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(208, 188) CQél@wszh?oﬂHBT V, has come to an end. In place of that competition and rivalry, a
so-called Grand Alliance has come into being in which the former contestants are

10 pooling their resources and expertise to arrive at a single standard that will be
recommended to the FCC. |

Most recently, the Grand Alliance has recommended that the FCC adopt
as the modulation scheme for HDTV an approach that had been proposed by Zenith
Corporation. The basic components of that modulation scheme are a concatenated

15 coder driving a vestigial sideband (VSB) modulator. The concatenated coder, in
particular. implements a particular Reed-Solomon code as the so-called "outer” code
followed by a particular one-dimensional, four-state trellis coder as to so-called
"inner" code. The Reed-Solomon code is the so-called (208,188) code. The one-
dimensional trellis code is the code described, for example, in G. Ungerboeck,

20 "Channel coding with multilevel/phase signals," IEEE Transactions on Information
Theory, vol. IT-28, pp. 55-67, Jan. 1982. The VSB modulator uses an eight-symbol,
one-dimensional constellation, so that for each successive transmission symbol
period, the concatenated coder, responsive to the source-coded HDTV signal bit

stream, identifies to the modulator a particular one of the eight one-dimensional VSB
25 symbols to be transmitted.

Summary of the Invention

The Grand Alliance’s proposed approach of using a concatenated code
comprising an outer Reed-Solomon code and an inner trellis code provides
significantly improved performance over modulation schemes previously proposed |

30 for HDTV. However, I have recognized that a particular trellis coded modulation
technique known and used heretofore in the voiceband modem arena--where most of
my own efforts have been concentrated for many years--can be advantageously
brought to bear in the telévision arena--and, more particularly, the HDTV arena to

provide even greater levels of performance than that achievable by the most recent
35 Grand Alliance proposal.
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dimensional VSB constellation. Advantageously, then, my modulation scheme thus
10 preserves the well-understood, and much-to-be-desired, advantages of using VSB for
HDTYV, on the one hand, while providing improved performance over the best
modulation scheme that the Grand Alliance has yet offered to date. The improved
performance, in particular, is manifested in the form of various levels of increased
robustness against noise and other impairments for various levels of transmission bit
15 rates. |
Greater-than-one-dimensional trellis codes are not new. Moreover, it is
known as a general matter that an N-dimensional symbol, such as an eight-
dimensional symbol, can be communicated by transmitting a sequence of signal
points of lower dimensionality, e.g., four two-dimensional signal points, such as so-
20 called QAM signal points. However, the level of skill of the ordinary worker in the
television field, and the focus of those who have worked on the HDTV standard, are
such as to make the present invention highly inventive for at least those applications.
As detailed hereinbelow, I have devised a number of specific
modulation schemes embodying the above-described principles of the invention
25 which offer various tradeoffs between noise performance and bit rate, for both over-
the-air and cable applications.

Brief Description of the Drawing

FIG. 1 is a block diagram of a television transmitter embodying the
principles of the invention;
30 FIG. 2 is a block diagram of a television receiver adapted to receive and
process the signals transmitted by the transmitter of FIG. 1;
FIG. 3 is a graph comparing the Gaussian noise performance of various
embodiments of the invention with each other and with the prior art;
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10  circuitry such as a circuitry which randomizes the bit stream--the so-called
"scrambler."”

The HDTYV signal thus generated is applied to concatenated encoder 13,
which includes the serial combination of Reed-Solomon "outer" encoder 131,
interleaver 134, which, in conventional fashion reorders the sequence of Reed-

15 Solomon symbols generated by encoder 131 in order to provide protection against
so-called "bursty" errors introduced either in the television channel or the receiver,
and N-dimensional trellis encoder 136. The output of encoder 136 is a sequence of
data words identifying a sequence of N-dimensional symbols. Each of the N-
dimensional symbols is to be transmitted in the form of a sequence of N one-

20 dimensional signal points. To this end, the data words identifying the N-dimensional
symbols are applied within concatenated encoder 13 to N-dimensional constellation
mapper 139, whose output for each identified symbol is a sequence of N one-
dimensional signal points. Since the signal points are one-dimensional, each signal
point is simply represented as a signed number. There are M possible signal point

25 values.

The signal point values thus generated are applied to an M-ary
modulator--specifically, an M-VSB modulator 15. The "M" signifies that the
amplitude of the VSB signal can take on one of the aforementioned M signal point
values. M is thus the "size" of the one-dimensional signal "constellation"

30 implemented by the modulator. M-VSB modulator 15 includes, of course,
modulation circuitry. It also includes a second interleaver which rearranges the
sequence of signal points in such a way that successive signal points generated by
concatenated encoder 13 do not appear in succession in the modulated signal. This is
desirable in order to ensure optimal performance of Viterbi decoder 236 described

35 below. M-VSB modulator 15 also includes a one-dimensional precoder of the type
described in my United States patent application, Serial No. 829,820 filed
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art; and much-to-be-desired, advantages of using VSB for HDTV and other television
applications, on the one hand, while providing improved performance over the prior
10  art, which uses one-dimensional trellis encoding.
The VSB signal generated by modulator 15 are applied to a television
channel, such as an over-the-air channel or a cable, and are received by the receiver
of FIG 2.
More particularly, the VSB signal is applied to M-VSB demodulator 25,
15 which includes a VSB demodulator; various filters--including a comb filter as
described in my above-cited patent--an equalizer; and a deinterleaver, which
performs the inverse operation of the above-mentioned "second" interleaver in
modulator 15, thereby restoring the signal points to their original order.
The sequence of one-dimensional signal points appearing at the output
20  of demodulator 25 are applied to concatenated decoder 23 and, more particularly,
Viterbi decoder 236 thereof. The output of Viterbi decoder 236 is the sequence of
interleaved Reed-Solomon symbols that was provided at the output of interleaver
134 in the transmitter. Those symbols are returned to their original order by
deinterleaver 234, which performs the inverse operation of interleaver 134 and are
25 decoded by Reed-Solomon decoder 231. The output of Reed-Solomon decoder 231
is applied to TV display 21 which decompresses and deformats the television signal
and presents it on a CRT or other viewing screen.
(Although not explicitly shown or described herein, it should be
mentioned, as is well known by those skilled in the art, that so-called
30 synchronization signal points are periodically inserted by modulator 15 into the
signal point stream that it receives from constellation mapper 139. Demodulator 25
recognizes these synchronization signal points and, in response, generates a
synchronization control signal which is used, in conventional fashion, by various of
the components of the receiver (e.g., deinterleaver 234) in order to synchronize their
35 operations with those of corresponding components in the transmitter (e.g,
interleaver 134).



-3- FIEGS. 4-10 provide inplenentational details for a four-dinensional.
eight-state trellis code that can be used in inplenenting the invention;
and FIGS. 11-13 provide inplenentational details for a eight-dinmensional.
16-state trellis code that can be used j4&_inplementing the invention. 5
Detail ed Description FIG 1 shows a television transmtter enbodying the
principles of the invention. A television signal--illustratively an HDTV
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symbol's.  Eaghe ofenistodbhis illustratively a four-dimensional, eight-state trellis code as
10 described below. Choosing the aforementioned VSB constellation size M to be equal
to 4, for example, and using the signaling rate currently included in the
aforementioned one-dimensional coding scheme proposed for HDTV, a television
signal bit rate (including the bits representing the aforementioned synchronization
signal points) of 17.9 Mbps can be supported at a signaling rate of 10.76 x 108
15 signal points per second. (In all the other examples given below, the same signaling
rate is used, although, of course, the invention can be used with any desired signaling
rate.) With M = 6 and M = 16, bit rates of 23.0 and 38.3 Mbps, respectively, can be
supported.
Other embodiments may use an eight-dimensional 16-state trellis code,
20 also described below, using the same Reed-Solomon code as before. For M = 4 and
M = 16, bit rates of 19.2 and 39.6 Mbps, respectively, can be supported.
Depending on the noisiness of transmission environment, more or less
powerful Reed-Solomon codes can be used in order to trade off error-correcting
power against the bit rate. For example, an RS(208,188) code with the four-
25 dimensional, eight-state trellis code and M = 6 will provide enhanced noise
immunity at a bit rate of 21.9 Mbps as contrasted with the higher bit rate of 23.0
Mbps provided by RS(198,188). Conversely, an RS(194,188) code with the four-
dimensional, eight-state trellis code and M = 16 will provide reduced noise
immunity at a bit rate of 39.1 Mbps as contrasted with the lower bit rate of 38.3
30 Mbps provided by RS(198,188).
The transmission environment will also be a major factor in the choice
of the value of M. The larger the value of M, the closer the signal points of the
constellation for a given transmitted signal power. Thus, for a given level of noise,
larger values of M transiate into worse noise performance. The cable transmission
35 environment, however, is typically less noisy than the over-the-air environment and,
therefore, can support larger values of M while still achieving an adequate level of
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one-dimensional coding scheme currently being proposed for HDTV, which employs
RS(208,198), a one-dimensional, four-state trellis code and 8-VSB modulation to
support a bit rate of 19.5 Mbps. What is significant to observe from FIG. 3 is that
the 19.2 Mbps scheme of the present invention achieves approximately the same
15 Gaussian noise performance as the 19.5 Mbps scheme at approximately the same bit
rate. However, fny scheme achieves this result with M = 4, rather than M = 8, This
is highly significant because the smaller constellation size (i.e., smaller value of M)
provides greater immunity to channel impairments other than Gaussian noise, such
as various linear and non-linear distortions. (These impairments are more severe in
20 the over-the-air environment than in the cable environment.) A smaller constellation
also provides greater robustness against rounding errors and other similar effects that
manifest themselves in any real-world implementation. Additionally, various factors
relating, for example, to equalizer performance come into play as the constellation is
made larger and larger. This puts an upper limit on the constellation size, as a
25 practical matter. By providing (at least) comparable levels of noise performance and
bit rates with a smaller constellation, the present invention permits higher bit rates to
be achieved than with the prior art one-dimensional trellis encoding approach before
that upper limit is reached.
FIG. 3 also shows that by accepting the lower bit rate of 17.9 Mbps, one
30 can achieve a better level of noise performance than the 19.5 Mbps scheme, and that,
conversely, a high bit rate of 23.0 Mbps can be achieved at a sacrifice of noise
performance.
The M = 16 embodiments exhibit similar characteristics.
FIGS. 4-6 show details for implementing the four-dimensional, eight
35 state trellis code. These FIGS. will be first described assuming that M = 16.
Implementations with smaller values of M will be described thereafter.
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"Parti al - Response- Channel Precoding,” and now United States Patent No.
5,311,547 issued May 10, 1994, hereby incorporated by reference. In
accordance with the present invention, N7> 1. That is, although the 5
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time domain. The four-dimensional constellation has 2'® four-dimensional symbols,

10 each four-dimensional symbol being a sequence of four one-dimensional signal
points from the one-dimensional 16-VSB constellation. The partition of the four-
dimensional constellation is based on that of its constituent one-dimensional
constellations. FIG. 6 shows how the one-dimensional 16-VSB constellation is
partitioned into two subsets, A and B, each subset having eight one-dimensional

15 signal points. The four-dimensional constellation is then partitioned into eight four-
dimensional subsets, 0, 1, ..., and 7. Each four-dimensional subset consists of two
sequences of four one-dimensional subsets, as shown in FIG. 5. For example, four-
dimensional subset O consists of one-dimensional-subset sequences (A,A,A,A) and
(B,B,B,B). Clearly, each one-dimensional-subset sequence has 2 12 four-dimensional

20 symbols, for a total of 2! four-dimensional symbols in each four-dimensional
subset.

Once the four-dimensional constellation is selected and partitioned, the
encoding operations of the trellis coded modulation scheme here proceed as follows.
Referring to FIG. 4, two out of the K (= I5) input bits enter an 8-state rate-2/3 trellis

25 encoder to generate three output bits, Y2,, Y1, and YO,. Conceptually, these
three bits are used to identify first a four-dimensional subset Y2, Y 1, Y0, from the
four-dimensional constellation. The remaining K-2 (= 13) uncoded input bits are
then used to select a four-dimensional symbol (P, Pp4 1, Pn+2s Pn+3) from the
identified four-dimensional subset, each P, being a one-dimensional signal point.

30 In implementation, the above two-step process for selecting a four-
dimensional symbol from the four-dimensional constellation is done through a four-
dimensional-to-one-dimensional constellation mapping converter of FIG. 4, as
explained below. The three bits, Y2,, Y1,, and YO, from the trellis encoder,
along with an uncoded ihput bit Y3, are first converted by a one-dimensional-

35 subset-sequence selector into another four bits, Z0,, Z0, .1, Z0,+2,and Z0p 3.

FIG. 5 shows the detail of this conversion. The four converted bits and the



perforfis the inverse operation of the above-nentioned "second"” interleaver
i n nodul ator 15, thereby restoring the signal points to their original
order. The sequence of one-di nensional signal points appearing at the
output 20 of denpdul ator 25 are applie®Bto concatenated decoder 23 and,
nore particularly, Viterbi decoder 236 t hereof . The output of Viterbi
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t he transm bneare(c@ngerted Both changes are detailed in FIG. 7. Note that for M 2,4,8,

and 16, the K-3 uncoded input bits simply pass through the converter. And for M = 6
and 12, simple fractional bit encoders as shown in FIGS. 8 and 9, respectively, are
used, where the 3-to-4 bit converter shown in those FIGS. implements the table
15 shown in FIG. 10. This encoder is referred to as fractional because, conceptually, it
divides its K-3 (= 6 or 10) input bits evenly among the four signaling intervals,
which results in a fractional number of bits per interval.
The scaling just mentioned could be used not only to arrive at an initial
"default” design for a television transmission system but, in addition, as a way of
20 implementing various "fallback” transmission modes which would be invoked under
circumstances of severe channel conditions.
FIGS. 11-13 describe the eight-dimensional 16-state trellis-coded M-
VSB scheme for M =2, 4, 6, 8, 12, and 16, where K in the FIGS. denotes the
number of input bits collected by the trellis coded modulation scheme over a
25 sequence of eight signaling intervals n,n+1, ...,and n+7.
The trellis coded modulation scheme here is constructed using an eight-
dimensional M-VSB constellation that is formed with eight one-dimensional M-
VSB, or equivalently, two four-dimensional M-VSB constellations in the time
domain. The partition of the eight-dimensional constellation is based on that of its
30 constituent four-dimensional constellations. Each constituent four-dimensional
constellation is partitioned into eight four-dimensional subsets as above. The eight-
dimensional constellation is then partitioned into sixteen eight-dimensional subsets,
0, 1, ..., and 15. Each eight-dimensional subset consists of four pairs of four-
dimensional subsets, as shown in FIG. 13. For example, eight-dimensional subset O
35 consists of four-dimensiorial-subset pairs (0,0), (2,2), (4.4), and (6,6).



interl gaver 134). -5 - The internal structures of the various conponents
of the transmtter and receiver of FIGS. 1 and 2 hereof generally simlar
to those known to persons skilled in the tel evision and/ or voiceband

t el ephone conmuni cations (noden) arts. They thus need not be described in
further detail herein. It thus remains only to describe 5 sonme preferred

various 11T ustrativel ReBhaeis er s Sphedrtii Rt ubdBnesy chelthert ! oy
RS( 198, 188) presged @viollwmqfsmng QUG h | kethres quk af the Aeninpys @Mrﬂd 6nas 188
data symbol %@{Paté.sm rafye RYgEhetate foﬁﬁsﬁgamtsow 0y s*vnngam vei,ght

bits. The tr I's code IS | ustratlve ur - di mefisi onal ht dtate
trellis cod&%eﬂtgallﬁé@?ﬁelfﬁwlﬁﬁ%wed@mﬁgﬁﬁhéﬂ afgbfr@ﬁt?ﬁflpﬁﬂe‘;& 5B

constel | a§i oy syz2e W t*wo b?romuﬁlelgt@ dﬂmeﬁsqwnae&@mlﬁuo@nvh@&mm@x skgnal i ng
rate currently {nclu I'n the a ntioned qne- dl o dlng schene
proposed f or“anEkor\& mH“‘ﬁEFSéW %l}eﬂr\lsﬁé)@ﬁi echiR e‘lgg{ ﬂzqnﬁlep °f h)el |ﬂtr:1;
representing. tmﬁﬁffﬁﬁﬁmﬁéﬂff&d esghtalivhenyidrtil subises eguhclt o, |belngtasdneof 17.9 Mops
can be SUpp%menslorEalaslxgsn' ngiln' ng rate of 10:76 x 106

In implementation, the above two-step process for selecting an eight-

10 dimensional symbol from the eight-dimensional constellation is done through an
eight-dimensional-to-one-dimensional constellation mapping converter of FIGS. 11
and 12, as explained below. The four bits, V3,, V2,, V1, and VO,, from the
trellis encoder, along with four uncoded input bits, V7,, V6,, V5, and V4, are
first converted by an eight-dimensional-to-four-dimensional constellation mapping

15 converter into another eight bits {Y3, Y2, Y1, YO} for m =n and n+4. The
eight converted bits and the remaining K |-7 uncoded input bits are then evenly
divided into two groups. Each group is used to select a four-dimensional symbol
(Po» Po+1sPn+2s Pae3) or (Prids Poss, Pos6s Pn+7) from the four-dimensional
M-VSB constellation as above.

20 The scaling of the eight-dimensional 16-state trellis coded modulation
scheme to different values of M involves again only two minor changes: One is the
number K ; of input bits collected by the trellis coded modulation scheme over a
sequence of eight signaling intervals, and the other is a change in the four-
dimensional-to-one-dimensional constellation mapping converters of FIG. 12 (which

25 are identical to that of FIG. 4). Both changes are also detailed in FIG. 7.

' The foregoing merely illustrates the principles of the invention. For
example, all of the parameter values herein, such as M, the number of states and the
number of dimensions in the trellis codes, the partition of the N-dimensional M-VSB
constellation, the Reed-Solomon code parameters, the bit rates, the signaling rates

30 etc. are all illustrative. Moreover, although the signals communicated are
illustratively television signals, they are, of course, simply streams of bits and, as
such, could be derived from any source and could be, for example, derived from text
or any other source.

Although the VSB constellation shown in FIG. 6 has its signal points

35 centered about the origin, they need not be. For example, a non-centered

constellation will give rise to a pilot tone in the VSB signal (corresponding to a dc



15 si gial points per second. (In all the other exanples given below, the
sane signaling rate is used, although, of course, the invention can be used
with any desired signaling rate.) Wth M= 6 and M= 16, bit rates of 23.0
and 38.3 Mops, respectively, can be sup‘p‘é)r‘t ed. O her enbodi nents may use an
ei ght -di nensi onal 16-state trellis code, 20 also described bel ow, using

the sane Re n@ﬂ”ﬂ'ﬂ tﬁ@ﬂﬁeaﬁl Pﬁftﬁmﬁ:anﬁ)@ruséd ,Forlexampbldfor chbrierttbéovenf.es of
19.2 and 39. ect;g}%éathé}a?n he s%é) orted. pendi ng on .t he

noi si ness of transm ‘P SAVEnit {Varl TpponeRts of #A24- Sol omon
codes can berebsieer dr smfvcheas i&l@wﬁdlﬁdﬁm@ﬁﬁnﬂbldlks ahe ﬁmeﬁdmm)fmﬂme@gmdﬂet t he
bit rate; Forfg NB@ gg%gBt_l# de wi th the four 1mensu)nal

ei ght-state ¥t o]?feprg‘ﬁ' b2 alrrrp W%"ep@ﬁfﬁiﬂ’é%rﬁ&%‘g‘ nruni ty at
a bit raté ofoftvar®cddipd; I@so:teoo*rtmmtdegitatvsnghaltpmcebslggemsm dhipsaoebpf 23.0 Mops
provi ded by . r.sel. an RS(194,188) code wth the four-

di nensi onal 5?%&&@?%%%lteg?gfy‘fflz&ét%%e and M= 16 will provide reduced noi se
imunity at a bit ratQshafimpeneniivpalaariations are pestible.tForehamplewtrellisi t rate

of 38,330 MR P8l dB5h 1 pk PPy ool RENSHR 0 hHinereETent i

al so be a mgjor actor e va arger the
val ue of M anseders gaepssppiatedicgnsieilasion mappers. tHach obibstrelliscanceders onouai gi ven

transm ttjgd ged@h sBQReive dtpietof tRY inferi8h¥e@'in b $fid-(dbin'¥aéiH6n and each of
the constellation mappers would provide a one-dimensional signal point in a round-
robin fashion to M-VSB modulator 15. This approach, when used, provides the
functionality of, and can substitute for, the above-mentioned second interleaver
within the modulator. The aforementioned bands of trellis encoders and associated
15 constellation mappers need not be physically separate elements. Rather, the effect of
such a bank could be achieved by time-sharing a single trellis encoder and
constellation mapper in a manner that will be apparent to those skilled in the art.
It will thus be appreciated that those skilled in the art will be able to
devise numerous arrangements which, although not explicitly shown or described
20 herein, embody the principles of the invention and are within its spirit and scope.




| T EET HAS BEEN
Iarger vaI ues of Mtra d ntlg MQpse noi se perfornance. ITHx Hg LACED

transm ssion 35 env T e Is typically less noifgy.th t
over-the-air environ ‘ 'tore can support | arger val ues of M

while still achieving vel of -6 - noi se -performance 1

particular, it is anticipated that the aboyg-described enb ,

= 16 woul d be fine candidates for cable transm ssion, but B“Hm“ -
I M § *

adequat e noi se&pe.rformance in the over-the-air environment: % _
i | lustrates th&lp@AFor mance of various ones of the above- 5 mantloned

enbodi ments in which Mz=admamdd ¥ trax%rmglh% :?%aff@ ] b ; act@iE{fsf%rncfth?%nen$haX| <

(CN ratio, where fhe noi.se is assune S|an nolr se an
i s the bl ock emM<iodcamprasing Wesieps6f a given (C/N) level. The three curves

shown in solid line resna@@dtsmghwnregwd@%emg d;é]gﬂ gllaﬁﬁe exanpl es given above
whi ch achieve the'bit rates of 17 2 an and are | abel ed

with those blt rates foge“ﬁ{ﬁuﬂggégqlﬁlcqgfNT@@E%“P‘F%&Y@BWS aypdunctiopef own i n
dashed |ine an®ekdSeloztbrmenchbebsieasing mm\udnﬁergi&mmremaabw% 1codl ng

schere curr ent!y bel 19 e oBeae b of BVl SIBLOKS B 20808
signal points of a one-dimensional M-ary transmitter constellation,
generating a vestigial sideband modulation signal which represents the
10 resulting sequence of signal point representations, and
applying said vestigial sideband modulation signal to said television -
channel.

‘2. The invention of claim 1 wherein the symbol-generating step includes
the steps of interleaving the Reed-Solomon-encoded signal and trellis-encoding the
15 resulting interleaved signal.

3. Apparatus for transmitting a digital signal over a television channel,
the apparatus comprising
means for Reed-Solomon encoding the digital signal,
means for generating a sequence of N-dimensional symbols as a
20 function of the Reed-Solomon-encoded signal using an N-dimensional trellis code,
N>1,
means for representing each of said symbols as a sequence of N one-
dimensional signal points of a one-dimensional M-ary transmitter constellation, and
means for generating a vestigial sideband modulation signal which
25 represents the resulting sequence of signal point representations and for applying
said vestigial sideband modulation signal to said television channel.

4. The invention of claim 3 wherein the symbol-generating means
includes means for interleaving the Reed-Solomon-encoded signal and means for
trellis-encoding the resulting interleaved signal.

L8]
(e

S. A method of processing a television channel signal, said television
channel signal having been generated by Reed-Solomon encoding a digital signal;
generating a sequence of N-dimensional symbols as a function of the Reed-



support  a bit rate @f. 19.5 Mops. '"V\hat is significant to obseﬂ;re'-” r%%@%%%’im
is that the 19.2 Mp3 Beeh Relwwedhr esent i nventi on achi ev

approximately the sa noi se performance as the—19-5-Mps

schenme at approxi mat dl t rate. However, ny sc iLeves this
result with M= 4, rather than M= 8. Thisps highly si gnnmﬁmgmﬂﬂymﬂ
the smaller constellation size (i.e., smaller value of M pfoOVi ,

imunity to channel inpairnents other than Gaussian noi se, such as varl ous

linear and nonSclowei-cgrosied signakising andsiimensienal rellis sodg, Moy repressoiéng i n 20
the over-the- aighcLANIAPEFRRSLs B@@qu'rugnctehﬁl\céﬁ%-ﬁin’i‘éﬁﬁohﬂ%% R%hné ot Htrle"

constellation also provides greater robustness agal nst Tou .ng“irrors and
ot her sinilar éimersienal Marydpsmiter copseiationsgenemtingyd vesugialwideand

i npl ement at i on.mdittidnOi@dal Whichaeprebkhtd BE r&ufting®eqldnd of §ighal PofHIP! €, tO
equal i zer perfornmance cone |ntovp a%,(ﬁs t.he constellation”is nade | arger
and | arger. ThiPIERsnLations; andapplying saidyestigial sidehand moduiationsignal toa, 5 25
practical matt edlevibpnRhaivied itmﬁroﬁaée JaRPle)isicighanad} siznkE ¥&id Snéthod\€drfiprising
performance and bit rates with a smaller constellation, the present

i nvention per Mm% §her bit rates to be achieved than with the prior art
one-di nmensi onal trelli sreecicog say talepisivacthained] cigaalk fisarh saidpelevision dhansel,
reached. FIG 3‘?1' so shows that by accepting the lower bit rate of 17.9
Mops, one 30 4% achieve a better |evel of noise performance than the 19.5
Mops schenel0 and that, wooveringeshid digitdlisignabiromrsaidaecsivezi3elevistynschaomelbe
achieved at a §%ﬁm’_fice of noi se '

6. The invention of claim 5 wherein said recovering step comprises the

steps of

demodulating said received television channel signal to generate a

15 demodulated signal;

processing the demodulated signal to recover said sequence of N-
dimensional symbols, and

processing the recovered sequence of N-dimensional symbols to recover
said digital signal.

20 7. The invention of claim 6 wherein said step of processing the
demodulated signal includes the step of Viterbi decoding said demodulated signal.

8. The invention of claim 6 wherein said step of processing the recovered
sequence of N-dimensional symbols includes Reed-Solomon decoding.

9. A method for processing a television channel signal, said television
25 channel signal having generated by Reed-Solomon encoding a digital signal;
interleaving the Reed-Solomon-encoded signal; generating a sequence of N-
dimensional symbols in response to the Reed-Solomon-encoded signal using an N-
dimensional trellis code, N>1; representing each of said symbols as a sequence of N
one-dimensional signal points of a one-dimensional M-ary transmitter constellation;,
30 generating a vestigial sideband modulation signal which represents the resulting
sequence of signal point representations; and applying said vestigial sideband
modulation signal 1o a television channel to produce said television channel signal;



L i h t‘ HIS 8 EE BEEN_
performance The M— 16 Q;}:facé exhibit simlar charac ei!l |gL?MA

trellis code. Thes f| rst descri bed assum at M= 16.
| mpl enent ati ons w t es of Mw Il be described thereafter.

-7 - The paraneter K is the nunber of bitsgallected by tiﬂ' l] u ﬂ mrs

fromthe output of interleaver 134 over a succession of f " ﬂ ﬁmﬂ m"

intervals (corres qﬂl ng, in total, to one symbol period). 1 usfra"tl\fely
saidfa

K=15. The four Pﬁ@oﬁnﬁflélpﬁgl@t%@ n,-n+ 1 n+2 and n + 3. 5
The first step in des'Qché‘@uﬁ%dt@l%Hsi&&ﬁHﬂ fcgagpﬁr&h'sﬁfatéfébi% érﬁn{mfils

sel ect and partltlon |t above tre

st el | at
coded nodul ation schene ‘gﬁ?“s“ac,sé’rdst?iéﬁ@%%hﬂglmglaaakt@l&en@FﬁFﬁe‘h@m@miQ@ VSB
constel | ation tsigdal;is formed with four one- d| rren3| onal 16-VSB

constellations in'the t domai,n. The fou n5| onal constel | ati on has
216 four-di nensi onal ygexibége%mges%ﬁdm EhEgeovsy 8id segueneg of
sequence of fom-dmmrsmnabmnbnhal si gnal

deinterleaving the recovered sequence of N-dimensional symbols. and

4-6 show details fr | he four-di nensional, eigh

Reed-Solomon decoding the deinterleaved symbols to recover said
digital signal.

10 10. Apparatus for processing a television channel signal, said television
channel signal having been generated by Reed-Solomon encoding a digital signal;
generating a sequence of N-dimensional symbols as a function of the Reed-
Solomon-encoded signal using an N-dimensional trellis code, N>1; representing
each of said symbols as a sequence of N one-dimensional signal points of a one-

15 dimensional M-ary transmitter constellation; generating a vestigial sideband
modulation signal which represents the resulting sequence of signal point
representations; and applying said vestigial sideband modulation signal to a
television channel to produce said television channel signal; said apparatus
comprising

20 means for receiving said television channel signal from said television
channel, and '

means for recovering said digital signal from said received television
channel signal.

11. The invention of claim 10 wherein said recovering means includes
25 means for demodulating said television channel signal signal to generate
a demodulated signal;
means for processing the demodulated signal to recover said sequence of
N-dimensional symbols, and
means for processing the recovered sequence of N-dimensional symbols
30 to recover said digital signal.

12. The invention of claim 11 wherein said means for processing the
demodulated signal includes means for Viterbi decoding said demodulated signal.
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L | | | | THIS, '
points fromthe one-dinensional SB constel lation. The ngtl t %%iﬁg’g%@EEN

6-
four- di mensional coisShest it i ased on that of its congtuen
one-di nensi onal cons m r\\ 6 shows how t he one=ditensi-onal—16-VSB_
constellation is par wo subsets, A and B, e havi n
ei ght one-di nensional 15 signal points. The_four-di nensi amﬂHMiimmm&P
is then partitioned into eight four- dinensional subsets, G k" ¢ "k "
Each four-di nensi onal subset consists of two sequences of four :

one- di nensi onal subset . B inkentioni of ckig. 125vhdFein seidampdns, fof processitignkeisi onal
subset 0 consi sdcgvakd @&ﬁreﬂéé‘@ﬂﬁid@xﬁ@ﬁsiﬁ?@%&ﬁﬂﬁﬁﬂfégﬁ l(d%‘d@o’fbxﬁgrﬁ&%den

(B,B,B,B). Cearly, each one-di nensio ubset sequence has
four-di mensional 20 synbols, for a total of 213 four-dinensional synbols

in each four-dinensi ongf, FreiaéntiocRERIAMAY, BOsIbr 0 (ngl%ﬁxpﬂﬁéitéi ﬁBELhaSﬁ%P” I's
sel ected and partiaﬁ?g@ed, thg engcod ng operations of the trellis code

modul ati on schErfE® appe] aBd yyheeein MF10ns. Referring to FIG 4, two out of
the K (= 15) input bits enter an 8-state rate-2/3 trellis 25 encoder to
generate three output Jit Jerr. r n er nceptual |y, these three
bits are used to ident yﬁ%ei'L‘é“"tm‘knkgﬁH’Bﬁm‘gﬂé%LLW%WH‘S%‘[‘XVQJIIE cQdeyisaer r |
[err] from t hefduouimehsimrasirellialcodanst el | ati on. The remaining K-2 (= 13)
uncoded input bits are then used to select a four-dinmensional synbol (P

[err] Plerr], Plerr]) fromthe identified four-dinmensional subset, each .
[err] being a one-di neiésildwahventignaf clagmr6 . wherein said trellis code is an eight-state

trellis code.

17. The invention of claim 15 wherein said television channel is an
10 over-the-air channel and wherein M is selected from the group consisting of 4 and 6.

18. The invention of claim 1, 3, 6 or 11 wherein said trellis code is an
eight-dimensional trellis code.

19. The invention of claim 18 wherein said television channel is an
over-the-air channel and wherein M=4.

15 20. The invention of claim 18 wherein said trellis code is a 16-state
trellis code.

21. Apparatus for processing a television channel signal, said television
channel signal having been generated by Reed-Solomon encoding a digital signal;
interleaving the Reed-Solomon-encoded signal; generating a sequence of N-

20 dimensional symbols in response to the Reed-Solomon-encoded signal using an N-
dimensional trellis code, N>1; representing each of said symbols as a sequence of N.
one-dimensional signal points of a one-dimensional M-ary transmitter constellation:
generating a vestigial sideband modulation signal which represents the resulting
sequence of signal point representations; and applying said vestigial sideband

25 modulation signal to a television channel to produce said television channel signal;

said apparatus comprising
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30 ) “I'n inplementation, the above two-step process for Sﬁ pEE&H%%BEEN j
a four- dinensi crﬂlahhe‘éwﬁbaken geed he four-di mensional const el

t hrough a four- m‘nw IIHWOne d: mensi (ﬁnal hconst el | ation mapping
releldl geeg\évodgsf ;I Lﬁg \l/)v: E?\ anmmumnmmmﬂ

converter of FIG

[err], and Y[err],

bit Y3 n, are first converted by a one-di nensi onal - subset - seqwense +
sel ector into another four bits, [err] [err] [err] and err] FIG 5 shows
the detai|l of this conmenss fenrecqiveng saist teleisias ehaanelisignahfamiseid television
remai ni ng K- 3 fmpkf) uncoded input Dbi ts are then divided into four groups

{Z3m Z2m Z1m ZOm} for m= n+2, and n+3, Each group is used
to sel ect a one-di nensinéﬁkﬂf%ii%}ﬂ%ﬂu‘ﬁmgrﬂa‘wemséﬁﬂ ¢hapng signal (PeSe8PBiR?  16- VSB
as shovvn i n FldgemoBulafed signal; The four-dinmensional 8-state trellis-coded

ARG M T R e SN
t he nunber K @équenpelbf ]Nl-dlﬁleﬁﬁbﬂlﬁsymﬂolby the trellis coded nodul ati on schene
over a sequence of Toug Inetis o deml%rleavmg the recovered sequence of N-dimensional
symbols, and

means for Reed-Solomon decoding the deinterleaved symbols to recover

10 said digital signal.



intervals, and the other is a change to the upper part of the

four-di nensi onal -t o-one- 10 dinensional constellation mappi ng converter of
FIG 4, where the K-3 uncoded input bits are converted.” Both changes are
detailed in FIG 7. Note that for M= 2, 4, 8, and 16, the K-3 uncoded

i nput bits sinply pass through the convertg-. And for M= 6 and 12, sinple
fractional bit encoders as shown in FIGS. 8 and 9, respectively are used,
where the 3-to-4 bit converter shown in those F|IGS. ng nts the table 15

shown in FIG 10. This SONGATENATEDLODED YESTIGIAL AR ause,

conceptual Iy, it divi dODUBAFI®N FOR HIGHDEFINITIONTEEEVISIONONg t he
four signaling !ntervals, which results in a fractional nunber of bits per

interval. The just nentioned could be used not only to arrive at an
initial def aul t" desi gonfodulatioh edteieSoPHDINA feNefiph) usesd eohichiehated Bode

odes. i o St 0 o ResGTERE L0 %ﬁ%@diﬁé’éﬁﬁr@t S

condi tions. FI&ser (I36) hossNrdimensibeal eutpnt sythbols sithNit 1, 4fe- wsed tte modulate a

hthe Fros. et mnSiRha e dhchafie mibufiror sy Rpefliafy epgtlRE S 171
coded nodul at | dimepsiopatsymbet isa Ruence ofdhone-difmepsighal sigxghpoimsgspmfmaﬂal s n,
n+1, ..., a“dslgnaﬁ g?nnts af)ﬁe%ﬁﬁe?lsﬁ)ﬁﬂ%lﬁ?%é&fa‘ﬂgﬂ scheme here is

constructed usi di nensi ona constellation that is formned
wth ei ght 1&ne- d| mensi onal M




VSB,: or equivalently, two four-dimensional MVSB constellations in the tine
domain. The partition of the eight-dinensional constellation is based on
that of its 30 constituent four-dinmensi gzél constel l ations. Each
constituent four-dinmensional constellati is partitioned into eight
four-di mensi onal subsets as above. The eight- dinensional constellation is
then partitioned |nto Si xt een mgh nengi onal subsets, 0, 1, ..., and 15.
Each ei ght - di ppasian subset 8 offour pairs tﬁf four- ¢li mensi onal
subsets, as shwqucﬂn GE 13. For exanpl €, eight -I§imensi BB sUbgdELENISHY
consi sts of fOLSI’OUmETE hal - subset gl rs (0,0), (2,2) MODULATOR | ancCHARNE®) .
r

9- The encodi tions of13; he t lis ded nodul atien-schéme here

proceed as fO||OV\S. Referringyjto Fl 11, ree out of thd K [err] input

bits enter 31'T6 Ftaterate- 374 TrelliTs TS endpdet To gener affe T oar | }output
rl] $

bits. V [er VvV Z[arr]f vV If{err], -] Cop tihese four
al gtj@!ﬂ&ﬁﬂxt :3 [err] V2

bits are used todeentlf first an
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exanpl € all of the paraneter values herein, such as M the number of
states and the nunber of dinensions in the trellis codes, the partition of
t he N-di nensional M VSB constellation, t?ﬁg Reed- Sol onobn code paraneters,

the bit rates, the signaling rates 30 are all illustrative. Moreover,
al t hough the signals comunicated are illustratively television signals,
they are, of course, sinply streans of bits and, as such, could be derived
from any source and could be, for , ved fromtext or any other
source. Although the VSB constell at | FIG 6 has its signal
points 35 centered about the origin, the need not be. For exanple, a
non- cent er ed co1st%a Ton W11 give rl“s‘veoaplmsi gnal
(corresponding C Y3p -Y2Q- YeRPONENT04 N Z0Re HORePA0
used, for exanp SU ' Cé?l‘l‘lgl‘ rgcovﬁ;r k/bre@ﬁer ﬁg%)t hg%}g SHRUENGE |
conponent s of t1e-tra1smtt@r agd r@celvgr arg shown as ol n 'V(AEA )
functional bl ocfks,()th, et tonRs—ef—arRy—ore—or—ore—of L..cﬁ}f@. ﬂﬁ%b%l/va
provi ded by, fo}_exa bl d, _alsindi e &rdcedsor dperatling dntil Of t
control; by oneffor nofe di gigt al gsi gpal] pgocesgi ng (DSP) 1ch||ps(A,Agr,g)by
! t 0 0 1 1 1 1 0 (8,8.8,4)
) o 0o 1 o0fo0o o 1 1 (AAB.B)
11t o0 1t 0| 1 0 0 | (BBAMN
3 0 0 1t 1 0 0 1 0 (AABA)
10 1 1 1 1 0 1 (B,8,A8)
4 0 1+ 0 0 0 1 0 1 (ABAB)
1 1 0 0 1 0 1 0 (BABA) |
: 0 1 0 1 0 1 1 1 (A.8,8.,8) ”
11 0 1 1 0 0 0 (B,AAA)
; 0 1 1 0| 0 1 1 0 (AB,8,4)
1 1 1 0 1 0 0 (B,AAB)
; 0 1 1 0 0 0 | (ABAA)
111 1 0 1 1 (B,A8,8)
FIG. 6
A B A B A B B A B A B
1110 11011010 1001{0110]0101 0010 001'0000 0011 0100 011111000 10111100 1111
2-VSB
—— 4-VSB '
[ §-VS ———=
8-vsB
12-vs8
- 16-YSB

BIT PATTERN: Z3722m2!mZ0m



speci al -purpose integrated circuitry. O her inplenentational variations are
possi bl e. For exanple, trellis encoder 136 and constellati on napper 139
coul d be replaced by a bank of trellis encoders and associ at ed
constel l ati on mappers. Each of the trellis¢f8ncoders would 10 receive a
successive output of the interleaver in a round-robin fashion and each of
the constell ati on mappers woul d provi de a one-di nensi onal signal point in a
round- robin fashion to M VSB nodul ator 15. This approach, when used,

provi des the functionality of, and can substitute for, the above-nentioned

second interleaver wthin tfﬁ%:ﬁﬁhm- of
trellis encoders and associ gted 15 con;telIatio@iﬁﬁﬁpersg@é@ﬂ notif be
physically separate el enentg Rather, [he effectgtﬁe such&@ gank doul d be
achieved by tinme-sharing a gingg trel|is gncodege and c @;ne | at ijon mapper
in a manner that will be appared o tpose [skil &din t QE{_':?. [ty will thus
be appreciated that those sKillg@Tn the'art 'wi d..qge dblleu 8| dévijse
nunerous arrangenments which) al €W&gh hot expliéﬁﬁﬁl sh ﬁﬁgg' degjcri bed 20
herei n, enbody the principlégs oEBiﬁe i hventji on @odSare wWetlEh itg spirit
and scope. REPLACEMENT SHEET= & — & =
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REPLACEVENT SHEET Date: 20 APR 1996 11 REPLACEMENT SHEET
Clains 1. A nmethod of transmtting a digital signal over a tel evision
channel, the nmethod conprising the steps §8 Reed- Sol onon encodi ng the
digital signal, generating a sequence of N-dinensional synbols as a
function of the Reed- Sol onon- encoded si gnal using an N-dinensional trellis
code, N > 1, representing each of said synbols as a sequence of N :
one-di mensi onal signal points of a one-dinensional Mary transmtter
constellation, generating a vestigial sideband nodul mSi gn whi ch
represents the resulting sequence of signal point reﬁI trat i &Ns, and
appl yi ng said vesmﬁ; si dghand nodul ation signal to said television
channel . 2. The i claim 1l wherein sai {j— el evision ch}nnel is a

cabl e channel and. wherein I\/|:16 3. The inventian,pf clai m“hﬂ,ezpnthe

synbol -generating_step includes the steps of intgrfeaving the
Reed- Sol onon- encgd d signal gnd trellis-encoding|t hes_r]-gsyl TT7g Bt eaved
si gnal . | | 72y —= BT —11y
. 3‘;3'4 : A | CONVERTER I ’23n+1
|| CONVERTER =T 1Zn+1 I2n+1
=T >I1n+ ' |
' ' *11n+
—~ -12
1| 3-T0-4 w79 :Ii N L2
- BT | 3-10-4 ~L2n4]
|| CONVERTER 1243 BIT —=11142
_ I1n+3 CONVERTER 23043
| |
- B I2n+3
T |
— 11043
FIG. 10
3-70-4 BIT CONVERTER
INPUT BIT PATTERN® OUTPUT BIT PATTERN®
0 0 0 0 0 0 0
0 0 1 0 0 0 1
0 1 0 0 1 0 0
0 1 1 ) 1 0 1
1 0 0 1 0 0 0
1 0 1 1 0 0 1
1 | 0 0 0 1 0
1 1 1 0 1 1 0

*READING FROM TOP TO BOTTOM IN FIGS 8 AND 9



4. The invention of claim1 wherein said trellis code is a four-dinensional
trellis code. 5. The invention of claim4 wherein said trellis code is an
eight-state trellis code. 6. The invention of claim4 wherein said

tel evision channel is an over-the-air cha | and wherein Mis selected
fromthe group consisting of 4 and 6. 7. The invention of claim1 wherein
said trellis code is an eight-dinensional trellis code. 8. The invention of
claim7 wherein said tel evision channel is an over-the-air channel and

wher ei n M=4. REPLACEMENT SHEET Date :.-  ..20 APR 1996 12

REPLACEMENT SHEET 9. The invention of_claim7 wherein said trellis code is
a 16-state trellis code. 10. Apparatu® for trgmsartting a digital signal
over a television channel, the appar d&us coani'glﬁg means for Reed- Sol onpn
encoding the digital si gnal neans §RaT gener & E_qca sequence of

N-di mensi onal synbols as a functl ot aB t he ReEcE ﬁol onon- encoded si gnal
using an N-di nensional trellis cod > 1,

w"’u
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meahs ‘for representing each of said synbols as a sequence of N-di nensional
signal points of a one-dinensional Mary transmtter constellation, and
nmeans for generating a vestigial sideband nodul ati on si-gnal which
represents the resulting sequence of sig poi nt representations and for
appl ying said vestigial sideband nodul ati on signal to said tel evision
channel . 11. The invention of claim 10 whereigpy&id television channel is a
cabl e channel and wherein MF16. 12. The invent‘;ﬁ.’(’g ogf claim 10 wherein the
synbol - generati ng neans include neans for intekl#8&ing the

Reed- Sol onon- encoded signal and means for treldig=2ncoding the resulting
interl eaved signal. 13. The invention of claif wherein said trellis code
is a four-dinmensional trellis gode—14—The inventionof clalm-l13-wherein

said trellis code is an eight-state trellis code. 15. Th[ i nventi on of
claim 13 wherein said tel evision fthannel is an over-the-3i r~ekannel and
wherein Mis selected fromthe grpup—censisting of 4 and|6. g6% The
invention of claim 10 wherein saif teelis code is an eightgdi@ensi onal
trellis code. 17. The invention of & aih 16 wherein said{tel@v#si on channel
is an over-the-air channel and wher eEn3v4. N o
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REPLACEMENT SHEET Date :20 APR 1996 13 REPLACEMENT SHEET 18.
The invention of claim 16 wherein said trellis code is a 16-state trellis
code. 19. A nmethod of processing a tel e/ on channel signal, said
tel evi si on channel signal having been generated by Reed- Solonnn encodi ng a
digital signal; generating a sequence of N-dinensional synbols as a
function of the Reed- Sol onpbn- encoded signal using an N dinensional trellis
code, N > 1; representing each of said synbols as a sequence of N one-

di mensi onal signal points of a one-dinensional Mary transmtter
constellation; generating a vestigial sideband nodul ati on signal which
represents the resulting sequence of signal point representations; and
appl yi ng said vestigial sideband ?ﬁﬁt ion gsignhal to a tel evision channel
to produce said television channel éﬁg siﬁ met hod conprising the step
of receiving said tel evision channel 5|gnal fromsaid tel evision channel,
and recovering said digital signal fromsaid received tel evision channe
signal. 20. The invention of claim19 wherein said recovering step

fgﬂg;k:f;t;hg Zéeps of denDduIatincrggggsreqelved teIeV|S|onch322FIt3igna
recover said sequginCﬁn ;;ﬁzn %dm qn Hznsyrg%bmg%lnglﬂnﬂ Y0p44)

0 (0,0),(2,2),(4,4),(6,6)

J (0.1),(2.3)(4.5),(6.7)

2 (0,2),(2,0),(4.6).(6.4)

3 (0.3)(2.1),(4.7),(6:5)

4 (0,4),(2,6),(4,0),(6.2)

5 (0,5),(2,7),(4,1).(6,3)

6 (0,6).(2,4),(4,2),(6,0)

7 (0,7).2.,5),(4,3),(6,1)

8 (1,1),(3.3)(5,5),(7.7)

9 (1,0.(3,2).(5.4),(7.6)

10 (1,3.3:1).5.7),(7.5)

1 (1,2),(3,0),(5,6),(7.4)

12 (1,5)(3.10,(5,1),(7.3)

13 (1,4)3.6)(5.01(7.2)

14 (1.7)(3,5),(5,3).(7.1)

15 (1,6),(3,4),(5.2),(7.0)
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proce55| ng the r ecover ed sequence of N; ol s t ) REAGEMENT SHEET
digital signal. 21. The invention of cl !lm aid s 5)5 of? APR 1996
processi ng the denodul ated signal inclu eps 0* Viterp C'O‘dl """"""""""

sai d denodul ated signal. 22. The invention of cI aim 20 wher el n sai d step of

processi ng the recovered sequence of N-djqrensi onal sy;% ' %

Reed- Sol onon decodi ng. 23. The inventi oghof claim 20 EAC%M T SHEET
tel evi sion channel is a cable channel and wherein M= 16. 24. The invention
of claim 20 wherein said trellis code is a four-dinensional trellis code.
25. The i Qlamisi on of claim 24 wherein said trellis code is an eight-state
trellis code 26. The invention of claim24 wherein said television channel
i s an over 1t hed anethed afEansmittngra AigifaENTEBHOYST BalelevisipnariRnnel sthe amethod

REPLACENE@SW@;%&% WEI n Mis selected fromthe group consisting of 4
and 6. 27 ventiron of claim20 wherein said trellis code is an

ei ght - di meReed:Salontoreérdcodingatie digiédl sighsl, i nvention of claim27 wherein said

t el evi sion channel is an over-the-air channel '
generating a sequence of N-dimensional symbols as a function of the Reed-Solomon-

encoded signal using an N-dimensional trellis code, N>1,

representing each of said symbols as a sequence of N one-dimensional signal points of a
one-dimensional M-ary transmitter constellation, |

generating a vestigial sideband modulation signal which represents the resulting sequence
of signal point representations, and

applying said vestigial sideband modulation signal to said television channel.

2. The invention of claim 1 wherein said television channel is a cable channel and
wherein M=16.

3. The invention of claim 1 wherein the symbol-generating step includes the steps of

interleaving the Reed-Solomon-encoded signal and trellis-encoding the resulting interleaved
signal.

4. The invention of claim 1 wherein said trellis code is a four-dimensional trellis code.

5. The invention of claim 4 wherein said trellis code is an eight-state trellis code.

6. The invention of claim 4 wherein said television channel is an over-the-air channel and

wherein M is selected from the group consisting of 4 and 6.
7. The invention of claim 1 wherein said trellis code is an eight-dimensional trellis code.

8. The invention of claim 7 wherein said television channel is an over-the-air channel and

wherein M=4.



and wherein M=4. 29. The invention of j ai d tﬁiﬁiLlACENtEbHeSHEET
a 16-state trellis code. 30. A nethod ! E R!FI evi SI on ZcbaAPI%I‘Iggﬁ
r

signal, said television channel S|gnal ated bdae v
Reed- Sol onon encoding a digital signal; |nterleaV|ng t he REUu-

Sol onon- encoded signal ; generating a sequence of N-di &E&I@N LN
response to the Reed- Sol onon- encoded signal using an S

code, N> § r ﬁ%@r&'&ngcgi ég?ﬁlﬁ %he?é’:}hQa gytfgﬂ% éod%zf %hh%eﬂﬂg rt'x%g ér%dft er

one-di nmensi onal signa of "a oné-dimension

constellation; generating a vestigial sideband nDduIatlon si gnal which
represents the resultlng sequence of signal point representations; and

appl yi ng sdPd ARrperatys £or GansENting sdipitabsigal evegfalelavision chanael, she apparasel
to producg, §E$E|EVISIOH channel signal; said nethod conprising the steps
- of FECEIVIﬁ§ﬁgaId t el evi sion channel'signal fromsaid tel evision channel,
denodul at | ngansfal ReddeSolomon eatuaiivipethedigitaIsignal, gener at e a denodul at ed
signal; Viterbi decoding said denodul at ed S|gnal to recover said sequence
of N-di rrenmean%fforsmtglg 3 spqyeres af N-diensiensletyimbolces 8 fgnrtipncofothe Reed-

N-di mensi onal %H&!l-én el gﬁ?ﬂl@% Wd%ﬁgﬂ@%éﬂecﬁl N;il eaved synbol s

to recover sal I gl ta S| difa ara pr ocessi ng’ a t el evi si on

channel si greahs faraepresentiogieacloof sidsyinbols aga sequbnos GTIN ‘dtraensisak Sighalchoits

Reed- Sol onon encod| a digital signal; generating a sequence of
fa one- imensional M-ary transmitter constellation, and

means for generating a vestigial sideband modulation signal which represents the resulting
sequence of signal point representations and for applying said vestigial sideband

modulation signal to said television channel,

11. The invention of claim 10 wherein said television channel is a cable channel and
wherein M=186.

12. The invention of claim 10 wherein the symbol-generating means include means for
interleaving the Reed-Solomon-encoded signal and means for trellis-encoding the resulting
interleaved signal.

13. The invention of claim 10 wherein said trellis code is a four-dimensional trellis code.

14. The invention of claim 13 wherein said trellis code is an eight-state trellis code.

15. The invention of claim 13 wherein said television channel is an over-the-air channel

and wherein M is selected from the group consisting of 4 and 6.
16. The invention of claim 10 wherein said trellis code is an eight-dimensional trellis code.

17. The invention of claim 16 wherein said television channel is an over-the-air channel

and wherein M=4.



N- di nrensi onal synbols as a function of enc QdBEPEAGEMENT SHEET
using an N dinensional trellis code, tlllﬂlmjmmmmntlg edch of Z%aiApR 1996

synbol s as a sequence of N one- di mensional® si‘gnfl boi'nts off| Rate =il Tl

one-di nensional Mary transmtter constellation; generating @ vestroa
si deband nodul ation signal which represeh?s the rgsulf JEJ%;ﬁNuﬂi‘SﬁEET
signal point representations; and applying said vestigial sideband

nodul at i on 18i gHag invention of eleins 16 whereinsaid trelliveqdefe@ teitreitis goslee ;. 20
APR 1996 15 REPLACEMENT SHEET to produce said tel evision
channel signal; said apparatus conprising nmeans for receiving said

tel evi si on 1ghagn@bihbll WFaprobéssitgSa itelevisibn \ohai) sifialnaid television ahandedrsignal
recovering said digital signal fromsaid received television channel

Si glna |OI . 3havimp b:e:mggmtmwbbﬁleedépmn@p eacediag @ digital signal; esperatinga spquence of
I NCl udes S r i i Qi : .
" Genoaul Nraenr el SRR 2, £ fukoll S e REESohRAIRLod Bl iflf BAIRL ©

recover s gimerBRaUERENs @odd)- B n@presealting)eabivlo§ said sgmiehrs 4 sequencecsfsNiong-
the recovered sequence of N-di nensional synmbols to recover sajd A
dimensional signal points of a one-dimensional M-ary transmitter constel?atlon; generating a

vestigial sideband modulation signal which represents the resulting sequence of signal point
representations; and applying said vestigial sideband modulation signal to a television channel
to produce said television channel signal; said method comprising the step of

receiving said television channel signal from said television channel, and

recovering said digital signal from said received television channel signal.

20. The invention of claim 19 wherein said recovering step comprises the steps of

demodulating said received television channel signal to generate a demodulated signal;

processing the demodulated signal to recover said sequence of N-dimensional
symbols, and_

processing the recovered sequence of N-dimensional symbols to recover said digital signal.

21. The invention of claim 20 wherein said steps of processing the demodulated signal

includes the step of Viterbi decoding said demodulated signal.

22. The invention of claim 20 wherein said step of processing the recovered sequence of

N-dimensional symbols includes Reed-Solomon decoding.

23. The invention of claim 20 wherein said television channel is a cable channel and

wherein M=16.

24. The invention of claim 20 wherein said trellis code is a four-dimensional trellis code.
25. The invention of claim 24 wherein said trellis code is an eight-state trellis code.

26. The invention of claim 24 wherein said television chanilel is an over-the-air channel



didital sional. 83 The ;svsr;'nzr ?LJfIlﬂlJMﬂmMﬁImlllvff‘;?bg]egiﬁtﬁ“;fpi;?&'é“

denodul ated signal. 34. The invention  of ‘cl hi M 3% wHerei n sgi ans-forr

processing the recovered sequence of N-djpensional s @t f :QE&SEEE
Rﬁed SIO| onmon decoder. 35. The invention L‘Fecl aim 32 " L on
channel is a cable.channel and erein M 16. I nvention of claim 32
wher ei n sandywherein M iscssigetadstrams %gr%ﬁpmw%?& laB‘F%r s code. 37. The

i nvention of claim36 wherein said trellis code is an eight-state trellis
code. 38. The invention of claim36 wherein said television channel is an
over - t he- ai2f7. chisnine¢ntivndf\oiatnOnwidrein saidl teatlisscbde ioan ¢ipht-djmensional treilsstdodg. of
4_ and 6. 39. The invention of claim32 wherein said trellis code is an

ei ght-dinensional trellis code. 40. The invention of claim 39 wherein said
tel evision channel is an over-the-air channel and wherein M=4. 41. The
invention of claim39 wherein said trellis code is a 16-state trellis code.
REPLACENVEND8SHRtelinvention of claim 27 wherein said television channel is an over-the-air channel

and wherein M=4,
29. The invention of claim 27 wherein said trellis code is a 16-state trellis code.

30. A method of processing a television channel signal, said television channel signal
having been generated by Reed-Solomon encoding a digital signal; interleaving the Reed-
Solomon-encoded signal; generating a sequence of N-dimensional symbols in response to the
Reed-Solomon-encoded signal using an N-dimensional trellis code, N > 1; representing each
of said symbols as a sequence of N one-dimensional signal points of a one-dimensional M-ary
transmitter constellation; generating a vestigial sideband modulation signal which represents
the resulting sequence of signal point representations; and applying said vestigial sideband
modulation signal to a television channel to produce said television channel signal; said

" method comprising the steps of |

receiving said television channel signal from said television channel,

demodulating said television channel signal to generate a demodulated signal;

Viterbi decoding said demodulated signal to recover said sequence of N-dimensional

symbols,

deinterleaving the recovered sequence of N-dimensional symbols, and

Reed-Solomon decoding the deinterleaved symbols to recover said digital signal.

31. Apparatus for processing a television channel signal, said television channel signal
having been generated by Reed-Solomon encoding a digital signal; generating a sequence of
N-dimensional symbols as a function of the Reed-Solomon-encoded signal using an N-
dimensional trellis code, N > 1; representing each of said symbols as a sequence of N one-
dimensional signal points of a one-dimensional M-ary transmitter constellation; generating a
vestigial sideband modulation signal which represents the resulting sequence of signal point

representations; and applying said vestigial sideband modulatiori signal to a television channel



Dat'e:- 20 APR 1996 16 42. App rantPLAC]EMENTSHEET
processing a tel evision channel si ng mﬁgi I on cha, lt st GnAPR 995

havi ng been generated by Reed- Sol onon eﬂcodl gy a |taI sifgnal e

i nterleaving the Reed- Sol onon-encoded signal; generatj f
N-di mensi onal synbols in response to t helkeed- Sol onon Mgﬁﬁcg ng
an N-dinmensional trellis code, N > 1; representing each of said synbols as
a sequencto prodneeseid drlenision shannek signals sg@agp@m@p CMHENGi nensi onal Mary
transm tter_con n, v, ti.an
B
represent atpheyns foﬁﬁdo@d@ﬁigysmﬂd@&aldsxgm tfiom 8aid Sredﬂeﬂr’tdlemdml mnmi signghal to
a television channel to produce said tel evision channel signal; said
?ppar at yz colrrprl sing means for receivi ng said tel evision channel si gnal
rom sai %@P&i’é | | evi si on
channel si g%alef*ezinggrrl]@r}g e&Lum ﬁ%ﬂfer Sl gnaklﬂé rrr%%ﬁiﬁ*cglrde\gﬂ terbi decodi ng

sai d denodyheuns dosd@nedulitingr aidrisvisien dlmelwigm t® gendrateliandenxidotatdd sigmabpl s,

neans for deinterleaving the recovered sequence of N-di nensio nbol
and di gi t almeangfer process?ng the demodulated signal to recover sa1d sequence orﬁ\l irhensional

symbols, and
means for processing the recovered sequence of N-dimensional symbols to recover said

digital signal.

33. The invention of claim 32 wherein said means for processing the demodulated signal

~ includes means for Viterbi decoding said demodulated signal.

34. The invention of claim 33 wherein said means for processing the recovered sequence

of N-dimensional symbols includes a Reed-Solomon decoder.

35. The invention of claim 32 wherein said television channel is a cable channel and
wherein M=16.

36. The invention of claim 32 wherein said trellis code is a four-dimensional trellis code.
37. The invention of claim 36 wherein said trellis code is an eight-state trellis code.

38. The invention of claim 36 wherein said television channel is an over-the-air channel

and wherein M is selected from the group consisting of 4 and 6.
39. The invention of claim 32 wherein said trellis code is an eight-dimensional trellis code.

40. The invention of claim 39 wherein said television channel is an over-the-air channel

and wherein M =4,

41. The invention of claim 39 wherein said trellis code is a:16-state trellis code.
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42. Apparatus for processing a television channel signal, said television channel signal
having been generated by Reed-Solomon encoding a digital signal; interleaving the Reed-
Solomon-encoded signal; generating a sequence of N-dimensional symbols in response to the
Reed-Solomon-encoded signal using an N-dimensional trellis code, N> 1; representing each
of said symbols as a sequence of N one-dimensional signal points of a one-dimensional M-ary
transmitter constellation; generating a vestigial sideband modulation signal which represents
the resulting sequence of signal point representations; and applying said vestigial sideband
modulation signal to a television channel to produce said television channel signal; said
apparatus comprising

means for receiving said television channel signal from said television channel,

means for demodulating said television channel signal to generate a demodulated signal;

means for Viterbi decoding said demodulated signal to revocer said sequence of N-

dimensional symbols,

means for deinterleaving the recovered sequence of N-dimensional symbols, and

digital signal. .



