume 1n the second data segment of each field
proceeding from where those procedures left off processing
the data 1n the preceding data field.

The 8VSB transmissions have a 10.76 million bits per
second baud rate to {it within a 6-megahertz-wide broadcast
television channel, and the effective payload 1s 19.3 million
bits per second (Mbps). In an additive-white Gaussian noise
(AWGN) channel a perfect recerver will require at least a
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14.9 dB signal-to-nose ratio (SNR) 1n order to keep errors
below a threshold-of-visibility (TOV) defined as 1.93 data

segment errors per 10,000 data segments, supposing 8V SB
signals are broadcast.

After the “ATSC Dagital Television Standard™ was estab-
lished 1 1995, reception of terrestrial broadcast DTV sig-
nals proved to be problematic, particularly 1f indoor anten-

nas were used. In early 2000 ATSC made an industry-wide
call for experts 1n terrestrial broadcast transmission and
reception to join a Task Force on RF System Performance
for studying problems with adequate reception and suggest-
ing possible solutions to those problems. By the end of 2000
or so there was general consensus that, besides problems
with equalization of the reception channel, there was a need
to make the 8VSB signal more robust, 1 1t were to be suc-
cessiully recerved during noisy reception conditions. On 26
Jan. 2001 the ATSC Specialist Group on RF Transmission
(1T3/59) 1ssued a “Request for Proposal for Potential Revi-
s1ons to AI'SC Standards 1n the Area of Transmission Speci-
fications™. This RFP concerning how to improve the perfor-
mance of 8VSB was directed to the DTV industry,
universities and other parties interested 1n the problem. The
compatible improvement of fixed and indoor 8-VSB terres-
trial DTV service 1s specified 1n the widely distributed ATSC
REP to be of top priority.

Subsequent proposals for making the 8VSB signal more
robust by altering modulation of the carrier wave share a
common problem that the information transmitted 1n the
robust format cannot be utilized by so-called “legacy” DTV
receivers that have already been sold to the receiving public.
Every 187 bytes of robust payload displace at least 374 bytes
of normal payload that can be receirved by legacy DTV
recetvers and could be used for HDTV. That 1s, the amount
of information contained in one data segment transmitted by
8VSB as specified by Annex D of the A/33 standard occu-
pies two or more data segments of the robust signal 1n the
proposals for making the 8VSB signal more robust by halv-
ing code rate. This means that, 1f legacy DTV receivers are
still to be accommodated with regard to recerving a televi-
sion program with good resolution 1n 1ts picture content and
reasonably high fidelity 1n the accompanying sound content,
very little payload can be transmitted in the robust format.
The problem 1s particularly vexatious i1 a part of the normal
payload 1s to be transmitted in the robust format, because
most of the proposals for transmission of data in a more
robust format have the following requirement. The informa-
tion content of the part of the normal payload has to be
transmitted, not only in the more robust 8VSB format, but
additionally 1n normal 8VSB format so that legacy receivers
can be accommodated.

The specification and drawing of U.S. Pat. No. 6,430,159
titled “Forward Error Correction at MPEG-2 Transport
Stream Layer” and 1ssued Aug. 6, 2002 to Xiang Wan and
Marc H. Morin are incorporated herein by reference. U.S.
Pat. No. 6,430,159 describes an error correction operation
being performed on a super group of packets within a Trans-
port Stream (TS) using MPEG-2 TS protocol. The forward-
error-correction (FEC) coding 1s formatted as a trailer group
of MPEG-2 compliant TS packets containing no payload
data, but only an adaptation field. The trailer group packets
are provided with PIDs that cause them to be discarded by a
standard MPEG-2 decoder. However, an especially equipped
MPEG-2 decoder recognizes the PIDs and extracts the
trailer group packets to be used for recovering data lost or
corrupted in the transmission of the TS. A general concept
that can be extracted from U.S. Pat. No. 6,430,159 1s that

FEC coding can be contained in data packets that do not
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contain payload data and that are separate from data packets
that do contain payload. This concept, as applied to MPEG-

2-compliant data packets, was critical to the objectives of the
U.S. Pat. No. 6,430,159 mvention. Wan and Morin sought to

provide a system and method to correct an MPEG-2 trans-
port stream that could be used 1n any one of the digital video

broadcast (DVB) formats, without the need for FEC decod-
ers which were specific to the particular DVB format.
Another objective of the U.S. Pat. No. 6,430,139 mvention
was to avoid appending FEC coding to the end of each
packet, 1n effect adding another layer to the protocol stack.
Such a new layer 1s specific to the transmission architecture
and not subject to the MPEG-2 standard. Accordingly, a
broadcaster would have to rely upon each intended receiver
having a symmetric FEC decoder for the transmitted signal
to be recerved.

The U.S. Pat. No. 6,430,159 1invention was not taken up
by the satellite broadcast industry, the cablecasting industry
or the terrestrial broadcast industry. These industries contin-
ued the practice of inserting the original transport stream
into a forward-error-correction encoder and broadcasting the
resulting signal over their respective broadcast medium to
receivers, each having a symmetric FEC decoder for the
transmitted signal. The various receivers for satellite
broadcast, cablecasting and terrestrial broadcast systems
continued to recover MPEG-2-compliant transport streams
from received signals, using FEC decoders specific to the
various systems and symmetric with the FEC coders
employed in these various systems. Wan and Morn had

sought to avoid the need for such practices with their U.S.
Pat. No. 6,430,159 1invention.

Transmitting FEC coding 1n data packets that do not con-
tain payload data 1s a practical modification of the current
United States standard for digital television broadcasting
even though system-specific FEC encoding of the data to be
broadcast 1s appended to each MPEG-2 data packet.
Appending system-specific FEC encoding to the MPEG-2
data packets 1s a practice of the type that Wan and Morin
sought to avoid by using their U.S. Pat. No. 6,430,139 1inven-
tion. Even so, DTV data packets that contain supplemental
FEC coding, but do not contain payload data, can be used as
the basis for more robust reception of conventional DTV
data packets that do contain payload. Such supplemental
FEC coding does not affect data segments that contain pay-
load data. This avoids having to transmit the same DTV
information twice, once for legacy DTV recervers and again
for DTV receivers of new design. The conventional DTV
data packets that contain payload are usable by legacy
receivers, as well as being part of the robust transmission.

U.S. Pat. No. 6,430,159 describes transverse Reed-
Solomon forward-error correction coding being used to gen-
crate the adaptation fields that accompany the data fields 1n a
transmission. Transverse Reed-Solomon forward-error-
correction codes are applied to paths that cross each of a
group ol data packets or data segments, with each byte of
cach data segment being included 1n one of the paths. The
transverse R-S FEC codes generate parity bytes. U.S. Pat.
No. 6,430,159 describes such parity bytes being arranged in
turther packets separate from the data packets. These further
packets are similar 1n general format to data packets and are
transmitted according to protocols similar to those used for
transmitting the data packets. U.S. Pat. No. 6,430,159 does
not convey to one of ordinary skill in the DTV art a full
appreciation of the flexibility 1n transmission system design
alforded by such coding, however.

A wide variety of transverse Reed-Solomon codes can be
used for providing additional forward-error correction cod-
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ing for data fields as defined 1n A/53. A variety of transverse
R-S codes can be used for providing additional forward-
error-correction coding for a prescribed number of A/33-
compliant data segments selected from one or more data
fields as defined 1n A/53. Transverse R-S coding affords
greater flexibility 1in choosing the amount of redundancy 1n
robust transmissions than 1s provided by proposals for mak-
ing the 8VSB signal more robust by altering modulation of
the carrier wave to halve code rate or to quarter code rate.
Broadcasters who participated 1n the Task Force on RF Sys-
tem Performance expressed a desire for flexibility 1n reduc-
ing code rate and hoped for smaller reductions 1n coding
rate.

Transverse R-S FEC coding facilitates choosing the
amount of redundancy in robust transmissions to be larger
than the amount of redundancy 1n normal 8VSB transmis-
sions by factors between one and two. Coupled with not
having to transmit the same DTV imformation twice, once
for legacy DTV recewvers and again for DTV recervers of
new design, this permits DTV transmission to be made more
robust while still maintaining higher than standard DTV
resolution. This allows DTV receivers of new design to
receive HDTV broadcasting of given effective radiated
power (ERP) at substantially more reception sites than
legacy DTV receivers could receive normal HDTV transmis-
sions {rom the same transmitter. At the same time, legacy
DTV recewvers can continue to recerve the HDTV broadcast-
ing at the reception sites where those receivers were able to
receive normal HDTV transmissions from the same trans-
mitter. Previous proposals for making the 8VSB signal more
robust by altering modulation of the carrier wave do not
allow robust transmission of HDTV signals receivable by
legacy DTV receivers as well as by DTV recetvers ol new
design.

Transverse R-S FEC coding combines with the lateral
(207, 187) R-S FEC coding prescribed by A/53 to provide
two-dimensional R-S FEC coding. As previously noted, U.S.
Pat. No. 6,430,159 disparages the use of lateral R-S FEC
coding and consequently teaches away from two-
dimensional R-S FEC coding. Two-dimensional R-S FEC
coding 1s known per se in arts other than the DTV art. The
recording of digital audio on compact disk uses cross-
interleaved Reed-Solomon coding (CIRC). Two-
dimensional R-S FEC coding has also been used when
recording digital information on magnetic tape.

However, the reasons that two-dimensional R-S FEC cod-
ing 1s advantageous are different in the DTV art than in other
arts. Transverse R-S FEC coding 1s used in modification of
the A/53 DTV standard because additional forward-error-
correction coding can be introduced into the DTV signal
with mimmal effect on reception by legacy DTV receivers.
The lateral (207, 187) R-S FEC coding prescribed by A/53
provides a means for the transport stream demultiplexer 1n a
DTV recewver to determine whether or not a received data
packet contains uncorrected byte errors. So, lateral (207,
187) R-S FEC coding 1s indispensable when moditying the
A/53 DTV standard, particularly to legacy DTV receivers.
Accordingly, lateral (207, 187) R-S error correction 1s per-
formed on data packets subsequent to transverse R-S error
correction, as a final step before de-randomization of bits 1n
cach data packet. Performing lateral R-S error correction
subsequent to transverse R-S error correction reverses the
order of two-dimensional R-S error correction that 1s con-
ventionally used in playback apparatus for magnetic-tape
recordings of digital data.

Transverse Reed-Solomon forward-error-correction cod-
ing provides little particular assistance to improving equal-
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1ization. Accordingly, further aspects of the invention con-
cern the time-division-multiplexing of “super-robust”

signals into the DTV signal. These super-robust signals use
only one-half of the full alphabet of 8VSB symbols, so four

rather than eight modulation levels are used. Because broad-
cast DTV uses trellis coding following convolutional
interleaving, rather than block interleaving, the robust-
modulation symbols should be ones that can be incorporated
into the data stream also including trellis-coded 8 VSB sym-
bols without affecting the trellis coding of the 8VSB sym-

bols.

For example, a set of restricted-alphabet 8VSB symbols
that map data into just +7, +5, =5 and -7 modulation signal
values was proposed by Philips Research. This restricted-
alphabet signal 1s referred to as “pseudo-2VSB”, since the
information 1n the resulting modulation signal 1s conveyed
entirely by the polarity of that signal. Using pseudo-2VSB
throughout the entire DTV broadcast would halve the effec-
tive payload to 9.64 million bits per second (Mbps), but this
1s more than sufficient to transmit a standard-definition tele-
vision (SDTV) signal. The gap between the least negative
normalized modulation level, -5, and the least positive nor-
malized modulation level, +5, 1s 10. This 1s five times the
gap of 2 between adjacent modulation levels 1n an 8VSB
signal, permitting TOV to be achieved at significantly worse
SNR under AWGN conditions. The SNR required in order to
keep errors below TOV 1n an AWGN channel 1s reduced to
8.5 dB, a reduction of 6.4 dB.

That 1s, about a quarter as much power would be required
for satisfactory reception of an AWGN channel, presuming
that modulation levels did not have to be decreased to main-
tain average effective radiated power (ERP) levels within
current specification. The average ERP of the pseudo-2VSB
symbols tends to increase respective to conventional trellis-
coded 8VSB, because of just the +7, +5, -5 and -7 modula-
tion signal values being used and the +3, +1, -1 and -3
modulation signal values of 8VSB not being used. A 1.5 dB
decrease in transmitter peak power 1s necessary if long
sequences of modified-2VSB symbols are transmitted. So, 11
long sequences of pseudo-2VSB symbols are transmitted,
the icrease 1n service area for the pseudo-2VSB signal 1s
only that which could be achieved with a 4.9 dB increase 1n
the power ol a conventional trellis-coded 8VSB signal.
Furthermore, service area for the conventional trellis-coded
8VSB signal accompanying the pseudo-2VSB signal 1s
diminished. Consequently, pseudo-2VSB signals would 1n
actual broadcast practice probably be restricted to only a

small number of the data segments 1n each 313-segment data
field.

Various restricted alphabets of 8VSB symbols can be ana-
lyzed to determine how the original data transport stream
can be modified to cause each of the restricted-alphabet
8VSB symbol streams to be generated during the trellis cod-
ing procedure at the transmitter. Each bit 1n a stream of
randomized data can be immediately repeated to generate a
modified stream of data supplied to the (207, 187) R-S FEC
encoder, which causes a pseudo-2VSB signal to be gener-
ated by the trellis coding procedure.

In another, different procedure a ONE 1is inserted after
cach bit 1n a stream of randomized data to generate a modi-
fied stream of data supplied to the (207, 187) R-S FEC
encoder. This modified stream of data causes the trellis cod-
ing procedure to generate a restricted-alphabet signal which
excludes the -7, -5, +1 and +3 symbol values of the full
8VSB alphabet. Pilot carrier energy 1s increased substan-
tially in the resulting modulation, which makes synchronon-
ous demodulation easier in the DTV receiwver. The gap
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between the least negative normalized modulation level, -5,
and the least positive normalized modulation level, +1, 1s 6
in this restricted-alphabet signal. This gap 1s thrice the gap of
2 between adjacent modulation levels 1n an 8VSB signal,
permitting TOV to be achieved at significantly poorer SNR
under AWGN conditions than 1s the case with 8VSB signal
or with E-4VSB signal. Better SNR under AWGN condi-

tions 1s required to achieve TOV than 1s the case with
pseudo-2VSB. This restricted-alphabet signal has substan-
tially less average power than a pseudo-2VSB signal, but
somewhat higher average power than normal 8V SB signal.

In still another, different procedure a ZERO 1is inserted
alter each bit in a stream of randomized data to generate a
modified stream of data supplied to the (207, 187) R-S FEC
encoder. This modified stream of data causes the trellis cod-
ing procedure to generate a restricted-alphabet signal which
excludes the -3, -1, +5 and +7 symbol values of the full
8VSB alphabet. The gap between the least negative normal-
1zed modulation level, -3, and the least positive normalized
modulation level, +1, 1s also 6 in this restricted-alphabet
signal. However, this restricted-alphabet signal has some-
what less average power than normal 8VSB signal. A diifi-
cult problem with using just this restricted-alphabet signal 1s
that the polarity of the pilot signal 1s reversed 1n the resulting
modulation, which interferes with synchronous demodula-
tion 1n DTV recewvers, particularly legacy ones.

A recerver for broadcast DTV signals can use different
symbol decoding procedures depending on whether the full
alphabet of 8VSB symbols 1s being transmitted thereto or
only half of the alphabet of 8VSB symbols 1s being transmit-
ted thereto. If symbol decoding 1s done by Viterbi trellis
decoding procedures, the decoding tree can be pruned to
exclude decoding possibilities that are ruled out by knowl-
edge that only half of the alphabet of the 8VSB symbols was
transmitted. However, this presumes that at the time that
symbol decoding 1s done, the DTV receiver has knowledge
available to 1t as to whether the currently recerved DTV
signal was transmitted using the full alphabet of 8VSB sym-
bols or only half of that alphabet. The packet identification
(PID) code bits of a data packet indicates whether the full
alphabet of 8VSB symbols or only half of that alphabet was
used 1n generating the data packet, but that information 1s not
timely available at the recerver. The convolutional byte inter-
leaving done at the transmitter before forward-error-
correction coding breaks the PID into two parts and dis-
perses the parts within the data field. The convolutional
de-mterleaving done 1n the receiver subsequent to symbol
decoding restores the PID but only a considerable time after
completion of the symbol decoding of the bytes including

the PID.

Information as to whether the currently recerved DTV sig-
nal was transmitted using the full alphabet of 8VSB symbols
or using only half of that alphabet can be transmitted 1n
coded form during the 92-symbol “reserved” portion of the
initial, zeroeth data segment of a data field. This “reserved”
portion immediately follows the data field synchronization
(DFS) signal. On 19 Dec. 2002 Philips Research described a
general concept for doing this, as part of a proposal to ATSC
for enhancing 8VSB signals. On Apr. 9, 2002 V. R. Gaddam
and D. Birru filed U.S. patent application Ser. No. 118,876
titled “Packet Identification Mechanism at the Transmitter
and Receiver for an Enhanced ATSC 8-VSB System™. This
application assigned to Koninklijke Philips Electronics N. V.
was published Dec. 19, 2002 with publication No.
20020191712. This publication describes the pattern of data
segments for normal transmission and for robust transmis-
sion 1in a data field yet to be convolutionally interleaved
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being inserted 1nto a bit map convolutionally interleaved to
provide a homologue of the byte map of interleaved data that
1s trellis coded.

On Dec. 3, 2001 M. Fimotf, R. W. Citta and J. Xia filed
U.S. patent application Ser. No. 011,333 fitled “Kerdock
Coding and Decoding System for Map Data. This applica-
tion assigned to Zenith Electronics Corporation was pub-
lished Mar. 27, 2003 with publication No. 20030058140.
This publication describes Kerdock codes that code different
patterns of robust transmission within data fields being
iserted into the 1nitial, zeroeth data segment of each data
field. This method can be adapted for describing DTV signal
transmitted using the full alphabet of 8VSB symbols or
using only half of that alphabet.

SUMMARY OF THE INVENTION

A data field of digital television signals transmitted 1n
accordance with an aspect of the mnvention includes a first set
of A/53-compliant data segments that convey payload infor-
mation and further includes a second set of A/53-compliant
data segments that contain parity bytes for transverse Reed-
Solomon forward-error-correction coding of the data con-
tained within the first set of A/33-compliant data segments.
A digital television receiver constructed in accordance with
another aspect of the mvention uses the parity bytes in the
second set of A/53-compliant data segments to implement
transverse Reed-Solomon forward-error-correction decod-
ing that corrects byte errors in the data contained 1n the first
set of A/53-compliant data segments. The transverse Reed-
Solomon forward-error-correction decoding can signifi-
cantly increase the level of additive white Gaussian noise
(AWGN) required to lower the signal-to-noise ratio (SNR)
sufliciently that errors exceed the threshold of visibility
(TOV). TOV 1s defined as 2.5 data segment errors per
second, a level at which transmission errors are readily
observable 1n digital video.

Further aspects of the invention concern the time-
division-multiplexing of “super-robust” component signals
into the DTV signal. These super-robust component signals
use half of the full alphabet of 8VSB symbols. The position-
ing of the data segments 1n each data field that contain super-
robust component signals 1s signaled by code transmitted in
the “reserved” section of the initial data segment of the data
field. The DTV receiver responds to such signaling to
modify the symbol decoding operations for super-robust
component signals. These modifications of symbol decoding
procedures can benefit adaptive equalization 1 the DTV
receiver, as well as 1ncreasing the level of AWGN required
for errors to exceed TOV.

BRIEF DESCRIPTION OF THE DRAWING

FIG. 1 1s a schematic diagram of transmitting apparatus
for transmitting a robust DTV signal with a payload that 1s
reduced from that of an HDTV signal conforming to the
A/33 standard, which apparatus 1s constructed 1n accordance
with an aspect of the invention to perform transverse Reed-
Solomon forward-error-correction coding on data bytes
betfore they are convolutionally 1nterleaved.

FIG. 2 1s a table showing the characteristics of transverse
Reed-Solomon forward-error-correction codes that traverse
a 312-segment data field and showing the payload reductions
associated with using these codes.

FIG. 3 1s a table showing the characteristics of some trans-
verse Reed-Solomon forward-error-correction codes that
traverse half a 312-segment data field and showing the pay-
load reductions associated with using these codes.
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FIG. 4 1s a schematic diagram of a DTV recetver for
receiving robust DTV signals which employ transverse
Reed-Solomon forward-error-correction codes that traverse
full data fields, which DTV receirver 1s constructed in accor-
dance with an aspect of the mvention.

FIG. 5 1s a schematic diagram of a modification of the
FIG. 4 DTV recerver made to exploit more fully the benefits
ol two-dimensional Reed-Solomon forward-error-correction
coding 1n accordance with a further aspect of the mvention.

FIG. 6 1s a schematic diagram of a detail of the construc-
tion of the FIG. 4 DTV receiver as modified per FIG. 5.

FIG. 7 1s a schematic diagram of a DTV recerver for
receiving robust DTV signals which employ transverse
Reed-Solomon forward-error-correction codes that traverse
half data fields, which DTV receiver 1s constructed 1n accor-
dance with an aspect of the mvention.

FIG. 8 1s a schematic diagram of a modification of the
FIG. 7 DTV recetver made to exploit more fully benefits of
two-dimensional Reed-Solomon forward-error-correction
coding 1n accordance with a further aspect of the mvention.

FIG. 9 1s a schematic diagram of a detail of the construc-
tion of the FIG. 7 DTV receiver as modified per FIG. 8.

FIG. 10 1s a schematic diagram of transmitting apparatus
for transmitting a DTV signal including a robust audio
signal, or another robust signal unrelated to the primary tele-
vision signal, which transmitting apparatus i accordance
with an aspect of the invention selectively applies transverse
Reed-Solomon coding to that robust signal before it 1s con-
volutionally interleaved.

FIGS. 11A, 11B and 11C are portions of a table showing
the characteristics of transverse Reed-Solomon forward-
error-correction codes for robust transmission of audio or
ancillary data, and showing the payload reductions associ-
ated with using these codes.

FIG. 12 1s a schematic diagram of a DTV recewver for
receiving a DTV signal including a robust signal, as trans-
mitted by transmitting apparatus of the type shown 1n FIG.
10, which DTV receiver 1s constructed 1n accordance with an
aspect of the invention.

FI1G. 13 shows a DTV recetver capable of receiving robust
DTV signals as transmitted by transmitting apparatus of
either of the types shown in FIGS. 1 and 10.

FIG. 14 1s a schematic diagram of transmitting apparatus
for transmitting a DTV signal including a robust audio signal
or another robust signal unrelated to the primary television
signal, which transmitting apparatus 1s constructed in accor-
dance with an aspect of the mvention as an alternative to the
FIG. 10 transmitting apparatus.

FIG. 135 1s a schematic diagram of a modification made to
the FIG. 1 transmitter for enabling transmission of a robust
DTV signal together with an even more robust “super-
robust” signal.

FIGS. 16 A and 16B combine to form a FIG. 16 schematic

diagram of a modified FIG. 4 DTV receiwver capable of
receiving DTV signals using transverse Reed-Solomon
forward-error-correction codes that traverse complete data
fields, as transmitted by transmitting apparatus of types as

shown 1n FIGS. 14 and 15.

FIGS. 17A and 17B combine to form a FIG. 17 schematic
diagram of a modified FIG. 7 DTV receiver capable of
receiving DTV signals using transverse Reed-Solomon
forward-error-correction codes that traverse halt data fields,

as transmitted by transmitting apparatus of a types as shown
in FIGS. 14 and 15.

FIG. 18 1s a schematic diagram of a modification made to
the FIG. 1 transmitter 1n accordance with an aspect of the
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invention, which modification permits transmission of a
DTV signal including a “super-robust” signal that uses
pseudo-2VSB modulation together with transverse Reed-
Solomon forward-error-correction coding.

FIG. 19 1s a schematic diagram of a modification made to
the FIG. 1 transmitter, which modification permits transmis-
sion of a robust DTV signal including an even more robust
“super-robust” signal that uses pseudo-2VSB modulation
together with transverse Reed-Solomon forward-error-
correction coding.

FIG. 20 1s a schematic diagram of a modification made to
the FIG. 1 transmitter 1n accordance with an aspect of the
invention, which modification permits transmission of a
DTV signal including a “super-robust™ signal that has trans-
verse Reed-Solomon forward-error-correction coding and

excludes the -3, -1, +5 and +7 symbol values of the tull
8VSB symbol alphabet.

FIG. 21 1s a schematic diagram of a modification made to
the FIG. 1 transmitter, which modification permits transmis-
sion of a robust DTV signal including an even more robust
“super-robust” signal that has its own transverse Reed-
Solomon forward-error-correction coding and excludes the
-3, -1, +5 and +7 symbol values of the full 8VSB symbol
alphabet.

FIGS. 22A and 22B combine to form a FIG. 22 schematic
diagram of a modified FIG. 16 DTV receiver capable of
receiving DTV signals transmitted by transmitting apparatus
of types shown i FIGS. 18 and 19 or of types shown 1n
FIGS. 20 and 21.

FIGS. 23 A and 23B combine to form a FIG. 23 schematic
diagram of a modified FIG. 17 DTV recetver capable of
receiving DTV signals transmitted by transmitting apparatus
of types shown 1 FIGS. 18 and 19 or of types shown 1n
FIGS. 20 and 21.

DETAILED DESCRIPTION

FIG. 1 shows a transmitter for transmitting a robust DTV
signal with payload that 1s reduced from that of an HDTV
signal conforming to the A/53 standard. Part of the payload
1s replaced with additional forward-error-correction (FEC)
code 1 order to increase the robustness of the DTV trans-
mission. A program source 1 supplies the basic transport
stream 1n 187-byte data packets to a first-in/first-out buffer
memory 2 for temporary storage therein. A time-division
multiplexer 3 1s connected for supplying 187-byte data pack-
ets to a keyed data-randomizer 4. Some of these 187-byte
data packets correspond to 187-byte data packets read from
the FIFO buffer memory 2. Others of these 187-byte data
packets comprise transverse Reed-Solomon forward-error-
correction code, the generation of which will be described 1n
more detail further on 1n this specification.

The keyed data-randomizer 4 includes apparatus for gen-
erating a 2'°-bit pseudo-random binary sequence (PRBS) of
the sort specified 1n A/53, Annex D, Section 4.2.2 titled
“Data-randomizer”. The keyed data-randomizer 4 1s keyed
“on” to exclusive-OR bits of this PRBS with contemporane-
ous bits in the 87-byte data packets that the time-division
multiplexer 3 supplies responsive to read-out from the FIFO
buifer memory 2. The keyed data-randomizer 4 1s also keyed
“on” to exclusive-OR bits of the PRBS with contemporane-
ous bits 1n the 3-byte headers of the 187-byte data packets
that comprise transverse Reed-Solomon forward-error-
correction code, but 1s keyed “off”” during the remaiming 184
“payload” bytes of these data packets. This avoids random-
ization of the transverse Reed-Solomon forward-error-
correction coding.
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The randomized data from the data-randomizer 4 1s sup-
plied to a (207, 187) Reed-Solomon forward-error-
correction encoder 5 of the sort specified i A/33, Annex D,
Section 4.2.3 titled “Reed-Solomon encoder”. The encoder 5
appends twenty bytes of lateral Reed-Solomon forward-
error-correction code to the conclusion of each of the 187-
byte randomized data packets, to generate a respective A/53-
compliant 207-byte segment written mnto a random-access
memory 6. Since the R-S FEC coding takes place along a
byte path corresponding with the order bytes appear 1n a data
path, this specification characterizes this R-S FEC coding as

being “lateral” 1n nature, and the encoder 5 1s described as
being a “lateral” (207, 187) R-S FEC encoder.

The RAM 6 stores one 8-bit byte of code at each of its
addressed storage locations and has enough addressed stor-
age locations to store at least two successive super groups of
(N+Q) data segments. In one of the preferred designs each
super group of (N+()) data segments 1s a data field, and
(N+Q) therefore equals 312. In another of the preferred
designs each super group of (N+Q) data segments 1s half a
data field, and (N+Q)) therefore equals 156. After a number N
successive data segments of the basic transport stream that
will appear 1n a super group have been written 1into a bank of
the RAM 6, read addressing 1s applied to this bank for scan-
ning these N successive data segments in transverse direc-
tion. This 1s done to read N-byte transverse data segments to
a transverse (M, N) Reed-Solomon forward-error-correction
encoder 7. M 1s an integer somewhat less than (N+Q)). There
are P parity bytes in each transverse (M, N) Reed-Solomon
forward-error-correction code. Since half as many errors can
be located and corrected by an R-S FEC code as there are
parity bytes, P 1s preferably an even number. N 1s an integer
equal to M minus P. A data assembler 8 assembles the result-
ing transverse R-S FEC coding from the transverse R-S FEC
encoder 7 into Q data packets that comply with the MPEG-2
standard except for not having an 1nitial sync byte. The data
assembler 8 supplies each of these packets with a 3-byte
header including an 1dentifying PID and a continuity count.
The remaining 184 bytes of each of these packets are parity
bytes from the transverse R-S FEC coding. The time-
division multiplexer 4 1s operated for supplying these 187-
byte data packets to the (207, 187) R-S FEC encoder 5. The
lateral R-S FEC encoder 5 appends twenty bytes of lateral
R-S FEC code to the conclusion of each of these 187-byte
data packets, to generate a respective A/53-compliant 207-
byte segment written into the RAM 6. The Q data segments
containing parity bytes from transverse R-S FEC coding are
written 1nto the bank of the RAM 6, for completing the super
group temporarily stored therein. The completed super
group 15 then read from the RAM 6.

A Tull-length R-S code has 2”-1 bytes, n being an integer
larger than one by a considerable factor. A prescribed num-
ber of these bytes are parity bytes. An R-S FEC code 1s
“shortened” by presuming a number of the bytes 1 a tfull-
length R-S FEC code to have predetermined values, custom-
arily all-zero-bit values, so that these bytes can be omitted
from the code transmission. There are several full-length
R-S codes of prescribed length for each value of n, and they
have differing numbers of parity bytes. Appendix 7D to
chapter 11 of the book “Error Correcting Coding Theory™
written by Man Young Rhee and copyrnighted in 1989 by
McGraw-Hill Publishing Company contains tables ol gen-
erator polynomials useful 1 generating BCH codes. These
tables indicate the number of byte errors that can be both
located and corrected in BCH codes, which provide a basis
for generating R-S codes. The shortening of some of these
R-S codes can be done so as to reduce the number of parity
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bytes required, thereby to generate an “expurgated” R-S
code. Presuming that (N+(Q) equals 312, so the super group
spans a data field, any of various R-S FEC codes with an
original length of 511 bytes can be shortened for use 1n the
transverse (M, N) Reed-Solomon FEC encoder 7. The Q
data segments will be more completely packed by the parity
bytes of some of these shortened 511-byte R-S FEC codes
than by others of them. It there are 207 transverse R-S FEC
codes with P parity bytes apiece, there 1s a total of 207P
parity bytes to be packed into the Q data segments. Every
207 parity bytes fill up close to 9/8 of the 184-byte payload
capacity of a single data segment. IT P 1s a multiple of 8, the
207P parity bytes almost completely pack QQ data segments,
providing that Q 1s a multiple of 9. This best preserves cod-
ing eificiency.

FIG. 1 shows a convolutional interleaver 9 connected for
receiving data segments read seriatim from the RAM 6 and
for supplying convolutionally interleaved data segments to a
12-phase trellis coder 10. In actual practice a portion of the
convolutional interleaving can be implemented by reading
bytes from the RAM 6 1n correct order, the convolutional
interleaver 9 essentially consisting of a read address genera-
tor. The pattern ol convolutional interleaving conforms to
the prescription of A/53, Annex D, Section 4.2.4 fitled
“Interleaving”. The 12-phase trellis coder 10 1s constructed
in accordance with A/53, Annex D, Section 4.2.5 titled
“Trellis coding”. The trellis coding results from the trellis
coder 10 are supplied as mput addressing to read-only
memory 11 that functions as a symbol mapper supplying
3-bit, 8-level symbols to a first-in/first-out buller memory
12. The FIFO buiter memory 12 is operated to provide rate
buifering and to open up intervals between 828-symbol
groups in the symbol stream supplied to a symbol-code
assembler 13, mnto which intervals the symbol-code assem-
bler 13 inserts synchronizing signal symbols. Each of the
successive data fields begins with a respective interval into
which the symbol-code assembler 13 inserts symbol code
descriptive of a data-segment-synchronization (DSS)
sequence followed by symbol code descriptive of an initial
data segment including an appropriate data-field-
synchronization (DFS) sequence. Each data segment 1n the
respective remainder of each data field 1s followed by a
respective interval into which the symbol-code assembler 13
inserts symbol code descriptive of a respective DSS
sequence. Apparatus 14 for inserting the offset to cause pilot
1s connected to receirve assembled data fields from the
symbol-code assembler 13. The apparatus 14 1s simply a
clocked digital adder that zero extends the number used as
symbol code and adds a constant term thereto to generate a
real-only modulating signal 1n digital form, supplied to a
vestigial-sideband amplitude-modulation digital television
transmitter 15 of conventional construction.

A question that arises 1n the designs for transmitters of the
type shown 1n FIG. 1 1s where the data segments including
the transverse R-S FEC coding are to be positioned in a
312-data-segment data field. Grouping these segments
together makes 1t easier to transmit information concerning
their location, supposing such information 1s transmitted by
means other than the PIDs of these data segments. Placing
these data segments at the conclusion of the data field pro-
vides an opportunity for conserving power consumption in
the DTV recerver. If none of the earlier data segments within
a data field that contain payload are found to contain trans-
mission error that the (207, 187) lateral R-S FEC decoding
procedures leaves uncorrected, then the transverse R-S FEC
decoding procedures can be dispensed with for that data
field. This avoids the power consumption associated with the
transverse R-S FEC decoding procedures during that data

field.
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Another set of questions that arises 1n the designs for
transmitters of the type shown in FIG. 1 concerns the paths
used for transverse R-S FEC coding, the nature of these
paths being recognized during the preparation of this speci-
fication to be a variable that could affect results. A/33 pre-
scribes convolutional interleaving of transmitted DTV sig-
nals. The effects of the convolutional interleaving and
de-mterleaving on the transverse R-S FEC coding have to be
considered. Transverse R-S FEC coding can advantageously
employ a form of interleaving known as code interleaving, 1in
which successive bytes 1n the original data field keep their
original positions respective to each other. The effects of
burst errors on the transverse R-S FEC codes are dispersed
because the code paths are transverse to the lateral order in

which the bytes ultimately are successively transmitted.

A method has been devised for discerning one set of suit-
able transverse code paths through a data field that arrays the
segments of data that already have been through lateral R-S
FEC coding. This method begins with a consideration of the
general form of the data field before convolutional interleav-
ing. The steps of the method are listed 1n order of their
performance, following.

a.) The parity bytes of the lateral R-S FEC coding in the
data segments containing the parity bytes of transverse
R-S FEC coding are labeled, since the parity bytes of
this lateral R-S FEC coding are not involved in the
transverse R-S FEC coding.

b.) Convolutional interleaving of the data field 1s then per-
formed per the A/33 standard to determine the locations
within the interleaved data field that are occupied by the
bytes previously labeled as being parity bytes of the
lateral R-S FEC coding which are not involved 1n the
transverse R-S FEC coding.

c.) Any bytes 1n the known-length vacancy at the conclu-
sion of the interleaved data field are labeled as particu-
lar bytes of that vacancy. The known-length vacancy at
the conclusion of the interleaved data field can contain
zero bytes or a multiple of 23 bytes.

d.) The bytes 1n the interleaved data field are raster
scanned to implement a byte-counting procedure that
skips over bytes previously labeled as being parity
bytes of the lateral R-S FEC coding that are not
involved 1n the transverse R-S FEC coding. The byte
counting halts when the known-length vacancy at the
conclusion of the interleaved data field 1s reached. The
byte counting 1s done to count the bytes modulo-207,
for determining which of the 207 transverse R-S FEC
coding paths each byte 1s a part of, and to count the
successive bytes 1 each of these paths. Fach byte 1s
labeled with two numbers that identify the 207 trans-
verse R-S FEC coding paths 1t 1s contained 1n and its
successive position 1n that particular path.

¢.) The de-mnterleaving algorithm used for fields of bytes
with convolutional interleaving per the A/353 standard 1s

then applied to the field of labeled bytes to generate a

description of the original data field that will generate

the field of interleaved bytes that 1s transmitted. The

positions of the bytes 1n each of the transverse R-S FEC
code paths will be indicated by the labeling of the
bytes, which 1s maintained throughout the
de-interleaving procedure.

This method generates a set of transverse R-S FEC code
paths 1n which the bytes within each code are successively
transmitted at intervals no shorter than the 77.3 microsecond
duration of a data segment.

In an alternative type of transverse R-S FEC coding the

code paths are transverse to the data segments 1n the data
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field before convolutional interleaving. An advantage of this
alternative type of transverse R-S FEC coding 1s that 1t
makes 1t easier to transverse R-S FEC code the parity bytes
of lateral (207, 187) R-S FEC coding of data segments on a
selective basis. The parity bytes of lateral (207, 187) R-S
FEC coding of data segments can be subjected to transverse
R-S FEC coding all the time, or never subjected to transverse
R-S FEC coding. Another option is for those parity bytes of
lateral (207, 187) R-S FEC coding to be subjected to trans-
verse R-S FEC coding, but the resulting parity bytes of trans-
verse R-S FEC coding to be transmitted only when payload
demands are not exceptionally severe.

Proposals have been made to ATSC to modify A/53 to
permit symbols of prescribed values to be mserted into the
conclusion of each data field. The increased number of
known symbols allows the parameters of equalization filter-
ing to be adjusted more rapidly and accurately than can be
done relying on just the known symbols in the DFS signal at
the beginning of each data field. In June 2001 BroadCom
Corporation proposed to the ATSC that the data field syn-
chronizing (DFS) signal of each data field be preceded by an
extension 384 symbols long 1nto the preceding data field of a
DTV signal as specified by A/53. This extension was
designed to preserve trellis coding, with a succession of
ninety prescribed-value bytes being preceded by six bytes of
transition code. This pre-extension ol the DFS signal
destroys data 1n a DTV signal as specified by A/53, and
recovery of the destroyed data relies on the (207, 187) lateral
R-S FEC decoding procedures. This reduces the capability
of the (207, 187) lateral R-S FEC code to correct other errors
arising during over-the-air transmission. In accordance with
an aspect of the invention, when the DTV signal as specified
by A/53 1s modified to include transverse Reed-Solomon
coding 1n later segments of the de-interleaved data field, the
known-length vacancy at the conclusion of the interleaved
data field 1s designed to accommodate all or most of the 96
bytes of the DFS extension. Accordingly, the capability of
the (207, 187) lateral R-S FEC code to correct errors arising,
during over-the-air transmission 1s unimpaired or 1s substan-
tially less impaired.

Provisional U.S. patent applications Ser. No. 60/437,648
and 60/458,54°7 disclose variants of the FIG. 1 transmitting
apparatus. Data randomization 1s performed on a keyed basis
in these vanants, subsequent to the time division multiplex-
ing of data packets with packets containing transverse R-S
FEC coding. In these variants, when data packets are sup-
plied to the lateral (207, 187) R-S FEC encoder, data ran-
domization 1s activated or keyed on. However, when packets
containing transverse R-S FEC coding are supplied to the
lateral (207, 187) R-S FEC encoder, data randomization 1s
de-activated or keyed off. Overall operation 1s essentially
equivalent to that of transmitting apparatus as shown in FIG.
1.

FIG. 2 1s a table showing the characteristics of some trans-
verse Reed-Solomon forward-error-correction codes that
traverse an entire data field and showing the payload reduc-
tions associated with using these codes. The payload avail-
able with any of these transverse R-S FEC codes 1s the 19.28
megabits per second payload available with normal 8VSB
transmission times N/312, where N 1s the number of data
segments containing payload in the data field with transverse
R-S FEC coding.

The transverse R-S FEC codes tabulated in FIG. 2 are
only a few of the ones that are possible. However, a set of a
tew transverse R-S FEC codes should be settled on as being
standard, to avoid the proliferation of types of DTV receiver
that will be manufactured. The 1nitial five of the transverse
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R-S FEC codes listed in the FIG. 2 table are designed to
accommodate the DFS extension proposed by BroadCom
Corporation. The final s1ix R-S FEC codes listed 1n the FIG. 2
table are designed to pack the parity bytes of transverse R-S
FEC codes imto data segments with as small as possible a
fraction of a data segment leit over.

The (300, 208) transverse R-S FEC code that 1s the first
entry in the FIG. 2 table was generated by shortening a (311,
419) R-S FEC code capable of locating and correcting 46
erroneous bytes. The transverse R-S FEC coding 1s the
equivalent of 92 data segments and so consists of 92 times
207 bytes. These 19,044 bytes are supplied to the data
assembler 8 for arraying the transverse R-S FEC coding 1n
187-byte data segments each with 1ts own 3-byte header, but
without its own 20-byte lateral R-S FEC code. Since three
bytes must be given over to header, only 184 bytes of trans-
verse R-S FEC coding can be written 1into each 187-byte data
segment. This means that 19,044 bytes of transverse R-S
FEC coding can be contained i 104 A/53-compliant data
segments, as determined by rounding up to the next whole
number greater than 19,044/184=103.5. Subtracting the 104
data segments containing transverse R-S FEC coding from
the 312 available 1n a data field leaves 208 data segments for
broadcast program information. Adding the equivalent of 92
data segments for transverse R-S FEC coding to these 208
data segments for broadcast program information estab-
lishes the path length of the transverse R-S FEC coding to be
300 bytes. The shortened (511, 419) R-S FEC code used 1n
the transverse R-S FEC coding 1s accordingly the (300, 208)
R-S FEC code.

The (296, 172) transverse R-S FEC code that 1s the second
entry 1n the FIG. 2 table was generated by shortening a (311,
387) R-S FEC code capable of locating and correcting 62
erroneous bytes. The transverse R-S FEC coding 1s the
equivalent of 124 data segments and so consists of 124 times
207 bytes. These 25,668 bytes are supplied to the data
assembler 8 for arraying the transverse R-S FEC coding 1n
187-byte data segments each with 1ts own 3-byte header, but
without 1ts own 20-byte lateral R-S FEC code. Since three
bytes must be given over to header, only 184 bytes of trans-
verse R-S FEC coding can be written into each 187-byte data
segment. This means that 25,668 bytes of transverse R-S
FEC coding can be contained in 140 A/33-compliant data
segments, as determined by rounding up to the next whole
number greater than 25,668/184=139.5. Subtracting these
140 ATSC-compliant data segments from the 312 available
in a data field leaves 172 data segments for broadcast pro-
gram information. Adding the equivalent of 124 data seg-
ments for transverse R-S FEC coding to these 172 data seg-
ments for broadcast program information establishes the
path length of the transverse R-S FEC coding to be 296
bytes. The shortened (511, 387) R-S FEC code used 1n the
transverse R-S FEC coding 1s accordmgly a (296, 172) R-S
FEC code with a code rate that 1s somewhat more than one
half of that of an HDTV signal conforming to the A/33 stan-
dard. This robust DTV signal can transmit three standard-
definition television (SDTV) signals concurrently, for
example.

The (290, 120) transverse R-S FEC code that 1s the third
entry 1n the FIG. 2 table was generated by shortening a (311,
341) R-S FEC code capable of locating and correcting 85
erroneous bytes. The transverse R-S FEC coding 1s the
equivalent of 170 data segments and so consists of 170 times
207 bytes. These 35,190 bytes are supplied to the data
assembler 8 for arraying the transverse R-S FEC coding 1n
187-byte data segments each with 1ts own 3-byte header, but
without 1ts own 20-byte lateral R-S FEC code. Since three
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bytes must be given over to header, only 184 bytes of trans-
verse R-S FEC coding can be written into each 187-byte data
segment. This means that 35,190 bytes of transverse R-S
FEC coding can be Contalned in 192 A/53-compliant data
segments, as determined by rounding up to the next whole
number greater than 35,190/184=191.25. Subtracting these
192 ATSC-compliant data segments from the 312 available
in a data field leaves 120 data segments for broadcast pro-
gram information. Adding the equivalent of 170 data seg-
ments for transverse R-S FEC coding to these 120 data seg-
ments for broadcast program information establishes the
path length of the transverse R-S FEC coding to be 290
bytes. The shortened (511, 3835) R-S FEC code used 1n the
transverse R-S FEC coding 1s accordingly a (290, 120) R-S
FEC code with a code rate that 1s somewhat more than one
third of that of an HDTV signal conforming to the A/53
standard. This would more than support concurrent robust
transmissions ol two SD'TV channels, for example.

The (284, 102) transverse R-S FEC code that 1s the fourth
entry in the FIG. 2 table was generated by shortening a (311,
325) R-S FEC code capable of locating and correcting 93
erroneous bytes. The transverse R-S FEC coding 1s the
equivalent of 182 data segments and so consists of 186 times
207 bytes. These 38,502 bytes are supplied to the data
assembler 8 for arraying the transverse R-S FEC coding 1n
187-byte data segments each with 1ts own 3-byte header, but
without its own 20-byte lateral R-S FEC code. Since three
bytes must be given over to header, only 184 bytes of trans-
verse R-S FEC coding can be written into each 187-byte data
segment. This means that 38,502 bytes of transverse R-S
FEC coding can be Contamed in 210 A/33-compliant data
segments, as determined by rounding up to the next whole
number greater than 38,502/184=209.25. Subtracting these
210 ATSC-compliant data segments from the 312 available
in a data field leaves 102 data segments for broadcast pro-
gram information. Adding the equivalent of 182 data seg-
ments for transverse R-S FEC coding to these 102 data seg-
ments for broadcast program information establishes the
path length of the transverse R-S FEC coding to be 284
bytes. The shortened (511, 3235) R-S FEC code used 1n the
transverse R-S FEC coding 1s accordingly a (284, 102) R-S
FEC code with a code rate that 1s slightly less than one third
of that of an HDTV signal conforming to the A/53 standard.
This would just support concurrent robust transmissions of
two SDTYV channels, for example.

The (284, 66) transverse R-S FEC code that 1s the fifth
entry 1n the FIG. 2 table was generated by shortening a (311,
293) R-S FEC code capable of locating and correcting 109
erroneous bytes. The transverse R-S FEC coding 1s the
equivalent of 218 data segments and so consists of 218 times
207 bytes. These 45,126 bytes are supplied to the data
assembler 8 for arraying the transverse R-S FEC coding 1n
187-byte data segments each with its own 3-byte header, but
without its own 20-byte lateral R-S FEC code. Since three
bytes must be given over to header, only 184 bytes of trans-
verse R-S FEC coding can be written into each 187-byte data
segment. This means that 45,126 bytes of transverse R-S
FEC coding can be Contalned in 246 A/53-compliant data
segments, as determined by rounding up to the next whole
number greater than 45,126/184=245.25. Subtracting these
246 ATSC-compliant data segments from the 312 available
in a data field leaves 66 data segments for broadcast program
information. Adding the equivalent of 218 data segments for
transverse R-S FEC coding to these 66 data segments for
broadcast program information establishes the path length of
the transverse R-S FEC coding to be 284 bytes. The short-
ened (511, 293) R-S FEC code used 1n the transverse R-S
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FEC coding 1s accordingly a (284, 66) R-S FEC code with a
code rate that 1s somewhat more than one fifth of that of an
HDTYV signal conforming to the A/33 standard. This would
support robust transmission of one SDTV channel plus some
incidental mnformation, for example.

The (300, 208) transverse R-S FEC code that 1s the sev-
enth entry 1n the FIG. 2 table was generated by shortening a
(511, 4177) R-S FEC code capable of locating and correcting
62 erroneous bytes. Code rate 1s 66.67% of the maximum
HDTV code rate of 19.28 Mbps, and HDTV transmissions
could still be supported 11 there was not a large amount of
rapid motion of individual portions of the image field.

The (296, 172) transverse R-S FEC code that is the eighth
entry 1n the FIG. 2 table was generated by shortening a (511,
387) R-S FEC code capable of locating and correcting 62
erroneous bytes. Code rate 1s 55.13% of the maximum
HDTV code rate of 19.28 Mbps, and up to three SDTV
transmissions could be supported.

The (290, 120) transverse R-S FEC code that 1s the ninth
entry 1n the FIG. 2 table was generated by shortening a (311,
341) R-S FEC code capable of locating and correcting 85
erroneous bytes. Code rate 1s 38.46% of the maximum
HDTV code rate of 19.28 Mbps, and two SDTV transmis-
s1ons could be supported without having to be very caretul.

The (284, 102) transverse R-S FEC code that 1s the tenth,
penultimate entry 1n the FIG. 2 table was generated by short-
emng a (511, 325) R-S FEC code capable of locating and
correcting 93 erroneous bytes. Code rate 1s 32.69% of the
maximum HDTV code rate of 19.28 Mbps, and two SDTV
transmissions could still be supported with care.

The (284, 66) transverse R-S FEC code that 1s the elev-
enth and final entry 1n the FIG. 2 table was generated by
shortening a (511, 293) R-S FEC code capable of locating
and correcting 109 erroneous bytes. Code rate 1s 21.15% of
the maximum HDTV code rate of 19.28 Mbps, and a single
SDTV transmission could be supported.

A question that arises 1n the design of a transmitter per
FIG. 1 1s where the data segments including the transverse
R-S FEC coding are to be positioned in the 312 data-
segment data field. The preferred placement 1s at the end of
the data field in each case. One reason for this i1s that this
placement provides an opportunity for conserving power
consumption i the DTV recerver. If none of the earlier data
segments within a data field that contain payload are found
to contain transmission error that the (207, 187) lateral R-S
FEC decoding procedures leaves uncorrected, then the trans-
verse R-S FEC decoding procedures can be dispensed with
for that data field. This avoids the power consumption asso-
ciated with the transverse R-S FEC decoding procedures
during that data field that contains no uncorrected transmis-
sion error after trellis decoding and the (207, 187) lateral
R-S FEC decoding procedures.

There 1s another reason for preferring that the data seg-
ments including the transverse R-S FEC coding are placed at
the conclusion of the 312 data-segment data field. With such
placement, the fraction of a data segment that 1s additional to
that required for the transverse R-S FEC coding can be filled
with data dispersed to intervals that correspond to the con-
clusion of the interleaved data field supplied from the convo-
lutional interleaver 9. This accommodates the interleaved
data field concluding, for example, with a pre-extension of
the DFS signal contained in the next data field. IT such pre-
extension 1s used, the initial five transverse R-S FEC codes
listed 1n the FIG. 2 table are preferred over other transverse
R-S FEC codes that fit within a data field. This 1s because the
fraction of a data segment that 1s additional to that required
for the transverse R-S FEC coding 1s at least 92 bytes long.

10

15

20

25

30

35

40

45

50

55

60

65

18

The fraction of a data segment that 1s additional to that
required for the transverse R-S FEC coding 1s 368 symbols
long for the (300, 208) and (296, 172) transverse R-S FEC
codes. The fraction of a data segment that 1s additional to

that required for the transverse R-S FEC coding 1s 552 sym-
bols long for the (290, 120), (284, 102) and (284, 66) trans-

verse R-S FEC codes.

Transmitters of the type shown in FIG. 1 preferably use
transverse R-S FEC coding with cycles that match the 312-
segment data field. Covering the entire 312 segments of data
field 1n the transverse R-S FEC coding permits correction of
very long burst errors. However, temporary storage for two
data fields or so 1s necessary 1n the DTV receiver for acquir-
ing the data field to be subjected to transverse R-S FEC
decoding and supporting the transverse R-S FEC decoding
while the next data field to be subjected to transverse R-S
FEC decodmg 1s acquired. Alternative transmitters con-
structed 1n accordance with the mvention use transverse R-S

FEC coding with cycles that match half the 312-segment
data field. That 1s, (N+Q) equals 156. This reduces the tem-

porary storage requirements 1n the DTV receiver associated
with transverse R-S FEC decoding. Shortened 255-byte R-S
FEC coding can be used as well as shortened 511-byte R-S
FEC coding with cycles that match a group of (IN+(Q)) data
segments that extend over only half of a 312-segment data
field.

FIG. 3 tabulates some transverse R-S FEC codes with
cycles that match half the 312-segment data field that can be
used 1n alternative species of DTV transmitters of the gen-
eral type shown 1n FIG. 1. These shorter transverse R-S FEC
codes reduce the temporary storage requirements in the
DTV receiver associated with transverse R-S FEC decoding.
Shortened 255-byte R-S FEC coding can be used as well as
shortened 511-byte R-S FEC coding with cycles that match
half the 312-segment data field. The payload available with
any of these transverse R-S FEC codes 1s the 19.28 megabits
per second payload available with normal 8VSB transmis-
sion times N/156, where N 1s the number of data segments
containing payload in the data field with transverse R-S FEC
coding.

The si1x transverse R-S FEC codes that the FIG. 3 table
initially lists are designed to accommodate the DFS exten-
sion proposed by BroadCom Corporation. A (253, 209) R-S
FEC code capable of locating and correcting 21 erroneous
bytes can be shortened to generate a (150, 108) R-S FEC
code. Code rate 1s a little less than 69.2% of the HDTV code
rate of 19.28 Mbps, which will support the transmission of
an EDTV signal or the concurrent transmission of four

SDTYV signals. Each half data field ends with only 48 A/53-

compliant data segments, so a shortened 511-byte R-S FEC

code probably 1s preferable to use. A (511, 461) R-S FEC
code capable of locating and correcting 25 erroneous bytes
shortened to a (149, 99) transverse R-S FEC code accommo-
dates pre-extension of DFS signals into the conclusions of
data fields and provides 63.5% of the 19.28 Mbps code rate
of HDTV. Accommodating pre-extension of DFS signals
into the conclusions of data fields 1s easier as code rate 1s
further reduced.

A (255, 193) R-S FEC code capable of locating and cor-
recting 30 erronecous bytes can be shortened to generate a
(148, 88) transverse R-S FEC code. Code rate 1s 56.4% of
the HD'TV code rate of 19.28 Mbps, so the concurrent trans-
mission of three SDTV programs 1s supported. Each half
data field ends with 68 ATSC-compliant data segments,
which accommodates the pre-extension of DFS signals into
the conclusions of data fields.

A (235, 165) R-S FEC code capable of locating and cor-

recting 45 erroneous bytes can be shortened to generate a




US RE42,301 E

19

(144, 54) transverse R-S FEC code. The 108 payload data
packets 1n each data field will support the concurrent trans-
mission of two SDTV signals. Each half data field ends with
102 ATSC-compliant data segments, which accommodates
the pre-extension of DFS signals into the conclusions of data
f1elds.

There 1s no 235-byte transverse R-S FEC code based
directly on BCH code, which transverse R-S FEC code 1s
capable of locating and correcting more than 45 errors that
readily accommodates pre-extension of DFS signals mnto the
conclusions of data fields. So, if such pre-extensions are to
be used, a much-shortened 511-byte R-S FEC code probably
1s preferable to use for more robust transmission of a single
SDTYV channel. A (511, 403) R-S FEC code capable of locat-
ing and correcting 54 erroneous bytes can be shortened to
generate a (142, 34) transverse R-S FEC code that provides
21.8% of the 19.28 Mbps code rate of HDTV. A (511, 395)
R-S FEC code capable of locating and correcting 58 errone-
ous bytes can be shortened to generate a (141, 25) R-S FEC
code that provides 16.0% of the 19.28 Mbps code rate of
HDTV.

The seventh and eighth transverse R-S FEC codes listed in
the FIG. 3 table are designed to pack the parity bytes for
transverse Reed-Solomon coding into data segments as
tightly as possible. A (255, 247) R-S FEC code capable of
locating and correcting 4 erroneous bytes can be shortened
to generate a (155, 147) R-S FEC code. Code rate 1s 94.2%
of the HD'TV code rate of 19.28 Mbps. The 5.8% overhead
cost of this transverse Reed-Solomon code i1s less than the
9.7% overhead cost of the (207, 187) lateral Reed-Solomon
code.

A (255, 239) R-S FEC code capable of locating and cor-
recting 8 erroneous bytes can be shortened to generate a
(154, 138) R-S FEC code. Code rate 1s a little less than
88.5% of the HDTV code rate of 19.28 Mbps. The 11.5%
overhead cost of this transverse Reed-Solomon code is
somewhat more than the 9.7% overhead cost of the (207,
187) lateral Reed-Solomon code.

The ninth transverse R-S FEC code listed in the FIG. 3
table 1s designed to pack the parity bytes for transverse
Reed-Solomon coding more tightly into data segments than
the first-listed transverse R-S FEC code. A (255, 209) R-S
FEC code capable of locating and correcting 23 erroneous
bytes can be shortened to generate a (150, 104) R-S FEC
code. Code rate 1s two-thirds the HDTV code rate of 19.28
Mbps, which will support the transmission of an EDTV sig-
nal or the concurrent transmission of four SDTV signals.

The tenth transverse R-S FEC code listed in the FIG. 3
table 1s designed to pack the parity bytes for transverse
Reed-Solomon coding more tightly into data segments than
the third-listed transverse R-S FEC code. A (2535, 193) R-S
FEC code capable of locating and correcting 31 erroneous
bytes can be shortened to generate a (147, 85) R-S FEC
code. Code rate 15 54.5% of the HD'TV code rate of 19.28
Mbps, which will support the concurrent transmission of
three SDTV signals.

The eleventh transverse R-S FEC code listed in the FIG. 3
table 1s designed to pack the parity bytes for transverse
Reed-Solomon coding more tightly into data segments than
the fourth-listed transverse R-S FEC code. A (255, 163) R-S
FEC code capable of locating and correcting 46 erroneous
bytes can be shortened to generate a (144, 50) R-S FEC
code. Code rate 15 32.1% of the HDTV code rate of 19.28
Mbps, which will support the concurrent transmission of two
SDTV signals.

FIG. 4 shows the general construction of a DTV receiver
for robust DTV signals employing transverse R-S FEC
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codes that traverse full data fields. Specific types of the FIG.
1 transmitter can transmit such signals. The FIG. 4 DTV
receiver includes a vestigial-sideband amplitude-modulation
(VSB AM) DTV recerver front-end 16 for selecting a radio-
frequency DTV signal for reception, converting the selected
RF DTV signal to an intermediate-frequency DTV signal,
and for amplifying the IF DTV signal. The FIG. 4 DTV
receiver further includes an analog-to-digital converter 17
for digitizing the amplified IF DTV signal supplied from the
DTV recerver front-end 16. The FIG. 4 DTV recerver further

includes a demodulator 18 for demodulating the digitized
VSB AM IF DTV signal to generate a digitized baseband
DTV signal supplied to digital filtering 19 for equalization
of channel response and for rejection of co-channel 1nterfer-
ing NTSC signal. A 12-phase trellis decoder 20 1s connected
to receive the digital filtering 19 response and to supply
bytes of data to a de-interleaver 21 that complements the
convolutional interleaver 9 1n the FIG. 1 DTV transmitter.
The portion of the FIG. 4 DTV recerver comprising the ele-
ments 1621 1s substantially equivalent to the corresponding
portions of DTV recetvers known in the art.

The trellis decoder 20 1s of Viterbi type and can be
designed to supply an extension to each byte it supplies,
which extension comprises one or more additional bits
indicative of the confidence level that the byte 1s correct. The
de-mterleaver 21 supplies de-interleaved data bytes, plus any
extensions to them, for writing to a banked random-access
memory 22 used 1n transverse Reed-Solomon forward-error-
correction decoding. Each addressed location in the RAM
22 can temporarily store a byte supplied from the
de-interleaver 21, plus any extension or extensions of that
byte. The RAM 22 has two banks operated so that, while
bytes of a newly received data field are being written to one
bank of the memory, the previous data field that was written
to the other bank of memory can be corrected for byte errors.
The FIG. 4 DTV recerver includes synchronization signal
extraction circuitry 23 for extracting data field synchroniz-
ing signals and data segment synchronizing signals from the
digital filtering 19 response and supplying those signals to
operations control circuitry 24. The operations control cir-
cuitry 24 controls the writing to and reading from the banked
RAM 22. The operations control circuitry 24 supplies the
addressing for writing and reading operations. The opera-
tions control circuitry 24 includes counter circuitry for
counting at twice the rate bytes are supplied from the
de-interleaver 21, the count from which counter circuitry 1s
synchronized with the recerved data fields and data segments
using the synchronizing signals extracted by the synchroni-
zation signal extraction circuitry 23. The count from this
counter provides read addressing to a pair of read-only
memories. These ROMs respectively generate the address-
ing supplied to each bank of the RAM 22. Storage locations
in one of the RAM 22 banks are addressed by row and by
column for being read and then overwritten with data bytes
supplied from the de-interleaver 21. The storage locations 1n
the other of the RAM 22 banks are transversely addressed
for reading to a transverse Reed-Solomon forward-error-
correction decoder and being written back to with byte
errors corrected.

That 1s, the RAM 22 has two banks operated so that, while
bytes of a newly received data field are being written to one
bank of the RAM 22, the previous data field that was written
to the other bank of the RAM 22 can be corrected for byte
errors. Writing each successive byte of a newly received data
field to an addressed storage location 1n one bank of the
RAM 22 is preceded by reading from that storage location a
byte from two data fields previous. These bytes from two
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data fields previous have been corrected by transverse R-S
FEC decoding procedures and are read to a (207, 187) Reed-
Solomon forward-error-correction decoder 25.

The (207, 187) R-S FEC decoder 235 performs lateral
Reed-Solomon forward-error-correction. The R-S FEC
decoder 25 toggles the Transport Error Indicator (TEI) bit 1in
cach data packet 1n which 1t finds byte errors that still cannot
be corrected. The (207, 187) R-S FEC decoder 25 then sup-
plies the portions of the data segment other than its twenty
R-S FEC code parity bytes to a data de-randomizer 26 as a
187-byte data packet. The data de-randomizer 26 1s con-
nected for supplying de-randomized data to a transport
stream de-multiplexer 27. The transport stream
de-multiplexer 27 responds to the PIDs 1n the data packets
for sorting them to appropriate packet decoders. For
example, video data packets are sorted to an MPEG-2
decoder 28. The MPEG-2 decoder 28 responds to the TEI bat
in a data packet indicating that 1t still contains byte errors by
not using the packet and instituting measures to mask the
cifects of the packet not being used. By way of further
example, audio data packets are sorted to an AC-3 decoder
29. The portion of the FIG. 4 DTV receiver comprising the
clements 25-29 as thusfar described 1s substantially equiva-
lent to the corresponding portions of DTV recetvers known
in the art.

A major difference of the FIG. 4 DTV receiver from prior-
art DTV receivers 1s the transverse R-S FEC decoding that 1s
performed with the aid of the banked RAM 22. In a vaniation
of the FIG. 4 DTV receiver, the separate de-interleaver 21 1s
dispensed with and the RAM 22 1s written directly from the
trellis decoder 20. The write addressing for the bank of the
RAM 22 being written to from the trellis decoder 20 1s such
as to provide for the convolutional de-interleaving in this
variation of the FIG. 4 DTV recerver.

Further on, with reference to FIG. 6 of the drawing, this
specification describes in detail ways that an indication 1ndi-
cating the particular type of transverse R-S FEC coding used
in a data field can be generated. After the data field has been
received 1n 1ts entirety, this indication 1s used to condition
transverse R-S FEC code application circuitry 30 for select-
ing the correct one of the transverse Reed-Solomon forward-
error-correction decoders 31-36 to perform transverse R-S
FEC decoding. The transverse R-S FEC decoding 1s per-
formed on each of the successively scanned transverse code
paths that extend through the data field. If the PID indicating
that the recerved signal employs (309, 285) transverse R-S
FEC coding 1s detected, the transverse R-S FEC decoder
application circuitry 30 selects the transverse R-S FEC
decoder 31 for correcting byte errors 1 each of the trans-
verse code paths. If the PID indicating that the received sig-
nal employs (306, 238) transverse R-S FEC coding 1is
detected, the transverse R-S FEC decoder application cir-
cuitry 30 selects the transverse R-S FEC decoder 32 for
correcting byte errors 1n each of the transverse code paths. If
the PID indicating that the received signal employs (301,
213) transverse R-S FEC coding 1s detected, the transverse
R-S FEC decoder application circuitry 30 selects the trans-
verse R-S FEC decoder 33 for correcting byte errors 1in each
of the transverse code paths. I the PID indicating that the
received signal employs (295, 159) transverse R-S FEC cod-
ing 1s detected, the transverse R-S FEC decoder application
circuitry 30 selects the transverse R-S FEC decoder 34 for
correcting byte errors 1in each of the transverse code paths. If
the PID indicating that the recerved signal employs (291,
107) transverse R-S FEC coding 1s detected, the transverse
R-S FEC decoder application circuitry 30 selects the trans-

verse R-S FEC decoder 35 for correcting byte errors in each
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of the transverse code paths. If the PID indicating that the
received signal employs (286, 78) transverse R-S FEC cod-
ing 1s detected, the transverse R-S FEC decoder application
circuitry 30 selects the transverse R-S FEC decoder 36 for
correcting byte errors 1n each of the transverse code paths.

As previously noted, the bytes stored at each addressed
location 1n the banked RAM 22 can be accompanied by
extensions, each of which comprises one or more additional
bits indicative of the confidence level that the accompanying
byte 1s correct. The information can be used for locating byte
errors for the one of the transverse R-S FEC decoders 31-36
that 1s used. If the R-S FEC decoders 31-36 do not have to
locate as well as correct byte errors, their operation can be
designed to correct twice as many byte errors as 1s possible 1f
their operation must locate byte errors before they can be
corrected. Such procedures are known 1n the digital mag-
netic recording art. Background information concerming this
can be found 1n U.S. Pat. No. 5,530,708 titled “Error detec-
tion method using convolutional code and Viterbi decoding™,
which 1ssued 25 Jun. 1996 to K. Miya. Additional back-
ground information concerning such procedures can be
found 1n U.S. Pat. No. 35,875,199 titled “Video device with
Reed-Solomon erasure decoder and method thereof” which
1ssued 23 Feb. 1999 to D. A. Lutha.

I1 the one of the transverse R-S FEC decoders 31-36 that
1s used 1s able to correct all erroneous bytes 1n a transverse
path, the confidence level information 1n the bit extensions to
the bytes stored at addressed storage locations 1n the banked
RAM 22 1s updated accordingly. The confidence level infor-
mation 1n the bit extensions to the bytes stored at addressed
storage locations in the banked RAM 22 can then be used by
the lateral (207, 187) R-S FEC decoder 23 for locating erro-
neous bytes in each data segment. If the R-S FEC decoder 25
does not have to locate as well as correct byte errors, 1ts
operation can be designed to correct twice as many byte
errors as 1s possible 1t its operation must locate byte errors
betore they can be corrected. If the R-S FEC decoder 23 1s
able to correct all erroneous bytes 1n a data segment, the
byte-error information in the extensions of the bytes 1n the
data segment can be updated accordingly. Then, the updated
byte-error mnformation can be conveyed along with the ran-
domized data that the R-S FEC decoder 25 supplies to the
data de-randomizer 26. The byte-error mnformation can be
turther conveyed along with the de-randomized data that the
data de-randomizer 26 supplies to the transport stream
de-multiplexer 27 and passed on by the transport stream
de-multiplexer 27 to the decoders that follow. For example,
the location of erroneous bytes 1n an audio data packet can
be useful to the AC-3 decoder 29 in determining whether any
information can be salvaged from the data packet.

FIG. § shows a modification of the FIG. 4 DTV receiver
which modification permits the benefits of two-dimensional
R-S FEC coding to be exploited more fully. A lateral (207,
187) R-S FEC decoder 37 tollows the de-interleaver 21 and
provides preliminary correction of byte errors in the data
segments written a byte at a time into the banked RAM 22.
The panity bytes of the lateral (207, 187) R-S FEC coding are
written into the banked RAM 22, as well as the bytes in the
data packets themselves. Extensions appended to the bytes
during the Viterb1 decoding procedures by the trellis decoder
20 can be utilized for locating byte errors for the 1mitial lat-
eral (207, 187) R-S FEC decoder 37 1n order to increase 1ts
byte error correction capability. If the R-S FEC decoder 37 1s
able to correct all erroneous bytes 1n a data segment, the bit
extensions to the bytes 1n the data segment can be updated
accordingly before those bytes are written into the RAM 22.
To the extent that the lateral R-S FEC decoder 37 1s able to




US RE42,301 E

23

correct data segments, the byte error correction capability of
the subsequent transverse R-S FEC decoding 1s less apt to be
taxed too much. Correction of more byte errors during sub-
sequent transverse R-S FEC decoding increases the likeli-
hood of any remaining byte errors being corrected during the
subsequent lateral R-S FEC decoding by the lateral (207,
187) R-S FEC decoder 25. If the transverse R-S FEC decod-
ing 1s able to correct all erroneous bytes 1n a transverse path,
the extensions to the bytes 1n the transverse path can be
updated accordingly, to provide better error location infor-
mation to the final [initial] lateral (207, 187) R-S FEC
decoder 25. One skilled 1n the art of digital circuit design
will perceive that duplexing arrangements are readily
designed so that a single lateral (207, 187) R-S FEC decoder
performs the lateral R-S FEC decoding performed by the
decoders 25 and 37 1n the DTV recervers of FIGS. 5 and 6.

FIG. 6 shows 1n greater detail the circuitry that the FIG. 5
DTV recewver uses to determine what type of transmaitter 1s
broadcasting the DTV signals 1t 1s currently recerving. Por-
tions of the de-interleaved data segments supplied from the
initial lateral (207, 187) R-S FEC decoder 37 comprising
their respective PIDs are de-randomized by a PID
de-randomizer 38. The PID de-randomizer 38 can be a stan-
dard de-randomizer for de-randomizing each data segment
except for the parity bytes of the lateral (207, 187) R-S FEC
coding. The standard de-randomizer comprises exclusive-
OR-gate circuitry for exclusive-ORing data bits 1n the data-
packet portion of each data segment with the output of a
special type of bit counter that 1s the same as that used for
data randomization at the DTV transmitter. This special bit
counter 1s specified 1 A/53, Annex D, Section 4.2.2 titled
“Data-randomizer”. If the PID de-randomizer 38 1s a stan-
dard de-randomizer, 1t 1s followed by a gating arrangement
for extracting the de-randomized PIDs as mnput signal to a
bank of correlation filters 39. The correlation filters 39 are L
in number, one for the PID of each type of transverse R-S
FEC coding used for full data fields. The gating arrangement
for extracting the de-randomized PIDs to the correlation {il-
ters 39 1s controlled by the counter within the operations
control circuitry 24.

Alternatively, the PID de-randomizer 38 comprises
exclusive-OR-gate circuitry for exclusive-ORing data bits 1n
the PID portion of each data segment with the output of a
read-only memory supplied read addressing from the
counter in the operations control circuitry 24 used for con-
trolling the writing and reading of the RAM 22. In this con-
struction of the PID de-randomizer 38, too, the exclusive-
OR-gate circuitry 1s followed by a gating arrangement for
extracting the de-randomized PIDs as input signal for each
of the correlation filters 39.

If the later data segments of a data field have PIDs indicat-
ing they contain transverse R-S FEC coding of a specific
type, one of the correlation filters 39 will provide spike
responses to those PIDs. These spike responses have sudifi-
cient energy to overcome a threshold below which correla-
tion filter response 1s suppressed. The correlation filters 39,
L 1n number, are connected for supplyving their responses to a
bank of respective bit latch circuits within an L-bit position-
code latch 40. The L-bit position codeword from the
position-code latch 40 contains a ONE from the bit latch for
one ol the correlation filters 39 that generates spike
responses to the PIDs of the data segments that contain the
transverse R-S FEC coding of a specific type. The position
codeword from the position-code latch 40 contains ZEROes
from the bit latches for the other ones of the correlation
filters 39 that do not generate spike responses because the
PIDs those correlation filters 39 respond to are not present 1n

10

15

20

25

30

35

40

45

50

55

60

65

24

the current data field. The position-code latch 40 retains the
position codeword until the beginning of the next data field,
at which time 1n response to a SHIFT CLOCK signal the
position codeword 1s shifted into a shift register stage 41 for
temporary storage throughout the following data field inter-
val. Then, the position-code latch 40 1s reset to an all-ZERO
codeword condition responsive to a RESET signal. The
SHIFT CLOCK and RESET signals are generated by cir-
cuitry within the operations control circuitry 24 responsive
to the count from the counter circuitry also within the opera-
tions control circuitry 24.

The position codeword held 1n the shift register stage 41 1s
supplied to the operations control circuitry 24, wherein the L
bits of the position codeword are ORed to determine the
operations 1t will perform with regard to the RAM 22. If all
L bits in the position codeword held 1n the shift register stage
41 are ZEROes, this informs the operations control circuitry
24 that a normal DTV transmission has been received.
Responsive to this mformation the operations control cir-
cuitry 24 foregoes the scanning of storage locations in the
bank of the RAM 22 temporarily storing the last data field
received, which scanning would be done to implement trans-
verse R-S FEC decoding. This saves some power consump-
tion in the DTV recerver. If one of the bits in the position
codeword held 1n the shift register stage 41 1s a ONE, this
informs the operations control circuitry 24 that a robust DTV
transmission has been recetved. Accordingly, the operations
control circuitry 24 scans storage locations in the bank of the
RAM 22 temporarily storing the last data field recerved, to
implement transverse R-S FEC decoding.

The position codeword held 1n the shift register stage 41 1s
supplied to the transverse R-S FEC decoder application cir-
cuitry 30 to condition 1t for selecting the correct one of the
transverse Reed-Solomon forward-error-correction decoders
31-36 to perform transverse R-S FEC coding. If a normal
DTV transmission was recerved during the previous data
field interval, so the all the bits 1n the position codeword are
/ZEROes, the transverse R-S FEC decoder application cir-
cuitry 30 does not select any of the transverse R-S FEC
decoders 31-36 to perform transverse R-S FEC coding.

The FIG. 4 DTV recetver can employ circuitry to deter-
mine what type of transmitter 1s broadcasting the DTV sig-
nals it 1s currently recerving, which circuitry 1s similar to that
used with the FIG. 5 DTV receiver modified per FIG. 6.
Since there 1s no 1mtial (207, 187) lateral R-S FEC decoder
37 as used 1n the FIG. 5 modification, the PID de-randomizer
38 1s connected to receive data segments directly from the
de-interleaver 21. However, 1t 1s preferred that the initial
(2077, 187) lateral R-S FEC decoder 37 be used, so that errors
in the portions of the data segments containing randomized
PIDs may be corrected exploiting the byte error correction
benefits of the (207, 187) lateral R-S FEC coding. Then, the
PIDs that the PID de-randomizer 38 supplies will be less
likely to contain bit errors. Reduction of bit errors in the
PIDs that the PID de-randomizer supplies becomes even
more important when PIDs are used for selecting only por-
tions of the received segment stream to the RAM used for
temporary storage in support of transverse R-S FEC decod-
ing.

FIG. 7 shows the general construction of a DTV receiver
for robust DTV signals employing transverse R-S FEC
codes that traverse halves of data fields. Such signals can be
transmitted by specific types of the FIG. 1 transmitter. The
FIG. 7 DTV receiver 1s generally similar in structure to the
FIG. 4 DTV recerver, except for the following differences. I
the FIG. 7 DTV recetver, random-access memory 122 with
two banks only capable of temporarily storing 156 data seg-
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ments apiece replaces the random-access memory 22 of the
FIG. 4 DTV receiwver, which RAM 22 has two banks each
capable of temporarily storing 312 data segments. The
operations control circuitry 24 used in the FIG. 4 DTV
receiver to control writing and reading of the two banks of
the RAM 22 each temporarily storing 312 data segments 1s
replaced by operations control circuitry 124 1n the FIG. 7
DTV receiver. The operations control circuitry 124 controls
writing and reading of the two banks of the RAM 122 each
temporarily storing 156 data segments. The transverse R-S
FEC decoder application circuitry 30 controlled by the
operations control circuitry 24 1n the FIG. 4 DTV recewver 1s
replaced 1n the FIG. 7 DTV receiver by transverse R-S FEC
decoder application circuitry 130. The transverse R-S FEC
decoders 31, 32, 33, 34, 35 and 36 used in the FIG. 4 DTV
receiver for codmg across full data fields are replaced 1n the
FIG. 7 DTV receiver by transverse R-S FEC decoders 131,
132, 133, 134, 135 and 136. The transverse R-S FEC
decoder application circuitry 130 1s controlled by the opera-

tions control circuitry 124 for reading from a selected bank
of the RAM 122 to a selected one of the transverse R-S FEC

decoders 131, 132, 133, 134, 135 and 136. The selected one
of the transverse R-S FEC decoders 131, 132, 133, 134, 135
and 136 codes across half fields of data and writes the trans-
versely R-S FEC coded data back to the selected bank of the
RAM 122.

FIG. 8 shows the general construction of another DTV
receiver for robust DTV signals employing transverse R-S
FEC codes that traverse halves of data fields. Such signals
can be transmitted by spec1ﬁc types of the FIG. 1 DTV trans-
mitter. The FIG. 8 DTV recerver 1s generally similar in struc-
ture to the FIG. 5 DTV receiver, but differs theretfrom 1n the
same ways the FIG. 7 DTV receiver differs from the FIG. 4
DTV recerver.

FI1G. 9 shows 1n greater detail the circuitry that the FIG. 8
DTV recewver uses to determine what type of transmitter 1s
broadcasting the DTV signals 1t 1s currently recerving. The
FIG. 9 circuitry 1s generally similar 1n structure to the FIG. 6
circuitry, but differs 1n the following respects. The correla-
tion filters 39 for detecting data segments of various types
associated with transverse R-S FEC coding that traverses
tull data fields are replaced by correlation filters 139 for
detecting data segments of various types associated with
transverse R-S FEC coding that traverses half data fields.
The position code latch 40 that the operations control cir-
cuitry 24 resets or clears at the beginning of data fields 1s
replaced by a position code latch 140 that the operations
control circuitry 124 resets or clears at the beginning of half
data fields. The shift register stage 41, to which the opera-
tions control circuitry 24 supplies a shift command at the
conclusions of 312-segment data fields, 1s replaced by a shiit
register stage 141, to which the operations control circuitry
124 supplies a shift command at the conclusion of 156-
segment halves of data fields.

In DTV signals transmitted by transmitting apparatus of
the general type shown 1n FIG. 1, each of the segments of
A/53-type “data” fields containing parity bytes of the trans-

verse R-S FEC coding also includes parity bytes for the
lateral (207, 187) R-S FEC coding of that segment. The

parity bytes for the lateral (207, 187) R-S FEC coding of
those segments are useful to the “sandwich™ type two-
dimensional R-S error correction techniques employed 1n
DTV recervers per FIGS. 5, 6, 8 and 9, in which techniques
initial lateral R-S error correction precedes the transverse

R-S error correction. This initial lateral R-S error correction
1s performed by the lateral (207, 187) R-S FEC decoder 37 1n

DTV recetwvers per FIGS. 5, 6, 8 and 9. The FIG. 4 and FIG.
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7 DTV recetvers do not include the lateral (207, 187) R-S
FEC decoder 37 for performing initial lateral R-S error cor-
rection before transverse R-S error correction. Insofar as the
operation of DTV recervers similar to those shown 1n FIGS.
4 and 7 1s concerned, transmitting apparatus of the general
type shown in FIG. 1 can be modified to dispense with
applying lateral (207, 187) R-S FEC coding to each of the
segments of A/53 data fields containing parity bytes of the
transverse R-S FEC coding. Af

ter transverse R-S error cor-
rection 1s performed, the transport stream de-multiplexer 27
will discard the segments of A/53-type “data” fields contain-
ing parity bytes of the transverse R-S FEC coding. The trans-
port stream de-multiplexer 27 discards these segments
responsive to the PIDs 1n their headers, so there 1s no point in
using the lateral (207, 187) R-S FEC decoder 25 to correct
erroneous bytes 1n these segments. The packing of the parity
bytes of the transverse R-S FEC coding within these seg-
ments of A/53-type “data” fields 1s affected by dispensing
with lateral (207, 187) R-S FEC coding of each of the seg-
ments. DTV receivers have to differ slightly from those
shown 1n FIGS. 4 and 7 1n order to accommodate the differ-
ent packing of the parity bytes of the transverse R-S FEC
coding within the segments of A/53-type “data” fields.

It 1s generally preferable, however, that each of the seg-
ments of A/53-type “data” fields containing parity bytes of
the transverse R-S FEC coding also includes parity bytes for
the lateral (207, 187) R-S FEC coding of that segment. Ini-
tial decoding of the lateral (207, 187) R-S FEC codes can
then correct some erroneous bytes parity bytes of the trans-
verse R-S FEC coding before transverse R-S decoding 1s
begun, which will lighten the subsequent task of transverse
R-S correction of erroneous bytes. Furthermore, i1 all seg-

ments of A/53-type “data” fields respectively include parity
bytes for their lateral (207, 187) R-S FEC coding, the results

of 1mitial decoding of the lateral (2077, 187) R-S FEC codes
are available to aid 1n locating erroneous bytes for subse-
quent transverse R-S correction of erroneous bytes.

If the error-correction algorithm a recerver uses with an
R-S FEC code relies on the R-S FEC code 1tself for locating
erroneous bytes as well as correcting them, the number of
erroneous bytes that can be corrected 1s limited to one-half
the number of parity bytes. If erroneous bytes can be located
without relying on the R-S code 1tself, an alternative algo-
rithm can be used with the R-S code so the number of erro-
neous bytes that can be corrected can be as large as the
number of parity bytes. U.S. Pat. No. 35,530,708 describes
“soft decisions” from a trellis decoding procedure being
used for locating errors for a subsequent R-S error-
correction procedure. The “soit decisions” from a ftrellis
decoding procedure can be used for locating errors both for a
subsequent lateral R-S error-correction procedure and for a
subsequent transverse R-S error-correction procedure. In the
DTV recervers utilizing two-dimensional R-S FEC coding,
results from an 1nitial lateral R-S FEC decoding procedure
can be used to help locate erroneous bytes for the subsequent
transverse R-S FEC decoding procedure. Also, results from
the transverse R-S FEC decoding procedure can be used to
help locate erroneous bytes for the subsequent final lateral
R-S FEC decoding procedure.

In transmitting apparatus of the general type shown 1n
FIG. 1, the entire DTV signal 1s transmitted more robustly
than with conventional A/53 DTV broadcasting. Another
option that DTV broadcasters desire 1s to be able to transmut
only a selected portion of the DTV signal in a robust format.
A particular desire 1s robust transmission of audio packets,
since errors 1 audio reproduction from DTV signals are
more difficult to disguise than errors 1n video reproduction
from DTV signals are.
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In the FIG. 1 DTV transmitter the transverse R-S FEC
coding 1s performed on data segments containing packets of
data that have been randomaized. This 1s contrary to the Wan
and Morin concept of performing transverse R-S FEC cod-
ing on unmodified MPEG-2 data packets. The FIG. 1 DTV
transmitter performs transverse R-S FEC coding on data
segments containing packets of data that have been random-

1zed to facilitate the DTV recerver performing lateral (207,
187) R-S FEC decoding following transversal R-S FEC

decoding. The lateral (207, 187) R-S FEC decoding has to be
done on packets of data that have been randomized. The
lateral (207, 187) R-S FEC decoding 1s done following
transversal R-S FEC decoding since 1t permits decisions as
to whether or not a packet contains uncorrected byte errors
to be made on an individual basis. The DTV transmitters of
FIGS. 10, 14, 15, 24 and 26 also perform transverse R-S
FEC coding on packets of data that have been randomized or
on data segments containing such packets. This 1s done for
reasons similar to the reasons the FIG. 1 DTV transmitter
performs transverse R-S FEC coding on data segments con-
taining packets of data that have been randomized.

FI1G. 10 shows a transmitter for transmitting a DTV signal
in which only data packets of a selected type, such as audio
packets, are subject to robust transmission. A program
source 42 supplies the basic transport stream in 187-byte
data packets to a first-in/first-out butter memory 43 for tem-
porary storage therein. A time-division multiplexer 44 1s
connected for supplying 187-byte data packets to a keyed
data-randomizer 45, some of which data packets correspond
to data packets read from the FIFO buffer memory 43 and
are randomized by a keyed data-randomizer 45. The ran-
domized data from the keyed data-randomizer 45 are sup-
plied to a lateral (207, 187) Reed-Solomon forward-error-
correction encoder 46. The R-S FEC encoder 46 1s
connected for supplying its 207-byte data packets to a seg-
ment sorter 47 that transiers most types of these data packets
to a first-1n/first-out butfer memory 48 for temporary storage
therein.

However, the segment sorter 47 sorts out data packets of a
type subject to robust transmission and data packets contain-
ing transverse R-S FEC coding for those particular data
packets, to be written into a banked random-access memory
49. The RAM 49 stores one 8-bit byte of code at each of 1ts
addressed storage locations. The RAM 49 has enough
addressed storage locations to store at least two successive
super groups of (H+K) data segments apiece. H of these data
segments are sorted from the basic transport stream by the
segment sorter 47, and K of these data segments contain
parity bytes for the transverse FEC coding. After H succes-
stve data segments of the basic transport stream that waill
appear 1n a data field have been written 1into a bank of the
RAM 49, read addressing 1s applied to this bank. This read
addressing scans these H successive data segments in trans-
verse direction to read H-byte transverse data segments to a
transverse (G, H) Reed-Solomon forward-error-correction
encoder 50.

A data assembler 51 assembles the parity bytes generated
by the transverse R-S FEC encoder 50 into K 187-byte data
packets that comply with the MPEG-2 standard except for
not having an 1mitial sync byte. The data assembler 51 sup-
plies each of these K packets with a 3-byte header that
includes an identifying PID and a continuity count. The
time-division multiplexer 44 1s operated for supplying these
187-byte data packets to the keyed data-randomizer 45 for
randomization of their 3-byte headers. The keyed data-
randomizer 45 differs from the data randomizer 4 1n the FIG.
1 DTV transmitter in that the exclusive-ORing of data bits
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with the PRBS 1s keyed off when the time-division multi-
plexer 44 reproduces the parity bytes generated by the trans-
verse R-S FEC encoder 50. Subsequently, the 187-byte data
packets with randomized headers followed by non-
randomized parity bytes from transverse R-S FEC coding
are supplied by the keyed data-randomizer 45 to the lateral
(207, 187) R-S FEC encoder 46 as input signal thereto. The
lateral R-S FEC encoder 46 appends twenty bytes of lateral
R-S FEC code to the conclusion of each of these K 187-byte
data packets, to generate a respective A/S3-compliant 207-
byte segment selected by the segment sorter 47 for writing
into the RAM 49. The K 187-byte data segments containing
transverse R-S FEC coding are written into the bank of the
RAM 49 to complete the super group that 1s temporarily
stored therein. The (H+K) data segments 1n this completed
super group are then read seriatim from that bank of the
RAM 49 at appropriate intervals. The K data segments con-
taining data packets with parity bytes for transverse R-S
FEC coding are read from the RAM 49 before the H data

segments containing the type of payload data packets
selected for robust transmission.

A segment-stream assembler 52 receives these (H+K)
data segments and 1nserts them into a stream of other data
segments supplied from the first-in/first-out buifer memory
48. Establishing a prescribed pattern for these segments
appearing 1n data fields makes 1t easier for DTV receivers to
ascertain which data segments comprise the robust transmis-
sion. The remaining portion of the FIG. 10 DTV transmitter
comprising the elements 9—15 1s similar to a portion of the
FIG. 1 transmitting apparatus. The convolutional interleaver
9 1s connected for receiving data packets supplied seriatim
from the segment-stream assembler 32 and for supplying
convolutionally interleaved data packets to the 12-phase trel-
l1s coder 10. The trellis coding results from the trellis coder
10 are supplied as input addressing to the read-only memory
11 that functions as a symbol mapper supplying 3-bat,
8-level symbols to the first-in/first-out buiier memory 12.
The FIFO butier memory 12 is operated to provide rate buil-
ering and to open up intervals between 828-symbol groups
in the symbol stream supplied to a symbol-code assembler
13, into which intervals the symbol-code assembler 13
inserts synchronizing signal symbols. Each of the successive
data fields begins with a respective imterval into which the
symbol-code assembler 13 inserts symbol code descriptive
of a data-segment-synchronization (DSS) sequence fol-
lowed by symbol code descriptive of an 1nitial data segment
including an approprate data-field-synchronization (DFS)
sequence. Each data packet in the respective remainder of
cach data field 1s followed by a respective interval into which
the symbol-code assembler 13 iserts symbol code descrip-
tive of a respective DSS code sequence. Apparatus 14 for
iserting the offset to cause pilot 1s connected to recerve
assembled data fields from the symbol-code assembler 13.
The apparatus 14 1s simply a clocked digital adder that zero
extends the number used as symbol code and adds a constant
term thereto to generate a real-only modulating signal in
digital form, supplied to a vestigial-sideband amplitude-
modulation digital television transmitter 15 of conventional
construction.

Provisional U.S. patent applications Ser. No. 60/437,648
and 60/458,547 disclose variants of the FIG. 10 DTV trans-
mitter. Data randomization 1s performed on a keyed basis in
these variants, subsequent to the time division multiplexing
of data packets with packets containing transverse R-S FEC
coding. In these variants, when data packets are supplied to
the lateral (207, 187) R-S FEC encoder, data randomization

1s activated or keyed on. However, when packets containing
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transverse R-S FEC coding are supplied to the lateral (207,
187) R-S FEC encoder, data randomization 1s de-activated,
or keyed off. Overall operation 1s essentially equivalent to
that of FIG. 10 DTV transmutter.

FIGS. 11A, 11B and 11C tabulate the characteristics of 5
some transverse Reed-Solomon forward-error-correction
codes suitable for robust transmission of audio or ancillary
data. The parity bytes of the codes shown in FIGS. 11A, 11B
and 11C provide for full packing of an integral number of
A/53-compliant data segments. FIGS. 11A, 11B and 11C 10
also show the payload reductions associated with using these
codes 1n an otherwise normal DTV transmission.

An average of 8 data segments per data field 1s required
for transmission of packets with 5.1-channels of AC/3 audio
data. Preferably, the transverse R-S FEC coding of these 8 15
data segments per data field precedes them, so that the trans-
verse R-S FEC decoding of these 8 data segments per data
field need not be delayed very long after their reception. The
need to keep legacy DTV receivers operational constrains
the delays permitted between the respective transmission 20
times of video data packets and of the audio data packets that
g0 with them. MPEG-2 rules require that video data packets
and audio data packets with similar presentation time stamps
(PTSs) be no further apart 1n the transport stream than one
second (20.66 data frames), but does not specily which type 25
ol data packet should precede or succeed the other type of
data packet. Accordingly, delaying the transverse R-S FEC
decoding of the 8 data segments per data field in a robust
DTV recewver tends to require substantial compensatory
delay to be introduced into the much more voluminous 30
video-data-packet stream. So, the video data packets would
have to be provided substantial temporary storage for keep-
ing them reasonably contemporaneous with audio data pack-
ets with similar PTSs.

Generally, 1t 1s desired that the robust audio reduce the 35
current 19.3 Mbps capacity of the channel by no more than a
tew percent. At first, this suggests that the transverse paths 1n
the transverse R-S FEC coding are constrained to being
shorter length. Transverse paths 15, 31 or 63 byte lengths
long are considered as being shorter; transverse paths 127, 40
255 or 511 byte lengths long are considered as being longer.
However, there 1s no requirement that the transverse R-S
FEC coding has to be complete within a single frame. A
“shingling” approach to coding 1s possible in which each
data field contains 8 audio data segments of a small super 45
group 1n prescribed positions within each data field. The data
segments containing the transverse R-S FEC coding for
those audio data segments are located in prescribed positions
within preceding data fields. Variants of this shingling
approach place 16 audio data segments of a somewhat larger 50
super group 1n prescribed positions within the two fields of a
data frame. The data segments containing the transverse R-S
FEC coding for those audio data segments are located 1n
prescribed positions within data fields preceding that data
frame. This keeps the latency of the audio packets within 55
reasonably close constraints, but allows transverse R-S FEC
coding over a greater number of data segments while main-
taining substantially the same code rate. This allows the
error-correcting capability of the transverse R-S FEC coding
to be more flexible i regard to the locations of correctable 60
CITOrS.

If coding elliciency i1s to be maximized, 1t 1s desirable to
pack fully the data segments containing parity bytes for the
transverse R-S FEC coding. As noted with regard to trans-
verse R-S FEC coding over entire data fields, transverse R-S 65
FEC codes with eight or a multiple of eight parity bytes
provide for full packing of nine or a multiple of nine A/53-
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compliant data segments. Full packing for transverse R-S
FEC coding with only eight payload-bearing data packets
per super group 1s provided only with codes that reduce
coding rate quite substantially by a factor of (17/8), (13/4),
(35/8) or more. As can be discerned from FIG. 11A, the
codes that reduce coding rate during robust transmission by
factors of (17/8), (13/4) and (35/8) reduce payload rate for
the entire DTV signal by 0.56, 1.12 and 1.68 megabits per
second, respectively. These are 2.88%, 5.77% and 8.65%
reductions, respectively, 1n the payload rate for the entire
DTV signal.

Full packing for transverse R-S FEC coding with sixteen
payload-bearing data packets per super group 1s provided
with codes that reduce coding rate during robust transmis-
sion by a factor of (25/16), (17/8), (43/16), (13/4), (61/16),
(35/8) or more. The codes that reduce coding rate during
robust transmission by factors of (25/16), (17/8), (43/16),
(13/4), (61/16) and (35/8) reduce payload rate for the entire
DTV signal by 0.28, 0.56,0.84, 1.12, 1.40 and 1.68 megabits
per second, respectively. These are 1.44%, 2.88%, 4.33%,
3.77%, 7.22% and 8.65% reductions, respectively, in the
payload rate for the entire DTV signal. FIG. 11 A shows the
resulting payload rates. For a given reduction in the payload
rate for the entire DTV signal, a larger super group provides
greater flexibility concerming where long burst errors can be
located without jeopardizing the ability to correct those
errors. The availability of the smaller 1.44% reduction 1n the
payload rate for the entire DTV signal 1s particularly of
interest.

Full packing for transverse R-S FEC coding with twenty-
four payload-bearing data packets per super group makes
available a transverse R-S FEC code that reduces coding rate
during robust transmission by a factor of (11/8) that reduces
payload rate for the entire DTV signal by only 0.19 megabits
per second. This code, shown 1n FIG. 11A, reduces the pay-
load rate for the entire DTV signal by 0.99%. Full packing
for transverse R-S FEC coding with thirty-two payload-
bearing data packets per super group makes available a
transverse R-S FEC code that reduces coding rate during
robust transmission by a factor of (41/32) that reduces pay-
load rate for the entire DTV signal by only 0.14 megabits per
second. This reduces the payload rate for the entire DTV
signal by 0.72%. The latency associated with accumulating
data segments containing audio packets for 4 data fields
increases by 10% the buifer memory requirements for the
MPEG-2 and AC-3 decoders 1n a DTV recerver designed to
utilize the transverse R-S FEC coding of audio data packets.
This 1s probably the practical limit of increased builler
memory requirements 1n designs of DTV receivers for use in
homes.

When a limited amount of robust ancillary data 1s to be
transmitted that 1s separate from the television program and
does not have to be kept contemporaneous therewith, trans-
verse R-S FEC coding that extends over several data fields
becomes more attractive. Transverse R-S FEC coding can be
designed that can correct byte errors caused by a drop-out 1n
signal energy that persists for as long as a few data fields and
that accordingly 1s more suitable for mobile receivers. The
transverse paths can extend through data segments that are in
respective successive data fields rather than through succes-
stve data segments 1n the same data field, as 1s the case 1n the
transmissions from transmitting apparatus of the type shown
in FIG. 1. These successive data fields need not be
consecutive, but are preferably periodic.

FIG. 12 shows the general construction of a DTV receiver
for recerving robust DTV signals as transmitted by the FIG.

10 transmitter. The FIG. 12 DTV receiver includes the
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vestigial-sideband amplitude-modulation (VSB AM) DTV
receiver front-end 16 for selecting a radio-frequency DTV
signal for reception, converting the selected RF DTV signal
to an intermediate-frequency DTV signal, and for amplify-
ing the IF DTV signal. The FIG. 12 DTV receiver further
includes the analog-to-digital converter 17 for digitizing the
amplified IF DTV signal supplied from the DTV recerver

front-end 16. The FIG. 12 DTV recerver further includes the
demodulator 18 for demodulating the digitized VSB AM IF
DTV signal to generate a digitized baseband DTV signal
supplied to the digital filtering 19 for equalization of channel
response and for rejection of co-channel interfering NTSC
signal. The 12-phase trellis decoder 20 1s connected to
receive the digital filtering 19 response and to supply bytes
of data to the de-interleaver 21 that 1s complementary to the
convolutional interleaver 9 1n the FIG. 10 transmitter. The
de-interleaver 21 1s connected to supply de-interleaved data
bytes, plus any extensions to them, to the lateral (207, 187)
Reed-Solomon forward-error-correction decoder 37 as input
signal thereto.

The lateral R-S FEC decoder 37 performs lateral Reed-
Solomon forward-error-correction on each data segment,
and toggles the TEI bit in each data packet in which it leaves
byte errors uncorrected. If the lateral R-S FEC decoder 37
determines that a data packet 1s correct or 1s able to correct
all byte errors 1n the data packet, the decoder 37 updates any
extensions of the bytes 1n that data packet indicative of the
confidence levels that the bytes are correct. The lateral R-S
FEC decoder 37 forwards the corrected 187-byte packet to a
data de-randomizer 53. The data de-randomizer 53 supplies
a transport stream to a transport stream de-multiplexer 54.
The transport stream de-multiplexer 54 responds to the PIDs
in certain of the data packets for sorting them to appropriate
packet decoders. For example, video data packets are sorted
to the MPEG-2 decoder 28 for video packets. The MPEG-2
decoder 28 responds to the TEI bit 1n a video data packet
indicating that it still contains byte errors by not using the
packet and instituting measures to mask the effects of the
packet not being used.

The lateral R-S FEC decoder 37 supplies 207-byte seg-
ments containing bytes of lateral R-S FEC code as well as
corrected data bytes to a banked random-access memory 55
that accepts certain of these data segments for being written
into a bank of the RAM 55. The data segments accepted for
writing each contain a respective data packet of audio infor-
mation or a respective data packet comprising the parity
bytes of transversal R-S FEC coding of the data packets of
audio information. Each storage location in the banked
RAM 55 is capable of temporarily storing a respective byte
of one of these 207-byte data segments, plus any extension
or extensions of each of those bytes. There are at least two
memory banks in the RAM 35, but there may be more to
tacilitate *“shingled” robust audio transmission. In some
designs the RAM 55 1s constructed and operated for tempo-
rarily storing each 207-byte data segment 1n a respective row
of storage locations that includes at least extra storage
location, used for temporarily storing information the ordi-
nal number of that data segment. This ordinal number speci-
fies the location of that data segment within the data field 1n
which 1t was recerved.

The FIG. 12 DTV recetver includes the synchromization
signal extraction circuitry 23 for extracting data field syn-
chronizing signals and data segment synchronizing signals
from the digital filtering 19 response and supplying those
signals to operations control circuitry 36. The operations
control circuitry 56 controls the writing to and reading from
the banked random-access memory 55. The operations con-

10

15

20

25

30

35

40

45

50

55

60

65

32

trol circuitry 56 also generates the addressing for writing and
reading operations of the RAM 55. The operations control
circuitry 56 includes counter circuitry for counting bytes per
data segment and counting data segments per data field 1n
the signal supplied from the lateral R-S FEC decoder 37.
These counts from this counter circuitry are synchronized
with the recerved data fields and data segments using the
synchronizing signals extracted by the synchronization sig-

nal extraction circuitry 23. Storage locations in one bank of

the RAM 55 banks are addressed by row and by column for
being written with data bytes from the lateral R-S FEC
decoder 37 that the RAM 535 1s conditioned by the operations
control circuitry 56 to accept for writing. The column write
addressing 1s the bytes per segment count from the counter
circuitry included within the operations control circuitry 56.
The row write addressing 1s responsive to the continuity

count 1n the header of data segment being written from the
lateral R-S FEC decoder 37 into that bank of the RAM 585.

The writing of the RAM 55 with data bytes from the lat-
cral R-S FEC decoder 37 1s done by a handshaking

procedure, with the transport stream de-multiplexer 54 pro-
viding the operations control circuitry 56 with a HAND-
SHAKE CONTROL signal. The HANDSHAKE CON-
TROL si1gnal indicates when the lateral R-S FEC decoder 37
1s supplying the RAM 55 with a data packet to be written
into a bank of the memory therein. Responsive to this
HANDSHAKE CONTROL signal, the operations control
circuitry 56 conditions the appropriate bank of the RAM 55
to be wnitten into with the data packet currently supplied
from the lateral R-S FEC decoder 37.

The HANDSHAKE CONTROL signal that the transport
stream de-multiplexer 54 supplies the operations control cir-
cuitry 56 comprises substantially more than just a write
enable signal for the RAM 55. The HANDSHAKE CON-
TROL signal comprises the 13-bit PID of the data segment
that 1s to be written into the RAM 355 and further comprises
the succeeding eight bits of that data segment. The last four
of these succeeding eight bits 1s the continuity count for that
particular type of data segment. If the data packet contains
parity bytes for transverse R-S FEC coding, the two bits that
succeed the PID are used as a PID extension that identifies
the cycle of robust transmission that data packet belongs to.
The operations control circuitry 56 uses these two bits for
selecting the bank 1n the RAM 53 that the data packet com-
prising parity bytes for transverse R-S FEC coding i1s to be
written to. The pair of bits that succeed the pair of bank
selection bits 1n a data packet that comprises parity bytes for
transverse R-S FEC coding 1s used to increase continuity
count capability from modulo-sixteen to modulo-sixty-four.
The count of data packets that comprise parity bytes for
transverse R-S FEC coding for a particular cycle of robust
transmission begins at one at the start of that cycle. The
operations control circuitry 56 uses the modulo-sixty-four
count for selecting the row 1n the bank of the RAM 355 that
the data packet that comprises parity bytes for transverse
R-S FEC coding 1s to be written mto. The continuity count
for the data packets that comprise parity bytes for a particu-
lar type of transverse R-S FEC coding reaches a complete
count K as the cycle of robust transmission to which those
data packets belong continues with the H audio data packets
those parity bytes pertain to. At that time one bank of the
RAM 355 contains a complete complement of K data packets
that comprise parity bytes for transverse (G, H) R-S FEC
coding. The operations control circuitry 56 conditions the
RAM 55 to write the H audio data packets that the lateral
R-S FEC decoder 37 next supplies into that same bank.

The data packets written into the RAM 55 are the data
packets contaiming audio information and the data packets
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containing the parity bytes of transversal R-S FEC coding
associated with the data packets containing audio informa-
tion. The storage locations 1n another of the RAM 55 banks
are transversally addressed for reading to a transversal (G,
H) Reed-Solomon forward-error-correction decoder 57 and
being written back to with byte errors corrected. After the
data packets containing audio information have been cor-
rected insofar as possible by transversal R-S FEC decoding,
the data segments comprising them are read from the RAM
55 to a further lateral (207, 187) Reed-Solomon forward-
error-correction decoder 38 as input signal thereto. The (207,
187) R-S FEC decoder 58 performs lateral Reed-Solomon
forward-error-correction on each data segment, and toggles
the TEI bit 1n each data packet 1n which 1t finds byte errors
that can be corrected. It the lateral R-S FEC decoder 58 1s
able to correct byte errors 1n the data packet, the decoder 58
updates any extensions of the bytes in that data packet
indicative of the confidence levels that the bytes are correct.
The lateral R-S FEC decoder 58 then supplies the 187-byte
audio data packets to a data de-randomizer 59. The data
de-randomizer 39 de-randomizes the data in these packets
and supplies the de-randomized data to the AC-3 decoder 29
for audio data packets.

The proper operation of the data de-randomizer 59
requires careful design because a robust audio data packet
may be read from the RAM 55 at a different position 1n a
data field than 1t was 1n the data field 1n which it was written
into the RAM 55. De-randomization must use the portion of
the PRBS pertaining to the location of the robust audio data
packet 1n the data field in which it was written into the RAM
55. In one possible design the data de-randomizer 59
includes a read-only memory that supplies the portions of
the PRBS used 1n its exclusive-ORing procedure. This ROM
receives part of its input addressing from the counter cir-
cuitry 1n the operations control circuitry 56 that generates

columnar byte addressing for the bank of RAM 35 that reads
to the final lateral R-S FEC decoder 58. The rest of the input
addressing 1s a 9-bit binary number indicating where the
data segment that will be read to the final lateral R-S FEC
decoder 58 was located within the data field which that data
segment was recerved 1. This 9-bit binary number 1s the
data segments per data field count that the counter circuitry
in the operations control circuitry 56 supplies at the time the
data segment 1s first written mto the RAM 55. This 9-bit
binary number 1s stored as a prefatory byte in the RAM 355
along with the bytes of that data segment. This prefatory
byte 1s subsequently read from the RAM 55 and passed
along by the final lateral R-S FEC decoder 38 to the data
randomizer 59 prior to the data segment that prefatory byte
describes. The prefatory byte 1s plucked from the data stream
and used to address the ROM storing portions of the PRBS
that the data de-randomizer 59 uses 1n its exclusive-ORing,
procedures. This places no limitation on the location of the
audio data packets within data fields and very little, 1t any,

limitation on when data segments comprising the audio data
packets can be read from the RAM 55 to the final lateral R-S

FEC decoder 58.

In an alternative design the operations control circuitry 56
arranges for data segments comprising audio data packets to
be read from the RAM 55 at the same position 1n a data field
that those data segments were 1n the data field(s) they were
written mnto the RAM 55. This advantageously allows the
data randomizer 59 to use the same PRBS generating appa-
ratus as the data de-randomizer 533. However, the latent delay
in the audio data packets compared to the video data packets
1s longer than 1n the design described in the preceding para-
graph.

10

15

20

25

30

35

40

45

50

55

60

65

34

FIG. 13 shows a DTV receiver capable of recerving robust
DTV signals as transmitted by transmitting apparatus of
either of the types shown i FIGS. 1 and 10. The FIG. 13
DTV recerver provides the reception capability of the FIG.
12 DTV recewver 1n addition to reception capability similar
to that of the FIG. 4 DTV recerver modified per FIG. 5 or to
that of the FIG. 7 DTV recetver modified per FIG. 8. Opera-
tions control circuitry 60 in the FIG. 13 DTV receiver com-
bines the capabilities of the FIG. 12 operations control cir-
cuitry 46 with capabilities of the FIG. 4 operations control
circuitry 24 or of the FIG. 7 operations control circuitry 124.
A random-access memory 222 with at least two banks each
capable of storing (N+Q) data segments 1s selectively writ-
ten and read 1n response to addressing and control signals the
RAM 222 1s connected to recerve from the operations con-
trol circuitry 60. In a design 1n which (N+Q) 1s substantially
equal to 312, the RAM 222 replaces the RAM 22 of the FIG.
4, 5 or 6 DTV receiver apparatus. In a design in which
(N+Q) 1s substantially equal to 312, the RAM 222 replaces
the RAM 122 of the FIG. 7, 8 or 9 DTV recetver apparatus.
Elements 1621, the lateral (207, 187) R-S FEC decoder 37
and the data de-randomizer 33 are connected and operated
substantially the same as in the FIG. 12 DTV recerver. The
initial lateral (2077, 187) R-S FEC decoder 37 1s connected to
supply the RAM 222 with 207-byte segments containing
bytes of lateral R-S FEC code, as well as data bytes with
initial Reed-Solomon correction of byte errors, all of which
207-byte segments are written into the RAM 222.

After transverse R-S FEC decoding procedures, data seg-
ments are read from the RAM 222 to the final lateral (207,
187) R-S FEC decoder 25. The (207, 187) R-S FEC decoder
25 performs lateral Reed-Solomon forward-error-correction
on each data segment, and toggles the TEI bit in each data
packet 1n which 1t finds byte errors that can be corrected. IT
the lateral R-S FEC decoder 25 is able to correct byte errors
in the data packet, the decoder 25 updates any extensions of
the bytes 1n that data packet indicative of the confidence
levels that the bytes are correct. The lateral R-S FEC decoder
25 then supplies the 187-byte data packets to the data
de-randomizer 26. The data de-randomizer 26
de-randomizes the data in these packets and supplies the
de-randomized data to the transport stream de-multiplexer
277. The transport stream de-multiplexer 27 responds to the
PIDs i1n the data packets for sorting them to appropriate
packet decoders. Video data packets are sorted to the
MPEG-2 decoder 28 and audio data packets are sorted to the
AC-3 decoder 29. The connection and operatlon of the ele-
ments 25-29 are substantially the same as 1n the DTV
receivers ol FIGS. 4 and 7. FIG. 13 shows a decoder 61 for
auxiliary data packets sorted thereto by the transport stream
de-multiplexer 27.

FIG. 13 shows a transmission mode detector 62 connected
for recerving de-randomized baseband DTV signal from the
data de-randomizer 53 and for supplying the operations con-
trol circuitry 60 indications of the transmission mode used
for transmitting the received DTV signals. In a DTV system
in which (N+Q) 1s substantially equal to 312, at times the
transmission mode detector 62 determines the recerved DTV
signal 1s transmitted with transverse R-S FEC coding of all
data segments in each data field. The transmission mode
detector 62 supplies 1indications of such transmission to the
operations control circuitry 60, which responds to such 1ndi-
cations to operate the RAM 222 like the RAM 22 of the FIG.
4, 5 or 6 DTV recewver apparatus. The operations control
circuitry 60 conditions the Reed-Solomon forward-error-
correction decoder application circuitry 63 for selectively

connecting the RAM 222 to a transverse (M, N) Reed-
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Solomon forward-error-correction decoder 64. The selective
connecting 1s done so as to permit the reading of bytes 1n
transversal paths from the RAM 222 to the transverse (M, N)
R-S FEC decoder 64 and the subsequent writing of corrected
bytes back to the RAM 222 from the decoder 64. The trans-
verse (M, N) R-S FEC decoder 64 uses a transverse (M, N)
Reed-Solomon forward-error-correction code suited to
super groups that extend over 312 data segments and can be
a selected one of a group of such transverse (M, N) R-S FEC
decoders.

Alternatively, in a DTV system in which (N+Q) 1s sub-
stantially equal to 156, at times the transmission mode detec-
tor 62 determines the recetved DTV signal 1s transmitted
with transverse R-S FEC coding of all data segments in each
half data field. The transmission mode detector 62 supplies
indications of such transmission to the operations control
circuitry 60, which responds to such indications to operate
the RAM 222 like the RAM 122 of the FIG. 7, 8 or 9 DTV
receiver apparatus. The operations control circuitry 60 con-
ditions the Reed-Solomon forward-error-correction decoder
application circuitry 63 for selectively connecting the RAM
222 to the transverse (M, N) Reed-Solomon forward-error-
correction decoder 64. The selective connecting 1s done so as
to permit the reading of bytes in transversal paths from the
RAM 222 to the transverse (M, N) R-S FEC decoder 64 and
the subsequent writing of corrected bytes back to the RAM
222 from the decoder 64. The transverse (M, N) R-S FEC
decoder 64 uses a transverse (M, N) Reed-Solomon forward-
error-correction code suited to super groups that extend over
156 data segments and can be a selected one of a group of
such transverse (M, N) R-S FEC decoders.

When the transmission mode detector 62 determines that
the audio portion of the recetved DTV signal was transmit-
ted with its own transverse R-S FEC coding, the transmis-
s1ion mode detector 62 supplies indications of such transmis-
sion to the operations control circuitry 60. The operations
control circuitry 60 responds to these indications to operate
the RAM 222 so as to perform transverse R-S FEC decoding,
of only those data segments concerning the audio portion of
the recerved DTV signal. The operations control circuitry 60
conditions the Reed-Solomon forward-error-correction
decoder application circuitry 63 for selectively connecting
the RAM 222 to the transverse (G, H) R-S FEC decoder 57.
The selective connecting 1s done so as to permit the reading
of bytes 1n transversal paths from the RAM 222 to the trans-
verse (G, H) R-S FEC decoder 57 and the subsequent writ-
ing ol corrected bytes back to the RAM 222 from the
decoder 57.

When the transmission mode detector 62 determines that
an ancillary portion of the received DTV signal was trans-
mitted with its own transverse R-S FEC coding, the trans-
mission mode detector 62 supplies indications of such trans-
mission to the operations control circuitry 60. The
operations control circuitry 60 responds to these indications
to operate the RAM 222 so as to perform transverse R-S
FEC decoding of only those data segments concerning the
ancillary data. The operations control circuitry 60 conditions
the Reed-Solomon forward-error-correction decoder appli-
cation circuitry 63 for selectively connecting the RAM 222
to the transverse (G, H) R-S FEC decoder 57. The selective
connecting 1s done so as to permit the reading of bytes 1n
transversal paths from the RAM 222 to the transverse (G, H)
R-S FEC decoder 57 and the subsequent writing of corrected
bytes back to the RAM 222 from the decoder 57.

All data segments supplied by the lateral (207, 187) R-S
FEC decoder 37 are written to the RAM 222 to be tempo-
rarily stored therein over two (N+(Q))-data-segment intervals.
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That 1s, the RAM 222 provides the delay compensation data
segments without transverse R-S FEC coding have to have 1n
order not to be advanced respective to data segments with
transverse R-S FEC coding. The delay associated with writ-
ing (N+Q) data segments 1nto a bank of the RAM 222 before
transverse R-S FEC decoding can proceed, atfords the trans-
mission mode detector 62 time to assemble a full set of
indications concerning how transverse R-S FEC coding of
that block of (N+(Q)) data segments was done. The timing of
the transverse R-S FEC decoding operations can be arranged
to permit both individual transverse R-S FEC coding of
selected types of data segments and overall transverse R-S
FEC coding of all data segments 1n a data field or data half
field. Such arrangement 1s a matter of design by one skilled
in the art who 1s advised of the possibility of such operation.

FIG. 13 shows the transmission mode detector 62 con-
nected for responding to the transport stream reproduced by
the data de-randomizer 53. Such connection 1s appropriate 11
the transmission mode detector 62 1s of a type that deter-
mines the nature of the received DTV signal by analyzing
the PIDS of the data segments 1n the reproduced transport
stream. Alternatively, the transmission mode detector 62 can
be of a type for responding to information concerning the
pattern of robust transmissions, which information 1s trans-
mitted 1n coded form during the 92-symbol “reserved™ por-
tion of the 1imitial, zeroeth data segment of a data field.

FIG. 14 shows a transmitter for transmitting a DTV signal
in which only data packets of a selected type, such as audio
packets, are subject to robust transmission. In the FIG. 14
DTV transmitter 187-byte data packets containing parity
bytes of the transverse R-S FEC coding are time-division
multiplexed with 187-byte data packets contaiming payload.
In the FIG. 14 DTV transmitter the transverse R-S FEC cod-
ing 1s performed before lateral R-S FEC coding of the 187-
byte data packets, and the parity bytes of the lateral R-S FEC
coding are not subjected to transverse R-S FEC coding. This
differs from the FIG. 10 DTV transmitter of FIG. 10, 1n
which lateral R-S FEC coding 1s performed before trans-
verse R-S FEC coding, so parity bytes of the lateral R-S FEC
coding are subjected to transverse R-S FEC coding. Subject-
ing parity bytes of the lateral R-S FEC coding to transverse
R-S FEC coding tends to provide more powerful two-
dimensional Reed-Solomon forward-error-correction
coding, but for given transverse R-S FEC code generates
207/187 times as many parity bytes. This 1s about 11%
greater overhead cost.

The program source 1 supplies the basic transport stream
in 187-byte data packets to a transport stream de-multiplexer
in the FIG. 14 DTV receiver. The transport stream
de-multiplexer comprises a selector 65 connected for select-
ing those data packets that are the basis for the normal trans-
mission to a first-in/first-out (FIFO) buller memory 66 for
temporary storage therein. The transport stream
de-multiplexer further comprises a selector 67 connected for
selecting those data packets that are the basis for robust
transmission to a first-in/first-out (FIFO) bulifer memory 68
for temporary storage therein. A data randomizer 69 1s con-
nected for randomizing data packets read from the FIFO
buifer memory 68. Provision has to be made for supplying
the data randomizer 69 with knowledge concerning the posi-
tion 1n the data field that will be occupied by each data
segment incorporating a respective data packet read from the
FIFO buifer memory 68. This allows data randomization to
be done by exclusive-ORing the data in each packet with the
appropriate portion of the PRBS.

A time-division multiplexer 70 1s connected for supplying
187-byte packets to be written into a banked random-access
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memory 71, which stores one 8-bit byte of code plus any
byte extensions at each of its addressed storage locations.
The RAM 71 has enough addressed storage locations to
store at least two successive super groups of (H+K) 187-byte
data packets apiece. FIFO bufler memory 68 is periodically
read from for supplying data packets to the data-randomizer
69, which after randomization are supplied to the time-
division multiplexer 70 as 1its first mput signal. The time-
division multiplexer 70 relays these randomized data packets
to the RAM 71 for being written into a bank of memory
therein. After H successive data packets for robust transmis-
sion have been written into a bank of the RAM 71, read
addressing 1s applied to this bank. This read addressing
scans these H successive data segments in transverse direc-
tion to read H-byte transverse data segments to a transverse
(G, H) Reed-Solomon forward-error-correction encoder 72.
A data assembler 73 assembles the resulting transverse R-S
FEC coding from the transverse R-S FEC encoder 72 into K
187-byte data packets that comply with the MPEG-2 stan-
dard except for not having an initial sync byte. The data
assembler 73 supplies each of these K packets with a 3-byte
header that includes an identifying PID and a continuity
count. The time-division multiplexer 70 receives these 187-
byte data packets as a second input signal forwards these
187-byte data packets to the RAM 71 for being written 1nto a
bank of the RAM 71 to complete the super group that 1s
temporarily stored therein. The (H+K) data packets in this
completed super group are then read seriatim from that bank
of the RAM 71 at appropnate intervals. Preferably, the K
data packets containing transverse R-S FEC coding are read
from the RAM 71 before the H data packets containing the
payload data selected for robust transmission.

A two-1nput time-division multiplexer 74 1s connected for
supplying 187-byte data packets to a keyed data-randomizer
75. The FIFO buffer memory 66 1s connected for supplying
randomized normal-transmission data packets to the time-
division multiplexer 74 as the first of 1ts two input signals.
The time-division multiplexer 74 1s connected for receiving
robust-transmission data packets read from the RAM 71 as
the second of its two 1nput signals. The keyed data-
randomizer 73 1s connected for receiving the output signal of
the time-division multiplexer 74 and for supplying the lateral
(207, 187) R-S FEC encoder 5 with selectively randomized
response to the output signal of the time-division multiplexer
74. The keyed data-randomizer 75 randomizes the normal-
transmission data packets that the time-division multiplexer
74 relays from the FIFO bufifer memory 66 readout. The
keyed data-randomizer 75 randomizes the 3-byte headers of
packets containing parity bytes from transverse R-S FEC
coding, but relays without modification the 184-byte pay-
load portions of these packets. The keyed data-randomizer
75 relays the data packets that were previously randomized
by the data-randomizer 69 to the lateral R-S FEC encoder 5
without any modification of those data packets. The lateral
R-S FEC encoder 5 appends twenty bytes of lateral R-S FEC
code to the conclusion of each of the 187-byte data packets
supplied by the keyed data-randomizer 75. This generates a
respective A/53-compliant 207-byte segment that the lateral
R-S FEC encoder 5 supplies to the convolutional interleaver
9 as mput signal thereto. The portion of the FIG. 14 DTV
transmitter comprising the elements 9 through 15 corre-
sponds to the portion of the FIG. 1 DTV transmitter com-
prising the elements 9 through 15.

FIG. 15 shows how the FIG. 1 DTV transmitter 1s modi-
fied for transmitting 1ts robust DTV signal together with a
super-robust signal, such as the audio component of the pri-
mary DTV signal or a signal unrelated to the primary DTV
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signal. The elements 165, 166, 167, 168, 169, 170, 171, 172
and 173 1n the FIG. 15 DTV transmitting apparatus are simi-
lar respectively, both 1n structure and in operation, to the
elements 65, 66, 67, 68, 69,70, 71, 72 and 73 1n the FIG. 14
DTV transmitter. The two-imnput time-division multiplexer
74 and the keyed data-randomizer 75 of the FIG. 14 DTV
transmitter are respectively replaced by a three-input time-
division multiplexer 174 and by a keyed data-randomizer
175 1n the FIG. 15 DTV transmitting apparatus. These
replacements are made to accommodate additional trans-
verse R-S FEC coding using methods similar to those used
in the FIG. 1 DTV transmutter.

More particularly, the program source 1 supplies the basic
transport stream in 187-byte data packets to a transport
stream de-multiplexer 1n FIG. 15. The transport stream
de-multiplexer comprises a selector 165 connected for
selecting those data packets that are the basis for the robust
transmission to a FIFO bufler memory 166 for temporary
storage therein. The transport stream de-multiplexer further
comprises a selector 167 for selecting those data packets that
are the basis for an even more robust “super-robust” trans-
mission to a FIFO buffer memory 168 for temporary storage
therein. A data randomizer 169 1s connected for randomizing
data packets read from the FIFO buffer memory 168 and
supplying the randomized data packets to a time-division
multiplexer 170 as a first of its two 1nput signals. The time-
division multiplexer 170 1s connected for supplying 187-
byte packets to be written into a banked random-access
memory 171, which stores one 8-bit byte of code plus any
byte extensions at each of 1ts addressed storage locations.
The RAM 171 has enough addressed storage locations to
store at least two successive super groups of (H+K) 187-byte
data packets apiece

After H successive data packets for more robust transmis-
sion have been written into a bank of the RAM 171, read
addressing 1s applied to this bank. This read addressing
scans these H successive data segments 1n transverse direc-
tion to read H-byte transverse data segments to a transverse
(G, H) Reed-Solomon forward-error-correction encoder
172. A data assembler 173 assembles the resulting transverse
R-S FEC coding from the transverse R-S FEC encoder 172
into K 187-byte data packets that comply with the MPEG-2
standard except for not having an 1nitial sync byte. The data
assembler 173 supplies each of these K packets with a 3-byte
header that includes an identifying PID and a continuity
count. The data assembler 173 1s connected for supplying
these K packets to the time-division multiplexer 170 as a

second of its two input signals. The time-division multi-
plexer 170 forwards these 187-byte data packets to the RAM

171 for being written mto a bank of the RAM 171 to com-
plete the super group that i1s temporarnly stored therein. The
(H+K) data packets 1n this completed super group are then
read seriatim from that bank of the RAM 171 at appropriate
intervals. Preferably, the K data packets containing trans-
verse R-S FEC coding are read from the RAM 171 before
the H data packets containing the payload data selected for
robust transmission.

The three-mnput time-division multiplexer 174 1s con-
nected for supplying 187-byte data packets to the keyed
data-randomizer 175. The keyed data-randomizer 175 is
connected for receiving the output signal of the time-
division multiplexer 174 and for supplying the lateral (207,
187) R-S FEC encoder 5 with selectively randomized
response to the output signal of the time-division multiplexer
174. The encoder 5 appends twenty bytes of lateral Reed-
Solomon forward-error-correction code to the conclusion of
cach of the 187-byte packets 1t supplies for writing into the
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random-access memory 6. The RAM 6 stores one 8-bit byte
of code plus any byte extensions at each of its addressed
storage locations and has enough addressed storage loca-
tions to store at least two successive super groups of (N+Q)
data segments. After a number N successive data segments
of the basic transport stream that will appear 1n a super group
have been written 1into a bank of the RAM 6, read addressing,
1s applied to this bank for scanning these N successive data
segments 1n transverse direction. This 1s done to read N-byte
transverse data segments to the transverse (M, N) Reed-
Solomon forward-error-correction encoder 7. The data
assembler 8 assembles the resulting transverse R-S FEC
coding from the transverse R-S FEC encoder 7 mto Q data
packets that comply with the MPEG-2 standard except for
not having an 1nitial sync byte. The data assembler 8 sup-
plies each of these packets with a 3-byte header including an
identifying PID and a continuity count. The remaining 184
bytes of each of these packets are parity bytes from the trans-
verse R-S FEC coding. The QQ data segments containing par-
ity bytes generated by the transverse R-S FEC encoder 7 are
routed through the time-division multiplexer 174 and the
keyed data-randomizer 175 to be written into the bank of the
RAM 6, for completing the super group temporarily stored
therein. The completed super group 1s then read from the
RAM 6 to the convolutional interleaver 9. The portion of the
FIG. 15 DTV transmitting apparatus comprising the ele-
ments 9 through 15 corresponds to the portion of the FIG. 1
DTV transmitter comprising the elements 9 through 15,
although elements 12 through 15 are not explicitly shown 1n
FIG. 15.

The FIFO buffer memory 166 1s connected for supplying
randomized normal-transmission data packets to the time-
division multiplexer 174 as a first of its three mput signals.
The time-division multiplexer 174 1s connected for receiving
robust-transmission data packets read from the RAM 71 as a
second of 1ts three input signals. The data assembler 8 1s
connected for packets of parity bytes from the transverse
R-S FEC coder 7 to the time-division multiplexer 174 as a
third of its three mput signals. The keyed data-randomizer
175 randomizes the normal-transmission data packets that
the time-division multiplexer 174 relays from the FIFO
buifer memory 166 readout. The keyed data-randomizer 175
randomizes the 3-byte headers of packets containing parity
bytes from transverse R-S FEC coding, but relays without
modification the 184-byte payload portions of these packets.
The keyed data-randomizer 175 relays the data packets that
were previously randomized by the data-randomizer 169 to
the lateral R-S FEC encoder 5 without modification of those
data packets.

FIGS. 16A and 16B combine to form FIG. 16 showing
modifications of the FIG. 4 DTV receiver. Accordingly, in
many respects, the circuitry shown 1 FIG. 16 A resembles
the FIG. 6 modifications of the FIG. 4 DTV receiver. The
FIG. 16 A portion of the modified FIG. 4 DTV receiver pro-
vides for the reception of robust DTV signals which employ
transverse Reed-Solomon forward-error-correction codes
that traverse full data fields and are transmitted by a type of
transmitter shown 1n FIG. 1. The FIG. 16 modifications per-
mit reception of robust DTV signals that include super-
robust audio component signals as transmitted by the trans-
mitting apparatus of FIG. 15. The FIG. 16 modifications also
permit reception of DTV signals with robust audio compo-
nent signals as transmitted by the FIG. 14 DTV transmitter.

However, operations control circuitry 80 replaces the
operations control circuitry 24 shown 1n FIGS. 4, 5 and 6.
FIGS. 16 A and 16B show the operations control circuitry 80
as comprising parts 80(A) and 80(B), which 1s an artifice

10

15

20

25

30

35

40

45

50

55

60

65

40

used in the drawings to avoid running numerous connections
from elements shown in FIG. 16 A to elements shown 1n FIG.
16B. The operations control circuitry 80 1s more compli-
cated than the operations control circuitry 24. The operations
control circuitry 80 performs further tasks, in addition to
providing for the reading and wrting of the RAM 22 to
implement transverse R-S FEC decoding of robust DTV sig-
nals as transmitted by a transmitter of the type shown 1 FIG.
1 or shown in FIG. 15.

FIG. 16 A shows transverse R-S FEC decoder application
circuitry 30 connected for recerving position code forwarded
from the operations control circuitry 80(A) as a SELECT A
signal. In response to the SELECT A signal, the transverse
R-S FEC decoder application circuitry 30 selects one of the
transverse R-S FEC decoders 31-36 for implementing trans-
verse R-S FEC decoding of an entire data field of data seg-
ments temporarily stored 1n one bank of the RAM 22. FIG.
16A shows correlation filters 81, R 1n number, which are
connected for recerving as their respective mput signals the
de-randomized PIDs from the PID de-randomizer 38. The
correlation filters 81 comprise the correlation filters 39 (not
explicitly shown 1n FIG. 16A), L in number, which generate
spike responses to respective ones of the PIDs identifying
data segments containing transverse R-S FEC coding that
spans a full data field. The correlation filters 81 comprise
turther correlation filters, which generate spike responses to
respective ones of the PIDs 1dentifying data segments con-
taining transverse R-S FEC coding descriptive of more
robust audio data transmission or other specific more robust
data transmission. FIG. 16 A shows a position code latch 82
and a four-stage shift register 83 for position code from the
position code latch 82. These replace the position code latch
40 and the single-stage shift register 41 for position code
from the position code latch 40 that are shown 1n FIG. 6. The
position code latch 82 is capable of temporarily storing the
position code with more bits that results from the correlation
filters 81 including further correlation filters besides the cor-
relation filters 39.

The four-stage shift register 83 temporarily stores each
successive position codeword for four data fields, and the
position codewords stored in the four-stage shift register 83
are supplied to the operations control circuitry 80(A) for 1ts
use 1n determining the operations 1t 1s to perform. Increasing
the number of stages in the shift register 83 simplifies keep-
ing track of different cycles of robust audio transmission that
overlap each other when “shingled” operation 1s employed.
The four bits that succeed the PID of a data packet that
contains parity bytes of transverse R-S FEC code can be
used as a PID extension that identifies the cycle of robust
transmission that data packet belongs to.

The position codeword from the position-code latch 82
contains a ONE from the bit latch for one of the correlation
filters 81 that generates spike responses to the PIDs of the
data segments that contain the transverse R-S FEC coding of
a specific type. The position codeword from the position-
code latch 82 contains ZEROes from the bit latches for the
other ones of the correlation filters 81 that do not generate
spike responses because the PIDs those correlation filters 81
respond to are not present in the current data field. The
position-code latch 82 retains the position codeword until
the beginning of the next data field, at which time responsive
to a SHIFT CLOCK signal the position codeword 1s shifted
into the shift register 83 for temporary storage throughout
the following four data field intervals. Then, the position-
code latch 82 1s reset to an all-ZERO condition responsive to
a RESET signal. The SHIFT CLOCK and RESET signals

are generated by circuitry within the operations control cir-
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cuitry 80 responsive to the count from the counter circuitry
also within the operations control circuitry 80.

Each of the position codewords temporarily stored 1n one
of the stages of the shift register 83 has first and second
portions. The first portion of each position codeword con-
sists of the bits generated by those of the correlation filters
81 that detect PIDS of data segments containing transverse
R-S FEC coding for robust transmissions each of which
completes an entire cycle of itself within the same data field.
The operations control circuitry 80 responds to the first por-
tion of the position codeword stored 1n the first stage of the
shift register 83 to implement transverse R-S FEC decoding
of such a robust transmission. This transverse R-S FEC
decoding 1s done 1n circuitry shown in FIG. 16 A. The second
portion of each position codeword consists of the bits gener-
ated by those of the correlation filters 81 that detect PIDS of
data segments contaiming transverse R-S FEC coding for
more robust transmissions each of which requires more than
one data field to complete an entire cycle of itself. The
operations control circuitry 80 responds to the second por-
tion of the position codeword stored 1n the second stage of
the shift register 83 to implement transverse R-S FEC decod-
ing ol such a more robust transmission. This transverse R-S
FEC decoding i1s done 1n circuitry shown in FIG. 16B.

The transverse R-S FEC decoding done 1n circuitry shown
in FIG. 16A 1s similar to that done 1n the FIG. 6 circuitry.
However, the operations control circuitry 80 ORs the bits of
the first portion of the position codeword from the first stage
of the four-stage shift register 83. This OR operation gener-
ates an indication of whether or not a robust transmission
that completes an entire cycle thereofl within the same data
field 1s being recerved.

IT all the bits 1n the first portion of the position codeword
are ZERQOes, these bits OR to ZERO. This indicates to the
operations control circuitry 80 that a robust transmission that
completes an entire cycle of itself within the same data field
was not written into the RAM 22 during the previous data
field. Responsive to this information the operations control
circuitry 80 foregoes the scanning of storage locations 1n the
bank of the RAM 22 temporarily storing the last data field
received, which scanning would be done to implement trans-
verse R-S FEC decoding. This saves some power consump-
tion 1n the DTV recerver. The operations control circuitry 80
supplies a control signal to the transverse R-S FEC decoder
application circuitry 30, all the bits of which control signal
are ZEROes. This forestalls the transverse R-S FEC decoder
application circuitry 30 selecting any of the transverse R-S
FEC decoders 31-36 to perform transverse R-S FEC decod-
ng.

If one of the bits 1n the first portion of the position code-
word held 1n the first stage of the shift register stage 83 1s a
ONE, these bits OR to ONE. This indicates to the operations
control circuitry 80 that a robust transmission that completes
an entire cycle of itself within the same data field was written
into the RAM 22 during the previous data field. Accordingly,
the operations control circuitry 80 scans storage locations in
the bank of the RAM 22 temporarily storing the last data
field recerved, to implement transverse R-S FEC decoding.
The operations control circuitry 80 forwards the first portion
of the position codeword held 1n the first stage of the shiit
register stage 83 to the transverse R-S FEC decoder applica-
tion circuitry 30 as the control signal therefor. The transverse
R-S FEC decoder application circuitry 30 1s accordingly
conditioned for selecting the correct one of the transverse
R-S FEC decoders 31-36 to perform transverse R-S FEC
decoding. After any transverse R-S FEC decoding to be done
on a data field by the transverse R-S FEC decoders 31-36 1s
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completed or 1s found not to be necessary, the segments of
that data field are read seriatim from the RAM 22 to a lateral
(2077, 187) R-S FEC decoder 125 shown in FIG. 16B.

The (207, 187) R-S FEC decoder 125 performs lateral
Reed-Solomon forward-error-correction. The R-S FEC
decoder 125 resets the Transport Error Indicator bit 1n each
data packet to indicate whether or not it contains byte errors
that remain uncorrected. The (207, 187) R-S FEC decoder
125 supplies each 187-byte data packet to the data
de-randomizer 26. The data de-randomizer 26 1s connected
for supplying de-randomized 187-byte data packets to a
transport stream de-multiplexer 84, which responds to the
PIDs in the data packets for sorting them to appropriate
packet decoders. As 1n the FIG. 5 DTV receiver, video data
packets are sorted to an MPEG-2 decoder 28 in the portion
of the DTV recerver shown 1n FIG. 16B.

The (207, 187) R-S FEC decoder 125 supplies a banked
random-access memory 85 with corrected 207-byte data
segments each of which includes a respective 187-byte data
packet as supplied to the data de-randomizer 26 and further
includes twenty parity bytes of lateral (207, 187) R-S FEC
coding. The RAM 85 1s conditioned for writing into one of
its banks those 207-byte data segments that include either
audio data packets or data packets containing bytes of trans-
verse R-S FEC coding for robust audio transmission appear-
ing in the data de-randomizer 26 response. The transport
stream de-multiplexer 84 supplies the operations control cir-
cuitry 80(B) with information concerning the PIDs of these
data packets. This information includes information con-
cerning the 4-bit PID extension that succeeds the PID of a
data packet containing bytes of transverse R-S FEC coding
for robust audio transmission. This information combined
with the position codewords stored 1n the shift register 83
enables the operations control circuitry 80(B) to direct the
writing of audio data packets and data packets containing
bytes of transverse R-S FEC coding for robust audio trans-
mission to the appropriate bank of the RAM 85. This 1s
important for implementing “shingled” robust audio trans-
missions.

The RAM 85 stores one 8-bit byte of data, plus any exten-
sion or extensions thereolf, at each of its addressed storage
locations. The RAM 85 has enough addressed storage loca-
tions to store at least two successive ones of the largest super
groups of data packets associated with robust audio trans-
mission. The writing and reading operations of the banked
RAM 85 are similar to those of the banked RAM 62 of the
FIG. 12 DTV recerver described earlier 1n thus specification.

The processing of the baseband DTV signal after it 1s read
from the RAM 22 1s governed by the second portion of the
position codeword stored in the second stage of the shiit
register 83. This second portion concerns possible robust
transmissions each of which takes more than one data field
to complete an entire cycle of itself. A cycle of DTV signal
that mixes data segments associated with robust transmis-
sion and data segments not associated with robust transmis-
s10n 1s read from the RAM 22, beginning 1n the second data
field after the PID of a data segment containing transverse
R-S FEC coding from that cycle 1s detected by one of the
correlation filters 81. The detection of this PID 1s memonal-
1zed 1n the second portion of the position codeword stored 1n
the second stage of the shift register 83.

The operations control circuitry 80 responds to the second
portion of the position codeword stored 1n the second stage
of the shift register 83 to generate prescribed patterns of
writing to and reading from the RAM 83. These prescribed
patterns are stored within internal memory of the operations
control circuitry 80. A prescribed pattern of write addressing
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1s generated for the bank of the RAM 85 that currently
assembles a super group from data packets that the transport
stream de-multiplexer 84 supplies for writing the RAM 85.
This bank of the RAM 85 1s written 1nto, a data byte at a
time, with the bytes being written to addressed storage loca-
tions some ol which have previously had error-corrected
bytes read therefrom. The prescribed pattern of write
addressing extends over a number of data fields, depending
on the type of transverse R-S FEC decoding used for the
robust audio transmission. In designs in which the previous
reading of storage locations 1s done immediately before their
respective writing, pursuant to a read-then-write operation,
the read addressing 1s a portion of the write addressing. In
designs 1 which the previous reading of error-corrected
bytes from storage locations 1s done well before those stor-
age locations are re-written, the pattern of read addressing
still corresponds to a portion of the prescribed pattern of
write addressing. However, the pattern of read addressing
begins soon alter transverse R-S error-correction procedures
are completed.

A prescribed pattern of transverse read and write address-
ing 1s generated for the bank of the RAM 85 mvolved 1n the
transverse R-S FEC decoding procedure. The transverse
read addressing implements reading a byte stream from each
transverse path through the super group to a selected trans-
verse R-S FEC decoder via transverse R-S FEC decoder
application circuitry 90 that selects that decoder. The trans-
verse write addressing implements writing back to 1its origi-
nal addressed storage locations the byte stream that after
error correction 1s returned from the selected transverse R-S
FEC decoder via the transverse R-S FEC decoder applica-
tion circuitry 90.

The operations control circuitry 80(B) generates a
SELECT B signal responsive to the second portion of the
position codeword supplied from the second stage of the
shift register 83 at the beginning of the cycle of robust audio
transmission. Until that cycle of robust audio transmission
concludes, the operations control circuitry 80(B) continues
to supply that SELECT B signal, which the transverse R-S
FEC decoder application circuitry 90 1s connected to receive
as 1ts control signal. The transverse R-S FEC decoder appli-
cation circuitry 90 1s conditioned by the SELECT B signal to
select one of a plurality of transverse R-S FEC decoders for
implementing transverse R-S FEC decoding of data seg-
ments temporarily stored in the RAM 85. The second por-
tion of the position codeword forwarded to the transverse
R-S FEC decoder application circuitry 90 as the SELECT B
signal can memonalize detection of the PID identifying a
transmitter broadcasting with (20, 16) transverse R-S FEC
coding of audio. The transverse R-S FEC decoder applica-
tion circuitry 90 responds to this SELECT B signal to select
the (20, 16) transverse R-S FEC decoder 91 for correcting,
byte errors in each of the transverse code paths that are
scanned. If the SELECT B signal memornializes detection of
the PID i1dentifying broadcasting with (22, 16) transverse
R-S FEC coding of audio, the transverse R-S FEC decoder
application circuitry 90 responds to select the (22, 16) trans-
verse R-S FEC decoder 92 for correcting byte errors. If the
SELECT B signal memorializes detection of the PID 1denti-
tying broadcasting with (26, 16) transverse R-S FEC Codlng
of audio, the transverse R-S FEC decoder application cir-
cuitry 90 responds to select the (26, 16) transverse R-S FEC
decoder 93 for correcting byte errors. If the SELECT B sig-
nal memorializes detection of the PID 1dentifying broadcast-
ing with (30, 16) transverse R-S FEC coding of audio, the
transverse R-S FEC decoder application circuitry 90
responds to select the (30, 16) transverse R-S FEC decoder
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94 for correcting byte errors. If the SELECT B signal memo-
rializes detection of the PID identitying broadcasting with
(62, 32) transverse R-S FEC coding of audio, the transverse
R-S FEC decoder application circuitry 90 responds to select
the (62, 32) transverse R-S FEC decoder 95 for correcting
byte errors. If the SELECT B signal memorializes detection
of the PID identitying broadcasting with (90, 32) transverse
R-S FEC coding of audio, the transverse R-S FEC decoder
application circuitry 90 responds to select the (90, 32) trans-
verse R-S FEC decoder 96 for correcting byte errors.

Data segments containing audio data packets that have
been processed through the byte-error-correction
procedures, using the one of the transverse R-S FEC decod-
ers 91 through 96 seclected by the transverse R-S FEC
decoder application circuitry 90, are subsequently read from
the RAM 85. In some designs this reading from the RAM 85
1s part of a read-then-write operation. In other designs, the
byte-error-correction procedures on the super group are
completed quickly, and this reading 1s done soon aiter those
byte-error-correction procedures are completed. This
reduces the differential delay between video and audio data
packets.

It 1s necessary to determine which of those data segments
read from the RAM 85 that contain data packets previously
found not to be correctable are correctable after the trans-
verse R-S FEC decoding procedure implemented using the
RAM 85. A lateral (207, 187) R-S FEC decoder 97 1s con-
nected for recerving those data segments read from the RAM
85. The R-S FEC decoder 97 attempts further byte correc-
tion on at least those of the audio data packets with Transport
Error Indicator (TEI) bits indicating that they contain byte
error. If the byte errors 1n such an audio data packet are
corrected, the TEI bit 1s reset to remove indication of byte
error 1n the packet. The (207, 187) R-S FEC decoder 97 then
supplies the portions of the data segment other than its
twenty R-S FEC code parity bytes to a data de-randomizer
98 as a 187-byte data packet. The data de-randomizer 98 is
connected for supplying the AC-3 decoder 29 with
de-randomized audio data packets. The operation of the data
de-randomizer 98 1s facilitated by appending to each data
segment the number of that segment within the data field.
This can be done just after de-interleaving 1s done, with the
number of the segment being carried throughout the R-S
FEC decodmg procedures and being stored in the RAMs 22
and 85. It 1s convenient to fit the segment number 1nto the
DSS interval preceding the data segment.

FIGS. 17A and 17B combine to form FIG. 17 showing
modifications of the FIG. 7 DTV receiver. Accordingly, in
many respects, the circuitry shown 1n FIG. 17A resembles

the FIG. 9 modifications of the FIG. 7 DTV receiver. The
FIG. 17A portion of the modified FIG. 7 DTV recerver pro-
vides for the reception of robust DTV signals which employ
transverse Reed-Solomon forward-error-correction codes
that traverse full data fields and are transmitted by a type of
transmitter shown 1n FIG. 1. The FIG. 17 modifications per-
mit reception of robust DTV signals which employ trans-
verse Reed-Solomon forward-error-correction codes that
traverse half data fields and which include super-robust
audio component signals as transmitted by the transmitting
apparatus of FIG. 15. The FIG. 17 modifications also permit
reception of DTV signals with robust audio component sig-
nals as transmitted by the FIG. 14 DTV transmitter.
However, operations control circuitry 86 replaces the
operations control circuitry 124 shown 1n FIGS. 7, 8 and 9.
FIGS. 17A and 17B show the operations control circuitry 86
as comprising parts 86(A) and 86(B), which 1s an artifice
used in the drawings to avoid running numerous connections
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from elements shown in FIG. 17A to elements shown 1n FIG.
17B. The operations control circuitry 86 1s more compli-
cated than the operations control circuitry 124. The opera-
tions control circuitry 86 performs further tasks, 1n addition
to providing for the reading and writing of the RAM 122 to
implement transverse RS FEC decoding of robust DTV sig-

nals as transmitted by a transmuitter of the type shown 1n FIG.
1 or shown 1n FIG. 15.

FIG. 17A shows transverse R-S FEC decoder application
circuitry 130 connected for receiving position code for-

warded from the operations control circuitry 86(A) as
SELECT A signal. In response to the SELECT A signal, the

transverse R-S FEC decoder application circuitry 130 selects
one of the transverse R-S FEC decoders 131-136 for imple-
menting transverse R-S FEC decoding of half data fields of
data segments temporarily stored in one bank of the RAM
122. FIG. 17A shows correlation filters 87, R 1n number,
which are connected for receiving as their respective input
signals the de-randomized PIDs from the PID de-randomizer
38. The correlation filters 87 comprise the correlation filters

139 (not explicitly shown in FIG. 17A), L in number, which
generate spike responses to respective ones of the PIDs 1den-
tifying data segments containing transverse R-S FEC coding
that spans half a data field. The correlation filters 87 com-
prise further correlation filters, which generate spike
responses to respective ones of the PIDs identifying data
segments containing transverse R-S FEC coding descriptive
of more robust audio data transmission or other specific
more robust data transmission. FIG. 16 A shows a position
code latch 88 and a four-stage shift register 89 for position
code from the position code latch 88. These replace the posi-
tion code latch 140 and the single-stage shiit register 141 for
position code from the position code latch 10 that are shown
in FIG. 9. The position code latch 88 1s capable of tempo-
rarily storing the position code with more bits that results
from the correlation filters 87 including further correlation
filters besides the correlation filters 139.

The four-stage shift register 89 temporarily stores each
successive position codeword for two data fields, and the
position codewords stored in the four-stage shift register 89
are supplied to the operations control circuitry 86(A) for 1ts
use 1n determining the operations it 1s to perform. Increasing,
the number of stages in the shift register 89 sunphﬁes keep-
ing track of different cycles of robust audio transmission that
overlap each other when “shingled” operation 1s employed.
The four bits that succeed the PID of a data packet that
contains parity bytes of transverse R-S FEC code can be
used as a PID extension that identifies the cycle of robust
transmission that data packet belongs to.

The position codeword from the position-code latch 88
contains a ONE from the bit latch for one of the correlation
filters 87 that generates spike responses to the PIDs of the
data segments that contain the transverse R-S FEC coding of
a specific type. The position codeword from the position-
code latch 88 contains ZEROes from the bit latches for the
other ones of the correlation filters 87 that do not generate
spike responses because the PIDs those correlation filters 87
respond to are not present in the current data field. The
position-code latch 86 retains the position codeword until
the beginning of the next half data field, at which time
responsive to a SHIFT CLOCK signal the position codeword
1s shifted into the shift register 89 for temporary storage
throughout the following two data field intervals. Then, the
position-code latch 88 i1s reset to an all-ZERO condition
responsive to a RESET signal. The SHIFT CLOCK and
RESET signals are generated by circuitry within the opera-
tions control circuitry 86 responsive to the count from the
counter circuitry also within the operations control circuitry
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Each of the position codewords temporarily stored 1in one
of the stages of the shiit register 89 has first and second
portions. The first portion of each position codeword con-
sists of the bits generated by those of the correlation filters
87 that detect PIDS of data segments containing transverse
R-S FEC coding for robust transmissions each of which
completes an entire cycle of 1tself within the same half data
field. The operations control circuitry 86 responds to the first
portion of the position codeword stored 1n the first stage of
the shift register 89 to implement transverse R-S FEC decod-
ing ol such a robust transmission. This transverse R-S FEC
decoding 1s done 1n circuitry shown 1n FIG. 17A. The second
portion of each position codeword consists of the bits gener-
ated by those of the correlation filters 87 that detect PIDS of
data segments containing transverse R-S FEC coding for
more robust transmissions each of which requires more than
one data field to complete an entire cycle of itself. The
operations control circuitry 86 responds to the second por-
tion of the position codeword stored 1n the second stage of
the shift register 89 to implement transverse R-S FEC decod-
ing ol such a more robust transmission. This transverse R-S
FEC decoding 1s done 1n circuitry shown in FIG. 17B.

The transverse R-S FEC decoding done 1n circuitry shown
in FIG. 17A 1s similar to that done 1n the FIG. 6 circuitry.
However, the operations control circuitry 86 ORs the bits of
the first portion of the position codeword from the first stage
of the four-stage shift register 89. This OR operation gener-
ates an indication of whether or not a robust transmission
that completes an entire cycle thereof within the same half
data field 1s being recerved.

I1 all the bits in the first portion of the position codeword
are ZERQOes, these bits OR to ZERO. This indicates to the
operations control circuitry 86 that a robust transmission that
completes an entire cycle of 1tself within the same half data
field was not written 1nto the RAM 122 during the previous
data field. Responsive to this information the operations con-
trol circuitry 86 foregoes the scanning of storage locations in
the bank of the RAM 122 temporarily storing the last data
field recerved, which scanning would be done to implement
transverse R-S FEC decoding. This saves some power con-
sumption in the DTV receiver. The operations control cir-
cuitry 86 supplies a control signal to the transverse R-S FEC
decoder application circuitry 130, all the bits of which con-
trol signal are ZEROes. This forestalls the transverse R-S
FEC decoder application circuitry 130 selecting any of the
transverse R-S FEC decoders 131-136 to perform transverse
R-S FEC decoding.

I one of the bits in the first portion of the position code-
word held 1n the first stage of the shift register stage 89 1s a
ONE, these bits OR to ONE. This indicates to the operations
control circuitry 86 that a robust transmission that completes
an entire cycle of itself within the same half data field was
written 1mto the RAM 122 during the previous data field.
Accordingly, the operations control circuitry 86 scans stor-
age locations 1n the bank of the RAM 122 temporarily stor-
ing the last half data field received, to implement transverse
R-S FEC decoding. The operations control circuitry 86 for-
wards the first portion of the position codeword held 1n the
first stage of the shift register stage 89 to the transverse R-S
FEC decoder application circuitry 130 as the control 31gnal
therefor. The transverse R-S FEC decoder application cir-
cuitry 130 1s accordingly conditioned for selecting the cor-
rect one of the transverse R-S FEC decoders 131-136 to
perform transverse R-S FEC decoding. After any transverse
R-S FEC decoding to be done on a data field by the trans-
verse R-S FEC decoders 131-136 1s completed, or 1s found

not to be necessary, the segments of that data field are read
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seriatim from the RAM 122 to the lateral (207, 187) R-S
FEC decoder 125 shown 1n FIG. 17B.

The (207, 187) R-S FEC decoder 125 performs lateral
Reed-Solomon forward-error-correction. The R-S FEC
decoder 125 toggles the Transport Error Indicator (TEI) bit
in each data packet in which 1t finds byte errors that still
cannot be corrected. The (207, 187) R-S FEC decoder 1235
then supplies the portions of the data segment other than its
twenty R-S FEC code parity bytes to the data de-randomizer
126 as a 187-byte data packet. The data de-randomizer 126
1s connected for supplying de-randomized data to the trans-
port stream de-multiplexer 84, which responds to the PIDs in
the data packets for sorting them to appropriate packet
decoders. Video data packets are sorted to an MPEG-2
decoder 28.

Audio data packets and data packets containing bytes of
transverse R-S FEC coding for robust audio transmission
appearing in the data de-randomizer 126 response are writ-
ten 1nto a banked random-access memory 85. The transport
stream de-multiplexer 84 supplies the operations control cir-
cuitry 86(B) with information concerning the PIDs of these
data packets. This information includes information con-
cerning the 4-bit PID extension that succeeds the PID of a
data packet containing bytes of transverse R-S FEC coding
for robust audio transmission. This mmformation combined
with the position codewords stored in the shift register 89
cnables the operations control circuitry 86(B) to write audio
data packets and data packets containing bytes of transverse
R-S FEC coding for robust audio transmission to the appro-
priate bank of the RAM 85. This 1s important for implement-
ing “shingled” robust audio transmissions.

The RAM 85 stores one 8-bit byte of data, plus any exten-
sion or extensions thereof, at each of 1ts addressed storage
locations. The RAM 83 has enough addressed storage loca-
tions to store at least two successive ones of the largest super
groups of data packets associated with robust audio trans-
mission. The writing and reading operations of the banked
RAM 85 are similar to those of the banked RAM 62 of the
FIG. 12 DTV recerver described earlier 1n this specification.

The processing of the baseband DTV signal after 1t 1s read
from the RAM 122 1s governed by the second portion of the
position codeword stored in the second stage of the shift
register 89. This second portion concerns possible robust
transmissions each of which takes more than half a data field
to complete an entire cycle of itself. A cycle of DTV signal
that mixes data segments associated with robust transmis-
sion and data segments not associated with robust transmis-
s1on 1s read from the RAM 122, beginning 1n the second half
data field after the PID of a data segment containing trans-
verse R-S FEC coding from that cycle 1s detected by one of
the correlation filters 87. The detection of this PID 1s memo-
rialized in the second portion of the position codeword
stored 1n the second stage of the shift register 89.

The operations control circuitry 86 responds to the second
portion of the position codeword stored in the second stage
of the shift register 89 to generate prescribed patterns of
writing to and reading from the RAM 85. These prescribed
patterns are stored within internal memory of the operations
control circuitry 86. A prescribed pattern of write addressing
1s generated for the bank of the RAM 85 that currently
assembles a super group from data packets that the transport
stream de-multiplexer 84 supplies for writing the RAM 85.
This bank of the RAM 85 1s written into, a data byte at a
time, with the bytes being written to addressed storage loca-
tions some ol which have previously had error-corrected
bytes read therefrom. The prescribed pattern of write
addressing extends over a number of data fields, depending
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on the type of transverse R-S FEC decoding used for the
robust audio transmission. In designs 1n which the previous
reading of storage locations 1s done immediately before their
respective writing, pursuant to a read-then-write operation,
the read addressing 1s a portion of the write addressing. In
designs 1n which the previous reading of error-corrected
bytes from storage locations 1s done well before those stor-
age locations are re-written, the pattern of read addressing
still corresponds to a portion of the prescribed pattern of
write addressing. However, the pattern of read addressing
begins soon alter transverse R-S error-correction procedures
are completed.

A prescribed pattern of transverse read and write address-
ing 1s generated for the bank of the RAM 835 involved in the
transverse R-S FEC decoding procedure. The transverse
read addressing implements reading a byte stream from each
transverse path through the super group to a selected trans-
verse R-S FEC decoder via transverse R-S FEC decoder
application circuitry 90 that selects that decoder. The trans-
verse write addressing implements writing back to 1ts origi-
nal addressed storage locations the byte stream that after
error correction 1s returned from the selected transverse R-S
FEC decoder via the transverse R-S FEC decoder applica-
tion circuitry 90.

The operations control circuitry 86(B) generates a
SELECT B signal responsive to the second portion of the
position codeword supplied from the second stage of the
shift register 89 at the beginning of the cycle of robust audio
transmission. Until that cycle of robust audio transmission
concludes, the operations control circuitry 86(B) continues
to supply that SELECT B signal, which the transverse R-S
FEC decoder application circuitry 90 1s connected to recerve
as 1ts control signal. The transverse R-S FEC decoder appli-
cation circuitry 90 1s conditioned by the SELECT B signal to
select one of a plurality of transverse R-S FEC decoders for
implementing transverse R-S FEC decoding of data seg-
ments temporarily stored in the RAM 835. The second por-
tion of the position codeword forwarded to the transverse
R-S FEC decoder application circuitry 90 as the SELECT B
signal can memorialize detection of the PID identifying a
transmitter broadcasting with (20, 16) transverse R-S FEC
coding of audio. The transverse R-S FEC decoder applica-
tion circuitry 90 responds to this SELECT B signal to select
the (20, 16) transverse R-S FEC decoder 91 for correcting
byte errors in each of the transverse code paths that are

scanned. If the SELECT B signal memonalizes detection of
the PID identifying broadcasting with (22, 16) transverse
R-S FEC coding of audio, the transverse R-S FEC decoder
application circuitry 90 responds to select the (22, 16) trans-
verse R-S FEC decoder 92 for correcting byte errors. If the
SELECT B signal memorializes detection of the PID 1denti-
tying broadcasting with (26, 16) transverse R-S FEC Codmg
of audio, the transverse R-S FEC decoder application cir-
cuitry 90 responds to select the (26, 16) transverse R-S FEC
decoder 93 for correcting byte errors. If the SELECT B sig-
nal memorializes detection of the PID 1dentifying broadcast-
ing with (30, 16) transverse R-S FEC coding of audio, the
transverse R-S FEC decoder application circuitry 90
responds to select the (30, 16) transverse R-S FEC decoder
94 for correcting byte errors. If the SELECT B signal memo-
rializes detection of the PID identifying broadcasting with
(62, 32) transverse R-S FEC coding of audio, the transverse
R-S FEC decoder application circuitry 90 responds to select
the (62, 32) transverse R-S FEC decoder 95 for correcting
byte errors. If the SELECT B signal memorializes detection
of the PID identitying broadcasting with (90, 32) transverse
R-S FEC coding of audio, the transverse R-S FEC decoder
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application circuitry 90 responds to select the (90, 32) trans-
verse R-S FEC decoder 96 for correcting byte errors.

Data segments containing audio data packets that have
been processed through the byte-error-correction
procedures, using the one of the transverse R-S FEC decod-
ers 91 through 96 selected by the transverse R-S FEC
decoder application circuitry 90, are subsequently read from
the RAM 85 to the lateral (207, 187) R-S FEC decoder 97.
The R-S FEC decoder 97 attempts further byte correction on
at least those of the audio data packets with TEI bits indicat-
ing that they contain byte error. If the byte errors 1n such an
audio data packet are corrected, the TEI bit 1s reset to remove
indication of byte error i the packet. The (207, 187) R-S
FEC decoder 97 then supplies the portions of the data seg-
ment other than 1ts twenty R-S FEC code parity bytes to the
data de-randomizer 98 as a 187-byte data packet. The data
de-randomizer 98 1s connected for supplying the AC-3
decoder 29 with de-randomized audio data packets.

The FIG. 16 DTV receiving apparatus can be modified in
accordance with the recerver design concept used in the FIG.
13 DTV recerver. That 1s, the transverse R-S FEC decoding
of robust audio transmissions can be done working from the
RAM 22 rather than employing another RAM 85. The FIG.
17 DTV receiving apparatus can be modified similarly, with
the transverse R-S FEC decoding of robust audio transmis-
sions being done working from the RAM 122 rather than
employing another RAM 85. The lateral R-S FEC decoder
97 and the data de-randomizer 98 can be dispensed with 1n
such modifications, with their duties being performed
instead by the lateral R-S FEC decoder 125 and the data
de-randomizer 26. The transport stream de-multiplexer 84
can sort de-randomized audio data packets from the data
de-randomizer 26 for application to the AC-3 decoder 29.
The advantage of lateral R-S FEC decoding between succes-
stve transverse R-S FEC decoding procedures 1s sacrificed.
However, there 1s less delay in the more robust audio data
packets respective to less robust video data packets.

FIG. 18 shows modifications of the FIG. 14 DTV trans-
mitter enabling the transmission of a normal-transmission
DTV signal together with a pseudo-2VSB robust-
transmission signal. Furthermore, the FIG. 18 modifications
permit transverse R-S FEC coding of this robust-
transmission signal to make it “super-robust”. With these
FIG. 18 modifications, the data packets for the robust trans-
mission read from the RAM 71 are not applied directly to the
time-division multiplexer 74 as an mput signal thereto. A
de-multiplexer 101 1s connected for separating the 184-byte
payload portions of the data packets read from the RAM 71
from their 3-byte headers and for supplying those 184-byte
payload portions to a data randomizer 102 as its input signal.
The data-randomizer 102 randomizes data in the 184-byte
payload portions by exclusive-ORing them with the PRBS
that A/53, Annex D, specifies being used 1496 bits (187
bytes) later 1n time. The data-randomizer 102 supplies the
randomized data in its output signal to a re-sampler 103 as
its 1input signal. The re-sampler 103 halves the code rate by
immediately repeating each information bit in each 184-byte
payload portion, supplying the resulting 368 bytes of modi-
fied data to a 187-byte-packet assembler 104. The assembler
104 1s connected for supplying 187-byte data packets as
input signal for the time-division multiplexer 74, istead of

the multiplexer 74 input signal being provided by direct
read-out from the RAM 71 as in the FIG. 14 DTV transmit-

ter.
The assembler 104 generates two new headers responsive

to each header received from the de-multiplexer 101. Each
of the two new headers dift

ers from the old header with
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regard to continuity count. The continuity count of the old
header 1s multiplied by two and the most significant bit of
the resulting product i1s discarded to generate the continuity
count for a first of the new headers. The continuity count of
the first of the new headers 1s incremented by one to generate
the continuity count for the second of the new headers. The
assembler 104 appends the initial 192 of the 368 bytes of
modified data to the first of the new headers to generate a
187-byte packet supplied as input signal to the time-division
multiplexer 74. The assembler 104 appends the final 192 of
the 368 bytes of modified data to the second of the new
headers to generate the next 187-byte packet supplied as
iput signal to the time-division multiplexer 74.

Another FIG. 18 modification of the FIG. 14 transmitter
replaces the data randomizer 75 with a keyed data random-
izer 105 connected for supplying input signal to the lateral
(2077, 187) R-S FEC encoder 5. The remaining portion of the
FIG. 10 transmitter modified per FIG. 18 comprises the ele-
ments 3 through 15, connected without further modification
and operated as in the unmodified FIG. 14 transmitter. The
keyed data randomizer 105 selectively omits randomization
of the payloads of the data packets that the assembler 104
supplies, so the data therein will cause pseudo-2VSB sym-
bols to be generated in the trellis coding procedure per-
formed by the 12-phase trellis coder 10. The keyed data
randomizer 105 does randomize the bits of the 3-byte head-
ers payloads of the data packets that the assembler 104
supplies, however.

FIG. 19 shows modifications of the FIG. 15 transmitting,
apparatus enabling the transmission of a robust-transmission
DTV signal together with an even more robust “super-
robust” signal that uses pseudo-2VSB modulation. With
these FIG. 19 modifications the data packets for the super-
robust transmission read from the RAM 71 are not applied
directly to the time-division multiplexer 81 as an input signal
thereto. Instead, the data packets for the super-robust trans-
mission read from the RAM 71 are supplied to circuitry
comprising elements 101, 102, 103 and 104 connected simi-
larly to corresponding elements in FIG. 18. The time-
division multiplexer 174 receives an input signal from the
assembler 104 1n place of the mput signal recerved directly
from the RAM 71 in the FIG. 15 transmitting apparatus.

Another FIG. 19 modification of the FIG. 11 transmitting
apparatus replaces the keyed data randomizer 4 with a keyed
data randomizer 106 connected for supplying mput signal to
the lateral (207, 187) R-S FEC encoder 3. Like the keyed
data randomizer 4, the keyed data randomizer 106 selec-
tively omits randomaization of the payloads of the data pack-
cts that the assembler 8 supplies. Furthermore, like the keyed
data randomizer 105, the keyed data randomizer 106 selec-
tively omits randomaization of the payloads of the data pack-
cts that the assembler 104 supplies. The remaining portion of
the transmitter modified per FIG. 19 comprises the elements
5 through 15, connected without further modification and
operated as in the transmitter containing unmodified FIG. 10
transmitting apparatus.

FIG. 20 shows modifications of the FIG. 14 DTV trans-
mitter enabling the transmission of a normal-transmission
DTV signal together with a robust-transmission signal that
excludes -3, -1, +5 and +7 symbol values of the full 8VSB
symbol alphabet. Furthermore, the FIG. 20 modifications
permit transverse R-S FEC coding of this robust-
transmission signal to make 1t “super-robust”. The FIG. 20
modifications are generally similar to the FIG. 18 modifica-
tions. The FIG. 20 modifications do not use a re-sampler 103
for halving the code rate of the randomized payload data
from the data-randomizer 102. Instead, a re-sampler 107 1s
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used to halve the code rate by 1nserting a ONE immediately
aiter each information bit 1n each 184-byte pavload portion,
supplying the resulting 368 bytes of modified data to a 187-
byte-packet assembler 104. The keyed data randomizer 105
selectively omits randomization of the payloads of the data
packets that the assembler 104 supplies, so the data therein
will only cause -7, -5, +1 and +3 symbols to be generated in
the trellis coding procedure performed by the 12-phase trel-
l1s coder 10. The keyed data randomizer 1035 does randomize
the bits of the 3-byte headers payloads of the data packets
that the assembler 104 supplies, however.

FIG. 21 shows modifications of the FIG. 15 transmitting,
apparatus enabling the transmission of a robust-transmission
DTV signal together with an even more robust “super-
robust” signal that uses modulation that excludes -3, -1, +5
and +7 symbol values of the Tull 8VSB symbol alphabet. The
FIG. 21 modifications are generally similar to the FIG. 19
modifications. Like the FIG. 20 modifications of the FIG. 14
transmitting apparatus, the FIG. 21 modifications of the FIG.
15 transmitting apparatus use the re-sampler 107 1n place of
the re-sampler 103 for halving the code rate of the random-
1zed payload data from the data-randomizer 102.

FIGS. 22A and 22B combine to form a FIG. 22 schematic
diagram of modifications of the FIG. 16 DTV recerwver for
DTV signals employing transverse R-S FEC codes that can
traverse full data fields. In FIG. 22A a plural-mode 12-phase
trellis decoder 120 replaces the 12-phase trellis decoder 20
shown 1 FIG. 16A. If the plural-mode 12-phase trellis
decoder 120 1s capable of symbol decoding pseudo-2VSB
modulation, the DTV receiver shown in FIGS. 22A and 22B
1s able to recerve DTV signals transmitted by the FIG. 18
DTV transmitter or by the FIG. 1 DTV transmitter modified
per FIG. 19. Suppose that the plural-mode 12-phase trellis
decoder 120 1s capable of symbol decoding modulation that
excludes the -3, -1, +5 and +7 symbol values of the full
8VSB symbol alphabet. Then, the DTV receiver shown 1n
FIGS. 22A and 22B 1s able to recerve DTV signals transmiut-
ted by the FIG. 20 DTV transmitter or by the FIG. 1 DTV
transmitter modified per FIG. 21.

The operations control circuitry 80 of the FIG. 16 DTV
receiver 1s replaced by operations control circuitry 110 in the
FIG. 22 DTV recerver. FIGS. 22A and 22B show the opera-
tions control circuitry 110 as comprising parts 110(A) and
110(B), which 1s an artifice used 1n the drawings to avoid
running numerous connections from elements shown 1 FIG.
22 A to elements shown 1n FIG. 22B. The operations control
circuitry 110 ditfers from the operations control circuitry 80
in that the operations control circuitry 110 controls which
mode the plural-mode trellis decoder 120 operates 1n, the
connection for applying such control not being explicitly
shown 1n FIG. 22A. Read-only memory within the opera-
tions control circuitry 110 maps which portions of each data
field contain symbols drawn from a restricted 8VSB symbol
alphabet and which portions of each data field contain sym-
bols drawn from the complete 8VSB symbol alphabet. This
read-only memory receives a successive counting of the
symbols 1n a raster scanning of each successive data field as
a part of 1ts nput addressing. The other part of the input
addressing of this ROM selects the pattern of robust trans-
mission 1n the current data field. The ROM supplies the
plural-mode trellis decoder 120 with map information indi-
cating whether or not the symbols the decoder 1s currently
being supplied for decoding were selected from the full
alphabet of 8VSB symbols or from a restricted alphabet.
When the map information indicates restricted-alphabet
symbols are currently being supplied to the plural-mode trel-
l1is decoder 120, the decision tree 1n the trellis decoding 1s
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selectively pruned to exclude decisions that currently
received symbols have normalized modulation levels that are
excluded from the restricted alphabet of 8VSB symbols.

FIG. 22B shows a banked random-access memory 185
replacing the banked random-access memory 85 of FIG.
16B. The RAM 185 ditfers from the RAM 85 in that 1t 1s set
up to store 230-byte data segments, rather than 207-byte data
segments. Each of these 230-byte data segments contains a
6-byte header composed of two 3-byte data-packet headers
extracted from a pair of restricted-alphabet data segments.
Each of these 230-byte data segments contains forty parity
bytes of lateral R-S FEC code extracted from a pair of
restricted-alphabet data segments. It 1s convenient to append
an additional byte to each 230-byte data segment stored 1n
the RAM 185, which additional byte codes the number of
the data segment within the data field that the data n the
230-byte data segment was randomized with respect to. This
simplifies synchronization of subsequent data
de-randomization.

FIG. 22B shows the lateral (207, 187) R-S FEC decoder
125 connected for supplying the data de-randomizer 26 with
187-byte data packets after byte error correction. The data
de-randomizer 26 1s connected for supplying de-randomized
data packets to a transport stream de-multiplexer 184 used
instead of the transport stream de-multiplexer 84 of FIG.
16B. The transport stream de-multiplexer 184 selects video
data packets to the MPEG-2 decoder 28 and selects audio
data packets to the AC-3 decoder 29. The transport stream
de-multiplexer 184 also supplies the operations control cir-
cuitry 110(B) with information about the PIDs of packets
concerning super-robust transmissions. This information
includes information concerning any 4-bit PID extension
that succeeds the PID of a data packet containing bytes of
transverse R-S FEC coding for super-robust transmission.
This information combined with the position codewords
stored 1n the shift register 83 enables the operations control
circuitry 110(B) to write 230-byte data segments concerning
super-robust transmissions to the appropriate bank of the
RAM 185.

FIG. 22B shows the R-S FEC decoder 125 connected for
supplying 207-byte data segments with byte error correc-
tions to a 2:1 compressor 111 for restricted-alphabet data
packets. The 2:1 data compressor 111 generates a single
230-byte data segment from each pair of 207-byte restricted-
alphabet data segments, which 230-byte data segment 1is
written to a bank of the RAM 185. The 2:1 data compressor
111 extracts the 3-byte headers from each pair of 207-byte
restricted-alphabet data segments, for incorporation within a
6-byte portion of the 230-byte data segment written to the
RAM 185. The 2:1 data compressor 111 extracts the twenty
parity bytes of lateral R-S FEC code from each pair of 207/-
byte restricted-alphabet data segments, for incorporation
within a 40-byte portion of the 230-byte data segment writ-
ten to the RAM 185. The 2:1 data compressor 111 deletes
the redundant alternate bits from the remaining payload por-
tions of the restricted-alphabet data segments. Then, the 2:1
data compressor 111 combines the remaining 92-byte byte
payload portions from earlier and later ones of each succes-
stve pair of restricted-alphabet data segments. This regener-
ates the 184-byte payload portion of a respective original
data packet involved 1n the transverse R-S FEC coding for
super-robust transmissions using symbols from a restricted
8VSB alphabet. The transverse R-S FEC decoding proce-
dures used for correcting byte errors in these regenerated
payload portions of these data packets are performed using
one of the transverse R-S FEC decoders 91 through 96
selected by the transverse R-S FEC decoder application cir-
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cuitry 90. The operations control circuitry 110 controls the
writing and reading of RAM 185 during these transverse R-S
FEC decoding procedures similarly to the way that the
operations control circuitry 80 controls the writing and read-
ing of RAM 85 during transverse R-S FEC decoding proce-
dures in the FIG. 16B DTV receiver apparatus.

Packets of super-robust data that have been processed by
byte-error-correction procedures using the one of the trans-
verse R-S FEC decoders 91 through 96 selected by the trans-
verse R-S FEC decoder application circuitry 90, are subse-
quently read from the RAM 185. Circuitry 112 to expand
data segments back to pairs of segments 1s connected for
receiving the 230-byte data segments read from the RAM
185. The circuitry 112 regenerates two 207-byte data seg-
ments responsive to each 230-byte data segment read from
the RAM 18S5. The 184-byte payload portion of each 230-
byte data segment 1s re-sampled using procedures similar
either to those described with regard to FIGS. 18 and 19, or
to those described with regard to FIGS. 20 and 21. The ear-
lier one of a pair of 207-byte data segments 1s reconstituted
by joining the initial 184 bytes resulting from this
re-sampling with the 3-byte packet header and 20 panty
bytes of lateral R-S FEC coding for that data segment. The
later one of a pair of 207-byte data segments 1s reconstituted
by joining the final 184 bytes resulting from this re-sampling,
with the 3-byte packet header and 20 parity bytes of lateral
R-S FEC coding for that data segment.

A lateral (207, 187) R-S FEC decoder 113 1s connected to
receive the 207-byte data segments from the circuitry 112.
The R-S FEC decoder 113 attempts further byte correction
on at least those of the data packets with TEI bits indicating
that they contain byte error. If the byte errors 1n such a data
packet are corrected, the TEI bit 1s toggled to remove indica-
tion of byte error 1n the packet. The lateral R-S FEC decoder
113 1s connected for supplying 187-byte packets to a 2:1
compressor 114 for restricted-alphabet data packets.

The 2:1 compressor 114 1s connected for supplying a data
de-randomizer 115 with a single 187-byte ancillary-service
data packet generated from each pair of 187-byte data pack-
cts that the 2:1 data compressor 114 recerves from the lateral
R-S FEC decoder 113. The 3-byte header of the single 187-
byte data packet corresponds essentially with the 3-byte
header of the later one of the pair of 187-byte data packets
that are being compressed. If both of the TEI bits of the pair
of 187-byte data packets that are being compressed indicate
the absence of uncorrected byte error, the TEI bit of the
single 187-byte ancillary-service data packet 1s left
unchanged so as to indicate the absence of uncorrected byte
error. The TEI bit of the single 187-byte ancillary-service
data packet 1s changed as necessary to indicate the presence
of uncorrected byte error previously signaled by either or
both of the TEI bits of the pair of 187-byte data packets that
are being compressed. The 184-byte payload of each single
187-byte ancillary-service data packet that the 2:1 data com-
pressor 114 supplies 1s generated by deleting the redundant
alternate bits of the payload portions of the pair of 187-byte
data packets that are being compressed. The data
de-randomizer 115 1s connected for recerving randomized
ancillary-service data packets from the 2:1 compressor 114
and supplying de-randomized ancillary-service data packets
to a decoder 116 for ancillary-service data packets.

FIGS. 23 A and 23B combine to form a FIG. 23 schematic
diagram of modifications of the FIG. 17 DTV recerwver for
DTV signals employing transverse R-S FEC codes that can
traverse hall data fields. In FIG. 23A the plural-mode
12-phase trellis decoder 120 replaces the 12-phase trellis
decoder 20 shown 1n FIG. 17A. The operations control cir-
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cuitry 86 of the FIG. 17 DTV recetver 1s replaced by opera-
tions control circuitry 114 in the FIG. 23 DTV recetver.
FIGS. 23A and 23B show the operations control circuitry
114 as comprising parts 114(A) and 114(B), which 1s an
artifice used in the drawings to avoid running numerous con-
nections from elements shown m FIG. 23A to clements
shown 1 FIG. 23B. The operations control circuitry 114
differs from the operations control circuitry 86 of the FIG.
17 DTV receiver 1n that the operations control circuitry 114
controls which mode the plural-mode trellis decoder 120
operates 1n, the connection for applying such control not
being explicitly shown in FIG. 23A. The operations control
circuitry 114 controls the operational mode of the plural-
mode trellis decoder 120 similarly to the way the operations
control circuitry 110 controls the operational mode of the
plural-mode trellis decoder 120 1n the FI1G. 22 DTV recetver.

The modifications of the FIG. 17B DTV receiver circuitry
shown 1n FIG. 23B are similar to the modifications of the
FIG. 16B DTV recewver circuitry shown in FIG. 22B. FIG.
23B shows the banked RAM 185 replacing the banked RAM
85 of FIG. 17B. The transport stream de-multiplexer 84 of
FIG. 17B 1s replaced by the transport stream de-multiplexer
184 that selects video data packets to the MPEG-2 decoder
28 and selects audio data packets to the AC-3 decoder 29.
The transport stream de-multiplexer 184 also supplies the
operations control circuitry 114(B) with information about
the PIDs of packets concerning super-robust transmaission.
This information combined with the position codewords
stored 1n the shift register 89 enables the operations control
circuitry 114(B) to write 230-byte data segments concerning
super-robust transmissions to the appropriate bank of the
RAM 185. These 230-byte data segments are generated by
the 2:1 compressor 111 connected and operated the same as
in the FIG. 22B receiving apparatus. The operations control
circuitry 114 controls the writing and reading of RAM 185
during transverse R-S FEC decoding procedures similarly to
the way that the operations control circuitry 86 controls the
writing and reading of RAM 85 during transverse R-S FEC
decoding procedures 1in the FIG. 17B DTV receiver appara-
tus. The circuitry 112 to expand data segments back to pairs
of segments, the lateral (207, 187) R-S FEC decoder 113, the
2:1 data compressor 114, the data de-randomizer 115 and the
decoder 116 for ancillary-service data packets are connected
and operated the same as 1n the FIG. 22B receiving appara-
tus.

As noted 1n the “Background of the Invention”, supra, the
DTV receiver should have knowledge available to it as to
whether the currently received DTV signal was transmitted
using the full alphabet of 8VSB symbols or only half of that
alphabet. This knowledge allows selection of the proper
mode of trellis decoding 1n the plural-mode trellis decoder
120. This knowledge also facilitates improvements of the
data-slicing procedures used for implementing decision-
teedback equalization filtering. Transmissions using only
half of the full alphabet of 8VSB symbols could be made
invariably the same way, so there would be no need for the
DTV transmitter to signal DTV receivers how such robust
transmissions are being made. In order that a broadcaster can
choose how such robust transmissions are time-division
multiplexed with other types of transmission, however, 1t 1s
necessary for the DTV transmitter to signal DTV receivers
how such robust transmissions are being made.

More robust signal transmission modes that halve code
rate code the payload information of an MPEG-2 data packet
in two data segments, rather than a single data segment, and
it 1s convenient to transmit the two data segments consecu-
tively within a single data field. Generally, grouping segment
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pairs ol more robust signal transmission consecutively
within a data field 1s beneficial for improving the speed with
which the weighting coeflicients of an adaptive equalizer
converge to appropriate values responsive to the more robust
signal transmission. The convention of numbering the initial
segment of the data field as the 07 is followed in this speci-
fication. If a contiguous group of paired data segments com-
mences in the 1°° data segment of a data field, it can end in
the 274, 4™, 6™, ... 308,310 or 312" data segment of that
field, having any of 156 possible lengths. If a contiguous
group of paired data segments commences in the 27 data
segment of a data field, it can end in the 3™, 5%, 77, . . .
3077, 309" or 3117 data segment of that field, having any of
155 possible lengths. If a contiguous group of paired data
segments commences in the 3’ data segment of a data field,
it can end in the 47, 67, 8" . . . 308", 310” or 312" data
segment of that field, having any of 155 possible lengths. IT a
contiguous group of paired data segments commences 1n the
47 data segment of a data field, it can end in the 57, 7%,
o™ ... 3077, 309" or 3117 data segment of that field,
having any of 154 possible lengths. IT a contiguous group of
paired data segments commences in the 57 data segment of a
data field, it can end in the 67, 8", 107 . . . 308", 310% or
312" data segment of that field, having any of 154 possible
lengths. So 1t continues, with the possible lengths of the
contiguously grouped pairs continuously diminishing. It a
contiguous group of paired data segments commences 1n the
3107 data segment of a data field, it can only end in 3117
data segment of that field, having only one possible length. If
a contiguous group of paired data segments commences 1n
the 117 data segment of a data field, it can only end in the
3127 data segment of that field, having only one possible
length. The total number of possible patterns of contiguously
grouped segment pairs 1s 156, plus two times the summation
of all numbers from 1 to 1535, plus the possibility of no
robust transmission within a data field. The summation of all
numbers from 1 to 155 1s 12,090. The total number of pos-
sible patterns of contiguously grouped segment pairs 1s 156+
2(12,090)+1=24,337.

Suppose there 1s to be variation from one data field to
another with regard to the pattern of data segments that are
transmitted using only half of the alphabet of 8VSB sym-
bols. Then, 1t 1s convenient to transmit information concern-
ing the pattern to the receiver so as to be timely available for
controlling the symbol decoding procedures. Information
concerning such robust transmissions can be transmitted 1n
coded form during the 92-symbol “reserved” portion of the
zeroeth data segment of a data field, which “reserved” por-
tion 1mmediately follows the data field synchronization
(DFS) signal. By way of example, this information is trans-
mitted by six successive PN15 sequences with ONES and
ZEROes at +6.125 and -3.75 normalized modulation levels,
respectively.

If the si1x successive PN15 sequences are constrained to
being permutations of the same PN15 sequence 1n 15 ditfer-
ent phases and the complements of those 15 ditferent phases
of the same PN15 sequence, each of the PN 15 sequences can
code 30 possible conditions. All fifteen possible phasings of
a PN15 sequence and both of its two possible senses of
polarity can be used to generate a binary-coded radix-30
number. A triple of PN15 sequences can then specify 30°=
2'7,000 patterns of robust signal transmission for a data field.
This more than suffices to describe all possible patterns of
contiguously grouped segment pairs contained within a 312-
segment data field. The remaining triple of PN15 sequences
can describe the pattern of robust signal transmission for the
next data field. The description of the pattern of robust signal
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transmission for each data field in the 0” data segments of
two data fields reduces the susceptibility of pattern informa-
tion to being lost when burst noise occasionally corrupts the
07 segment of a data field.

The DTV receiver 1s easily designed to be able to deter-
mine the phasing of each of the PN135 sequences. The DTV
receiver sequence can very accurately determine the timing,
of the PN511 sequence using PN511 match filtering to
establish a time reference against which to measure the cen-
ters of symbol epochs. The frequency of symbol epochs can
be very accurately determined using bright-spectral-line
methods for adjusting the oscillations of a crystal oscillator
that times all sample clocking within the DTV receiver,
including symbol-rate clocking. There 1s very little phase
run-out of the symbol-rate clocking from the time reference
established using PN511 match filtering during the zeroeth
data segment preceding a data field, which data segment
contains the PN511 sequence.

Generally, positioning the contiguously grouped segment
pairs of more robust signal at the beginning of a data field 1s
beneficial for improving the speed with which the weighting
coellicients of an adaptive equalizer converge to appropriate
values responsive to the more robust signal transmission.
This 1s because the benefit of the known PN511 and triple
PN62 sequences in the 07 data segment in the convergence
process can be capitalized upon without too much 1nterven-
ing unknown data before the more robust unknown data
commences. I the contiguous group of segment pairs of the
more robust signal transmission 1s constrained always to
begin 1n the first data segment of a data field, there are only
156 possible lengths for the group. Adding the possibility of
no robust transmission within a data field, there are only 157
possible patterns of robust transmission. A pair of PN15
sequences can specify 30°=900 patterns of robust signal
transmission for a data field. This permits the contiguous
group ol segment pairs of the more robust signal transmis-
sion to begin 1n any of a limited number of prescribed seg-
ments within the data field. Permitting no more than 900
possible patterns of robust signal transmission for a data
field allows the pattern in the current data field to be
described using only two of the PN15 sequences in the
reserved section of the 07 data segment of the current data
field. Another two of the PN15 sequences in the reserved
section of the 07 data segment of the current data field can
describe the pattern of robust signal transmission for the next
data field. The remaining two of the PN15 sequences in the
reserved section of the 07 data segment of the current data
field can describe the pattern of robust signal transmission
for the data field after the next data field. The description of
the pattern of robust signal transmission for each data field in
the 0” data segments of three data fields, rather than just
two, further reduces the susceptibility of pattern information
to being lost when burst noise occasionally corrupts the 0”
segment of a data field.

The number of the 15 possible phasings of the PN 31
sequence that are actually transmitted can be reduced to
eight alternate ones of the 15 possible phasings, which
reduces the number of correlation filters required for detect-
ing different phases of the PN15 sequence. This also reduces
the chances of erroneous detection of the PN15 phasing
caused by symbol jitter. This expurgation allows the coding
of 16° conditions, which is to say 2°* conditions, so the
coding can be converted to a 24-bit binary number.

The 8-bit binary number defined by the first-occurring
pair of PN15 sequences can be used to indicate the type of
robust transmission currently being made. The receiver can
use the 8-bit binary number to address a read-only memory
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in the operations control circuitry, which ROM holds com-
plete pattern instructions concerning 256 species of robust
transmissions. The 8-bit binary number defined by the
second-occurring pair of PN15 sequences can be used to
indicate the number of data fields until there will be a change
in the type of robust transmission that 1s broadcast. However,
this 8-bit binary number being 0000 0000 means that no
change will occur for more than two-hundred-and-fifty-six
data fields. The 8-bit binary number defined by the third-
occurring pair of PN135 sequences can be used to indicate the
type of robust transmission that will next be made. If no
change will occur for more than 256 data fields, the third-
occurring pair of PN15 sequences can repeat the first-
occurring pair of PN15 sequences.

Protection against burst noise 1s afforded even at SNRs
close to TOV, if the panity bytes of the transverse R-S FEC
coding of the ancillary data in the super-robust transmission
are transmitted using the restricted alphabet of 8VSB sym-
bols. This 1s what 1s done 1n the transmitting apparatuses
shown 1 FIGS. 18-21. If the parity bytes of the transverse
R-S FEC coding of the ancillary data in the super-robust
transmission are transmitted using the complete alphabet of
8VSB symbols, protection against burst noise 1s more apt to
tail at SNRs close to TOV.

An 1nteresting aspect of time-division multiplexing
restricted-alphabet signal with full-alphabet 8VSB signal,
then transverse R-S FEC coding the result, 1s that transverse
R-S FEC coded full-alphabet 8VSB signal 1s made more
robust than 1f the transverse R-S FEC coding only involves
tull-alphabet 8VSB signal. This 1s because the trellis-
decoded restricted-alphabet signal 1s less likely to contain
uncorrectable error than the trellis-decoded full-alphabet
8VSB signal 1t replaces. Consequently, more of the capabil-
ity of the transverse R-S FEC code 1s available for correcting
errors 1n the trellis-decoded full-alphabet 8VSB signal that
remains.

Operations cycles for transverse R-S FEC coding of a full
data field or half a data field have been specifically described
in this specification and the accompanying drawing. Since
R-S FEC codes are readily shortened by using null bytes,
there 1s a great deal of tlexibility in choosing operations
cycles for the transverse R-S FEC coding. It 1s convenmient to
match the operations cycles of the transverse R-S FEC cod-
ing to multiples of 52 data segments, however. An operations
cycle of only 104 data segments, or one-third of a data field,
might be used to reduce fturther the memory requirements in
DTV recervers. Greater shortening of the R-S FEC codes
would be required. Operations cycles for transverse R-S
FEC coding of 208 data segments, or two-thirds of a data
field, might ment consideration. Three operations cycles
could be synchronized to fit within one data frame. A trans-
verse path through 208 data segments more closely approxi-
mates the 255-byte natural length of many R-S FEC codes,
so less shortening of the R-S FEC codes would be required.

Shortening a Reed-Solomon FEC code by presuming a
number of 1ts bytes to be null bytes of known value increases
the strength of the R-S FEC coding and decreases code rate.
Using the same R-S FEC code for different lengths of trans-
verse paths 1s another way of achieving various code rates
that 1s alternative to using several different R-S FEC codes of
similar length. Suppose a 235-byte-length transverse R-S
FEC code 1s capable of locating and correcting a prescribed
number, P, of bytes. The number of bytes of data will at most
be [255-(9/8)(2P) =] 255-(9P/4)].

If the R-S FEC code 1s shortened to 208 bytes by presum-
ing there are 47 null bytes, the number of bytes of data will
at most be [208-(9/8)(2P)]=[208-(9P/4)]. Code rate is
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reduced by a factor [ 208-(9P/4) |+[255-(9P/4) |=(832-9P)+
(1020-9P). This 1s less than a 20% reduction for smaller

values of P.
If the R-S FEC code 1s shortened to 156 bytes by presum-

ing there are 99 null bytes, the number of bytes of data will
at most be [156—=(9/8)(2P)]=[156—-(9P/4)]. Code rate is

reduced by a factor [ 156-(9P/4) |+ 255-(9P/4) |=(624-9P)+
(1020-9P). This 1s a code rate reduction of about one-and-a-

half times for smaller values of P.
If the R-S FEC code i1s shortened to 104 bytes by presum-

ing there are 151 null bytes, the number of bytes of data will
at most be [104-(9/8)(2P)]=[104-(9P/4)]. Code rate is

reduced by a factor [ 104-(9P/4) |+[255-(9P/4)|=(416-9P)+
(1020-9P). This 1s a code rate reduction of about two-and-a-
half times for smaller values of P.

If the R-S FEC code 1s shortened to 52 bytes by presum-

ing there are 203 null bytes, the number of bytes of data will
at most be [ 52—-(9/8)(2P) |=[52-(9P/4)]. Code rate 1s reduced

by a factor [52-(9P/4) ]+ 255-(9P/4)]=(208-9P)+(1020-
OP). This 1s a code rate reduction of about five times for
smaller values of P.

Modifying the number of data segments to which a trans-
verse R-S FEC code 1s applied 1s an alternative way of
changing the code rate reduction provided by transverse R-S
FEC coding.

Design principles revealed 1n the foregoing specification
and the figures of the drawing will enable one skilled 1n the
art of DTV system design to design more complex DTV
systems that utilize transverse R-S FEC coding. This should
be borne 1in mind when considering the scope of the mnven-
tion.

What 1s claimed 1s:

1. A method of generating a symbol code composed of
symbols manifested as different levels of a plural-level elec-
tric signal, said method comprising the steps of:

(a) randomizing a stream of data packets, each having a

prescribed first number of bytes therein;

(b) forward-error-correction coding each of said data
packets to generate a respective lateral Reed-Solomon
code segment that 1s included as one of successive seg-
ments of a data field included 1n a succession of data
fields, each of said lateral Reed-Solomon code seg-
ments consisting ol said prescribed first number of
bytes plus a prescribed second number of parity bytes;

(¢) forming groups of said lateral Reed-Solomon code
segments containing ones of said data packets that are
of at least one prescribed type;

(d) forward-error-correction coding bytes 1n each of trans-
verse paths through each said group of said lateral
Reed-Solomon code segments, thereby to generate a
respective transverse Reed-Solomon code further
including a respective set of transverse Reed-Solomon
code parity bytes;

(¢) assembling each said respective set of transverse
Reed-Solomon code parity bytes mto a prescribed
number of further segments of at least one of said data
fields, each of which further segments has a prescribed
third number of bytes, said prescribed third number
being a sum of said prescribed first number and said
prescribed second number;

(1) ime-division multiplexing, within said data fields, said
lateral Reed-Solomon code segments generated 1n step
(b) with said further segments 1n which said respective
sets of transverse Reed-Solomon code parity bytes are
assembled 1n step (e);

(g) convolutionally interleaving the successive segments
of said data fields to generate successive segments of
convolutionally interleaved data fields;
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(h) trellis coding said successive segments of convolution-
ally interleaved data fields to generate a trellis code;

(1) mapping successive nibbles of said trellis code into
respective symbols of said symbol code; and

(1) inserting synchronizing signals 1nto said symbol code.
2. Apparatus constructed for generating symbol code
according to the method of claim 1.

3. The method of claim 1, wherein step (d) 1s performed
so that the parity bytes of each of said lateral Reed-Solomon
code segments 1 a group thereof are excluded from each
and all of the transverse paths through that said group.

4. The method of claim 3, wherein said step (e) assembles
cach set of transverse Reed-Solomon code parity bytes into
turther segments each beginning with a packet identifier
(PID) code reserved for such further segments.

5. The method of claim 1, wherein step (d) 1s performed
so that each byte 1n the payload portions of data packets in
cach said group of said lateral Reed-Solomon code segments
1s 1ncluded 1n one of the transverse paths through that said
group.

6. The method of claim 5, wherein step (d) 1s performed
so that each byte 1n the headers of data packets 1n each said
group ol said lateral Reed-Solomon code segments 1s
included 1n one of the transverse paths through that said
group.

7. The method of claim 6, wherein step (d) 1s performed
so that each of the parity bytes of each of said lateral Reed-
Solomon code segments 1n a group thereot 1s included 1n one
of the transverse paths through that said group.

8. The method of claim 1, wherein step (d) 1s performed
so that each of the parity bytes of each of said lateral Reed-
Solomon code segments 1n a group thereot 1s included 1n one
of the transverse paths through that said group.

9. The method of claim 8, wherein said step (e) assembles
cach set of transverse Reed-Solomon code parity bytes into
turther segments each beginning with a packet identifier
(PID) code reserved for such further segments.

10. The method of claim 1, wherein each group of said
lateral Reed-Solomon code segments and the prescribed
number of further segments into which the respective set of
transverse Reed-Solomon code parity bytes are assembled
are included within a single data field.

11. The method of claim 10, wherein the sum of the num-
ber of said lateral Reed-Solomon code segments 1n each said
group thereof and the prescribed number of further segments
into which the respective set of transverse Reed-Solomon
code parity bytes are assembled totals substantially 312.

12. The method of claim 11, wherein the further segments
in which each set of transverse Reed-Solomon code parity
bytes are assembled are at the conclusion of a respective one
ol said data fields.

13. The method of claim 12, wherein each set of trans-
verse Reed-Solomon code parity bytes are assembled 1nto
the turther segments of a respective data field together with
other bytes, which other bytes after step (g) of convolution-
ally interleaving appear at the conclusion of a respective one
of said convolutionally interleaved data fields.

14. The method of claim 13, wherein the other bytes 1n the
turther segments of each said respective data field are place-
holder bytes and said method further comprises a step of:

(k) replacing the trellis-coded place-holder bytes at the
conclusions of said convolutionally interleaved data
fields with a respective succession of transitional
trellis-coding symbols followed by a respective succes-
sion of prescribed trellis-coding symbols.

15. The method of claim 10, wherein the sum of the num-

ber of said lateral Reed-Solomon code segments 1n each said
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group thereof and the prescribed number of further segments
into which the respective set of transverse Reed-Solomon
code parity bytes are assembled totals substantially 156.

16. The method of claim 10 wherein said step (¢) of form-
ing groups of said lateral Reed-Solomon code segments 1s
performed by parsing said stream of data packets into said
groups without regard to the particular type of each of those
data packets.

17. The method of claim 10 wherein said step (¢) of form-
ing groups of said lateral Reed-Solomon code segments 1s
performed after a preliminary step of selecting said lateral
Reed-Solomon code segments containing said prescribed
type of data packets.

18. The method of claim 17, wherein said step (d) inserts
said further segments before the group of said lateral Reed-
Solomon code segments to which they relate and after any
previous group of said lateral Reed-Solomon code segments
containing said prescribed type of data packets, and wherein
said step (e) assembles each set of transverse Reed-Solomon
code parity bytes 1nto further segments each beginning with
a header including a packet identifier (PID) code reserved
for such further segments.

19. The method of claim 1, wherein said data packets
comprise MPEG-2-compliant data packets, wherein said
prescribed first number of bytes 1s 187 and said prescribed
second number of bytes 1s 20.

20. A method of generating a symbol code composed of
symbols manifested as different levels of a plural-level elec-

tric signal, said method comprising the steps of:

(a) randomizing a stream of data packets, each having a
prescribed first number of bytes therein;

(b) forward-error-correction coding each of said data
packets to generate a respective lateral Reed-Solomon
code segment that 1s included as one of successive seg-
ments of a data field included 1n a succession of data
fields, each of said lateral Reed-Solomon code seg-
ments consisting of said prescribed first number of data
bytes plus a prescribed second number of parity bytes;

(¢) forming groups of said lateral Reed-Solomon code
segments containing ones of said data packets that are
of at least one prescribed type;

(d) forward-error-correction coding bytes 1n each of trans-
verse paths through each said group of said lateral
Reed-Solomon code segments, thereby to generate a
respective transverse Reed-Solomon code comprising a
respective set of transverse Reed-Solomon code parity
bytes;

(¢) assembling each said respective set of transverse
Reed-Solomon code parity bytes mto a prescribed
number of further packets, which further packets each
consist of said prescribed first number of bytes;

(1) forward-error-correction coding each of said further
packets to generate a respective two-dimensional Reed-
Solomon code segment that 1s included as one of the
successive segments of one of said data fields included
in said succession of data fields, each of said two-
dimensional Reed-Solomon code segments consisting
of said prescribed first number of bytes from a respec-
tive one of said further packets plus an additional said
prescribed second number of parity bytes;

(g) convolutionally interleaving the successive segments
of said data fields to generate successive segments of
convolutionally interleaved data fields;

(h) trellis coding said successive segments of convolution-
ally interleaved data fields to generate a trellis code;

(1) mapping successive nibbles of said trellis code nto
respective symbols of said symbol code; and
(1) inserting synchronizing signals into said symbol code.
21. Apparatus constructed for generating symbol code
according to the method of claim 20.
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22. The method of claim 20, wherein step (d) 1s performed
so that the parity bytes of each of said lateral Reed-Solomon
code segments 1n a group thereof are excluded from all of the
transverse paths through that said group.

23. The method of claim 22, wherein said step (e)
assembles each set of transverse Reed-Solomon code parity
bytes into further segments each beginning with a header
including packet 1identifier (PID) code reserved for such fur-
ther segments.

24. The method of claim 20, wherein step (d) 1s performed
so that the parity bytes of each of said lateral Reed-Solomon
code segments 1n a group thereot are included 1n a respective
one of the transverse paths through that said group.

25. The method of claim 24, wherein said step (e)
assembles each set of transverse Reed-Solomon code parity
bytes into further segments each beginning with a header
including a packet identifier (PID) code reserved for such
further segments.

26. The method of claim 20, wherein each group of said
lateral Reed-Solomon code segments and the prescribed
number of further segments into which the respective set of
transverse Reed-Solomon code parity bytes are assembled
are 1ncluded within a single data field.

27. The method of claim 26, wherein the sum of the num-
ber of said lateral Reed-Solomon code segments 1n each said
group thereof and the prescribed number of further segments
into which the respective set of transverse Reed-Solomon
code parity bytes are assembled totals substantially 312.

28. The method of claim 26, wherein the further segments
in which each set of transverse Reed-Solomon code parity
bytes are assembled are at the conclusion of a respective one
ol said data fields.

29. The method of claim 28, wherein each set of trans-
verse Reed-Solomon code parity bytes are assembled into
the further segments of a respective data field together with
other bytes, which other bytes after step (g) of convolution-
ally interleaving appear at the conclusion of a respective one
ol said convolutionally interleaved data fields.

30. The method of claim 29, wherein the other bytes 1n the
turther segments of each said respective data field are place-
holder bytes and said method further comprises a step of:

(k) replacing the trellis-coded place-holder bytes at the
conclusions of said convolutionally interleaved data
fields with a respective succession of transitional
trellis-coding symbols followed by a respective succes-
s1on of prescribed trellis-coding symbols.

31. The method of claim 26, wherein the sum of the num-
ber of said lateral Reed-Solomon code segments 1n each said
group thereof and the prescribed number of further segments
into which the respective set of transverse Reed-Solomon
code parity bytes are assembled totals substantially 156.

32. The method of claim 26 wherein said step (¢) of form-
ing groups of said lateral Reed-Solomon code segments 1s
performed by parsing said stream of data packets 1nto said
groups without regard to the particular type of each of those
data packets.

33. The method of claim 26 wherein said step (c) of form-
ing groups of said lateral Reed-Solomon code segments 1s
performed after a preliminary step of selecting said lateral
Reed-Solomon code segments containing said prescribed
type of data packets.

34. The method of claim 33, wherein said step (d) inserts
said further segments before the group of said lateral Reed-
Solomon code segments to which they relate and after any
previous group of said lateral Reed-Solomon code segments
containing said prescribed type of data packets, and wherein
said step (e) assembles each set of transverse Reed-Solomon
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code parity bytes into further segments each beginning with
a header including a packet i1dentifier (PID) code reserved
for such further segments.

35. The method of claim 20, wherein said data packets
comprise MPEG-2-compliant data packets, wherein said
prescribed first number of bytes 1s 187 and said prescribed
second number of bytes 1s 20.

36. A method of generating a symbol code composed of
symbols mamifested as different levels of a plural-level elec-
tric signal, said method comprising the steps of:

(a) forming groups of data packets that are of at least one
prescribed type, each of said data packets having a pre-
scribed first number of bytes therein;

(b) randomizing said data packets in said groups;

(c) forward-error-correction coding all bytes 1n each of
transverse paths through each said group of randomized
data packets, thereby to generate a respective transverse
Reed-Solomon code further including a respective set
of transverse Reed-Solomon code parity bytes;

(d) assembling each said respective set of transverse
Reed-Solomon code parity bytes into a prescribed
number of further data packets, each having said pre-
scribed first number of bytes, a respective super group
arising from each said group of said data packets being
augmented by said further data packets containing par-
ity bytes of the transverse Reed-Solomon forward-
error-correction coding for that said group of said data
packets;

(¢) time-division multiplexing said data packets of each
said group thereof with said further data packets and
with still other data packets, each having said pre-
scribed first number of bytes, thereby generating a suc-
cession of time-division multiplexed data packets;

(1) forward-error-correction coding each of said succes-
sion of time-division multiplexed data packets to gener-
ate a respective lateral Reed-Solomon code segment
that 1s included as one of successive segments of a data
field included 1n a succession of data fields, each of said
lateral Reed-Solomon code segments consisting of said
prescribed first number of bytes plus a prescribed sec-
ond number of parity bytes;

(g) convolutionally interleaving the successive segments
of said data fields to generate successive segments of
convolutionally interleaved data fields;

(h) trellis coding said successive segments of convolution-
ally interleaved data fields to generate a trellis code;

(1) mapping successive nibbles of said trellis code nto
respective symbols of said symbol code; and

(1) mserting field synchronizing signals and segment syn-

chronizing signals into said symbol code.

37. The method of claim 36, wherein said data packets
comprise MPEG-2-compliant data packets, wherein said
prescribed first number of bytes 1s 187 and said prescribed
second number of bytes 1s 20.

38. The method of claim 36, wherein said step (d)
assembles each set of transverse Reed-Solomon code parity
bytes 1nto further data packets each beginning with a header
including a packet identifier (PID) code reserved for such
turther data packets, and wherein the method of claim 36
turther includes a step of:

randomizing the headers of said further data packets, but
not their payload portions, prior to said step (1) of
forward-error-correction coding each of said succes-
sion of time-division multiplexed data packets to gener-
ate a respective lateral Reed-Solomon code segment
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that 1s included as one of successive segments of a data
field included 1n a succession of data fields.

39. The method of claim 36, wherein said still other data
packets used in said step (1) of time-division multiplexing
consist of MPEG-2-compliant 187-byte data packets, and
wherein the method of claim 36 further includes a step of:
(k) randomizing each of said still other data packets through-
out all of 1ts portions.

40. The method of claim 36, wherein a first set of said still
other data packets used 1n said step (e) of time-division mul-
tiplexing consists of MPEG-2-compliant 187-byte data
packets, each of which 1s randomized throughout all portions
thereof, and wherein a second set of said still other data
packets include parity bytes for transverse Reed-Solomon
torward-error-correction coding of 187-byte data packets 1n
said first set of said still other data packets.

41. The method of claim 40, wherein each of said still
other data packets 1 said second set thereol begins with a
header including a packet 1dentifier (PID) code reserved for
said still other data packets 1n said second set thereot, and
wherein the method of claim 40 further includes a step of:

randomizing the headers of said still other data packets 1n
said second set thereof, but not their payload portions,
prior to said step (1) of forward-error-correction coding
cach of said succession of time-division multiplexed
data packets to generate a respective lateral Reed-
Solomon code segment that 1s included as one of suc-
cessive segments of a data field included 1n a succes-
s1on of data fields.
42. A method of generating a symbol code composed of
symbols mamifested as different levels of a plural-level elec-
tric signal, said method comprising the steps of:

(a) forming successive groups of data packets of at least
one prescribed type, each of said data packets having a
prescribed first number of bytes therein and including a
respective header portion and a respective payload por-
tion;

(b) forward-error-correction coding all bytes 1n each of
transverse paths through each said group of data pack-
ets of at least one prescribed type, thereby to generate a
respective transverse Reed-Solomon code comprising a
respective set of transverse Reed-Solomon code parity
bytes;

(c) assembling each said respective set of transverse
Reed-Solomon code parity bytes into a prescribed
number of further packets, each having said prescribed
first number of bytes therein, which further packets
cach include a respective header portion and a respec-
tive payload portion, each said group of data packets
formed 1n step (a) and said further packets assembled
from said respective set of transverse Reed-Solomon
code parity bytes thereof combiming to form a super
group of packets;

(d) generating a respective pair of prescribed first number
of byte packets from each of said prescribed first num-
ber of byte packets in each said super group;

(¢) forward-error-correction coding each prescribed first
number of byte packet in each of said pairs of pre-
scribed first number of byte packets to generate a
respective two-dimensional Reed-Solomon code seg-
ment having a prescribed second number of bytes
therein that 1s 1mncluded as one of successive segments
of a succession of data fields;

(1) time-division multiplexing said two-dimensional
Reed-Solomon code segments with other segments of
said succession of data fields;
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(g) convolutionally interleaving the successive segments
of said data fields to generate successive segments of
convolutionally interleaved data fields;

(h) trellis coding said successive segments of convolution-
ally interleaved data fields to generate a trellis code;

(1) mapping successive nibbles of said trellis code nto
respective symbols of said symbol code; and

(1) mserting field synchronizing signals and segment syn-

chronizing signals into said symbol code.

43. The method of claim 42, wherein said data packets
comprise MPEG-2-compliant data packets, wherein said
prescribed first number of bytes 1s 187 and said prescribed
second number of bytes 1s 207.

44. The method of claim 42, wheremn said step (d) of
generating a respective pair of packets from each of said
packets 1n each said super group comprises substeps of:

randomizing the data contained 1n the respective payload
portion of each of said packets 1n each said super group
with a pseudo-random binary sequence that 1s advanced
by 1496 bits from that specified in the ATSC Digital
Television Standard, thereby generating a respective
randomization result;

immediately repeating each bit of each randomization
result to generate a respective re-sampled randomiza-

tion result;

employing the header portion of each of said packets in
cach said super group to generate the header of the first
of said respective pair of packets generated therefrom;

employing the mmitial half of the respective re-sampled
randomization result from each of said packets in each
said super group as the payload portion of the first of
said respective pair of packets generated therefrom;

employing the header portion of each of said packets 1n
cach said super group to generate the header of the
second of said respective pair of packets generated
therefrom;

employing the final half of the respective re-sampled ran-
domization result from each of said packets 1n each said
super group as the payload portion of the second of said
respective pair of packets generated therefrom; and

randomizing the header portions of the first and second
packets 1n each respective pair of packets.
45. The method of claim 42, wherein said step (d) of
generating a respective pair ol packets from each of said
packets 1n each said super group comprises substeps of:

randomizing the data contained 1n the respective payload
portion of each of said packets 1n each said super group
with a pseudo-random binary sequence that 1s advanced

by 1496 bits from that specified imn the ATSC Daigital
Television Standard, thereby generating a respective

randomization result;

immediately following each bit of each randomization
result with a ONE to generate a respective bit-extended
randomization result;

employing the header portion of each of said packets 1n
cach said super group to generate the header of the first
of said respective pair of packets generated therefrom;

employing the inmitial half of the respective bit-extended
randomization result from each of said packets in each
said super group as the payload portion of the first of
said respective pair of packets generated therefrom;

employing the header portion of each of said packets in
cach said super group to generate the header of the
second of said respective pair of packets generated
therefrom:
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employing the final half of the respective bit-extended
randomization result from each of said packets 1n each
said super group as the payload portion of the second of
said respective pair of packets generated therefrom; and

randomizing the header portions of the first and second

packets 1n each respective pair of packets.

46. The method of claim 42, wherein said other segments
of said succession of data fields used 1n said step (1) of time-
division multiplexing consist of randomized MPEG-2
-compliant 187-byte data packets.

47. The method of claim 42, wherein a first set of said
other segments of said succession of data fields used in said
step (1) of time-division multiplexing each contain a respec-

tive MPEG-2-compliant 187-byte data packet that i1s ran-
domized throughout all of 1ts portions, and wherein a second
set of said other segments of said succession of data fields
include parity bytes for transverse Reed-Solomon forward-
error-correction coding of at least the header and payload
portions of said first set of said still other segments of said
succession of data fields.

48. The method of claim 47, wherein each of said second
set of said other segments of said succession of data fields
begins with a respective randomized header, which header in
a de-randomized state includes a packet identifier (PID)
code reserved for said other segments 1 said second set
thereot, said header of each of said other segments of said
succession of data fields 1n said second set thereof being the
only randomized portion thereof.

49. A recerver for digital television signals employing
transverse Reed-Solomon forward-error-correction coding
in addition to lateral Reed-Solomon forward-error-
correction coding and trellis coding, said receiver compris-
ng:

apparatus for receiving digital television signals and con-
verting them to a baseband digital signal including suc-
cessive segments of trellis-coded baseband digital sig-
nal;

a trellis decoder connected for responding to said succes-
stve segments of said trellis-coded baseband digital sig-
nal to supply successive segments ol a convolutionally
interleaved trellis-decoding result;

a de-interleaver connected for recerving said convolution-
ally i1nterleaved trellis-decoding result and
de-interleaving 1t to supply successive segments of
de-interleaved data fields as a de-interleaver response;

error-correction circuitry connected for performing Reed-
Solomon decoding and error-correction procedures on
said successive segments of said de-interleaved data
fields, thereby to regenerate respective successive seg-
ments ol an error-corrected randomized baseband digi-
tal signal, said error-correction circuitry being of a type
for performing two-dimensional Reed-Solomon decod-
ing and error-correction procedures on at least selected

ones of said successive segments of said de-interleaved
data fields; and

a first data de-randomizer connected for responding to
said successive segments ol said error-corrected ran-
domized baseband digital signal to regenerate a trans-
port stream of data packets.

50. The receiver of claim 49, wherein said error-

correction circuitry comprises:

a decoder for transverse Reed-Solomon torward-error-
correction coding;;

a decoder for lateral Reed-Solomon forward-error-
correction coding, connected for supplying said succes-
stve segments of said error-corrected randomized base-
band digital signal to said first data de-randomizer; and
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random-access memory for temporarily storing in respec-
tive first and second banks thereof respective super
groups of successive data segments extracted from said
de-interleaver response, said first and second banks of
said random-access memory connected for successive
cycles of read-then-write-over operation, which cycles
are considered for purposes of claiming to be ordinally
numbered 1n order of their occurrence 1n time, said first

bank of said random-access memory connected for
having each successive segment of the super group
temporarily stored therein laterally scanned during
odd-numbered cycles of read-then-overwrite operation
for reading to said decoder for lateral Reed-Solomon
forward-error-correction coding and for then being
overwritten by a fresh segment of said de-interleaver
response, said first bank of said random-access memory
connected for having the super group temporarily
stored therein transversely scanned during even-
numbered cycles of read-then-overwrite operation for
reading to said decoder for transverse Reed-Solomon
forward-error-correction coding and for then being
overwritten by corrected transverse Reed-Solomon

forward-error-correction coding from said decoder for
transverse Reed-Solomon forward-error-correction

coding, said second bank of said random-access
memory connected for having each successive segment
of the super group temporarily stored therein laterally
scanned during even-numbered cycles of read-then-
overwrite operation for reading to said decoder for lat-
eral Reed-Solomon forward-error-correction coding
and for then being overwritten by a fresh segment of
said de-interleaver response, said second bank of said
random-access memory connected for having the super
group temporarily stored therein transversely scanned
during odd-numbered cycles of read-then-overwrite
operation for reading to said decoder for transverse
Reed-Solomon forward-error-correction coding and for
then being overwritten by corrected transverse Reed-
Solomon forward-error-correction coding from said
decoder for transverse Reed-Solomon forward-error-
correction coding.
51. The receiver of claim 350 further comprising:

a plurality of packet decoders for different types of data
packets; and

a transport stream de-multiplexer connected for receiving
said transport stream from said first data de-randomizer
and for sorting data packets of different types from said
transport stream to appropriate ones of said plurality of
packet decoders.

52. The receiver of claim 50, wherein said decoder for
transverse Reed-Solomon forward-error-correction coding
1s selected from a plurality of decoders, each for decoding a
respective one ol different transverse Reed-Solomon
forward-error-correction codes.

53. The recerver of claim 50, wheremn each said super
group contains substantially 312 data segments.

54. The recerver of claim 50, wheremn each said super
group contains substantially 156 data segments.

55. The receiver of claim 49, wherein said error-
correction circuitry comprises:

a first decoder for lateral Reed-Solomon forward-error-
correction coding, connected for correcting said suc-
cessive segments of said de-interleaver response to gen-
crate respective successive segments of a de-interleaver
response with i1nitial lateral Reed-Solomon error-
correction;

a second decoder for lateral Reed-Solomon forward-error-
correction coding, connected for supplying said succes-




US RE42,301 E

67

stve segments of said error-corrected randomized base-
band digital signal to said first data de-randomaizer;

a decoder for transverse Reed-Solomon forward-error-
correction coding; and

random-access memory for temporarily storing in respec-
tive first and second banks thereof respective super
groups ol successive data segments extracted from said
de-interleaver response with initial lateral Reed-
Solomon error-correction, said first and second banks
of said random-access memory connected for succes-
stve cycles of read-then-write-over operation, which

cycles are considered for purposes of claiming to be
ordinally numbered 1n order of their occurrence 1n time,
said first bank of said random-access memory con-
nected for having each successive segment of the super
group temporarily stored therein laterally scanned dur-
ing odd-numbered cycles of read-then-overwrite opera-
tion for reading to said second decoder for lateral Reed-
Solomon forward-error-correction coding and for then
being overwritten by a Ifresh segment of said
de-interleaver response with initial lateral Reed-
Solomon error-correction supplied from said first
decoder for lateral Reed-Solomon forward-error-
correction coding, said first bank of said random-access
memory connected for having the super group tempo-
rarily stored therein transversely scanned during even-
numbered cycles of read-then-overwrite operation for
reading to said decoder for transverse Reed-Solomon
forward-error-correction coding and for then being
overwritten by corrected transverse Reed-Solomon
forward-error-correction coding from said decoder for
transverse Reed-Solomon forward-error-correction
coding, said second bank of said random-access
memory connected for having each successive segment
of the super group temporarily stored therein laterally
scanned during even-numbered cycles of read-then-
overwrite operation for reading to said second decoder
for lateral Reed-Solomon forward-error-correction
coding and for then being overwritten by a fresh seg-
ment of said de-interleaver response with 1nitial lateral
Reed-Solomon error-correction supplied from said first
decoder for lateral Reed-Solomon forward-error-
correction coding,

said second bank of said random-access memory con-
nected for having the super group temporarily stored
therein transversely scanned during odd-numbered
cycles of read-then-overwrite operation for reading to
said decoder for transverse Reed-Solomon forward-
error-correction coding and for then being overwritten
by corrected transverse Reed-Solomon forward-error-
correction coding from said decoder for transverse
Reed-Solomon forward-error-correction coding.

56. The recerver of claim 535, further comprising:

a plurality of packet decoders for different types of data
packets; and

a transport stream de-multiplexer connected for receiving,
said transport stream from said first data de-randomizer
and for sorting data packets of different types from said
transport stream to appropriate ones of said plurality of
packet decoders.

57. The receiver of claim 55, wherein said decoder for
transverse Reed-Solomon forward-error-correction coding
1s selected from a plurality of decoders, each for decoding a
respective one ol different transverse Reed-Solomon
torward-error-correction codes.

58. The recewver of claim 35, wherein each said super
group contains substantially 312 data segments.
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59. The receiver of claam 55, wherein each said super
group contains substantially 156 data segments.

60. The receiver of claim 55, wherein said first decoder for
lateral Reed-Solomon forward-error-correction coding 1is
connected for supplying indications when it 1s unable to cor-
rect all errors 1n any segment of said de-interleaver response,
and wherein said decoder for transverse Reed-Solomon
forward-error-correction coding 1s of a type that 1s connected
for recerving said indications and using them in locating
errors 1n transverse Reed-Solomon forward-error-correction
codes.

61. The receiver of claim 49, wherein said error-
correction circuitry comprises:

a first decoder for lateral Reed-Solomon forward-error-
correction coding, connected for correcting said suc-
cessive segments of said de-interleaver response to gen-
crate respective successive segments of de-interleaver
response with initial lateral Reed-Solomon error-
correction;

a second decoder for lateral Reed-Solomon forward-error-
correction coding, connected for supplying said succes-
stve segments of said error-corrected randomized base-
band digital signal to said first data de-randomaizer;

a plurality of decoders for transverse Reed-Solomon
forward-error-correction coding, each of which
decodes transverse Reed-Solomon forward-error-
correction coding of a respective diflerent type from the
others;

a second data de-randomizer connected for
de-randomizing at least the randomized packet 1dent-
fier (PID) bits 1n each of said successive segments of
said de-interleaver response with initial lateral Reed-
Solomon error-correction;

a plurality of correlation filters connected for receiving
from said second data de-randomizer the
de-randomized packet identifier bits 1n each of said suc-
cessive segments of said de-interleaver response with
initial lateral Reed-Solomon error-correction, each of
said correlation filters designed for responding to a
respective set of packet identifier bits indicative of a
respective type of transverse Reed-Solomon forward-
error-correction coding being used;

a position-code latch for temporarily storing the respec-
tive responses of said plurality of correlation filters
until the conclusion of a data field, thereby to-generate

a position code descriptive of said respective type of
transverse Reed-Solomon forward-error-correction

coding being used 1n that data field;

a shift register connected for receiving each successive
position code temporarily stored until the conclusion of
a data field and temporarily storing it throughout the
duration of at least one further data field;

operations control circuitry responsive to each said posi-
tion code stored 1n said shift register for selecting one
of said plurality of decoders for transverse Reed-
Solomon forward-error-correction coding to be the
only currently utilized decoder for transverse Reed-
Solomon forward-error-correction coding; and

random-access memory for temporarily storing 1n respec-
tive first and second banks thereof respective super
groups of successive data packets extracted from said
de-interleaver response with initial lateral Reed-
Solomon error-correction, said first and second banks
of said random-access memory connected for succes-
stve cycles of read-then-write-over operation, which
cycles are considered for purposes of claiming to be
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ordinally numbered 1n order of their occurrence 1n time,
said first bank of said random-access memory con-
nected for having each successive segment of the super
group temporarily stored therein laterally scanned dur-
ing odd-numbered cycles of read-then-overwrite opera-
tion for reading to said second decoder for lateral Reed-
Solomon forward-error-correction coding and for then
being overwritten by a fresh segment of said
de-interleaver response with initial lateral Reed-
Solomon error-correction supplied from said first
decoder for lateral Reed-Solomon forward-error-
correction coding,

said first bank of said random-access memory connected
for having the super group temporarily stored therein

transversely scanned during even-numbered cycles of
read-then-overwrite operation for reading to said cur-

rently utilized decoder for transverse Reed-Solomon
forward-error-correction coding and for then being
overwritten by corrected transverse Reed-Solomon
forward-error-correction coding from said currently
utilized decoder for transverse Reed-Solomon forward-
error-correction coding, said second bank of said
random-access memory connected for having each suc-
cessive segment of the super group temporarily stored
therein laterally scanned during even-numbered cycles
of read-then-overwrite operation for reading to said
second decoder for lateral Reed-Solomon forward-
error-correction coding and for then being overwritten
by a fresh segment of said de-interleaver response with
initial lateral Reed-Solomon error-correction supplied
from said first decoder for lateral Reed-Solomon
forward-error-correction coding, said second bank of
said random-access memory connected for having the
super group temporarily stored therein transversely
scanned during odd-numbered cycles of read-then-
overwrite operation for reading to said currently uti-
lized decoder for transverse Reed-Solomon forward-
error-correction coding and for then being overwritten
by corrected transverse Reed-Solomon forward-error-
correction coding from said currently utilized decoder
for transverse Reed-Solomon forward-error-correction
coding.

62. The recerver of claim 61, further comprising;:

a plurality of packet decoders for different types of data

packets; and

a transport stream de-multiplexer connected for recerving,

said transport stream from said first data de-randomizer
and for sorting data packets of different types from said
transport stream to appropriate ones of said plurality of
packet decoders.

63. The recerver of claim 49, further comprising;:

a first packet decoder, said first packet decoder being of
MPEG-2 type for use in decoding video data packets;

a transport stream de-multiplexer connected for receiving,

said transport stream from said first data de-randomizer
and for sorting video data packets from said transport
stream to said first packet decoder;

a second packet decoder; and
a second data de-randomizer connected for receiving an

input signal composed of randomized data packets and
responding to those said randomized data packets to
supply de-randomized data packets to said second
packet decoder.

64. The receiver of claim 63, wherein said error-
correction circuilry comprises:

first and second decoders for lateral Reed-Solomon

forward-error-correction coding, said first decoder for
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lateral Reed-Solomon forward-error-correction coding
connected for correcting said successive segments of
said de-1nterleaver response to generate respective suc-
cessive segments of a de-interleaver response with 1ni-
tial lateral Reed-Solomon error-correction, said first
decoder for lateral Reed-Solomon forward-error-
correction coding connected for supplying said first
data de-randomizer said successive segments of said
error-corrected randomized baseband digital signal,
said second decoder for lateral Reed-Solomon forward-
error-correction coding connected for supplying said
second data de-randomizer its said input signal com-
posed of randomized data packets;

a decoder for transverse Reed-Solomon forward-error-
correction coding; and

random-access memory for temporarily storing in respec-
tive first and second banks thereof respective super
groups ol data segments extracted from said
de-interleaver response with initial lateral Reed-
Solomon error-correction, said first and second banks
of said random-access memory connected for succes-
stve cycles of read-then-write-over operation, which
cycles are considered for purposes of claiming to be
ordinally numbered in order of their occurrence 1n time,
said first bank of said random-access memory con-
nected for having each successive segment of the super
group temporarily stored therein laterally scanned dur-
ing odd-numbered cycles of read-then-overwrite opera-
tion for reading to said second decoder for lateral Reed-
Solomon forward-error-correction coding and for then
being overwritten by a fresh segment of said
de-interleaver response with initial lateral Reed-
Solomon error-correction,

said first bank of said random-access memory connected
for having the super group temporarily stored therein
transversely scanned during even-numbered cycles of
read-then-overwrite operation for reading to said
decoder for transverse Reed-Solomon forward-error-
correction coding and for then being overwritten by
corrected transverse Reed-Solomon forward-error-
correction coding from said decoder for transverse
Reed-Solomon forward-error-correction coding, said
second bank of said random-access memory connected
for having each successive segment of the super group
temporarily stored therein laterally scanned during
even-numbered cycles of read-then-overwrite operation
for reading to said second decoder for lateral Reed-
Solomon forward-error-correction coding and for then
being overwritten by a fresh segment of said
de-interleaver response with initial lateral Reed-
Solomon error-correction, said second bank of said
random-access memory connected for having the super
group temporarily stored therein transversely scanned
during odd-numbered cycles of read-then-overwrite
operation for reading to said decoder for transverse
Reed-Solomon forward-error-correction coding and for
then being overwritten by corrected transverse Reed-
Solomon forward-error-correction coding from said
decoder for transverse Reed-Solomon forward-error-
correction coding.

65. The recerver of claim 64, wherein said super groups of
data segments extracted from said de-interleaver response
with iitial lateral Reed-Solomon error-correction are com-
posed of audio data packets and packets containing parity
bytes of transverse Reed-Solomon forward-error-correction
coding of said audio packets, and wherein said second
packet decoder 1s of AC-3 type for use 1n decoding audio
data packets.
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66. The receiver of claim 65, wherein the super groups
temporarily stored in said first random-access memory cor-
respond to respective data fields.

67. The receiver of claim 65, wherein the super groups
temporarily stored in said first random-access memory cor-
respond to respective halves of data fields.

68. The recerver of claim 65, wherein said super groups of
data segments extracted from said de-interleaver response
with mitial lateral Reed-Solomon error-correction are com-
posed of audio data packets and packets containing parity
bytes of transverse Reed-Solomon forward-error-correction
coding of said audio packets, and wherein said second
packet decoder 1s of AC-3 type for use 1n decoding audio
data packets.

69. The receiver ol claim 63, wherein said error-
correction circuitry comprises:

first, second and third decoders for lateral Reed-Solomon

forward-error-correction coding, said first decoder for
lateral Reed-Solomon forward-error-correction coding
connected for correcting said successive segments of
said de-interleaver response to generate respective suc-
cessive segments of a de-interleaver response with 1ni-
tial lateral Reed-Solomon error-correction, said second
decoder for lateral Reed-Solomon forward-error-
correction coding connected for supplying said succes-
stve segments of said error-corrected randomized base-
band digital signal to said first data de-randomizer, said
third decoder for lateral Reed-Solomon forward-error-
correction coding connected for supplying said second
data de-randomizer 1ts said input signal composed of
randomized data packets;

a plurality of decoders for transverse Reed-Solomon

forward-error-correction coding;

first Reed-Solomon forward-error-correction decoder

application circuitry connected for selecting one of said
plurality of decoders for transverse Reed-Solomon
forward-error-correction coding to be used in first
transverse Reed-Solomon forward-error-correction
decoding operations;

second Reed-Solomon forward-error-correction decoder

application circuitry connected for selecting one of said
plurality of decoders for transverse Reed-Solomon
forward-error-correction coding to be used in second
transverse Reed-Solomon forward-error-correction
decoding operations;

a first random-access memory for temporarily storing in

respective first and second banks thereof respective
super groups ol data segments extracted from said
de-interleaver response with initial lateral Reed-
Solomon error-correction, said first and second banks
of said first random-access memory connected for suc-
cessive cycles of read-then-write-over operation used 1n
said first transverse Reed-Solomon forward-error-
correction decoding operations, which cycles are con-
sidered for purposes of claiming to be ordinally num-
bered 1n order of their occurrence 1n time, said first
bank of said first random-access memory connected for
having each successive segment of the super group
temporarily stored therein laterally scanned during
odd-numbered cycles of read-then-overwrite operation
for reading to said second decoder for lateral Reed-
Solomon forward-error-correction coding and for then
being overwritten by a Ifresh segment of said
de-interleaver response with initial lateral Reed-
Solomon error-correction, said first bank of said first
random-access memory connected for having the super
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group temporarily stored therein transversely scanned
during even-numbered cycles of read-then-overwrite
operation for reading to the one of said plurality of
decoders for transverse Reed-Solomon forward-error-
correction coding selected to be used 1n said first trans-
verse Reed-Solomon forward-error-correction decod-
ing operations and for then being overwritten by
corrected transverse Reed-Solomon forward-error-
correction coding from said decoder selected to be used
in said first transverse Reed-Solomon forward-error-
correction decoding operations, said second bank of
said first random-access memory connected for having
cach successive segment of the super group temporarily
stored therein laterally scanned during even-numbered
cycles of read-then-overwrite operation for reading to
said second decoder for lateral Reed-Solomon forward-
error-correction coding and for then being overwritten
by a fresh segment of said de-interleaver response with
initial lateral Reed-Solomon error-correction,

said second bank of said first random-access memory con-

nected for having the super group temporarily stored
therein transversely scanned during odd-numbered
cycles of read-then-overwrite operation for reading to
the one of said plurality of decoders for transverse
Reed-Solomon forward-error-correction coding
selected to be used 1n said first transverse Reed-
Solomon forward-error-correction decoding operations
and for then being overwritten by corrected transverse
Reed-Solomon forward-error-correction coding from
said decoder selected to be used 1n said first transverse
Reed-Solomon forward-error-correction decoding
operations; and

a second random-access memory for temporarily storing

in respective first and second banks thereof respective
super groups of data segments extracted from said
error-corrected randomized baseband digital signal
generated by said second decoder for lateral Reed-
Solomon forward-error-correction coding, said first and
second banks of said second random-access memory
connected for successive cycles of read-then-write-over
operation used in said second transverse Reed-
Solomon forward-error-correction decoding
operations, which cycles are considered for purposes of
claiming to be ordinally numbered in order of their
occurrence 1n time, said first bank of said second
random-access memory connected for having each suc-
cessive segment of the super group temporarily stored
therein laterally scanned during odd-numbered cycles
of read-then-overwrite operation for reading to said
third decoder for lateral Reed-Solomon forward-error-
correction coding and for then being overwritten by a
fresh segment of said error-corrected randomized base-
band digital signal generated by said second decoder
for lateral Reed-Solomon forward-error-correction
coding, said first bank of said second random-access
memory connected for having the super group tempo-
rarily stored therein transversely scanned during even-
numbered cycles of read-then-overwrite operation for
reading to the one of said plurality of decoders for
transverse Reed-Solomon forward-error-correction
coding selected to be used in said second transverse
Reed-Solomon forward-error-correction decoding
operations and for then being overwritten by corrected
transverse Reed-Solomon forward-error-correction
coding from said decoder selected to be used in said
second transverse Reed-Solomon forward-error-
correction decoding operations,
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said second bank of said second random-access memory
connected for having each successive segment of the
super group temporarily stored therein laterally
scanned during even-numbered cycles of read-then-

74

error-correction coding and for then being overwritten
by a fresh segment of said de-interleaver response with
initial lateral Reed-Solomon error-correction supplied
from said first decoder for lateral Reed-Solomon
forward-error-correction coding, said first bank of said

overwrite operation for reading to said third decoder for 5 _
lateral Reed-Solomon forward-error-correction coding random-access memory connected for having the super
and for then being overwritten by a fresh segment of (gll‘Ol_Jp temporanb]; stoged tlllerelnftransdveﬁsely scanned
said error-corrected randomized baseband digital signal urng eveifl-num dgre Cyi o 0 refa L deniovell:w nt?
generated by said second decoder for lateral Reed- operation lor reading (o the one ol said plurality o
. . . decoders for transverse Reed-Solomon forward-error-

Solomon forward-error-correction coding, said second 10 . . .

. correction coding selected by said Reed-Solomon
bank of said second random-access memory connected - : s o
for havine fh ) 1v stored there: forward-error-correction decoding application circuitry
of avmgl ¢ supei'l %r oup enél()ioran % > C;E ler eu} to be used 1n transverse Reed-Solomon forward-error-
transversely scanned during odd-numbered cycles o correction decoding operations and for then being over-
read-then-overwrite operation for reading to the one of witten by corrected transverse Reed-Solomon forward-
said plurality of decoders for transverse Reed-Solomon 15 error-correction coding from said decoder so selected,
forward-error-correction coding selected to be used 1n said second bank of said random-access memory con-
said second transverse Reed-Solomon forward-error- nected for having each successive segment of the super
correction decoding operations and for then being over- group temporarily stored therein laterally scanned dur-
written by corrected transverse Reed-Solomon ing even-numbered cycles of read-then-overwrite
forward-error-correction coding from said decoder 20 operation for reading to said second decoder for lateral

selected to be used 1n said second transverse Reed-

Reed-Solomon forward-error correction coding and for

then being overwritten by a fresh segment of said
de-interleaver response with initial lateral Reed-
Solomon error-correction supplied from said first
55 decoder for lateral Reed-Solomon forward-error-
correction coding, said second bank of said random-
access memory connected for having the super group
temporarily stored therein transversely scanning during
odd-numbered cycles of read-then-overwrite operation
10 for reading to the one of said plurality of decoders for
transverse Reed-Solomon forward-error-correction
coding selected by said Reed-Solomon forward-error-
correction decoder application circuitry to be used 1n
transverse Reed-Solomon forward-error-correction
15 decoding operations and for then being overwritten by
corrected transverse Reed-Solomon forward-error-
correction coding from said decoder so selected.
72. The receiver of claim 71, further comprising;

a transmission mode detector responsive to selected por-
40 tions of said baseband digital signal for determiming
which 1f any of said plurality of decoders for transverse
Reed-Solomon forward-error-correction coding 1s to be
employed and for controlling said Reed-Solomon
forward-error-correction decoder application circuit 1n
its selection of one of said plurality of decoders for
transverse Reed-Solomon forward-error-correction
coding to be used 1n said transverse Reed-Solomon
forward-error-correction decoding operations.
73. The recerver of claim 72, further comprising:

a second data de-randomizer connected for
de-randomizing at least the randomized packet 1dent-
fier (PID) bits 1n each of said successive segments of
said de-interleaver response with 1mitial lateral Reed-
Solomon error-correction generated by said first
decoder for lateral Reed-Solomon forward-error-
correction coding, said transmission mode detector
being connected to receive the de-randomized PID bits
for use 1n determining which 1f any of said plurality of
decoders for transverse Reed-Solomon forward-error-
correction coding 1s to be employed.

74. The recetver of claim 49, wherein said trellis decoder

1s of a plural-mode type capable of selectively demodulating

random-access memory connected for having each suc- symbols transmitted using a full 8VSB alphabet and sym-
cessive segment of the super group temporarily stored bols transmitted using a restricted 8 VSB alphabet, said
therein laterally scanned during odd-numbered cycles 65 receiver turther comprising:

of read-then-overwrite operation for reading to said first, second and third packet decoders, said first packet
second decoder for lateral Reed-Solomon forward- decoder being of MPEG-2 type for use 1n decoding

Solomon forward-error-correction decoding opera-
tions.

70. The recerver of claim 49, further comprising:

a plurality of packet decoders for different types of data
packets; and

a transport stream de-multiplexer connected for receiving
said transport stream from said first data de-randomizer
and for sorting data packets of different types from said
transport stream to appropriate ones of said plurality of
packet decoders.

71. The receiver of claim 70, wherein said error-

correction circuilry comprises:

a first decoder for lateral Reed-Solomon forward-error-
correction coding, connected for correcting said suc-
cessive segments of said de-interleaver response to gen-
crate respective successive segments of a de-interleaver
response with i1nmitial lateral Reed-Solomon error-
correction;

a second decoder for lateral Reed-Solomon forward-error-
correction coding, connected for supplying said succes-
stve segments of said error-corrected randomized base-
band digital signal to said first data de-randomizer;

a plurality ot decoders for transverse Reed-Solomon .
forward-error-correction coding;

Reed-Solomon forward-error-correction decoder applica-
tion circuitry connected for selecting one of said plural-
ity of decoders for transverse Reed-Solomon forward-
error-correction coding to be used 1n transverse Reed- s
Solomon forward-error-correction decoding
operations; and

random-access memory for temporarily storing in respec-
tive first and second banks thereof respective super
groups ol successive data segments extracted from said 55
de-interleaver response with initial lateral Reed-
Solomon error-correction,

said first and second banks of said random-access
memory connected for successive cycles of read-then-
write-over operation, which cycles are considered for 60
purposes of claiming to be ordinally numbered 1n order
of their occurrence 1n time, said first bank of said
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video data packets, and said second packet decoder
being of AC-3 type for use in decoding audio packets;

a transport stream de-multiplexer connected for recerving
said transport stream from said first data
de-randomizer, for sorting video data packets from said
transport stream to said first packet decoder, and for
sorting audio data packets from said transport stream to
said second packet decoder;

a first 2-segments-1 data compressor connected for
receiving pairs of data packets that include 184-byte
portions demodulated from symbols transmitted using
said restricted 8VSB alphabet, said 2-segments-to-1
data compressor reproducing in its response to each
said pair of data packets a respective single randomized
data packet; and

a second data de-randomizer connected for recerving as
its 1nput signal the response of said first 2-segments-
to-1 data compressor and responding to said random-
ized data packets in that response to supply
de-randomized data packets to said third packet
decoder as input signal thereto.

75. The receiver of claim 74 wherein said error-correction

circuitry cComprises:

first, second and third decoders for lateral Reed-Solomon
forward-error-correction coding, said first decoder for
lateral Reed-Solomon forward-error-correction coding
connected for correction said successive segments of
said de-interleaver response to generate respective suc-
cessive segments of a de-interleaver response with 1ni-
tial lateral Reed-Solomon error-correction, said second
decoder for lateral Reed-Solomon forward-error-
correction coding connected for supplying said succes-
stve segments of said error-corrected randomized base-
band digital signal to said first data de-randomizer, said
third decoder for lateral Reed-Solomon forward-error-
correction coding connected for supplying said first
2-segments-to-1 data compressor 1ts iput signal com-
posed of pairs of randomized data packets;

a second 2-segments-to-1 data compressor connected for
recerving pairs of data segments from said error-
corrected randomized baseband digital signal supplied
by said second decoder for lateral Reed-Solomon
forward-error-correction coding, which pairs of data
segments 1nclude 184-byte packets demodulated from
symbols transmitted using said restricted 8VSB
alphabet, said second 2-segments-to-1 data compressor
reproducing 1n 1ts response to each said pair of data
segments a respective single extended data segment, the
extended data segments in the response of said
2-segments-to-1 data compressor at times being subject
to Reed-Solomon forward-error-correction coding;

circuitry for expanding each of extended data segments
into a respective pair of data segments, which said third
decoder for Reed-Solomon forward-error-correction

coding 1s connected to recerve as input signal thereto;

a plurality of decoders for transverse Reed-Solomon
forward-error-correction coding;

first Reed-Solomon forward-error-correction decoder
application circuitry connected for selecting one of said
plurality of decoders for transverse Reed-Solomon
forward-error-correction coding to be used in first
transverse Reed-Solomon forward-error-correction

decoding operation;

second Reed-Solomon forward-error-correction decoder
application circuitry connected for selecting one of said
plurality of decoders for transverse Reed-Solomon
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forward-error-correction coding to be used 1n second
transverse Reed-Solomon forward-error-correction
decoding operations;

a first random-access memory for temporarily storing in

respective first and second banks thereol respective
super groups of data segments extracted from said
de-interleaver response with mnitial Reed-Solomon
error-correction, said first and second banks of said first
random-access memory connected for successive
cycles of read-then-write-over operation used i said
first transverse Reed-Solomon forward-error-correction
decoding operations, which cycles are considered for
purposes of claiming to be ordinally numbered 1n order
of their occurrence 1n time,

said first bank of said first random-access memory con-

nected for having each successive segment of the super
group temporarily stored therein laterally scanned dur-
ing odd-numbered cycles of read-then-overwrite opera-
tion for reading to said second decoder for lateral Reed-
Solomon forward-error-correction coding and for then
being overwritten by a fresh segment of said
de-interleaver response with initial lateral Reed-
Solomon error-correction, said first bank of said first
random-access memory connected for having the super
group temporarily stored therein transversely scanned
during even-numbered cycles of read-then-overwrite
operation for reading to the one of said plurality of
decoders for transverse Reed-Solomon forward-error-
correction coding selected to be used 1n said first trans-
verse Reed-Solomon forward-error-correction decod-
ing operations and for then being overwritten by
corrected transverse Reed-Solomon forward-error-
correction coding from said decoder selected to be used
in said first transverse Reed-Solomon forward-error-
correction decoding operations, said second bank of
said first random-access memory connected for having
cach successive segment of the super group temporarily
stored therein laterally scanned during even-numbered
cycles of read-then-overwrite operation for reading to
said second decoder for lateral Reed-Solomon forward-
error-correction coding and for then being overwritten
by a fresh segment of said de-interleaver response with
initial lateral Reed-Solomon error-correction, said sec-
ond bank of said first random-access memory con-
nected for having the super group temporarily stored
therein transversely scanned during odd-numbered
cycles of read-then-overwrite operation for reading to
the one of said plurality of decoders for transverse
Reed-Solomon forward-error-correction coding
selected to be used 1n said first transverse Reed-
Solomon forward-error-correction decoding operations
and for then being overwritten by corrected transverse
Reed-Solomon forward-error-correction coding from
said decoder selected to be used 1n said first transverse
Reed-Solomon forward-error-correction decoding
operations; and

a second random-access memory for temporarily storing,

in respective first and second banks thereol respective
super groups of extended data segments extracted from
the response of said 2-segments-to-1 data compressor,
said first and second banks of said second random-
access memory connected for successive cycles of
read-then-write-over operation used 1n said second
transverse Reed-Solomon forward-error-correction
decoding operations, which cycles are considered for
purposes of claiming to be ordinally numbered 1n order
of their occurrence 1n time, said first bank of said sec-
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ond random-access memory connected for having each
successive extended data segment of the super group
temporarily stored therein laterally scanned during
odd-numbered cycles of read-then-overwrite operation

for reading to said circuitry for expanding each of s

extended data segments 1to a respective pair of data
segments and for then being overwritten by a fresh
extended data segment from the response of said sec-

ond 2-segments-to-1 data compressor, said first bank of

said second random-access memory connected for hav-
ing the super group temporarily stored therein trans-
versely scanned during even-numbered cycles of Reed-
Solomon forward-error-correction coding selected to
be used 1n said second transverse Reed-Solomon
forward-error-correction decoding operations and for
then being overwritten by corrected transverse Reed-
Solomon forward-error-correction coding from said
decoder selected to be used 1n said second transverse
Reed-Solomon forward-error-correction decoding
operations, said second bank of said second random-
access memory connected for having each successive
segment of the super group temporarily stored therein
laterally scanned during even-numbered cycles of read-
then-overwrite operation for reading to said circuitry
for expanding each of extended data segments 1nto a
respective pair of data segments and for then being
overwritten by a fresh extended data segment from the
response ol said second 2-segments-to-1 data
compressor, said second bank of said second random-
access memory connected for having the super group
temporarily stored therein transversely scanned during
odd-numbered cycles of read-then-overwrite operation
for reading to the one of said plurality of decoders for
transverse Reed-Solomon forward-error-correction
coding selected to be used in said second transverse
Reed-Solomon forward-error-correction decoding
operations and for then being overwritten by corrected
transverse Reed-Solomon forward-error-correction
coding from said decoder selected to be used in said
second transverse Reed-Solomon forward-error-
correction decoding operations.

76. A digital broadcast reception apparatus having a two-
dimensional decoder to decode error-corvection-coded data
arranged in super groups, each of the supev groups compris-
ing a prescribed number of successive packets of the data,
each of the packets comprising a first number of bytes of the
data and a second number of respective parity bytes
appended thereto, the second number being smaller than the
first number, each of the super groups including at least one
additional packet of further parity bytes for transverse
Jforward-error-correction coding of the packets of the data,
the two-dimensional decoder comprising:

a first component decoder connected to decode the pack-
ets of the data within each of the super groups using the
respective parity bytes to detect which if any of the
packets contains uncorrected ervror, and

a second component decoder connected to decode the
transverse forward-ervror-correction coding of the
packets of the data within each of the super groups
using the at least one additional packet of further parity
bytes.

77. The digital broadcast reception apparatus of claim 76,
wherein the two-dimensional decoder is connected for
receiving the super groups containing SVSB data segments
that are each a (207, 187) shortened Reed-Solomon code-
word comprising a vespective 187-byte randomized MPFE G-
2-compliant packet and twenty respective parity bytes.

10

15

20

25

30

35

40

45

50

55

60

65

78

78. The digital broadcast reception apparatus of claim 76,
wherein the two-dimensional decoder is connected for
receiving the super groups containing the packets of the data
with a code rate that is a fraction of a code rate for data from
a normal 8VSB signal.

79. The digital broadcast veception apparatus of claim 76,
wherein the first component decoder decodes the packets of
the data included within each of the super groups using the
respective parity bytes for detecting which if any of the pack-
ets contains uncorrvected ervov, this being done for each of
the super groups after the second component decoder uses
each of the at least one additional packet of further parity
bytes to decode the transverse forward-error-correction
coding of the packets of the data.

80. The digital broadcast reception apparatus of claim 76,
wherein the second component decoder uses every one of the
at least one additional packet of further parity bytes
included within each of the super groups to decode the trans-
verse forward-error-correction coding thereof, this being
done after the first component decoder decodes the packets
of the data therein using the respective parity bytes for
detecting which if any of the packets contains uncorrected
errovr.

81. The digital broadcast reception apparatus of claim 80,
wherein the two-dimensional decoder further comprises:

a third component decoder for decoding the packets of the
data included within each of the super groups using the
parity bytes rvespectively appended to each of those
packets of data for detecting which if any of the packets
contains uncorrvected errov, this being done for each of
the super groups after the second component decoder
uses every one of the at least one additional packet of
further parity bytes to decode the transverse forward-
error-correction coding of the packets of the data.

82. The digital broadcast reception apparatus of claim 80,
wherein all packets within each of the super groups that the
two-dimensional decoder is connected to receive have an
equal number of bytes,

wherein every one of the at least one additional packet of
further parity bytes within each of the super groups that
the two-dimensional decoder is connected to receive
has the second number of respective parity bytes
appended therveto as do the packets of the data within
the same one of the super groups, and

wherein the first component decoder is connected to
decode the at least one additional packet of further
parity bytes as well as the packets of the data within
each of the super groups, using the rvespective parity
bytes and the packets of the data to detect which if any
of the packets contains uncorvected ervor.

83. The digital broadcast reception apparatus of claim 82,
wherein the transverse forward-errov-correction coding of
the packets of the data within each of the super groups
employs Reed-Solomon codewords,

wherein the first component decoder is further connected
to supply indications as to whether or not each of the
packets of the data within each of the super groups
contains uncorrvected error, and

wherein the second component decoder is further con-
nected for veceiving the indications so that the decod-
ing of the transverse forward-evror-correction coding
of the packets of the data within each of the super
groups can be done using an algorithm that is capable
of correcting a larger number of erroneous bytes in
each of Reed-Solomon codewords in the transverse
Jorward-error-correction coding of the packets of the
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data within each of the super groups than would be
possible with an algorithm that locates erroneous bytes
in each of the Reed-Solomon codewords before correct-
ing the erroneous bytes.
84. The digital broadcast reception apparatus of claim 83,
wherein the two-dimensional decoder further comprises:

a third component decoder for decoding the packets of the
data included within each of the super groups using the
respective parity bytes for detecting which if any of the
packets contains uncorrected errvor, this being done for
each of the super groups after the second component
decoder uses every one of the at least one additional
packet of further parity byvtes included thevewithin to
decode the transverse forward-errov-correction coding

of the packets of the data.
83. The digital broadcast reception apparatus of claim 76,

wherein every one of the at least one additional packet of

Jurther parity bytes within each of the super groups that the
two-dimensional decoder is connected to receive has a num-

10

15

80

ber of byvtes equal to the number of bytes within each packet
of the data therein plus the appended parity bytes; and
wherein the second component decoder is connected to
decode transverse forward-error-correction coding of the
respective parity bytes as well as the packets of the data.

86. The digital broadcast reception apparatus of claim 76,
wherein the two-dimensional decoder is preceded in cascade
connection by a trellis decoder connected to trellis decode
data subsequently processed to generate the error-
correction-coded data supplied to the two-dimensional
decoder for further decoding.

87. The digital broadcast reception apparatus of claim 76,
wherein the two-dimensional decoder includes a data
de-randomizer in cascade connection after the first and sec-
ond component decoders.
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