be s gt

EP 0 485 105 B1

Europ#ilsches Patentamt

European Patent Office

Office européen des brevets

ARG

(11) EP 0 485 105 B1

(12) EUROPEAN PATENT SPECIFICATION

{45) Date of publication and mention
of the grant of the patent:
02.01.1997 /Bulletin 1997/01

{21) Application number: 91310009.5

(22) Date of filing: 30.10.1991 /

(81)

int ¢l HO4L 27/34, HO4N 7/24

(54) Coding for digital transmission /
Kodierung fiir digitale Ubertragung

Codage pour transmission numérique

(84) Designated Contracting States.
DE FR GB NL

(30) Priority: 07.11.1990 US 611225

(43) Date of publication of application:
13,05.1992 Bulletin 1992/20

{73) Proprietor: AT&T Corp. /
New York, NY 10013-2412 (US)

(72) Inventors:
+ Lawrence, Victor Bernard
Holmdel, New Jersey 07733 (US)
¢ Netravali, Arun Narayan
Waestfleld, New Jersey 07090 (US)
+ Werner, Jean-Jacques
Hoimdel, New Jersey 07733 (US)

(74) Representative:
Buckley, Christopher Simon Thirsk et al
Lucent Technologies,
5 Mornington Road
Woodford Green, Essex IG8 OTU (GB)

(56)

References cited:
EP-A- 0 122 805
EP-A- 0 302 622

EP-A- 0 282 298
US-A- 4 346 473

ELECTRONICS AND COMMUNICATIONS IN
JAPAN. vol, 60-A, no. 12, 1977, NEW YORK US
pages 16-25; S. HIRAKAWAET AL.: 'Application
of Multilevel Coding to
Amplitude-and-Phase-Shift-Keying Systems’
IEEE TRANSACTIONS ON {NFORMATION
THEORY. vol. 3, nc. 4, October 1867, NEW YORK
US pages 600 - 607; B. MASNICK ET AL.: 'On
Linear Unequal Error Protection Codes’

NTG FACHBERICHTE, Nummer 90, 'Bewegliche
Funk- dienste’, 1985, pages 178-185,
VDE-Verlag, Frankfurt/Main, DE; L. KITTEL et al..
Verbundcodierung mit abgestuftem
Fehlerschutz fir digitale Funktelephonsysteme’
ELECTRONICS LETTERS. vol. 20, no. 2, 1984,
LONDON GB pages 62 -63; E.L. CUSACK: 'Error
Control Codes tor QAM Signalling’

Note: Within nine months from the publication of the mention of the grant of the European patent, any person may give
notice to the European Patent Office of opposition to the European patent granted. Notice of opposition shall be filed in
a written reasoned statement. It shall not be deemed to have been filed until the opposition fee has been paid. {Art.

99(1) European Patent Convention).

Printed by Jouve, 75001 PARIS (FR)




10

15

20

25

30

35

40

45

50

EP 0 485 105 B1

Description

This invention relates to methods for communicating television information and to apparatus for use in a digitai
transmission system.

It is generally acknowledged that some form of digital transmission will be required for the next generation of
television (TV) technology, conventionally referred to as high definition television, or HDTV. This requirement is due
mostly tothe fact that much more powerful video compression schemes can be implemented with digital signal process-
ing than with analog signal processing. However, there has been some concern about getting committed to an all-
digital transmission system because of the potential sensitivity of digital transmission to small variations in signai-to-
noise ratio, or SNR, at the various receiving locations.

This phenomenon--sometimes referred to as the "threshold effect"--can be illustrated by considering the case of
two television receivers that are respectively located at 50 and 63 miles from a television broadcast station. Since the
power of the broadcast signal varies roughly as the inverse square of the distance, it is easily verified that the difference
in the amount of signal power received by the television receivers is about 2 dB. Assume, now, that a digital transmission
scheme is used and that transmission to the receiver that is 50 miles distant exhibits a bit-error rate of 10%. If the 2 dB
of additional signal loss for the other TV set transiates into a 2 dB dacrease of tha SNR at the input of the receiver,
then this receiver will operate with a bit-error rate of about 10-4. With these kinds ot bit-error rates, the TV set that is
50 miles away would have a very good reception, whereas reception for the other TV set would probably be very poor.
This kind of quick degradation in performance over short distances is generally not considered acceptable by the
broadcasting industry. (By comparison, the degradation in performance for presently used analog TV transmission
schemes is much more graceful.)

There is thus required a digital transmission scheme adaptable for use in telsvision applications which overcomes
this problem. Solutions used in other digital transmission environments--such as the use of a) regenerative repeaters
in cable-based transmission systems or b) fall-back data rates or conditioned telephone lines in voiceband data appli-
cations--are clearly inapplicable to the free-space broadecast environment of television.

EP-A-0 282 298 describes a communication systemn that uses a combination of error-correcting encoding and
modulation to increase the Euclidean distance separation between successive signal peoints. In particular, a data word
is divided into groups or subsets of bits. These groups are separately error-corrected encoded and channel mapped
so as to form different subspaces. If the error-corrected codes are chosen to have minimum Hamming distances that
vary inversely with the square Euclidean distance of subspaces, it is possible 1o create large Euclidean distance sep-
aration between successive signal points.

According to one aspect of this invention there is provided a methed as claimed in claim 1.

According to another aspect of this invention there is provided apparaius as claimed in claim 8.

At tha heart of the invention is the realization that a particular characteristic of prior art digital transmission systems
is disadvantagecus when carried over inte, for example, the television transmission environment and that that char-
acteristic lies at the crux of the problam. In particular, digital transmission systems have traditionally been engineered
to provide about the same amount of protection against impairments to all the data elements-typically bits--that are
transmitted over the communication channel. Such an approach is desirable when the digital transport machanism is
transparent to the user's data and no prior knowledge of the data's content is available--as is the case, for example,
in voiceband data or digital radio applications. Howaver, when all the bits are treated as equal, they are also all affected
in the same way by changing channel conditions and the result may be catastrophic, as illustrated by the above ex-
ample.

The shortcomings of standard digital transmission for over-the-air broadcasting of digital TV signals are overcome
by a method comprising a particular type of source coding followed by a particular type of channel mapping--the latter
being referred to herein as a catastrophe-resistant (C-R) mapping.

More specifically, the source coding step causes the television signal to be represented by two or more data streams
while, in the channel mapping step, the mapping is such that the data elements of the various data streams have
differing probabilities of being erroneously detected at the receiver. in preferred embodiments, a first one of the afore-
mentioned data streams carries components of the overall television signal which are regarded as the most important--
as discussed in further detail hereinbelow--and that data siream is mapped such that its data elements have the lowest
probability of arror. A second one of the data streams carries components of the overall television signal which are
regarded as less important than those of the first data stream and that data stream is mapped such that its data elements
have a probability of error that is not as low as those of the first data stream. In general, it is possible to represent the
overall 1elevision signal with any number of data streams, sach carrying components of varying importance and each
having a respective probability of error. This approach allows a graceful degradation in reception quality at the TV set
location because as the bit error rate at the receiver begins 1o increase with increasing distance from the broadcast
transmitter, it will be the bits that represent the less important TV signal information that will be the first to be affected.

The invention is not limited o television signals but, rather, can be used in virtually any environment in which it is
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EP 0 485 105 B1
desired to provide different levels of error protection to different components of the intelligence being communicated.

Brief Description of the Drawing

In the drawing,

FI@. 1is a block diagram of a transmitter embodying the invention, illustratively in the context of a four-dimensicnal
channel mapping scheme for HDTV;

FIG. 2 is a block diagram of ancther transmitter embodying the invention in the context of a two-dimensional
channel mapping scheme for HDTV, this scheme including trellis coding;

FIG. 3 is a block diagram of a receiver for transmitted signals transmitted by the transmitter of FiG. 1; and

FIGS. 4-11 are signal constellation maps useful in explaining the invention.

Detalled Description

Before proceeding with a specific description of the transmitters of FIGS. 1 and 2 and the receiver of FIG. 3, it will
be helpful to first consider the theoretical underpinnings of the invention.

First off, it should be noted that the various digital signalling concepts described herein (with the exception, of
course, of the inventive concept itsell) are all well known in, for example, the digital radio and voiceband data trans-
mission (modem) arts and thus need not be described in detail herein. These include such concepts as multidimensional
signalling using N-dimensional signal constellations, where N is some integer; trellis coding; scrambling; passband
shaping; equalization; Viterbi, or maximum-likelihood, decoding; etc. These concepts are described in such U.S. pat-
ents as U.S. 3,810,021, issued May 7, 1974 to 1. Kalet et al.; U.S. 4,015,222, issued March 28, 1977 to J. Wemer; U.
8. 4,170,764, issued October 9, 187910 J. Salz et al.; U.S. 4,247,940, issued January 27, 1981 to K. H. Mueller et al.;
1U.S. 4,304,962, issued December 8, 1981 to R. D. Fracassi et al.; U.S. 4,457,004, issued June 26, 1984 to A. Gersho
ot al.; U.S. 4,489,418, issued December 18, 198410 J. E. Mazo; U.S. 4,520,490, issued May 28, 1985 to L. Wei; and
U.S. 4,587,090, issued June 24,1986 to G. D. Forney, Jr.--all of which are hereby incorporated by reference.

Turning now to the drawing, FIG. 4 depicts a slandard two-dimensional data transmission constellation of the type
conventionally used in digital radio and voiceband dala transmission systems. In this standard scheme-conventionally
reterred to as quadrature-amplitude modulation (QAM)--data words each comprised of four bits are each mapped into
one of 16 possible two-dimensional signat points. The constellation is thus labelled "Standard 16-QAM". Each signal
point has an in-phase, or |, coordinate on the horizontal axis and has a quadrature-phase, or Q, coordinate on the
vertical axis. Note that, on each axis, the signal point coordinates are + 1 or + 3 so that the distance belween each
point and each of the points that are horizontally or vertically adjacent to it is the same for all points--that distance being
"2t

(The process of mapping the data words into particular signal points is referred to herein as "channel mapping*
and the signal points are sometimes referred to as "channel symbols®.)

Now consider the 16-point constellation of FIG. 5, which embodies the principles of the invention. The difference
between this constellation and that of FIG. 4 is the relative distance between the different signal points.

Specifically, since the distance between all the adjacent points in FIG. 4 is the same, essentially the same probability
of error is provided for all the bits which the signal points represent. (Transmission errors arise when, as the result of
noise, phase jitter and various other channel phenomena/impairments, a transmitted signal point is displaced from its
original position in the constallation to such an extent that it appears at the receiver that a different signal point was
transmitted.) On the other hand, the distance between adjacent points in FIG. 5 is not the same for all the points.
Specifically, the minimum distance between points within a particular quadrant in FIG. 5 is d = ¥2, and the minimum
distance between points in adjacent quadrants is twice this amount, that is 2 d=2 ¥2. Thus, the probability of making
an error in the receiver in identifying in which quadrant the transmitted peint was located is smaller than the probability
of making an error in identifying which point within that quadrant was the actual point. This results from the fact that
tha minimum distance between signal points representing different values of the data elements of the first data stream--
e.g., the minimum distance ( 2¥2 ) betwsen the points in the first quadrant representing the first-stream dibit 00 from
these in the second quadrant representing the first-stream dibit 01--is greater than the minimum distance between the
signal points representing the different values of the data elements of the second data stream--e.g., the minimum
distance ( ¥2 ) between the point in the first quadrant representing the second-stream dibit 00 and the point in that
same quadrant representing the second-stream dibit 01,

Assume now that two out of the four bits of each transmitted data word need more protaction from error than the
other two bits because they are more important than the other two bits. This is achieved by using those two, more
important bits to select one of the four quadrants (as indicated by the circled dibils in FIG. 5), and using the other two
bits to select one of the four points within each quadrant, as indicated by the dibits next to each point. Since the
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probability of not correctly identitying the quadrant of the transmitted signal point is smaller than the probability of not
correctly identifying the signal peoint itself, the desired protection is thereby achieved.

More generally stated, the constellation is divided into groups of signal points and each group is divided into sub-
groups, each of the latter baing comprised of one or more signal points. At least one data element, e.g., bit, from each
data word to be mapped identifies the group from which is to come the signal peint that is to represent that data word,
and at least one other data slement identifies the subgroup within that group. If the subgroup contains more than one
signal point, then further dala elements are used 1o ultimately identify a particular one of those signal points ({lc which
end the subgroup may be further divided into sub-subgroups). Thus, a) the groups and subgroups are arranged such
that the probability of the receiver erronecusly determining which group a transmitted signal point is from is less than
the probability of the receiver erroneously determining which subgroup it is from, and b) the data elements that identify
the group represent information that is more important than the information represented by data elements that identify
the subgroup.

A generic version of the constellation of FIG. 5 is shown in FIG. 6 in which the coordinate values, instead of being
at £+ V2 and £ 2 V2, are + o and £ P. It will also be appreciated that the constellations are not limited to any particular
size, i.e., number of signal points. For example, a standard 64-QAM constellation--represented by its upper right quad-
rant--is shown in FIG. 7, and a generic 64-point constellation and affording three different levals of protection is shown
in FIG. B.

Before proceeding, it is useful to make some formal definitions. As noted above, channel mapping is referred to
herein as catastrophe-resistant {C-R} mapping. In general, a (ny , 1y, -, N, M) C-A mapping will be a mapping that
provides the first (best) level of protection to ny bits; the second level of protection to n, bits; and so forth. The last
entry in the mapping identification is a reminder of the total number m of information bits that are transmitted, that is.
m=n + Nz + - + 1y . With this definition, each of the C-R mappings shown in FIGS. 5and6isa (2, 2, 4) mapping.
FIG. B is an example of a 64-point ( 2, 2, 2 ; 6 ) mapping (represented by its upper right quadrant); and an example of
a16-point { 1, 2, 1; 4 ) mapping is shown in FIG. 9. Finally, notice that standard QAM mappings of the type shown in
FIGS. 4 and 7 can be considered as ( n; m) C-R mappings.

We now briefly discuss the kind of trade-offs that are possible in the design of C-R mappings. First, we will assume
that the power in the transmitted signal is subject 10 an average power constraint. Let & and b; denote the | and Q
discrete signal point levels, and assume that these signal points are uncorrelated. The average power consiraint then
requires that

p ai + ¥ b? = constant (1)
i 0

for all the signal point level scenarios under consideration. Now let SNA,, denote the amount of SNR required to achieve
& certain performance for the bils with the # |evel of protection. The change in the amount of SNR required by these
bits to achieve that level of performance compared to a standard ( m; m) mapping is then defined by

ASNA, = SNA, - SNR,,., @)

where SNR,, is the amount of SNR required by the ( m; m) mapping to achieve the same performance. (This is the
mapping that provides the same amount of protection to all the bits.) With the expressions in (1) and (2), we get the
following relationships for the ( 2, 2 ; 4 ) mapping shown in FIG. B:

-0

p=+10-a"  ASNA, =-2oogg(e) A SNA, =-20i0g;, Be (3)

where the incremental SNRs are expressed in dB. Using a in FIG. 6 as a parameter in (3), we can first determine the
value of p and then the incremental SNRS. Some computed values are given in Table [.
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Table |
- Trade-Offe for the ( 2, 2 ; 4 ) Mapping
o B A SNAR, | ASNR,
1 3 0 0
1.1 | 2.965 -0.83 0.61
1.2 | 2.826 -1.58 1.28
1.3 | 2.883 -2.28 2.03
V2 | 242 -3 3
15 | 2.784 - 352 3.85
16 | 2.728 -4.08 4.98

In order to give some meaning to the entries in Table |, wa consider some specifics, such as the case o = V2, which
corresponds to the signal constellation shown in FIG. 5. The incremental SNRs for the two most protected bits are
given in the third column. For the case under consideration, the incremental SNR for these bits is equal to -3 dB. Thus,
for a given probability of error, these bits can tolerate an SNR that is 3 dB smaller than the SNR that would be required
for a standard 16-point QAM system. On the other hand, as can be seen from the fourth column, the least protected
bits would require three more dB of SNR in order to achieve the same performance as the standard QAM system.

The trade-off that has been achieved in the previous example may seem guite brutai: On one hand, we decrease
the sensitivity to noise by 3 dB for the first two bits; and then, on the cther hand, we increase this sensitivity by the
same 3 dB for the other two bits. Such a clean trade-off rarely happens, as should be apparent from the other entries
in Table |. For example, for @ = 1.2 more rocbustness against noise is gained by the most protected bits than is lost by
the least protected bits. This is the kind of behavior 1o be sought in the design of efficient C-R mappings.

The invention is not limited to two-dimensiona! constelliations but, indeed, can be implemented with N-dimensional
constellations where N = 2. Indeed, an increase in the number of dimensions gives more flexibility in the design of
efficient mappings. One way of implementing multidimensional C-R mappings with a QAM system is to use different
two-dimensional C-R mappings in successive signal point intervals. As an example, a four-dimensional constellation
can be created by concatenating ali of the possible two-dimensional signal points from the ( 2, 2; 4 ) mapping of FIG.
5 with all of the possible two-dimensional signal points from the ( 1, 2, 1; 4 ) mapping of FIG. 8, as explained herein-
below.

it is easily shown that such a mapping procedure provides a ( 3, 2, 3, 8 ) four-dimensional C-R mapping. Specit-
ically, the greatest spacing between points in the consteliation of FIG. 5 is the distance 2V2, which is the smallest
distance between the points in one quadrant and those in another. That same greatest spacing separates the upper
and lower halves of the constellation of FIG. 9. Thus the highest level of protection can be achieved for three bits-two
bits selecling a quadrant from the FIG. 5 constellation--as indicated by the circled dibits in FIG. 5--and a third bit
selacting one of the two {upper and lower) halves of the constellation of FIG. 8--as indicated by the circled bits in FIG.
9. The next largest spacing is the distance between the columns in the constellation of FIG. §, the smallest such
distance being 2. Thus the second-highest level of protection is achieved for two bits, which select one of the tour
columns from the constellation of FIG. 9, as indicated by the squared-in dibits in FIG. 8. Finally, the smallest spacing
is the distance ¥2 which, in the constellation of FIG. 5, is the smallest distance between the points within a quadrant
and in the constellation of FIG. 9 is the smallest distance between the points within a column. Thus the lowest level of
protection is again achieved for three bits--two bits selecting a point within the selected quadrant of the FIG. 5 constel-
lation--as indicated by the dibits next to each point in FIG. 5--and a third bit selecting one of the two points contained
within the selected half and selected column of the constsllation of FIG. 9--as indicated by the single bit next tc each
point in FIG. 9.

It will thus be appreciated, by way of example, that the 8-bit word 01110100 would result in the selection of the
four-dimensional signal point made up of the concatenation of point A from FIG. 5§ and point A'from FIG. 9. Specifically,
the first and second bits, 01, select the upper left quadrant of FIG. 5; the third bit, 1, selects the lower half of FIG. 9;
the fourth and fifth bits, 10, select the second-from-right column of FIG. 9; the sixth and seventh bits, 10, select point
A from the previously selected quadrant of FIG. 5; and the eighth bit, O, selects point A’ from the previously selected
half and column of FIG. 8.

For this mapping, the SNR requirements for the 1wo bits with the second level of protection are the same as the
SNA requirements for the standard QAM signal conslellation in FIG. 4. The three most protected bits and the three
least protected bits have the SNR requirements that were derived in the previous section for the two-dimensional ( 2,
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2, 4) mapping.

We are now in a position to consider the transmitter of FIG. 1.

Talevision signal source 101 generates an analog television signal which is passed on to source coder 104. The
latter generates a digital signal in which at least one subset of the data slements represents information that is more
important than the information represented by the rest of the data elements. Two examples of how such a signal might
be generated are given hersinbslow.

The source-coded signal is illustratively C-R mapped using the four-dimensional mapping mentioned above in
which each four-dimensional signal point is comprised of a two-dimensional signai point from the constellation of FIG.
5 concatenated with a two-dimensional signal point from the constellation of FIG. 9. it has been recognized that it is
desirable to preserve the distinctness of the bits which are to be accorded a particular level of protection by the mapping,
notwithstanding any processing of the bits that may be necessary prior to their being mapped into four-dimensional
signal points by four-dimensional mapper 121. Unless such distinctness is maintained, then, of course, it will not be
possible to allocate the different levels of protection to the various data streams which represent the television signal.

in the present embodiment, in particular, it is desired to scramble the bits which comprise the digital signal in order
to ensure a relatively uniform distribution of energy across the frequency band that the signal takes up. Accordingly,
those bits are scrambled in three separats groups. Bits by, b, and b,, which contain the most important information
and are therefore to be accorded the highest lavel of protection, are scrambled by a first scrambler 111, bits b, and &,
which contain the second-most-important information and are therefore to be accorded the second-highest level ot
protaction, are scrambled by a second scrambler 112; and bits bg, by and by, which contain the least important amount
of information and are therefore to be accorded the lowest level of protection, are scrambled by a third scrambler 113.
(Scrambling is customarily carried out on a serial bit stream. Thus although not explicitly shown in FIG. 1, scramblers
111, 112 and 113 may be assumed to perform a parallel-to-serial conversion on their respective input bits prior to
scrambling and a serial-to-parallel conversion subsequent thersto.)

The aight scrambled bits are applied in paraliel in a four-dimensional mapper 121, mentioned above, which iden-
tifies a four-dimensional signal point 1o be gensrated using, for example, the bit-assignment scheme described above.
Mapper 121 may be, for example, realized using table look-up. Conventional passband shaping and television mod-
ulation are then performed by passband shaper 141 and television modulator 151, respectively. The resultant analog
television signal is then broadcast via antenna 152.

Turning now to the receiver of FIG. 3, the analog television signal is received by antenna 301, is subjected to
conventional television front-end processing including, for example, demodulation in processing unit 311, and is con-
verted to digital form by A/D converter 312. The signal is then equalized by passband channel equalizer 321 and passed
on to detector 331. The latter steres information relating to the mapping--specifically, information Indicative of the po-
sitions of the signal points of the constellation and the manner in which they are divided into groups and subgroups--
and performs a so-called "slicing” operation on the equalized signal in order to form decisions as to what the transmitted
signal points were in response 1o the stored information. Apart from having knowledge about the way in which the
constellations of FIGS. 5 and 9 are configured, the detector is otherwise standard.

The B-bit words output by detector 331 are descrambled by descramblers 341, 342 and 343, which respectively
perform the inverse function of scramblers 111, 112 and 113 in the transmiitter. A television signal formatted so as to
be displayable by, for example, a CRT display is then generated from the descrambler outputs by picture signal gen-
erator 353. That signal is then applied to CRT display 360.

One more step of sophistication in the design of efficient C-R mappings can be achieved by adding redundancy
to the signal constellations. Adding redundancy aliows the usage of forward-error-correction coding, such as trellis
coding. One of the issues with trellis coding is that its effect on the error rate of individual bits is not well understeed.
The pubfished studies seem 1o have concentrated on the probability of error events, which is not easily related to the
bit-error rate for trellis-coded systems. Nevertheless, even a simple example can show how mere powerful C-R map-
pings can be obtained by using trellis coding.

Assume that we want 1o transmit three bits per signal point, and that one of the bits requires much more protection
than the othar bits. For a non-trellis-coded system, this can be done by using a (1, 2; 3) C-R mapping that has the
signal constellation shown in FIG. 10. The most important bit defines the upper or lower half plane, and the other two
bits define one of four possible points in each half plane. It is easily verified that the most valuable bit has 7 dB more
margin against noise than the other twa bits. We now assume that independent one-dimensiconal trellis codes are used
along each axis in FIG. 10, thereby, in practical effect, increasing the distance between the rows and, independently,
the distance between the points within a row. This leads to the signal constellation shown in FIG. 11. Specifically, one
of the three bits is trellis-coded to become two bits which select one of the four rows in FIG. 11, and the other two bits
are trellis-coded independently of the first bit to become three bits which select one of the eight columns in FIG. 11.

FIG. 2 shows a block diagram of a transmitter utilizing the constellation of FIG. 11. Television signal source 201
generates an analog lelevision signal which is passed on to source coder 204. The latter generates a digital signal
comprised of 3-bit binary data words ¢, ¢, ¢3, in which it is assumed that bit ¢, is more important than the the other
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two bits &5 and ¢,. Bit ¢, is scrambled by a first scrambler 211, while bits ¢; and c; are scrambled by a second scrambler
212.

The output of scrambler 211 is trellis-encoded by quadraturs-phase trellis coder 215, while the outpul of scrambler
212 is trellis-encoded by in-phase trellis coder 216. The 2-bit output of trellis coder 215 identifies one of the four rows
of the FIG. 11 conslellation, as described above. Those two bits are applied to quadrature-phase one-dimensional
mapper 221, which generates an output identifying one of the four y-axis coordinates £ 1, + 3. At the same time, the
3-bit output of trellis coder 216 identifies one of the eight columns of the FIG. 11 constellation, Those three bits are
applied to in-phase one-dimensional mapper 222, which generates an oulput identifying one of the eight x-axis coor-
dinates £ 0.5, + 1.5, + 2.5 and + 3.5. Conventional passband shaping is then performed by quadrature-phase passband
shapar 241 and in-phase passband shaper 242, whose outputs are combined in an adder 243. The resulting combined
signal is then applied to television modulator 251, whose output analog signal is broadcast via antenna 252.

A specific receiver for the signal generated by the transmitter of FIG. 2 is not shown. Those skilled in the art will,
however, be readily able to design such a receiver using standard building blocks similar to those used in FIG. 3,
although in this case the detector stage preferably includes a maximum likelihood, or Vitarbi, decoder in order to take
advantage of the coding gain afforded by the trellis codes.

With this kind of treliis coding, we can decrease the sensitivity to noise by 3 dB for all the bits. For a probability of
error of 108, the most important bit then requires an SNR of about 11 dB, and the other two bits require an SNR of
about 18 dB. (For simplicity, we assume here that the channel has a flat amplitude response.) If standard 8-point
uncoded and 16-point trellis-coded signal constellations were utilized instead, the SNR requirements would be 18 dB
and 15 dB, respectively, for the same error rate. Designs for trellis-coded C-R mappings that are directly carried out
in a multidimensional space should be aven more powerful.

The foregoing merely illustrates the invention. For example, the invention is illustrated herein in the context of a
digital TV transmission system. Howevaer, it is equally applicable to other types of digital transmission systems. More-
over, although particular constellations are shown herein, numerous other consteliations, which may be of any desired
dimensionality, can be used. For example, the various constituent two-dimensional C-R mappings that are used to
provide higher-dimensional, e.g., four-dimensional, mappings may be used in unequal proportions. Aiternatively, signal
constellations with a differant number of points may also be used in successive signal point intervals. All these possi-
bilities provide a great flexibility for the design of efficient multidimensional C-R mappings. Additionally, it should be
pointed out that four dimensions are naturally available in HDTV applications because of the possibility of using hori-
zontal and vertical polarizations at the same time. Theoretically, this allows the simultaneous transmission of two in-
dependent QAM signals. Thus, for this application, there is an opportunity to implement multidimensional C-R mappings
both in time (over different signal point periods) and in space (between polarizations).

Additionally, aithough a particular type of source coding is usedin the illustrative embodiment herecf, itis envisioned
that various other approachas to the digital representation of the telsevision signal, i.e., other types of source coding,
can be employed in order to give more protection to some of the transmitied bits. Such approaches might include the
use of, for example, trellis/convolutional codes, BCH codes, Reed-Solomon codes, and/or concatenations of same.
Disadvantageously, some channal mapping schemas may expand the bandwidth of the transmitted signal or may have
potential synchronization problems, and may not be cost effective. In any case, if these problems can be resolved, the
present invention can always be combined with any such approachs since the latter operate on the bit stream. Also,
it is envisioned that the source coding may well include other types of processing, such as any of various forms of
television signal compression.

It may also be noted that although the invention is ilustrated herein as being implemented with discrete functional
building blocks, e.g., source coders, scramblers, efc., the functions of any one or more of those building blocks can
be carried cut using one or more appropriate programmed processors, digital signal processing (DSP) chips, etc.

1t will thus be appreciated that those skilled in the art will be able to devise numerous and various altemative
arrangemants.

Claims
1. A method for communicating television information, including the steps of

generating a digital signal (104) representing the television information, the digital signal including at least first
and second data streams of data elements,

channel mapping (121) the digital signal, and

transmitting the mapped signal over {141,151) a communicaticn channel,

CHARACTERIZED BY
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the mapping step being such that the probability of channel-induced error for the data elements of the first
data stream is less than the probability of channel-induced error for the data elements of the second data
stream, the mapping step including the step of

selecting a sequence of signal points from a predefined constellation of signal points 1o represent the data
slements, the constellation being such that the minimum distance between signal points representing different
values of the data elements of said first data stream is greater than the minimum distance between signal
points representing the different values of the data elements of said second data stream.

A method as claimed in claim 1 wherein said mapping step includes the step of trellis coding (215,216) the digital
signal.

A method as claimed in claim 1 wherein said constellation is an N-dimensional constsllation, where N 2 2,
A method as claimed in claim 1 wherain said generating step includes the steps of

receiving the information, and
source coding the information using a predetermined source code.

A method as claimed in claim 4 wherein said generating step includes the step of processing the source-coded
information using at least a first predetermined processing algorithm, said processing being carried out for the
data elements of said first data stream independently of the processing carried out for the data elements of said
second data stream.

Apparatus for use in a digital transmission system of the type in which signal points from a predetermined signal
peoint constellation representing respective associated data words are communicated from said transmitter over a
communication channel to a receiver, said data words being comprised of individual data elements, said constel-
lation being divided into groups of signal points and each of said groups being divided into subgroups of signal
peints, said apparatus including

means responsive (121) to at least one of the data elements of each said data word for identifying which
particular one of said groups includes the signal point associated with said data word and responsive to at
least one cother of the data elements of that word for identifying which particular one of the subgroups within
said particular group includes the signal point associated with said data word, and

means for generating (141,151) a signal representing a signal point from the identified subgroup and for ap-
plying that signal to said communication channel,

CHARACTERIZED IN THAT
said groups and subgroups are arranged such that the distance between signal points of different groups is
greater than the distance between signal points of the same group.

Apparatus as claimed in claim 6 wherein the data elements that identify said particular group represent more
important information than the data elements that identify said partiuclar subgroup.

Apparatus as claimed in claim & wherein said information is television signal information.

Apparatus as claimed in claim & wherein said data words are trellis encoded data words.

10. Apparatus as claimed in claim 6 wherein said constellation is an N-dimensional constellation, where N = 2.

Patentanspriache

1.

Verfahren zur Ubermittiung von Fernsehinformationen mit folgenden Schritten:

Erzeugen eines die Femnsehinformationen darstellenden Digitaisignals (104) mit mindestens ersten und zwei-
ten Datenstromen von Datenelementen,

Kanalabbildung (121) des Digitalsignals, und

Senden des abgebildeten Signals Gber (141, 151) einen Kozmunikationskanal,
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dadurch gekennzeichnet,

daf der Abbildungsschriit derart ist, daB die Wahrscheinlichkeit von durch den Kanal singefihrten Fehlern fir
die Datenelemente des ersten Datenstromes geringer ist als die Wahrscheinlichkeit von durch den Kanal
eingeflihrten Fehlern fir die Datenelemente des zweiten Datenstroms, wobei der Abbildungsschritt den Schritt
des

Auswahlens einer Folge von Signalpunkten aus einer vordefinierten Konstellation von Signalpunkten zur Dar-
stellung der Datenelemente umfaBt, wobei die Konstellation derart ist, daf3 der Mindestabstand zwischen ver-
schiedene Werte der Datenelemente des besagten ersten Datenstroms darstellenden Signalpunkten gréBer
als der Mindestabstand zwischen die verschiadenen Warte der Datenelemente des besagien zweiten Daten-
stroms darstellenden Signalpunkten ist.

Verfahren nach Anspruch 1, wobai der besagte Abbildungsschritt den Schritt der Trelliscodierung (215, 216) des
Digitalsignals enthalt.

Verfahren nach Anspruch 1, wobei die besagte Konstellation eine N-dimensionale Konstellation ist, wobei N > 2.
Verfahren nach Anspruch 1, wobei der besagte Schrilt des Erzeugens folgende Schrilte enthalt:

Empfangen der Informationen und
Quelicodieren der Informationen unter Verwendung eines vorbestimmten Quellcodes.

Verfahren nach Anspruch 4, wobei der besagte Schritt des Erzeugens den Schritt des Verarbeitens der quelico-
dierten Informationen unter Verwendung von mindestens einem ersten vorbestimmten Verarbeitungsalgorithmus
enthélt, wobei die besagte Verarbeitung fiir die Datenslemente des besagten ersten Datenstroms unabhangig von
der fir die Datenelemente des besagten zweiten Datenstroms ausgeflbrte Verarbeitung ausgefihr wird.

Vorrichtung zur Verwendung in einem digitalen Ubertragungssystem der Ar, bei der Signalpunkte von einer vor-
bestimmten, entsprechende zugehérige Datenworle darstellenden Signalpunktkonstellation von besagtern Sender
Ober sinen Kozmunikationskanal zu einem Empfénger Obarmittelt werden, wobei die besagten Datenworle aus
einzelnen Datenelementen bestehen, die besagte Konstellation in Gruppen von Signalpunkten eingetsilt ist und
jede der besagten Gruppen in Teilgruppen von Signalpunkten eingeteilt ist, mit folgenden:

auf mindestens eines der Datenelemente jedes besagten Datenwortes reagierenden Mitteln (121) zur Kenn-
zeichnung, welche bestimmte der besagten Gruppen den mit dem besagten Datenwort verbundenen Signal-
punkt enthalt, und auf mindestens ein anderes der Datenelemente dieses Wortes reagierend, um zu kenn-
zeichnen, welche bestimmte der Teilgruppen innerhalb der besagten Gruppe den mit dem besagten Datenwort
verbundenan Signalpunkt enthélt, und

Mitteln zum Erzeugen (141, 151) eines einen Signalpunkt aus der gekennzeichneten Teilgruppe darstellenden
Signals und zum Anlegen dieses Signals an den besagten Kozmunikationskanal,

dadurch gekennzeichnet, daB die besagien Gruppen und Teilgruppen so angeordnet sind, dai} der Abstand
zwischen Signalpunkten unterschiedlicher Gruppen gréBer als der Abstand zwischen Signalpunkten derselben
Gruppe ist.

Vorrichtung nach Anspruch 6, wobei die Datenelemente, die die besagte bestimmte Gruppe kennzeichnen, wich-
tigere Informaticnen darstellen als die Datenelements, die die besagte bestimmte Teilgruppe kennzeichnen.

Vorrichtung nach Anspruch 6, wobei die besagten Informationen Fernsehsignalinformationen sind.

Vorrichtung nach Anspruch 6, wobei die basagten Datenworte trelliscodierte Datenworte sind.

10. Vorrichtung nach Anspruch 5, wobei die hesagte Konstellation eine N-dimensionale Konstellation ist, wobsi N> 2.

Revendications

1.

Procédé de transmission d'informations de 1élévision, comportant les étapes de
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génération d'un signal numérique (104) représentant les informations de télévision, le signal numérique com-
portant au moins des premier et deuxidme trains de données d'éléments de donnédes,

la mise en correspondance par voie (121) du signal numérique, et

la transmission du signal mis en correspondance sur (141,151} une voie de transmission,

CARACTERISE PAR

I'étape de mise en correspondance étant telle que la probabilité d'erreur induite par la voie pour les éléments
de données du premier train de données est inférieure & la probabilité d'erreur induite par la vole pour les
éléments de données du deuxidme train de données, I'étape de mise en correspondance comportant I'étape de
sélection d'une séquence de points de signal & partir d'une constellation prédéfinie de points de signal pour
représenter les éléments de données, la constellation étant telle que la distance minimum entra les points de
signal représentant des valeurs différentes des éléments de données dudit premier train de données est su-
périeure & la distance minimum entre les points de signal représentant les valeurs différentes des éléments
de données dudit deuxidme train de données.

Procédé selon la revendication 1, dans lequel ladite étape de mise en correspondance comporte I'étape de codage
en treillis (215,216) du signal numérique.

Procédé selcn la revendication 1, dans lequel ladite constellation est une ceonstellation de N dimensions, o N2 2.
Procédé selon la revendication 1, dans lequel ladite étape de génération comporte les étapes de

réception des informations, et
codage de source des informations en utilisant un code source prédéterminé.

Procédé selon la revendication 4, dans lequel ladite étape de génération comporte I'étape de traitement des in-
formations & source codée en utilisant au moins un premier algorithme de traiterent prédéterminé, ledit traitement
étant effectué pour les éléments de données dudit premier train de données indépendamment du traitement ef-
fectuéd pour les éléments de données dudit deuxidme train de données.

Dispositif destiné & étre utilisd dans un systdme de transmission numérique du type dans leguel des points de
signal provenant d'une constellation de points de signal prédéterminée représentant des mots de données asso-
ciés respectifs sont communiqués & partir dudit émetteur sur une voie de transmission & un récepteur, lesdits mots
de données étant composés d'éléments de données individuels, ladite constellation étant divisée en groupes de
points de signal et chacun desdits groupes étant divisé en sous-groupes de points de signal, ledit dispositif com-
portant

un moyen sensible (121) 4 au moins I'un des éléments de donnédes de chague mot de données pour identifier
le groupe particulier desdits groupes qui comporte le point de signal associé audit mot de données et sensible
& au moins un autre des éléments de données de ce mot pour identifier le sous-groupe particulier des sous-
groupes A l'intérieur dudit groupe particulier qui comporte le point de signal associé audit mot de données, et
un moyen de génération (141,151) d'un signal représentant un point de signal & partir du sous-groupe identifié
el d'application de ce signal & ladite voie de communication,

CARACTERISE EN CE QUE
lesdits groupes et sous-groupes sont disposés de telle sorte que la distance entre les points de signal de
groupas différents est supérieure & la distance entre les points de signal du méme groupe.

Dispositif selon la revendication 6, dans lequel les éléments de donnéas qui identifient ledit groupe particulier
représentent des informations plus importantes que les éléments de données qui identifieni ledit sous-groupe
particulier.

Dispositif selon la revendication 6, dans lequel lesdites informations sont des informations de signaux de télévision.

Dispositif selon la revendication 8, dans lequel lesdits mots de données sont des mots de données codés par treillis.

10. Dispositif selon la revendication 6, dans leque! ladite constellation est une constellation de N dimensions, cU N> 2.

10
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