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TRELLIS CODED MODULATION EMPLOYING
LOWER DIMENSIONALITY CONVOLUTIONAL ENCODER

Abstract

Coding gain is improved by employing an N-dimensional trellis
5 encoder incorporating an N'-di

generating a sequence of N-dimensionaj symbols as a function of the

digital signal using an N'-dimensional convolutional encoder within

10 the trellis encoder more than once (integer N/N' times) during each

N-dimensional symbol interval. This allows the trellis encoder to

produce an output of higher dimensionality than would normally be

expected from the lower dimensionality convolutional encoder. The

trelhs encoder is applicable to television transmission.
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TRELLIS CODED MODULATION EMPLOYING
LOWER DIMENSIONALITY CONVOLUTIONAL ENCODER
Technical Field
This invention relates to trellis coded modulation and its

application to television systems.

Background of the Invention

Trellis coded modulation schemes have been shown to
improve error performance of data links without sacrificing data rate
or requiring additional bandwidth. Generally speaking, an N-
dimensional trellis coded modulation scheme is constructed by first
partitioning an N-dimensional constellation into a number of
subsets. The input to the 'trellis coded modulation scheme in each
N-dimensional symbol interval is divided into two portions. A first
portion is input to an N-dimensional convolutional encoder whose
output bits are used to identify an N-dimensional subset of the
constellation. In this case, the convolutional encoder operates only
once during each N-dimensional symbol interval. The second
portion of input bits remains uncoded and is used to further specity
an N-dimensional symbol from the identified N-dimensional subset.
The bits identifying both the N-dimensional subset and the N-
dimensional symbol are supplied to an N-dimensional constellation
mapper. The constellation mapper converts the input bits into an N-
dimensional symbol or J P-dimensional signal points, where J and P
are integers whose product equals N.

In the prior art, the trellis coded modulation has a

dimensionality which is equal to the dimensionality of its associated
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convolutional encoder. This is the generally accepted design in the art.

Trellis coded modulation has recently been recommended for use in high
definition television (HDTV). In an approach proposed by Zenith Corporation to the
FCC, the proposed modulation scheme utilizes a concatenated coded, vestigial
sideband (VSB) modulator. In the concatenated coder, a Reed-Solomon code is used
as an outer code followed by a one dimensional, four state trellis code as an inner
code. The VSB modulator uses an eight symbol, one-dimensional constellation. For
each successive transmission symbol period, the concatenated coder identifies a
particular one of the eight one-dimensional VSB symbols to be transmitted. In this
application to HDTYV, the trellis coded modulation and its associated convolutional
encoder have identical dimensionalities-both are one dimensional. Also, in U.S. Patent
No. 5,398,073 issued March 14, 1995 and in Canadian Patent Application Serial No.
2,170,239 filed July 14, 1995, higher-dimensional trellis coded modulators and
convolutional encoders are used. But consistent with prior art practices, the dimension

of the trellis coded modulator 1s equal to the dimension of its associated
convolutional encoder.

Summary of the Invention

Coding gain is improved in accordance with the principles of the present

invention by employing an N-dimensional trellis coded modulator incorporating an
N’-dimensional convolutional encoder where N’ 1s less than N. The additional coding
gain 1s realized as a shaping gain. This unique modulator encodes a digital signal by
generating a sequence of N-dimensional symbols as a function of the digital signal

using an N’-dimensional convolutional encoder within the trellis coded modulator

more than once (integer N/N’ times) during each N-dimensional symbol interval. This
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allows the trellis coded modulator to produce an output of higher dimensionality than
would normally be expected from the lower dimensionality convolutional encoder.

In a specific embodiment of the invention, a two-dimensional (2D)
convolutional code is used in a four-dimensional (4D) trellis coded modulation
scheme. The trellis coded modulator uses four-dimensional constellation mapping.

In another embodiment, the N-dimensional trellis encoder 1s used as the inner
coder of a concatenated code while an N-dimensional constellation mapper converts
the coder output into a sequence of N-dimensional symbols or J P-dimensional signal
points where J and P are integers whose product is N. Each P-dimensional signal
point is transmitted in a so-called "signaling interval." J P-dimensional signal points
are then transmitted in an N-dimensional symbol interval.

In accordance with one aspect of the present invention there is provided a
method of N-dimensional trellis coded modulation for encoding a digital signal, the
method comprising the step of: generating a sequence of N-dimensional symbols as a
function of the digital signal using an N’-dimensional convolutional encoder, where
N>N’21, said encoder being used to generate for each of a plurality of N-dimensional
signal intervals, a plurality of groups of outputs, each said group of outputs being a
function of a respective different group of inputs, the N-dimensional symbols
comprising J P-dimensional signal points and the digital signal having an integer
number of bits per each P-dimensional signal point.

In accordance with another aspect of the present invention there is provided an
N-dimensional trellis coded modulator comprising: means for receiving a digital
signal; and an N’-dimensional convolutional encoder for generating a sequence of
N-dimensional symbols as a function of the digital signal, where N>N’>1, said

encoder including a finite state machine which advances multiple states for each of a
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plurality of N-dimensional signaling intervals, the N-dimensional symbols comprising
J P-dimensional signal points and the digital signal having an integer number of bits

per each P-dimensional signal point.

Brief Description of the Drawing

A more complete understanding of the invention may be obtained by reading
the following description of specific illustrative embodiments of the invention in

conjunction with the appended drawing in which:
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FIG. 1 is a block diagram of a television transmitter
incorporating principles of the present invention;

FIG. 2 is a block diagram of a television receiver incorporating
principles'of the present invention;

FIG. 3 shows a specific implementation of a 4D trellis coded
modulator employing a 2D convolutional encoder;

FIGs. 4 and 5 show details of a 4D constellation mapper for use

with the 4D trellis coded modulator in FIG. 3: and

FIGs. 6-10 show specific 2D, rate 72 convolutional encoders.

Detailed Description
FIG. 1 shows a block diagram of a television transmitter

incorporating a trellis coded modulator realized in accordance with
the principles of the present invention. The television transmitter
includes TV signal source 11, concatenated encoder 13 and

modulator 15.

A television signal such as an HDTV signal is supplied to the
concatenated encoder by TV signal source 11. TV signal source 11

includes compression and formatting circuits as well as scrambling

. circuitry for rearranging the bit stream in a random order.

Concatenated encoder 13 includes the serial combination of
Reed-Solomon encoder 131, interleaver 134, N-dimensional trellis
encoder 136, and N-dimensional constellation mapper 139. Reed-
Solomon encoder 131 is an outer encoder of the concatenated code
while an N-dimensional trellis encoder 136 is the inner encoder of
concatenated encoder 13. Interleaver 134 operates in a conventional

manner to reorder the sequence of Reed-Solomon symbols from
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encoder 131 thereby providing burst error protection in the receiver.
Trellis encoder 136 generates output bits which identify a symbol in
an N-dimensional constellation in each N-dimensional symbol -
interval. It is contemplated that an N-dimensional] symbol be

5 transmitted as a sequence of J P-dimensional signal points where ]
and P are integers whose product is N. N-dimensional constellation
mapper 139 converts the modulator output into a specific N-
dimensional symbol or sequence of J P-dimensional signal points
according to a prescribed set of mapping rules. One such set of

10 rules is shown in FIGs. 4 and 5.

Symbols output by concatenated encoder 13 are supplied to
modulator 15 for transmission over the television channel. While
many modulation schemes are applicable to modulator 15,
quadrature amplitude modulation (QAM) and the vestigial sideband

15 modulation (VSB) are presently the modulation techniques of choice
for HDTV application. It should be noted that the input to an M-ary
VSB modulator is a sequence of one-dimensional (P=1) signal points
whereas the input to a QAM modulator is a sequence of two-
dimensional (P=2) signal points. In the description which follows, it

20 will be assumed that modulator 15 is an M-VSB modulator. The
symbol "M" indicates that the amplitude of the VSR signal can
assume any one of M different values. As such, M is the size of the
one-dimensional transmitter constellation implemented by the
modulator.

25 Modulator 15 not only includes standard modulation circuitry,

but also includes an interleaver for rearranging the sequence of
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signal points in such a way that successive signal points generated by concatenated
encoder 13 will not appear in succession on the television channel. This additional
interleaving insures optimal performance of the convolutional decoder described
below. Modulator 15 may also include a Tomlinson precoder as discussed 1n
Canadian Patent Application Serial No. 2,170,239.

Signals output by modulator 15 are applied to a television channel. Exemplary
television channels are cable or an over-the-air channel. Signals on a television
channel are received by the receiver shown in FIG. 2.

The received signal is applied to demodulator 25. Demodulator 25 performs
the inverse operation of each component in modulator 15. For example, demodulator
25 may include a VSB demodulator, an NTSC rejection filter, a channel equalizer, .
and a de-interleaver. The latter element 1s used to restore signal points to their
original order for subsequent decoding.

The output of demodulator 25 1s applied to concatenated decoder 23.

Concatenated decoder 23 includes Viterbi decoder 236, de-interleaver 234, and

Reed-Solomon decoder 231. Viterbi decoder 236 performs convolutional decoding by
the well-known Viterbi decoding technique. The output of decoder 236 is a sequence
of interleaved Reed-Solomon symbols. Those symbols are restored to their original

order by de-interleaver 234, which performs the inverse operation of interleaver 134.

Once 1n the proper order, the symbols are decoded by Reed-Solomon decoder 231.

TV display 21
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receives the output of Reed-Solomon decoder 231. The display
Includes standard circuitry for decompressing (expanding) and
reformatting the television signal for presentation on a CRT or other
suitable viewing screen.

In the context of the present Invention, it will be appreciated
by persons skilled in the art that the Viterbi decoder has the same

dimensionality as the convolutional encoder in the trellis code

dimensional inputs, then a sufficient number of those P-dimensional
inputs are concatenated to form the N'-dimensional input to the
viterbi decoder. The bits output by the Viterbi decoder are collected
OVEr an entire symbol interval and together are mapped into the bits
that correspond to the input to the trellis encoder during the

associated N-dimensional symbol interval.

It will be understood by those skilled in the art, although not
explicitly shown or described herein, synéhronization signals are
periodically inserted by modulator 15 into the data stream it
receives from concatenated encoder 13. Demodulator 25 recognizes
the synchronization signals and responsively generates
synchronization control signal which is used by the television
receiver to synchronize receiver operations, where necessary, with

corresponding transmitter operations.

In various illustrative embodiments, the Reed-Solomon encoder

utilizes a so-called RS(208,188) code over GF(256). This means that
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encode the bits sequentially and thereby produce the four output

bits.

In the example depicted in FIG. 3. it is assumed that a first

Input bit supplied to the convolutional encoder during a symbol
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interval is collected during its (the symbol interval's) first pair of
signalling intervals. Similarly, a second Input bit supplied to the
convolutional encoder during the same symbol interval is collected
during its second pair of signalling intervals.

To this end, the convolutional encoder is augmented by

elements 130 and 137, each shown schematically as a switch.

the second pair of signalling intervals of the symbol interval,
element 130 applies the second input bit to the convolutional
encoder. Element 137 directs the output bits during one
convolutional encoding cycle to output lead 133 and then switches
the output during the next convolutional encoding cycle to output
lead 132. The switching rate for elements 130 and 137 is denoted as
1/2T, where T is the signalling interval.

Constellation mapper 139 includes bit converter 138 and a
plurality of straight-through connections. In this example, the
outputs of convolutional encoder 135 are fed straight-through
constellation mapper 139 to its output. Uncoded bits from trellis
encoder 136 are supplied to bit converter 138. As shown in FIG. 3,
bit converter 138 translates its six-bit Input into an eight-bit output.
Bit converter 138 insures that each output bit is derived jointly and
interdependently from the input bits. The output bits from
constellation mapper 139 are then used to select a four-dimensional

symbol or a sequence of four one-dimensional signal points from a
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6-VSB transmitter constellation over the four signalling intervals
identified in the subscripts as n, n+1, n+2. and n+3.

Operational and realization details of both the convolutional
encoder and the bit converter shown in FIG. 3 are well known to
persons skilled in this art and, as such, they will not be described
further herein.

Each of the sixteen different possible bit patterns represented
by the four bits output in each symbol interval from trellis encoder
136 identifies a respective subset of symbols of a four-dimensional
constellation. The remaining six bits, so-called "uncoded.” bits Y4,
through Y9y, further select a particular symbol from the identified
four-dimensional subset.

In particular, the 4D constellation is formed by concatenating
four 6-VSB 1D transmitter constellations. The 4D constellation is
partitioned into sixteen four dimensional subsets based on a
partitioning of its constituent one-dimensional transmitter
constellations. FIG. 5 shows how the one-dimensional SiX-point VSB
constellation is partitioned into two subsets, A and B, each subset
having three one-dimensional signal points. Each 4D subset is
simply a sequence of four 1D subsets. In addition, each 4D subset
may be represented as a sequence of two 2D subsets. In the latter
case, each 2D subset is merely a sequence of two 1D subsets.

The selection of a particﬁlar symbol from the identified four-
dimensional subset proceeds as follows: The four bits Y3n, Y2p,
Yl1lp, and YOp, from convolutional encoder 135 are output by the

constellation mapper as four bits, Z0p, Z0n+1, Z0p+2, and Z0p4.3,
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respectively. These bits are then used to select the sequence of one-

dimensional subsets which the bits identify.

There are actually 81 possible symbols in each one-

dimensional subset sequence. as can be seen from the fact that each
5 one-dimensional subset has three signal points, and 34=81.
However, since the six bits Y4y through Y9, can represent only 64
different bit patterns, not all of the 81 symbols will actually be used.
Rather, it is advantageous for the lookup table of FIG. 4 to map the

64 input bit patterns into the 64 symbols sharing a common

10 characteristic. For example, the symbols may be the smallest energy
symbols (the energy of a symbol being simply given by the sum of
the squares of the coordinates of its constituent one-dimensional
signal points.) To this end, bits Y4y through Y9y, are applied to bit
converter 138 which implements the lookup table shown in FIG. 4.

15 The first pair of output bits of bit converter 138 --denoted Z2, and
Z1p--selects a signal point from the first subset of the one-
dimensional subset sequence, which is identified by bit ZOp. The
second pair of output bits of encoder 138 --denoted Z2pn+1 and
£1p+1--selects a signal point from the second subset of the one-

20 dimensional subset sequence, which is identified by bit Z0y,.1, and

so forth, FIG. S shows the mapping by which the bit values of Z2m,

Zlm, and ZOy,, for m=n, n+1, n+2 and n+3 identify a particular one-
dimensional signal point.

Examples of 2D, rate ¥, K-state convolutional encoders

25 suitable for use as encoder 135 are shown in FIG. 6 (K=4),

FIG. 7 (K=8), FIG. 8 (K=16), FIG. 9 (K=32), and FIG. 10 (K=64). These
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encoders are useful as the convolutional encoder for trellis code
modulator 136 in FIG. 3.

Specifically, the operations of the convolutional encoder in
FIG. 7 can be explicitly described as follows. In each pair of
signalling intervals, designated by the index "n" for its first
signalling interval, the encoder inputs a bit I1,, ‘makes a transition
from its current state, W1, W2y W3p, to a next state, Wi, W2,.0
W3n+2, and outputs two bits X1, and X0, where Wln, W2, and W3,
are the bits stored in the delay elements at the beginning of the pair
of signalling intervals, and Wln+2, W2p42 and W3, 5 are the bits

stored in the delay elements at the end of the pair of signalling

intervals, and

P

romd
-

Il

1,
Winy2 = W3y

W2n+2 = W].n S, WZn S, Iln
W3n+2 = W2n

<

-
-

Il

desirable for the convolutional codes. In any of the cases cited

above, it is important to understand that, regardless of the features
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are selected for the code, the convolutional code must have a lower
dimensionality than that of its associated trellis code modulator.

Other state sizes can be used for the convolutional
encoder 135 of FIG. 3. Although the exemplary codes are shown as
systematic codes, it is understood that non-systematic codes are
equally applicable to the present invention.

[t is contemplated that rates other than %, dimensions other
than 2, and other various state sizes can be employed in the
convolutional encoder used by trellis encoder 136.

In the example described above, VSB constellations have been
employed causing P to be equal to 1. As such, each 4D symbol was
constructed as a sequence of four 1D signal points. It should be
understood that each 4D symbol could also be represented as a
sequence of two 2D signal points. In the 6-VSB example, each 2D
signal point can be represented as a sequence of two 1D signal
points. At the receiver, the Viterbi decoder will process one such 2D
point in each processing cycle.

As stated earlier, the present invention is applicable to other
modulation systems such as QAM, for example. For the specific
example described above, the 4D trellis code modulator will output a
pair of 2D signal points in each symbol interval.

In the description above, the invention has been described in
the context of integer bit rates. That is, the average number of input
bits received in each symbol interval is an integer. In practice,
however, it is understood that cases arise wherein the average

number of input bits received in each symbol interval is a non-
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Integer. For such cases, it is contemplated that the input to the
trellis encoder will be adapted with a fractional bit encoder (not
shown) to insure that an integer number of input bits is received by
the trellis encoder in each symbol interval, as described in U.S.

Patent 4,941,154.
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Claims:

1. A method of N-dimensional trellis coded modulation for encoding a digital
signal, the method comprising the step of:

generating a sequence of N-dimensional symbols as a function of the digital
signal using an N’-dimensional convolutional encoder, where N>N’2>1, said encoder
being used to generate for each of a plurality of N-dimensional signal intervals, a
plurality of groups of outputs, each said group of outputs being a function of a
respective different group of inputs, the N-dimensional symbols comprising
J P-dimensional signal points and the digital signal having an integer number of bits

per each P-dimensional signal point.

2. The method as defined in claim 1 wherein for each N-dimensional signaling
interval, the digital signal 1s arranged into first and second portions and said first
portion 1s divided into (N/N’) groups of bits, the step of generating further including
the steps of:

applying each of said groups of bits sequentially to the N’-dimensional
convolutional encoder;

using output bits from convolutional encoding of all groups of bits included in

said first portion to identify an N-dimensional subset of an N-dimensional

constellation; and

using said second portion to specify, jointly and interdependently, the J signal

points of an N-dimensional symbol from the N-dimensional subset.
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3. The method as defined in claim 2 wherein said subset of said N-dimensional
constellation consists of a sequence of (N/N’) N’-dimensional subsets, wherein each
N’-dimensional subset is identified by the convolutional encoder output for a

particular group of bits.

4, A method of concatenated encoding a digital signal, the method comprising
the steps of:

Reed-Solomon encoding the digital signal;

generating a sequence of N-dimensional symbols as a function of the
Reed-Solomon encoded signal using an N’-dimensional convolutional encoder, said
encoder including a finite state machine which advances multiple states for each of a
plurality of N-dimensional signaling intervals, where N>N’>1, the N-dimensional
symbols comprising J P-dimensional signal points and the Reed-Solomon encoded

signal having an integer number of bits per each P-dimensional signal point.

5. The method as defined in claim 4 wherein the step of generating symbols

includes the step of interleaving the Reed-Solomon encoded signal.

6. A method of transmitting a digital signal over a television channel, the method
comprising the steps of:

Reed-Solomon encoding the digital signal;

generating a sequence of N-dimensional symbols as a function of the
Reed-Solomon encoded signal using an N’-dimensional convolutional code within an
N-dimensional trellis code, where N>N’>1, said convolutional code being used to

generate for each of a plurality of N-dimensional signaling intervals a plurality of
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groups of outputs each said group of outputs being a function of a respective difterent
group of inputs;

representing each of said symbols as a sequence of J P-dimensional signal
points of a P-dimensional M-ary transmitter constellation, where JXP=N and the
number of bits in the Reed-Solomon encoded digital signal per each P-dimensional
signal point is integral;

generating a modulated signal which represents the resulting sequence ot
signal point representations; and

applying said modulated signal to said television channel.

7. The method as defined in claim 6 wherein the step of generating symbols
includes the steps of interleaving the Reed-Solomon encoded signal and trellis

encoding the resulting interleaved signal.

8. The method as defined in claim 6 wherein the trellis code is a

four-dimensional trellis code and the convolutional code is a two-dimensional

convolutional code.

9. The method as defined in claim 8 wherein the convolutional code is a K-state,

rate 1/2 code and K 1s selected from the group consisting of 4, 8, 16, 32, and 64.

10. The method as defined in claim 6 wherein the television channel is an

over-the-air channel and wherein P equals 1.
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11. The method as defined in claim 10 wherein the trellis code is a four
dimensional trellis code and the convolutional code is a two-dimensional

convolutional code.

12. The method as defined in claim 11 wherein the convolutional code 1s a

5 K-state, rate 1/2 code and K is selected from the group consisting of 4, 8, 16, 32, and
64.
13. The method as defined in claim 6 wherein the television channel is an

over-the-air channel and wherein P equals 2.

14. The method as defined in claim 13 wherein the trellis code i1s a four
10 dimensional trellis code and the convolutional code is a two-dimensional

convolutional code.

15. The method as defined in claim 14 wherein the convolutional code is a

K-state, rate 1/2 code and K 1is selected from the group consisting of 4, 8, 16, 32, and

64.

15 16. An N-dimensional trellis coded modulator comprising:
means for receiving a digital signal, and
an N’-dimensional convolutional encoder for generating a sequence of
N-dimensional symbols as a function of the digital signal, where N>N’>1, said
encoder including a finite state machine which advances multiple states for each of a

20 plurality of N-dimensional signaling intervals, the N-dimensional symbols comprising
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J P-dimensional signal points and the digital signal having an integer number of bits

per each P-dimensional signal point.

17.  The modulator as defined in claim 16 wherein for each N-dimensional
signaling interval, the digital signal is arranged into first and second portions and said
first portion 1is divided into (N/N’) groups of bits, wherein the modulator further
includes:

means for applying each of said groups of bits sequentially to the
N’-dimensional convolutional encoder;

means responsive to output bits from convolutional encoding of all groups of
bits included in said first portion for identifying an N-dimensional subset of an
N-dimensional constellation; and

means responsive to said second portion for specifying, jointly and
interdependently, the J signal points of an N-dimensional symbol from the

N-dimensional subset.

18.  The modulator as defined in claim 17 wherein said subset of said
N-dimensional constellation consists of a sequence of (N/N’)N’-dimensional subsets,
wherein each N’-dimensional subset is identified by the convolutional encoder output

for a particular group of bits.

19.  Apparatus for concatenated encoding a digital signal, the apparatus
comprising:

means for Reed-Solomon encoding the digital signal, and
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means for generating a sequence of N-dimensional symbols as a function of
the Reed-Solomon encoded signal using an N’-dimensional convolutional encoder,
said encoder being used to generate for each N-dimensional signaling interval a
plurality of groups of outputs, each said group of outputs being a function of a
respective different group of inputs, where N>N’21, the N-dimensional symbols
comprising J P-dimensional signal points and the Reed-Solomon encoded signal

having an integer number of bits per each P-dimensional signal point.

20.  The apparatus as defined in claim 19 wherein the means for generating

symbols includes means for interleaving the Reed-Solomon encoded signal.

21.  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 function of
the Reed-Solomon encoded signal using an N’-dimensional convolutional encoder
within an N-dimensional trellis encoder, said convolutional coder including a finite
state machine which advances multiple states for each of a plurality of N-dimensional
signaling intervals, where N>N’2>1;

means for representing each of said symbols as a sequence of J P-dimensional
signal points of a P-dimensional M-ary transmitter constellation, where JXP=N and
the number of bits in the Reed-Solomon encoded digital signal per each
P-dimensional signal point is integral;

means for generating a modulated signal which represents the resulting

sequence of signal point representations; and
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means for applying said modulated signal to said television channel.

22.  The apparatus as defined in claim 21 wherein the means for generating

symbols includes means for interleaving the Reed-Solomon encoded signal and means

for trellis encoding the resulting interleaved signal.

23.  The apparatus as defined in claim 21 wherein the trellis encoder is a

four-dimensional trellis encoder and the convolutional encoder is a two-dimensional

convolutional encoder.

24.  The apparatus as defined in claim 23 wherein the convolutional encoder is a

K-state, rate 1/2 encoder and K is selected from the group consisting of 4, 8, 16, 32,

and 64.

25.  The apparatus as defined in claim 21 wherein the television channel is an

over-the-air channel and wherein P is equal to 1.

26. The apparatus as defined in claim 25 wherein the trellis encoder is a four
dimensional trellis encoder and the convolutional encoder is a two-dimensional

convolutional encoder.

27.  The apparatus as defined in claim 26 wherein the convolutional encoder is a

K-state, rate 1/2 encoder and K is selected from the group consisting of 4, 8, 16, 32,

and 64.
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28.  The apparatus as defined in claim 21 wherein the television channel 1s an

over-the-air channel and wherein P is equal to 2.

29.  The apparatus as defined in claim 28 wherein the trellis encoder 1s a four

dimensional trellis encoder and the convolutional encoder is a two-dimensional

convolutional encoder.

30.  The apparatus as defined in claim 29 wherein the convolutional encoder 1s a

K-state, rate 1/2 code and K 1s selected from the group consisting of 4, 8, 16, 32, and

64.

31. A method of processing a signal from a communication channel, said signal
having been generated by encoding a digital signal using N-dimensional trellis coded
modulation, wherein the encoding comprised the step of generating a sequence of
N-dimensional symbols as a function of the digital signal using an N’-dimensional
convolutional encoder, said encoder including a finite state machine which advances
multiple states for each of a plurality of N-dimensional signaling intervals, where
N>N’21, the N-dimensional symbols comprising J P-dimensional signal points and
the digital signal having an integer number of bits per each P-dimensional signal
point, the method including the steps of:

recerving said signal from said communication channel, and

recovering said digital signal from said received communication channel

signal.
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32. The method as defined in claim 31 wherein the recovering step includes the
steps of:

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

processing the demodulated signal to recover said digital signal.

33.  The method as defined in claim 32 wherein the processing step includes the

step ot Viterbi decoding said demodulated signal by using an N’-dimensional Viterbi

decoder.

34. The method as defined in claim 31, 32 or 33 wherein for each N-dimensional
signaling interval, the digital signal is arranged into first and second portions and said
first portion is divided into (N/N’) groups of bits, the step of generating said
sequence of N-dimensional symbols further included the steps of:

applying each of said groups of bits sequentially to the N’-dimensional
convolutional encoder:;

using output bits from convolutional encoding of all groups of bits included in
said first portion to identify an N-dimensional subset of an N-dimensional
constellation; and

using said second portion to specify, jointly and interdependently, the J signal

points of an N-dimensional symbol from the N-dimensional subset.

35. A method of processing a signal from a television channel, said 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




10

15

- — Y - ————— e -

CA 02157958 1998-10-16

24

N’-dimensional convolutional encoder within an N-dimensional trellis encoder, said
convolutional coder including a finite state machine which advances multiple states
for each N-dimensional symbol interval, where N>N’>1, representing each of said
symbols as a sequence of J P-dimensional signal points of a P-dimensional M-ary
transmitter constellation, where JXP=N and the number of bits in the Reed-Solomon
encoded digital signal per each P-dimensional signal point is integral, generating a
modulated signal which represents the resulting sequence of signal point
representations, and applying said modulated signal to said television channel, the
method including the steps of:

receiving said signal from said television channel, and

recovering said digital signal from said received television channel signal.

36. The method as defined in claim 35 wherein the trellis encoder is a
four-dimensional trellis encoder and the convolutional encoder is a two-dimensional

convolutional encoder.

37. The method as defined in claim 36 wherein the convolutional encoder is a

K-state, rate 1/2 encoder and K is selected from the group consisting of 4, 8, 16, 32

2

and 64.

38. The method as defined in claim 35 wherein the television channel is an

over-the-air channel and wherein P equals 1.
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39. The method as defined in claim 38 wherein the trellis encoder i1s a four

dimensional trellis encoder and the convolutional encoder is a two-dimensional

convolutional encoder.

40. The method as defined in claim 39 wherein the convolutional encoder 1s a
K -state, rate 1/2 encoder and K is selected from the group consisting of 4, 8, 16, 32,

and 64.

41. The method as defined in claim 35 wherein the television channel 1s an

over-the-air channel and wherein P equals 2.

42. The method as defined in claim 41 wherein the trellis encoder is a four
dimensional trellis encoder and the convolutional encoder is a two-dimensional

convolutional encoder.

43. The method as defined in claim 42 wherein the convolutional encoder is a
K-state, rate 1/2 encoder and K is selected from the group consisting of 4, 8, 16, 32,

and 64.

44. A method of processing a signal from a communication channel, said signal

having been generated by concatenated encoding a digital signal using N-dimensional
trellis coded modulation, wherein the encoding comprised the steps of Reed-Solomon
encoding the digital signal and generating a sequence of N-dimensional symbols as a
function of the Reed-Solomon encoded signal using an N’-dimensional convolutional

encoder, where N>N’21, said encoder being used to generate for each N-dimensional
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symbol interval a plurality of groups of outputs, each said group of outputs being a
function of a respective different group of inputs, the N-dimensional symbols
comprising J P-dimensional signal points and the Reed-Solomon encoded signal
having an integer number of bits per each P-dimensional signal point, the method
including the steps of:

recerving said signal from said communication channel, and

recovering said digital signal from said received communication channel

signal.

45. The method as defined in claim 35, 36 or 44 wherein for each N-dimensional
signaling interval, the Reed-Solomon encoded signal is arranged into first and second
portions and said first portion is divided into (N/N’) groups of bits, the step of
generating further including the steps of:

applying each of said groups of bits sequentially to the N’-dimensional
convolutional encoder;

using output bits from convolutional encoding of all groups of bits included in
said first portion to identify an N-dimensional subset of an N-dimensional
constellation; and

using said second portion to specify, jointly and interdependently, the J signal

points of an N-dimensional symbol from the N-dimensional subset.

46. The invention as defined in claim 4, 16, 21, 31 or 35, wherein said finite state

machine that advances N/N’ states for each of the plurality of N-dimensional

signaling intervals.
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47.  The method as defined in claim 1, 6, 19 or 44, wherein said plurality of
groups of outputs is comprised of N/N’ groups of outputs and said respective

different group of inputs is one of N/N’ groups of inputs.
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