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A. TRBILIS DEMAPPBR OF A CONVOLUflONAL DECODER 

rhis . invention relates to digital processing apparatus suitable for 
use in a multi-channel receiver of satellite, terrestrial and cable 
transmitted forward-error-corrected (FBC) compressed-digital television 
data and, more particularly, to a trellis for a· Viterbi-algorithm based 
convolutional decoder capable of decoding pragmatic trellis codes. 

Known ·in the art is the- use of forward-error-correction that 
in~ludes convolutional encoding in the transmission of encoded digital 
data over a noisy channel from a transmitter to a receiver that includes a 
branch metric computer for a Viterbi-algorithm based convolutional 
decoder. The Viterbi Algorithm is used very commonly to decode a 
con:volutionally enc0de~ sequence of bits "transmitted over a noisy 
channel. In· the heart of the Vi~rbi algorithm is a series of repetitive add­
compare-select operations w~ch acc_ept as · input ce~_ain metrics (termed 
branch metrics)" computed on ~ach rec~ived symbol from the 
demodulator. For ·satellite, cable and terrestrial transmission of high data 
rate sign~s, such computations need to performed at very high rates. 
Furthermore~ in a . modem/decoder operating over dif~erent channels with 
different {but related) coding schemes, the cost of cbmputing the branch 
metrics becomes . excessive h:1 terins of lookup table memocy· or actual 
hardware to perform Uiese co:w:nputations. 

In the case of a satellite transmissi<;>n channel, it is customary to 
transmit some particular punctured quateniary phase shift keyed (QPSK} 
code . kno\vn to the receiver's c<>nvolutional decoder. In the case of a 
terrestrial or cable transmission channel, ~ome particular pragmatic trellis 
code (such as quadrature ~plltude modulation (QAM). phase amplitude 
modulation (PAM) or phase ·shift keyed (PSK) code) known to the 
receiver's convolutional decoder. For· instance. the prior art· -discloses the 
use of a pragmatic trellis code as a practical code for QAM transmission of 
high definition ·television (HDTV). . 

Reference is made to U.S. Patent No. S,497,401, entitled "A Branch 
Metric Computer for a Viterbi Decoder of .a Punctured and Pragmatic 
Trems Code Convolutional Decoder Suitable for Use in &c Multi-channel 
Receiver of Satellite, Terrestrial and Cable Transmitted FBC Compressed-
Dlgital Television Data". · 
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In the past, the receiver for a Viterbi-algorithm based convolutional 
decoder was typically designed to operate with only a single 
p~edetermined type of convolutional code. However, it is likely that 
multi-channel digital television receivers .will enter the mass-produced 
marlcet in the near future and, over time, replace currently-used -analog 
television receivers. Direct broadcast satellite transmission to television 
receivers is already available in addition to terrestrial and cable 
transmission thereto. Therefore, it is desirable that the convolutional 
decoders of such multi-channel digital television receivers be selectively 
responsive to the type of code (either punctured or pragmatic trel~s, as 
the case may be) and the type of modulation (PSK including both QPSK 

. and 8-PSK, PAM or QAM, as· th~ case may be) of the channel then being 
received by the multi-~hanneJ digital television receiver. Further, mass­
produced television receivers should be designed with reduction in cost 
and complexity in mind. . · 

The aforesaid U.S. Patent No. 5,497 ,401 is directed to a structure for 
the bran<;h metric computer for _the Viterbi decoder of the convo~utional 
decoder which may be incorporated in such a multi-channel digital · 

. . 
television receiver which is designed w~th reduction in cost and 
complexity in ·mind. First, the branch ~etric computer structure employs 
a RAM whic~ is preload~ during an ~tialization phase with 
programmable, precomputed I and Q lookup tables froi;n a microcontroller 
interface applied as a control inpµt thereto. Second, this branch metric 
computer structure computes a one-dimension.al measure of the djstance 
between two points in the two-dimensional l,Q plane by substituting the 
sum of the I and Q components (l+Q) of the distance between the· two 
points (the ~o-called "Manhat~" distance) for th~ Euclidean distance 
between the two points (12+Q2)112. This permits the I and Q components 
to be handled independently (jf one another, thereby reducing both the 
cost and complexity of the branch metric computer. 

The convolutional decoder disclosed in the aforesaid U.S. patent, 
under the control of the lilicrocontroller inte~ace, may be alternatively 
operated in either some particular punctured code mode (none of which 
utilizes a trellis demapper) or some particular pragmatic trellis code mode 
(all of which utilize a trellis demapper). 

The present invention is directed to both the demapping techniques 
and structure of a trellis demapper for the type of convolutional decoder 
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disclosed in the aforesaid U.S. patent 5,497,401 when operating in a 
pragmatic trellis code mode (such as for 16, 32, 64, 128 and 256 QAM 
codes and for an 8-PSK code, by way of examples). This trellis demapper, 

. which is designed with reduction in cost and complexity in mind, provides 
minimum storage requirements compared to a trellis code demapper 
employing ROM storage for QAM trellis codes. 

Mqre specifically, the present invention is directed to such a 
demapper for a plurality of codes that comprise a distinct code for· each 
constellation set of symbols in the I,Q plane-ihat includes (1) an even 
power of 2 number of symbols arranged in a square-grid bit-to-symbol 
mapping, (2) 8:11 odd power of 2 ·number of symbols arranged in a cross­
grid bit-to-symboi mapping and/or (3) an 8-PSK code. Respective I-. 
channel and Q-channel RAMs, each of which includes a lookup table that 
is selectively programmed for each of the QAM codes, are employed in 
both ·the aforesaid categories (1) and (2). In the ·case of category (1), tlie 
respective outputs of the I-channel and Q-channel RAMs are directly 
forwarded as the output of the trellis demapper. In the case of category 
(2), the respective outputs of the I-channel and Q-channel RAMs are 
applied as inputs to a remapper RAM and the output of the remapper 
RAM is forwarded a~ the output of the trellis demapper. In the case of . . . . . . 

category (3), 8-PSK demapper logic means is employed for demapping the 
8-PSK code, .and the output of the demapper logic means· is forwarded as 
the output of the trellis demapper. In those cases i1:1 which the tJ:elli~ 

demapper is responsive to two or all ~ of categories (1), (2) and (3), a 
MUX select is employed to forward the output of a selected one of the 
categories as the output of the trellis demapper. 

BRJEFDESCRIPl10N OF Tim DRAWING 

FIGURE 1 illustrates the different types of transmissfon channels 
which may be received by a multi-channel compressed-digital television 
receiver transmitted from a forward-error-corrected compressed-digital 
television transmitter; 

FIGURB 2 ·is a block diagram showing the relationship ·among the 
convolutional decoder, the demodulator applying an input to· the decoder, 
and a microcontroller interface to the decoder of the multi-channel 
compressed-digital television receiver of FIGURB 1; 



4 
Fl<;:JU~ 3 is a block diagram of the structural elements of the 

convolutional decoder shown in FIGURE 2, when programmed by the 
mic~ocontroller interface to operate in a pragmatic trellis code decoding 
mode, \Vhich shows the coupling of the microcontroller interface of . 
FIGURE 2 to the structural elements of the convolutional decoder; 

FIGURE 4 is a block diagram· of the structural elements of the trellis 
demapper shown in FIGURE 3; and 

FIGURE S illustrates the bit-to-symbol mapping for trellis-coded 8-
PSK (rate R=2/3 encoded). 

As shown in FIGURE · l, multi-channel compressed-digital television 
receiver 100 is .capable of selectively· receiving digitally-encoded 
television data transmitted over each of a plurality of different channels. 
These plurality of channels include satellite transmission channel 102, 
~hich transmits digitally-encoded television data from forward-error­
corrected television transmitter 104; terrestrial transmission channel 106, 
which transmits digitally-encoded television data from forward-error­
corrected television transmitter 108; and cable transmission channel 110, 
w~ich transmits digitally-encoded television . data from_ forward-error­
corrected tele':'ision transmitter 112. As . known in the art, forward-error­
correction at the transmitter typically comprises convolutional encoding 
of successively-transmitted ~ymbol packets of already encoded 
compressed-digital television data. 

AS further known in the art, while QSPK-based punctured codes are 
typically employed for transmission of convolutional encoded data over. a 
satellite channel, higher alphabet (i":.e., 8, 16, 32, 64, 128 and 256) n/n+ 1 
pragmatic trellis codes could potentially be employed for PAM, PSK or 
QAM bas_ed transmission of convolutional encoded data over terrestrial or· 
cab.le channels. Therefore, it is required that multi-channel receiver 100 
incorporates a convolutional decoder that is capable of decoding any 
particular one. of QSPK-based punctured or PAM, PSK or QAM based 
higher alphabet n/n+ 1 pragmatic trellis codes, depending on the selected 
·one of the multi-channels then being received. 

More specifically, multi-channel receiver 100 comprises digital· 
processing apparatus which, as shown in FIGURE 2, includes receiver 
convolutional decoder 200 and receiver demodulator 202 which, as 
known in the art, applies each of a series of successively-received 
convolutionally-encoded symbol packets as the signal input data to 
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receiver convolutional decoder 200. Bach successiv~ly~re~eived symbol 
packet of this data defines a point in the in-phase (I), quadrature-phase 
{Q) plane. The digital pr~cessing apparatus of multi-channel receiver 100 
further comprises a microcontroller which includes microcontroller · 
interface 204 for applying a control input to receiver convolutional 
decoder 200. 

Microcontroller · interface 204 provides a list of specifications to 
convolutional decoder 200 which, amc:>ng other things, is capable of 
configuring the operation of convolutional decoder 200 as either a 
decoder· for pun~tu~ed codes ~r,. alternatively, as a decoder for trellis 
cod~s. FIGURE 3 shows convolutional decoder 200 configured for · 
operation as a decoder fo.r trellis codes. As shown in FIGURE 3, the 
structural elements of receiver convolutional decoder 200 include 
synchronization circuitry 300, branch metric computer 304:, Viterbi 
decoder 306, convolutlonal encoder 308, trellis demapper 310, delay logic 
312, synchronization monitor 314 and select means· 316. 

The output data from demodulator 202 is .applied as l,Q ·input data 
to synchronization circuitry 300. For illustrative purposes,· it is assumed 
that each of the I and Q data is defmed by 6 bits (i.e.,. the input data is 
applied over a total of 12 parallel input conductors)~ This permits each of 
64x64=4096 distinct points in the l,Q plane to be defined by the 6-bit I· 
and 6-bit Q components of the 12-bit input dat_a. Synchronization 
circµitry 300 also receives clock and clock-enable (Clk Bnb) inputs 
thereto. In addition, synchronization . circuitry 300 both receives control 
data from microcontroller interface 204 and supplies data thereto, and is 
directly coupled to synchronization monitor 314. 

Bach of elements 302, 304, 306, 308 and 310 has control data 
applied· thereto from microcontroller interface 204. Further, although not 
shon in FIGURE 3, the clock is applied to these elements. Properly 
synchronized I and Q data is forwarded from synchronization circuitry 
300. to branch metric computer 304 in response to data ouiPut clock 
ena~le (DOCB). Further, the prop~ly synchronized I and Q data ·is 
forwarded through delay logic 312 to trellis demapper 310 and 
synchronization mohitor 314. 

Branch metric computer 306 (the details of which forms the subject 
·matter of the aforesaid U.S. pa~ent S,497,401 derives 4 separate S-bit 
outputs in response to each of successively~received symbol packets. · 
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These 4 separate 5-bit outputs and the DOCE signal from branch metric 
computer 304 are applied as inputs to Viterbi decoder 306. Viterbi 
decoder 306, which is a Rate R=l/2~ constraint le~gth k=7 decoder, 
performs the Viterbi algorithm for trellis codes, wherein the 5-bit metric 
inputs from branch metric computer 306 are used to update the states 
and to make bit de~isions. Viterbi decoder 306 employs add-compare­
select (ACS) means, path metric storage means, and the memory for the 
survivor paths at each level in the the trellis. In addition, Viterbi decoder 
306 also takes care of metric renormalizations to avoid a buildup and 
overflow of the accumulated metrics. 

A 1-bit output from Viterbi decoder 306 is applied as an input to 
convolutional encoder 308. For trellis codes, convolutional enc.oder 308 
serves to regenerate the best estimates of the two transmitted bits of the 
rate 112 embedded code. The output. from encoder 308 is also applied to 
synchronization monitor 314. In addition, the 1-bit output from Viterbi 
decoder 306 is applied as an input to select means 316. 

The 2-bit output from convolutional encoder 308 is applied to trellis 
demapper 310, which is responsible for making symbol decisions. More 
specifically, trellis demapper 310 uses the 2-bit output from 
convolution~ encoder 308_ for subset selection together with the delayed · 
I and Q received symbol data forwarded thereto through delay logic 312 
(in a manner to be described in detail below) to make these symbol 
decisions. A 6-bit output from trellis demapper 310 is app~ed as an input 
to both synchroni~tion monitor 314 and select means 316. 

Delay logic 312 accounts for the delay introduced by Viterbi . . 
decoder 306/encoder 308 and associated circuitry and synch:ronizes the 
data stream at the output of encoder 308 witb the received symbol 
stream. 

Synchronization monitor . 314, which is coupled to synchronization 
circuitry 300, the output from trellis demapper 310, encoder 308, the 
outPut from delay logic 312 and microcontroller int~ace 204, uses the 
branch metric information in conjunction with an observation interval 
-specification from inicrocontroller interface 204 to decide the 
synchronization status. It also provides information to synchronization 
circuitry 300 for optional automatic synchronization. In an automatic 
synchronization mode of operation, the internal synchronization circuitry 
is employed ·to perform ·the synchronization function. Alternatively, the. 
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synchronizati_on could be performed from external circuitry. 
Synchronization monitor 314 is also us.ed !O provide a signal to the 
demodulator for resolving phase ambiguities. This signal is used for only 
the purpose of accounting for phase ambiguities in receiver demodulator 
202. Further, synchronization monitor 314 s~pplies a demodulated 
synchronization signal for us~ by downstream components of receiver 
100. 

Select means 316, which receives the 1-bi~ output of Viterbi 
decoder 306 and the 6~bit output of trellis demapper 310 applied as 
inputs thereto, forwards all of these. 7 bits to its output. This output data 
along with a clock and a DOCB signal are supplied from select. means 316 
for use by downstream components of receiver 100. 

In accordance with ~e _principles of the present invention, there is 
· shown a block diagram of an embodiment of trellis demapper 310 that 

provides a minimal configuration of hardware capable of efficiently 
demapping each · of rate 3/4-16 QAM, rate 4/S-32 QAM, rate S/6-64 
QAM, rate 6n-128 QAM, rate 718-256 QAM and rate 2/3-8-PSK delayed 
received codes applied as an input thereto. As shown in FIGURE. 4, 
demapper . 310 comprises I-channel random access memory (RAM) 400, 
Q-channel RAM 402, remapper RAM 4M, .8-PSK demapper logic. ~cans·· 
406 and MUX selects 408. · 

The 2-bit · code from the output of _rate in convolutional encoder 
308 of ~GURB 3 is applied as a fust input to I-channel RAM 400~ Q­
channel RAM 402, remapper RAM· 404 and 8-PSK demapper logic means 
406. ~e 6 bits out of the 12-bit output of delay logic 312 of FIG~ 3 
which manifest the I component of the posi~o11 in the 1,Q plane of the 
received symbol are applied as a second input to I-channel RAM 400. The 
6· bits out of the 12-bit output of delay logic 312 which manifest the Q 
component of the position in the I,Q plane of the received symbol are 
applied as a second input to ~hannel RAM 402. Both the 6 bits out of 
the 12-bit output of delay loP.c _312 which manifest the I comp0'1ent and 
the 6 bits o~t of the 12-bit output of delay logiq 312 which manifest the Q 
component of the position in the 1,Q plane of the received symbol are 
respectively applied as se.cond and .third inputs to 8-PSK demapper logic 
means 406. · 

In addition, in accordance with that selected one of the various QAM 
· codes then being reeeived, each of I-channel RAM 400, Q-channel RAM 
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402 and remapper RAM 404 is preloaded during· an initialization phase 
with programmable, precomputed I and Q lookup tables from 
microcontroller interfa~e 204· applied as a control input thereto. No 
lookup tables are required by 8-PSK demapp.er logic means 406. Further~ 

a control input from microcontroller interface 204 is applied to MUX 
selects 408 for selecting (1) both the 3-bit· outputs of I-channel and Q­
channel RAMs 400 and 402, (2) the 5-bit output of remapper RAM 404 or 
(3) the 1-bit output of. 8-PSK remapper lo~c means 406. The 3-bit 
outputs of I-channel and Q-channel · RAMs 400 and 402 are also applied, 
respectively, as s_econd and ·third inputs to remapper RAM 404, while a 6-
bit output from MUX ·selects 408 is applied as an input to select 316 of 
FIGURB3. . . . 

The 6-bit I component defines 64 (26) different I values, while the 
6-bit Q component defines 64 (26) .different Q values. Together, they 
define the received symbol as occupying a certain single one of a set of 
4096 (212) data points in the l,Q plane. However, the largest constellation 
of transmitted symbols (i.e., 25.6 QAM) constitute a set of only 256 (28) 

symbols. For purposes of the present invention, this largest 256 QAM 
constellation, along with the smaller 16 (24) QAM ~d 64 (~6) QAM . 
constellations, which are . even powers of 2, constitute a first demapping 
category. The smaller 32 (25) QAM and _128 (27) QAM constellations, · 
which are· odd powers of 2, constitUte a second demapping category, while 
the 8-PSK · constellation by itself constitutes a third demapping category. 
Each of these three demapping categories are discussed below; in turn. 

The bit-to-symbol mapping for each of. the 16, 64 and 256 QAM 
constellations belonging to· the first category are . arranged in a square 
grid. Consider first the bit-to-symbol mapping for the 16 QAM 
con~tellation, shown below in Table 1 in both octal and binary 
representations. 

OCTAL BINARY OCTAL BINARY OCTAL BINARY OCTAL BINARY 
00 • 000-000 01 • 000-001 04 • 000-100 OS • 000-101 
02 • 00().()10 03 • 00().()11 06 • . 000-110 en • 000-111 
10 • 001.000 11 • 001-001 14 • 001-100 15 • 001-101 
12 • 001-010 13 • 001-011 16 • 001-110 17 • 001-111 

.TABLB1 

The two lowest significant digits, shown in bold type, of each binary 
representation of each constellation symbol, are determined by the 
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respective binary values of the 2-bit input to each of I-channel and Q­
channel RAMs 400 and ·402 from encoder 308. As indicated in Table 1. 
the two lowest binary significant digits of 00 value correspond with a 
lower octal significant digit of either 0 or 4; the two lowest binary 
significant digits of 01 value correspond with a lower octal significant 
digit of either 1 or 5; the two lowest binary significant digits of 10 value 
correspond with a lower octal significant digit of either 2 or 6, and the 
two lower binary significant digits of 11 value correspond with a lower 
octal significant digit of either 3 or 7. Further, 00 lowest binary significant 
digits (0 or 4 lower octal significant digit) occupy only cells on odd rows 
and odd columns of Table· 1;. 01 lowe~t binary significant. di~ts (1 or S 
lower octal significant digit) occupy only cells on odd rows. and even 
·columns of Table 1; 10 lowest binary significant digits (2 ·or 6 lower octal 
significant· digit) occupy only cells on even rows and odd columns of Table 
1, and 11 lowest binary significant digits (3 or 7 lower octat significant 
digit) _occupy only cells on odd rows and odd columns of Table 1. · 

In this manner,. the ·set of 16 ·symbols of the Table 1 constellation 
may be effectively divided into separate 00, 01, 10 and 11 subsets of 4 
symbols each, as· shown, respectively, in the following Tables 1-00, 1-01, 
1-10 and 1-lL 

Gray-code Gray-coc;lo 
Maooin2 Maooinsr 

O..l n.1 
• ()..() • ()..1 

.. 

• 1-0 • 1-1 

TABLB 1-00 

Gray-co do Gray-code 
Maooin2 Maooin2 

0-1 0-1 
• ()..() • 0-1 . . 1-0 • 1-1 

TABLB 1-01 
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Gray-code Gray-code 
Mannine Mannine 

0-I n.1 

• 0-0 .. 0-1 

• 1-0 1-1 
TABLB 1-10 

Gray-code Gray-code 
Mannine Maooin·2 

n.1 n:1 

• 0-0 • 0-1 

• 1-0 • 1-1 
TABLB 1-11 

In each cell of Tables 1-00, 1-01, 1-10 and 1-11, the binary value 
of each of the· Q and I bits is the same as the binary value of each of the 
lowest 2 significant bitS of the corresponding cell of Table 1 · shown in 
plain type (i.e. the 2 bits to ·the immediate left of the 2 bits shown ip bold 
type. in each cell of. Table 1). This results in the Q and I binary values of 
the 00, 01, 10 and 90 subsets shown in corresponding cells of respective 
Tables 1-00, 1-01, · 1-10 ~d 1-11 being the same as one another. Further, 
as indicated in. Tables 1-00, 1-01, 1-10 and 1-11, the bit.;.to-symbol 
mapping has been selected to directly provide a binary Gray cod~ 
mapping in which the respective I and Q components of each symbol in 
the I,Q plane remain independent of one an9ther. Thus, in the horizontal 
(i.e., I component) direction from left-to-right, the values· represented by 
the binary ·aray code· are O and 1 in each of Tables 1-00, 1-01, 1-10 and 
1-11. Similarly, in the vertical (i.e., Q component) direction from top-to­
bottom, the values represented by the binary Gray code are also 0 and 1 
in each of Tables 1-00, 1-01, 1-10 and 1-11. 

The .selected bit-to-symbol mapping for each of the 64 and 256 
QAM constellations of the fmt category (shown in octal representation in 
the following Tables 2 and. 3), is similar, in principle, to the selected bit­
to-symbol mapping for 16 QAM constellation d~cribed above. 

ocrAL OCI'AL OCI'AL ocrAL OCI'AL ocrAL ocrAL -ocrAL 
00 01 04 OS 14 ts 10 11 
02 03 06 07 16 17 12 13 

·- ;..;J 
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20 21 
22 23 
60 61 
62 63 
40 41 
42 43 

000 001 004 oos 
002 003 006 007 
040 041 044 045 
042 043 046 047 
140 141 144 145 
142 143 146 147 
100 101 104 105 

. 102 103 106 107 
300 301 304 305 
302 303 "306 307 
340 341 344 345 
342 343 346 347 
240 241 244 245 
242 243 246 245 
200 201 204 205 
202 203 206 207 

1 1 

24 2S _ 34 3S 
26 27 36 37 
64 . 6S 74 1S 
66 67 76 77 
44 4S S4 SS 
46 47 S6 S1 

TABLB2 

OCTALRBPRBENTATION 
014 015 010 011 030 031 034 035 
016 017 012 013 032 033 036 037 
054 055 050 051 070 071 074 075 
056 057 052 053 072 073 076 077 
154 155 150 151 170 171 174 175 
156 157 152 153 172 173 176 177 
114 tl5 110 111 130 131 134 135 
·116 117 112 113 132 133 .136 137 
314 315 310 311 330 331 334 335 
316 317 312 313 332 333 336 337· 
354 355 350 351 370 371 374 375 
356 357 352 353 372 373 376 377 
254 255 ·250 251 270 274 274 275 
256 257 252 253 272 273 276 277 
214 215 210 211 230 231 234 235 
216 217 212 213 232 233 236 237 

TABLB3 

...... 

30 31 
32 33 
70 71 
72 73 
so SI 
S2 53 

024 02S 020 021 
026 027 022 023 
064 06S 060 061 
066 067 062 063 
164 165 160 161 
166 167 -162 163 
124 125 120 121 
126 127 122 123 
324 325 320 321 
326 327 322 323 
364 365 360 361 
366 367 362 363 
264 265 260 261 
266 267 262 263 
224 225 220 221 
226 227 222 223 

Specifically, the octal representation shown in each cell of· Tables 2 
and 3 can be. converted to binary represe~tation, whereby (1) the 2 least 
significant bits of such converted binary representation of Table 2 
effectively divides the set of 64 symbols into separate 00, 01, 10 and 11 
subsets of 16 symbols each, and (2) the 2 least significant bits of such 
converted binary representation of Table 3 effectively divides ·the set of 
256 symbols into separate 00, 01, 10 and 11 subsets of 64 symbols each. 
In each cell of subsets 00, 01, 10 and 11 of the Table 2 set, the binary 
value of each of the Q and I bits is the same as the binary value of each of 
the 4 significant bits in binary representation of the corresponding cell of 
Table 2 which are imm.ediately higher than the 2 lowest significant bits in 
binary representation of that corresponding cell of Table 2. Similarly, in 
each cell of subsets 00, 01, 10 and: 11 of the Table 3 set,. the binary value 
of each of the Q and I bits is the same as the binary value of each of ~e 6 
significant bits in binary representation of the corresponding cell of Table 
3 which are immediately higher than the 2 lowest significant bits in 
binary representation of that corresponding cell of Table 3. This results in 
the Q and I binary values of the 00, 01, 10 and 00 subsets of each of the 
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Table 2 and 3 sets being the same as one another. Further, the bit-to­
symbol mapping in each of Tables 2 and 3 has been selected to directly 
provide a binary Gray code mapping in which the respective I and Q 
components of each symbol in the I,Q plane remain independent of one 
another. Thus, in the horizontal (i.e., I component) direction from left-to­
right, the values represented by the binary Gray code are 0, 1, 2 and 3 in 
each of the 00, 01, 10 and 00 subsets of the Table 2 set, and the values 
represented by the binary Gray code are 0, 1, 2, 3, 4, 5, 6 and 7 in each of 
the 00, 01, 10 and 00 subsets of th~ Table 3 set. Similarly, in the vertical 
(i.e., Q component) ·direction from top-to-bottom, the values. represented 
by the binary Gray code are 0, 1~ 2 and 3 in each of the 00, 01, 10 and 00 
subsets of the Table 2 set, and the values represented. by the binary Gray 
code are 0, 1, 2~ 3, 4, 5, 6 and 7 in each of the 00, 01, 10 and" 00 subsets of 
the Table 3 set. 

Returning ·to FIGURE 4, I-channel RAM 400 is initially preloaded by 
microcontroller interface 204 with a 1-bit lookup table in the 16. QAM 
(Table 1) case, with a 2-bit lookup table in the 64 QAM (Table 2) case, 
and with a 3-bit- lookup table in the 256 QAM (Table 3) case. Similarly, Q­
channel RAM 402 is initially preloaded. by microcontroller 204 with a 1-
bit lookup table in the 16 QAM (Table 1) case, with a 2-bit lookup table in 
the 64 QAM (Table 2) case, and with a 3-bit lookup table in the 256 QAM 
(Table. 3) ca~e. The lookup table of I-channel RAM 400, in response to 

· being addressed by the 6-bit I input from delay logic 312 and the 2-bit I 
input from convolutional encoder 308, reads out ~e binary 9ray _code I 
component of that column of constellation symbols which is closest in 
distance in the I (horizontal) direction to the · I component position of the 
delayed received symbol. Similarly, The lookup table of ~hannel RAM 
402, in response to being addressed by the 6-bit Q input from delay logic 
312 and the 2-bit I input from convolutional encoder 308, reads out the 
binary Gray code Q component of that row of constellation symbols which 
is closest in distance in the Q (vertical) direction to the Q compo~ent 
position of the delayed received· symbol. 

· In the. case of the first category (i.e., 16, 64 and 256 QAMs), MUX 
selects 408 is operated by th~ control input thereto from microco~tro.ller 
interface 204 to forward the respective lookup table readout outputs 
from I-channel RAM 400 and Q-channel RAM as an input to select 316 of 
FIGURE 3. It will be noted that the identity of the 00, 01, 10 and 11 
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subsets is lost in the readout outputs from I-channel RAM 400 and Q­
channel RAM forwarded through seleci 316 of FIGURE 3 to a downstream 

portion of the multi-channel receiver. However, as shown in FIGURE 3, the 

. 1-bit output of Viterbi decoder 306 is also forwarded through select 316 

of FIGURE 3_ to the downstream portion of the multi-channel receiver. 
Since the 2-bit output .of convolutional encoder 308 (whieh is used in 
trellis demapper 310 to define the 00, 01, 10 and 11 subsets) is derived 
from the 1-bit output of Viterbi decoder 306, the 00, 01, 10 and 11 
subsets may again be derived in the downstream portion from the 1-l?it 
output of Viterbi decoder forwardec;l thereto. 

The 32 (25) and 128 (27) QAM constellations belong to category 2. 
Categpry 2 constellations, because· they comprise an odd power of 2 
symbols, the 'symbols are arranged in a cross grid, rather than a square 
grid. Further, the bit-to-symbol mapping ·of category 2 cons~llation sets 
is not ·capable of directly providing binary Gray code mapping for the 90, 
01, 10 and 11 subse.ts thereof. Therefore, remapping of the bit-to-symb~l 

mapping of the 00, 01, 10 ·and 11 category 2 subsets is required to obtain 

the proper binary Gray code mapping of the symbols of each subset. 
In this regard, the following Table 4 shows, in octal representation, 

the bit-to-symbol mapping of the cross-grid arrangement for the 32 QAM 

constellation set and· Tables 4-00, 4-01, 4-10 and 4-11 $how, 
respectively, the different remapping of each of the 00; 01, 10 and 11 
subsets of the 32 QAM constellation set. Similarly; the following Table 5 . . . 
shows, in octal representation, the bit-to-symbol mapping of the cross-
grid -arrangement for the 128 QAM constellation set and Table Sa shows 

. the common remapPing of each of the 00, 01, 10 and 11 subsets. of the 
128 QAM constellation set. 

ocrAL· OCTAL OCTAL OCTAL OCTAL· ocrAL 
30 21 20 31 

17 26 07 06 27 16 
11 34 01 00 35 10 
13 36 03 01 37 12 
IS 24 OS 04 25 14 

32 23 22 33 
TABLB4 
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Binarv Binarv Binarv Binarv Binarv Binarv 
1100 1101 1111 --+ 110 100 010 
0100 0101 0111 --+ 111 000 010 
0000 0001 0011 --+ 101 001 011 

TABLB4-00 

Binarv · Binarv Binarv Binarv Binarv Binarv 
1100 1101 1111 --+ 100 100 110 
0100 0101 0111 --+ 010 000 111 
0000 0001 .0011 --+ 011 001 101 

TABLB4-01 

Binarv Binarv · Binarv Binarv Binarv Binarv 
1100 1101 1111 --+ 10.1 001 011 
0100. 0101 0111 --+. 111 000 010 
0000 0001 0011 --+ 110. 100 010 

TABLB4-10 

Binarv Binarv Binarv Binarv Binarv Binarv 
1100 1101 1111 --+ 011· 001 101 
0100 0101 0111 --+ 010 000 111 
0000 OOOJ 0011 --+ 100 100 110 

TABLB4-11 

octal octal octal octal octal octal octal octal octal octal octal octal I 
114 115 104 105 124 125 120 121 
116 117 106 . 107 126 127 122 . 123 

. 100 101 ooo· 001" 004 oos 024 025 020 021 134 135 
102 103 002 003 006 007 026 027 022 023 136 137 
110 111 010 011 014 015 034 035 030 031 130 131 
112 113 012 013 016 017 036 037 032 033 132 133 
150 151 050 OSI . 054 OS5 074 075 010· 071 · 170 171 
152 153 052 053 OS6 057 076 077 072 073 172 173 
154 155 040 041 044 045 064 065 060 "061 160 161 

. 156 1S7 042 043 046 047 066 067 062 063 162 163 
140 141 144 145 164 165 174 175 
142 143 146 147 166 167 176 .177 

TABLB5 
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70 71 73 72 76 
60 61 63 62 66 
20 21 23 22 26 
30 31 33 32 36 
10 11 13 12 16 
00 01 03 02 06 
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OCTAL REPRESENTATION 
77 
67 
27 
37 
17 
07 

~ 

~ 

~ 

~ 

~ 

~ 

23 
20 
22 
32 
33 
33 

TABLE Sa 

23 
00 
02 
12 
10 
30 

21 2s- 24 27 
01 OS 04 27 
03 07 06 26 
13 17 16 36 
11 ts 14 34 
31 35 37 37 

In Tables 4 and 5 (as in Tables 1, 2 and .3) cells in which the •east 
significant digit of the octal representation is a 0 or a 4 belong to the 00 
subset; cells in which the least ·significant digit of the octai representation 
is a 1 or a S belong to the Ql subset; cells in which the least significant 
digit of the octal representation is a 2 or a 6 belong to the 10 subset, and 
cells in which ~e least significant digit of the octal . representation is a 3 
or a 7 belong to the 11 subset. If the octal representation of each cell of 
Tables 4 and S is converted to binary representation, those binazy 
significant bits higher than· the two lowest binary significant bits 
constitute the output of remapper RA~ 404. 

Remapper RAM 404 is initially preloaded by microcontroller 
interface 204 with a 3-bit lookup table in the 32 QAM (Table 4) case," and 
with a 5-bit lookup table in the 128 Q~ (Table 5) case. Iil the 32 QAM 
case, the rei:papper lookup table is readout in response to a 2-bit output 
from I-channel RAM 400 applied as a first input thereto, a 2-bit output 
from Q-channel RAM 402 applied as a second input thereto, and the 2-bit 
output from convolutional encoder 30~ applied as a third input thereto. 
In the 128 QAM case, the remapper lookup table is readout hi response to 
a 3-bit output from. I-channel RAM 400 applied as a first input thereto 
and a 3-bit output from Q-channel RAM 402 applied as a second input 

- thereto. 
The respective binary values of the 2-bit output from the lookup 

table of each of I-channel RAM 400 and· Q-channel RAM 402 for each of 
the oo; 01, 10 and 11 subsets of the set of the 32 QAM constellation is 
limited to only 3 certain ones of the 4 possible binary values that 2 bits 
may assume. Specificaµy, as shown in ~e left portion of each of Tables 4-
00, 4-01, ~10 and 4-11, the respective 2-bit outputs from RAMs 400 and 
402 provide a 4 binary bit bit-to-sy~bol mapping of a certajn 9 symbol 
portion of a possible _16 symbol constellation for each of the 00, 01, 10 
and 11 subsets, with the two least significant bits of the 4 binary bits of 
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each cell of each subset being the 2-bit I component from RAM 400 and 

the the two most significant bits of the 4 binary bits being the 2-bit Q 
component from R,AM 402. As shown in the left portion of each of Tables 

4-00, 4-0 l, 4-10 ~~d 4-11, the 4 binary bit bit-to-symbol mapping for 

each of subsets O~. 01~ 10 and 11 is ·the same as one another. Remapper 

404 remaps the 4 binary bit bit-to-symbol mapping for each of these 

subsets 00, Ol, 10 and 11 into a different 3 ·binary bit bit-to-symbol 

mapping for each of these 4 subsets, as shown, respectively, in the tjght 

portion of each of Tables 4-00, 4-01, 4-10 and 4-11. A different 3 binary 

bit bit-to-symbol remapping for each of these 4 subsets is required . 

because the respective shapes of the 8 cells of the 32 QAM symbol 

constellation set (shown in Table 4) making up each of these 4 subsets is 

non-symmetric with respect to one another. Further, because the 3 binary. 

bit bit-to-symbol mapping for each of these 4 sul;>sets shown, 

respectively, in the right portion of each of Tables 4-00, 4-01, 4-10 and 

4-11 comprises ·9 cells, rather than the proper 8 cells, it is necessary to 

duplicate the 3 bfoary bit bit-to-symbol mapping in one pair of . 2 

adjacent cells of th~ 9 cells of each of the 4 subsets, which pair of 2 . 

·.adjacent cells occupy a single comer of each of Tables 4-00, 4-01, 4-10 

and 4-11. The loss in perf~rmance due to this duplication is considered to 

be negligible. . · 
In the case of the 128 QAM co:nstellation set; the respective binary 

values of the 3-bit output from the lookup table of each of I-channel RAM 

400 and Q-channel RAM 402 for each of the 00, 01, 10· and 11 subsets 

thereof is ·limited to. that part of 6 binary bit bit-to-symbol .mapping 

which comprises the 36 symbols shown in octal representation in the· left 

portion of each of Table Sa. Remapper RAM 404 remaps the 36 symbols 

shown in octal representation. in the left portion of each of Table Sa into 

the 36 symbols . shown in octai ·representation in the right porti~n of each 

of Table.Sa for each of .the 00, 01, 10 .and 11 subsets of the 128 QAM 

~onstellation set. ·'file same bit-to-symbol remapping may be employed 

for each of these 4 subsets because the respective shapes of the 32 cells 

of the 128 Q~ symbol constellation set (shown in Table S) making up 

each of these 4 subsets is symmetric with respect to one another. Further, 

because the bit-to-symtiol mapping for each of these 4 subsets shown in 

the right portion of each of Table Sa comprises 36 cells, rather than the 

proper 32 cells, it is necessary to duplicate the 3 binary bit bit-to-symbol 

• 
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mapping in four pairs of 2 adjacent cells of the 36 cells, in which each of 

th.e 4 pairs of 2 adjacent cells occupy a different one of the 4 corners of 

Table Sa. Again, ·the loss in pe~ormance due to this duplication is 

considered to be negligible. 
Referring now to FIGURE S, there is. shown · a 3 binary bit bit-to­

symbOl mapping for .trellis coded 8-PSK in the I, Q plane. As indicated, the 

symbols are symmetrically distributed about the 1-Q origin, with each of · 

the symbols being angularly offset by either 22.5° or 67 .S0 with respect 

to the I axis. The bit-tO:symbol mapping is such that the two least 

significant binary digits divide the 8-PSK set of symbols into 00, 01, 10 

and 11 su~sets, in which each subset inclUdes 2 symbols. The binary 

value of. th~ most significant of the 3 bits is used to differentiate between 

the 2 symbols in each of the 4 subsets. Specifically, the binary· value of 

the most significant . of the 3 bits in the upper (i.e., first and second) 

quadrants of ~e l,Q plane is "O" and he binary value of the most 

signi~can~ of the 3 bits in the lower (i.e., third and fourth) quadrants of 

the I,Q 'plane is 11 l ". 
· Returiling to· FIGURE 4, 8-PS.K demapp~r logic means 406 does not 

use a lookup table directly to. make the 4ecision as to w~ch of the 2 

. symbols (I1Q1) and (12Q2) in that one of the 00, 01, 10 and 11 subsets 

selected by the 2-bit input from convolutional encoder 308 to S-PSK 

demapper logic means 406 ~s closer to the data poiiit (I, Q ) of the 

received symbol determined by the 6-bit I and 6-bit Q inputs from delay 

logic 312 to 8-PSK demapper logic means 406. The only o~ration that 

needs ·to be performed in order to make this decision can be decided by 

making the following logical comparison by 8-PSK demapper logic means 
406: . 

IF I x It < Q x Q1, ~en Output=l; 
BLSB Outpub=O. 

This comparison can be hilplemented using either lookup tables to 

perform the multiplications or an explicit multipll~tion can be 

performed~ For the offset 8-PSK constellation shown in FIGURE 5, the 

multiplication values are all sines and cosines of 22.5°. This redu~es to 

products by 10sin22.S0 ::=4. (to one significant figure) a_nd 10cos22 5°=9 (to 

one significant figure). Sinee both I and Q are· multiplied by the sine and 
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cosine factor, ~ multiplication by 10 makes no change in the comparison 
results. A binary multiplication by 9 requires a shift operation (no 
additional hardware) and an adder. A binary multiplication by 4 is a 
simple shift oper~tion and requires no extra hardware. Based on the 
c~~parison, the proper one of the two constellation ~ymbols of the 

. selected subset can be chosen. Further, it has been. found that the losses 
due to the roundoff (i.e. ~ot using the exact sine ~d cosine values) is 
negligible, since the decision regions are altered by only 4° in th.e worst 
case. This small difference makes very little difference in the error 
performance (<~O-~ symbol error probabilities) in all regions of interest. A 
table of multiplications and shifts for eac~ subset is detailed in the 
following Table 6~ 

PRODucr SUBSBTOO SUBSBTOl SUBSEI' 10 . SUBSBT 11 
11 +9 +4 -9· +4 
01 -4 .9 .4 -9 

TABLB6 

The· storage requj.rements for the embodiment of the trellis 
demapper of the present invention shown in FIGURE 4 are minimal. !­
channel and Q-channel RAMs 400 ·.and 402 together need store oµly 
2x256x3=1,536 bits for all the different above-described modulation 
sch~mes. This is tr:ue because the I and Q components remain 
ind~pendent throughout the operation of each of RAMs 400 and 402. 
Utilizing conventional trellis demapping techniques, in which the I and Q 
components do not remain independent throughout, a re~d only memory 
(ROM) having a storage capacity of about 8,000 bits would be required for 
all the different above-described modulation schemes. For the above­
described 32 and 128 QAM modulation schemes, an additional 64x5=320 
bits of RAM is required by remappe.r RAM 404 of FIGURE 4. Therefore, 
the total storage requirements for the embodiment of· the trellis 
demapper of the _present invention sho~ in FIGURE 4 is . 
1 ,536+320=1,856 bits. 

It is apparent. that the trellis demapper for a convolutional decoder 
of the present invention may b_e gener~zed to a first case in which the 
largest QAM constellation trellis code which is an even power of 2 
includes 22y symbols arranged in a square grid, where y is a positive 
integer having a. ·value of at least 2, and a second case in which the QAM 
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constellation trellis code in which the largest QAM constellation trellis 
code which is an odd power of 2 includes 2z symbols arranged in a cross 
grid, where z is an odd positive integer having a value of at least 5. The 
~rst case includes both the 16, 64 and 256 Q~M constellation trellis codes 
described above and any QAM constellation trellis code larger than 256 
(i.e., where y has a value larger than 4). The ·second cas~ includes both the 
32 and 128 QAM constellation trellis codes described above and any QAM 
constellation trellis code larger than 128, (i.e., where z is an odd positive 
integer ·having a value larger than 7). In the first case, where the symbols 
are arranged in a square grid, a value of y larger than 4 does not result in 
any loss in performance. However, in the second case, where the symbols 
are arranged in a cross grid, a value of z larger than 7 does result in some 
ioss in performance because remapping requires duplication of the bits 
mapping the comer cells of the const~llation subset remapped ~rid of 
cells (e.g., 2x2=4 duplications at each of _the 4 comers of the 12x12 grid 
for a 128 (27) remapped symbol subset .of a 512 (29) symbol constellation 
or 4x4=16 duplications at each of· the 4 comers of the 24x24 grid for a 
512 (29) remapped symbol subset of a 2,048 (211) symbol constellation, 

. . 
by way of· examples). 

Gene~alizing further,. the number of different I component values 
and the number of different Q component values of received symbols that 
may be applied, respectively, as _inputs to I-channel RA~ 400, Q-channel 
RAM 402 and 8-PSK de~apper iogic means 406 is each a positive integer 
2x, where x>y and x>z/2. 

Although I-channel RAM 400, Q-channel RAM 402 and remapper 
RAM 404 are shown as separate items in FIGURE 4,_ it should be 
understand that. in practice, any two · or all three of these RAMs ·can be 
combined in a single physical device. 

.· 
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* C L M S * CLAIMS: 

1. In a convolutional , ~ecoder of a plurality of ·pragmatic trellis ·codes 

each of which is defined · by a series of convplutiori.ally-encoded symbol 

packets applied as in-phase (I) and quadrature-phase (Q) digital input 

signals thereto; wherein said pluratity of pragmatic trellis codes comprise 

a distinct code for . each constellation set of symbols in the l,Q plane that 

inclu4es an even power of 2 number of symbols arranged in a square­

grid. bit-to-symbol· mapping, with the largest Qf said square-grid symbol 

constellations including 22y symbols, where y is a f'U'St positive integer 

having a given value of at least 2; and whe~ein said convolutional decoder 

in~luc:tes a trellis demapper for demapping each of said plurality of 

pragmatic trellis codes; the improvement wherein (1) the bit-to-symbol 

mapping of said square grid of each constellation set is such that alternate 

cells of odd rows of said square grid define a first subset of symbols, the 

remaining cells ·of odd rows of said square 'grid define a second subset of 

symbols, alternate cells of even rows of said square grid define a third 

subset of ·symbols, and the remaining cells of ·even rows o~ said square 

grid define a f~urth subset of sy1n:bols, and (2) said trellis demapper 

comprises: . 
an I-channel random access memory (RAM) having an effective 

depth of 2Cx+2) storage locations, where x is a· second positive integer 

having a given value larger ·than said fU'St positive integer, each storage 

location having an effective width at least sufficient to store an entry of 

·an I-defining lookup table of y-bits; 
. a Q-channel RAM having an effective depth of 2Cx+2) storage 

locations, each storage location having an effecUve width at· least 

sufficient to. store an entry of a Q-defining ~ookup table of y-bits; 

iust means for applying a f'U'St x-bit input to said I-channel RAM to 

define the value . of said in-phase (I) digital input signal and for applying 

a: second :it-bit input to said Q-channel RAM to defin~ the value of said 

quadrature (Q) digital input signal; 
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second means for _applying a 2-bit input to both said I-channel RAM 

and said Q-channel RAM to -define a selected one of said four subsets in 
accordance ~ith the binary value of said applied 2-bit input; 

third .means for preloading said lookup table of said I-channel RAM 
in accordance with a selected one "of said constellation sets of symbols 
such that the bits mapping the I component of that symbol of the selected 
one of said four subsets of said selected one of said constellation sets 
which is closest in value to the value defined by the in-phase (1) digital 
input signal to said I-channel RAM. ig read out as the output of said 1-
channel RAM; and 

fourth means for preloadiilg said lookup table of said Q-channel 
RAM in accordance with a selected one of said constellaUon sets of 
·symbols such that the bits mapping the Q component of that symbol of 
the selected Qne of said four subsets of said selected one of said 
constellation sets which is closest in value to the value. defined by the 
quadrature (Q) digi~al input signal to said Q-channel RAM is read out as 
the output of said Q-channel RAM. 

2. The convolutional decoder defined in Claim 1, wherein: 
.s~d bit-to-symbol mapping of said square grid of each constellation 

set is such that said third means employs binary Gray-coded bits to bit 
·map said preloaded lookup table of said I-channel RAM, and said f~urth 
means employs Gray-coded binary bit& to bit map said preloaded lookup 
table. of said Q-channel RAM. 

~. The convolutional decoder defined in Claini 2, wherein: 
said constellation sets of symbols in the ~Q plane that include a 

different even power of 2 number of symbols arranged in a square grid 
include a 16 symbol QAM constellation, a 64 symbol QAM constellation 
and a 256 symbol QAM constellation; 

the value of y is 3; and 
the value of x is 6. 
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4. The convolutional decoder defined in Claim 1. wherein: 
said plurality of pragmatic trellis codes also comprise a distinct code 

for each constellation set of symbols in the I,Q plane that includes. a~ odd 

power of 2 number of symbols arranged in a cross-grid bit-to-symbol 

mapping, with the largest of said cross-grid symbol constellations 

including. 2z symbols, where z is a third positive integer having a given 

value of at least S such that the value x of said second positive integer is 

larger than the value of z/2, and the bit-to-symbol mapping of said cross 

grid o~ each constellation set being such that alternate cells of odd rows of 

said cross grid defme a first subset of symbols, the remaining cells of odd 

rows of said cross grid define a second subset of sym)>ols, alternate cells 

of even rows of said cross grid define a third subset of symbols, and the 

remaining cells of even rows of. said cross grid define a fourth subset of 

symbols; and wherein: 
said lookup table of said 1-ch~el RAM when preloaded by said 

third means in accordance with said selected one of said constellation sets 

being ·an odd power of 2 symbols (1) provides the same bit-to-symbol 

mapping for the I component of each of said 4 subsets and (2) this bit.;.to­

symbol ~apping comprises a given number of columns of a square grid in 

.· ·' which the given number of columns is ·the maximum number of columns 

in a single one of the four subsets of the ·cross-grid . of the _selected one of 

said constellation sets of an odd power of 2 symbols; 
said lookup table of· said ·Q-channel RAM when preloaded by said 

fourth means in. accordance with said selected one of said constellation 
. . 

sets being an odd power of 2 symbols (1) provides the same bit-to-

symbol mapping for the Q component of each of said 4 subsets and (2) 

thi$ bit-to-symbol mapping comprises a given number of rows of a 

square grid in which the given number of rows i~ ~e maximum number 

of rows in a. single one of the four subsets of the cross-grid_ of the selected 

.one of said constellation sets of an odd power of 2 symbols; and 

said trellis demapper further comprises (1) a remapper RAM 

responsive to said 2-bit input, said output of said I-channel RAM· and said 

output of said Q-cbannel RAM being applied as resp_ective inputs thereto 

for remapping the bit-to-symbol mapping of the square grid of symbols 

defined by both· said I component present at the output of said I-channel 

RAM and said Q component present at the output of said Q-channel RAM 

into a square-grid bit-to-symbol mapping at the output of said remapper 
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which remapper output squar~ grid includes both those given symbol 
cells making up any one of said 4 subsets and at least one additional 
symbol cell locate~ at least o~e comer of said remapper output square 
grid, the bits mapping_ sai<;l one additional symbol cell being a duplicate of 

the bits mapping a given symbol cell that is contigu~usly-located with 
respect to said one comer of said square grid; and (2) select means (a) 
responsive to said selected one of said· constellation sets being an odd 
power of 2 symbols for forwarding said output of s~id remapper RAM as 
the output of said trellis demapper and (b) responsive to said selected 
one of said constellation sets being an even power of 2 symbols for 
directly forwarding said respective outputs of said I-channel RAM and 
said Q-channel RAM as the output of said trellis demapper. 

5. The convolutional decoder clenned in Claim 4, wherein: 
said plurality of constellation setS of symbols includes a certain 

constellation set of an odd power .of -2 number of symbols equal to 5; 
the output from said ·I-channel RAM consists of 2 bits that are 

limited to expressing only 3 of 4 possible binary values in which these 3 
l?inary values define the 3 c_olumns of a 3x3 square grid; 

the oulput from s~d Q-cbannel RAM consists of 2 bits that are 
limited to expressing ·only 3 of 4 possible binary values in which these 3 
~inary values define the 3 rows of said 3x3 square grid; 

whereby there is derived a non-symmetrical 8-symbol subset 
situated within a 3x3 square-grid having a different bit-to-symbol 
mapping for each one of said 4 subsets at the output of said remapper, in 
which the duplicate bits map a single additional symbol cell . for each 
separate one of said 4 s~bsets, and the single additional symbol cell is 
located at· a different one of the 4 comers of the individual 3x3 square 

grids corresponding, respectively, to each separate one of said 4 subsets. 

6. The convolutional decoder defmed in Claim 4, wherein: 
said plurality of constellation sets of symbols includes a certain 

constellation set of a given odd power of 2 number of symbols larger than 
5, whereby the symbols of each of the four subsetS of said certain 
constellation set of a given odd power of 2 number of symbols larger than 

. · 5 are arranged in a cross grid; 
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the output from said I-channel RAM consists of a group of at least 3 
bits, wherein the number of binary values expressed by said group of bits 
is limited to expressing the number k of columns in the cross grid of any 
one 4 subsets, ·where. k is a fourth positive integ~r; 

the output fro~ said Q-channel RAM consists ·of a group of a~ least 3 
bits, wherein the number of binary values expressed. by said group of bits 
is li~iied to expressing the number ·k of rows in the cross grid of any one 
4 subsets; 

whereby there is derived a symmetrical cross-grid symbol subset 
s~tuated within a kxk. square-gnd having the same bit-to-symbol 
mapping for each one of said 4 subsets at the output of said remapper, in 
·which the duplicate bits map at. leas.t one additional symbol cell located at 
each of the 4 comers of the kxk square grid for each of said 4 ·subsets. 

7. The convolutional decoder defined in Claim 4, wherein: 
said bit-to-symbol mapping appearing. at each of the outputs of said 

of said I-c~annel RAM, said Q-channel RAM, and said remapper RAM 
consists of binary Gray-coded bits. · 

8. '.The convolutional decoder defined in Claim 7, wherein: 
said constellation sets of symbols in the· l,Q plane that include a 

different even power of 2 number of symbols arranged in a square grid 
include a 16 symbol QAM constellation, a 64 symbol QAM constellation 
and a 256 symbol QAM constellation;. 

said constellation sets of symbols _in the l,Q plane that include a 
different odd power of 2 number of symbols arranged in a cross grid 
include a 32 symbol QAM constellation and a 128 symbol QAM 
constellation; 

the value of y is. 3; 
the· value of z is 7; and 
the value of x is 6. 

. . ' 
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9. · The convolutional decoder defined in Claim 8, wherein: 
said plurality of pragmatic trellis codes also comprise a distinct code 

"for an 8-PSK constellation set of 8 symbols in the 1,Q plane in which said 
8 symbols are radially distributed symmetrically about · the origin of said 
l,Q plane with each of said 8 symbols being angularly offset by 
substantially 22.5° with respect to an uis ot said I,Q plane, and said 8-
PSK constellation set of 8 symbols has a 3-bit bit-to-symbol mapping such 
that said 8-PSK constellation set is divided into 4 subsets of 2 symbols . 
each in accordance with the binary value expressed by the 2 least 
significant bits of said 3 bits, and the 2 symbols of each of these 4 subsets 
are differentiated from one another in accordance with the . binary value 

expressed by the 1 highest. significant bit of said 3 bits; 
said trellis demapper f~er comprises an 8-PSK demapper logic 

means responsive ~o (1) said first x-bit input being applied as a fir.st 
.input thereto to de.fine the . value of said in-phase (I) 

digital input signal, (2) said second x-bit. input b~ing applied as a second 
input thereto to defi~e the value of said quadrature (Q) digital input 
signal, and (3) said 2-bit input ·being· applied aS a third input thereto to 

select one of said 4 subsets of said 8-PSK constellation set in accordance 
with the binary value expressed by said 2-bit input being applied, and in 
response to said first.. second and ttilid inputs thereto said 8-PSK 
demapper logic mean~ derives a 1-bit ·output therefrom that expresses 

the binary value of said 1 highest signific.ant bit o~ said 3 bits of said bit­
to-symbol mapping which is indicative of that one of the 2 symbols of 
said selected one of said 4 subsets of said 8-PSK constellation that is 
closest in (l+Q) .distance to the position of a. symbol in said 1,Q plane 
def"med by the respective values of ·the in-phase (I) digital input signal 
applied as a first input thereto and the quadrature (Q) digital input .signal 

applied as a secon~ input thereto.; and 
said select means being also resp0nsive to a selection of said 8-PSK 

constellation set forwarding said 1-bit output from said 8-PSK demapper 
logic means as the output of said trellis demapper. 
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10. The convolutional decoder defined in Claim 9,. wherein: 

the bit-to-symbol mapping of the 8 symbols of the 8-PSK 
constellation ~et is such that a symbol in the first quadrant of the I,Q 
plane oriented· at substantially 22.5° with respect to the I axis is mapped 
with the binary value 000, a symbol in the first quadrant of the I,Q plane 
oriented at substantially 22.5° with respect ~o the Q axis is mapped with 
the binary value 001, a symbol in the second quadrant of the l,Q plane 
oriented at substantially 22.5° with respect to the I axis is mapped with 
the binary value 010, . a symbol in the second_ quadrant of the l,Q plane 
oriented at substantially 22.5° with respect to the Q axis is 
mapped with the binary value 011, a symbol in the third quadrant "of the 
1,Q plane oriented at substan~ally 22.5° with respect to the I axis is 
mapped with the binary yalue 100, a symbol in the third quadrant of.. the 
I,Q plane oriented at substantially 22.5° ·with respect to the Q axjs is 
mapped with the b.iiiary value 101, a symbol in the fourth quadrant of 
the 1,Q plane oriented at substantially· 22.5° with respect to the I axis is 
mapped with the binary value 110, and a symbol in the fourth quadrant 
of the l,Q plane oriented at substantially 22.5° with respect to the Q axis 
is mapped with . the b~ary value 111; and 

said 8-PSK demapper logic means including means for deriving a . . . 
_binary value of "1" for said 1-bit output ·therefrom only if ~e, product of 
the numerical value of said in-phase (i) digital input signal times the 
numerical value of It is less than the product· of the numerical value· of 
said quadrature (Q) digital. input signal times th~ numerical value of Q2, 
where the numerical value of It is 9 for subset 00, 4 for subset 01, -9 for 
subset 10 and -4 for subset 11, and the numerical value of Q1 is -4 for 
subset 00, -9 for subset 01, -4 for subset 10 and -9 for subset 11 . 

. 11. The convolutional decoder <iefined in Claim 10, wherein: 
said c;onvolutional decoder is a component of a multi-channel 

receiver. 

12. The convolutional decoder defined in Claim 11, wherein: 
said multi-channel receiver is a digital television receiver for 

receiving forw~d-ei:ror-corrected compressed~digital television data 
transmitted thereto. 
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13. In a convolutional decoder of a plurality of pragmatic trellis codes 

each of which is defined by a series of convolutionally-encoded symbol 

packets applied as in-phase (I) and quadrature-phase (Q) digital input . 

signals thereto; wherein said plurality · of pragmatic trellis codes comprise 

a distinct code for each constellation set of symbols in the l,Q plane that 

includes an odd power of 2 number of symbols arranged in a cross-grid 

bit-to-symbol mapping, with the largest of said cross-grid symbol 

constellations including 2z symbols, where z is a first positive integer · 

having a given value of. at least S; and wherein said convolutional decoder 

includes a trellis· demapper for demappi~g each of said plurality of 

pragmatic trellis codes; the improvement wh~rein (1) the bit-to-symbol 

mapping of said cross grid of each constellation set is such that alternate 

cells of odd rows of said cross· grid define a first subset of symbols, the 

re~ning cells o~ odd rows of said cross grid define a second subset of 

symbols, alternate cells of even· rows of said cross grid define a third 

subset of sy:i;nbols, and the remaining cells. of even rows of said cross grid 

define a fourth subset of symbols, and (2) said trellis demapper 

comprises: 
an I-channel random access memory (RAM) having an effective 

depth of 2<x+2) storage_ l~cations, wh~re· x is a s~cond positive .. integer 

having a given value larger than one-half said· first positive ·integer, each 

storage location having an effective width at least sufficient to store an 

entry of an I-defining lookup table of b-bits, where b=z/2+ 1/2; 

a Q-channel RAM having ~ effective depth of 2Cx+2) ~torage 

locations, each storage location having an effective width at least 

sufficient to store an entry of a Q-defining lookup table of b-bits; 
first melll:ls for applying a f"ust x-bit input to said I-channel RAM to 

define the value of said in-phase (I) digital input signal and for applying 

.. • second x-bit input to said Q-c~el RAM to define the value of said 
·quadrature (Q) digital input signal; 

second means for applying a 2-~it input to both said I-cha~el RAM 

and said Q-channel RAM to define a selected one of said four subsets in 

accordance with the binary valu~ of said applied 2-bit input; 

third means for preloading said lookup table of said I-channel RAM 

in accordance with a selected one of said constellation sets of an odd 

power of 2 symbols such that the bits mapping the I component of that 

symbol of the selected one of said four subsets of said selected. one of said 
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co.nstellation sets which is closest in value to the value defined by the in­

phase (1) digital input signal to said !;.channel RAM is read out as the 

output of said I-channel RAM to ( 1) provide the same bit-to-symbol 

mapping for the I component· of each of said 4 subsets and (2) this bit-to­

symbol mapping comprises a given number of columns of a· square grid in 

which the given number of columns is the maximum number of columns 

in a single one of the four subsets of the cross-grid of the selected one of 

said constellation sets of an odd pow~r of 2 symbols; 
fourth means for preloading said lookup table of said Q-channel 

RAM in accordance with a selected one of said constellation sets of an odd 

power of 2 symbols such . that the bits mapping the Q component· of that 

symbol of the selected one of said four subsetS of said selected one of ~ai4 

constellation sets which is closest . in value to the valll.e defined by the 

quadrature (Q) digital input signal to said Q-channel ~ is read out a~ 

the output of said Q-channel ~ to (1) provide the same bit-to-symbol 

mapping for the Q component of each of said 4 su~sets and (2) this bit-to­

symbol mapping comprises a given number of rows of a square grid in 

which the given number ()f rows is the maximum number of rows in a 

single one of the four subsets of the cross-grid of the selected one of said 

constellation sets of an odd power of 2 symbols; and 

a remapper RAM responsive to sai4 2-bit inp1:1t, said. output of said 

I-channel RAM _and said output of said Q-channel RAM being applied as 

respective inputs thereto for remapping the bit-to-symbol mapping of the 

square grid of symbols defined by both said I component pr~sent at the · 

output of said I-channel RAM and said· Q component present at the output 

of said Q-channel RAM into a square-grid bit-to-symbol mapping at the 

output of said remapper which remapper output square grid includes 

both those given symbol cells making. up any one of said 4 su:t>sets and at 

least one additional symbol cell: located at at least one comer of said 

remapper output square grid, the · bits mapping said one additional 

symbol cell being a duplicate of the bits mapping a given symbol cell that 

is contiguously-located with respect to said one comer of said square grid. 
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14. The convolutional decoder defined in Claim 13. wherein: 
said plurality of constellation sets of symbols includes a certain 

constellation set of an odd power of 2 number of symbols equal to 5; 
the output from said I-channel RAM consists of 2 bits that are 

limited to expressing only 3 of 4 possible binary values in which these 3 
binary values define the 3 columns of a 3x3 square grid; 

the output from said Q-channel ~ consists of 2 bits that are 
limited to expressing only 3 of 4 possible binary values in which these 3 
binary values define the 3 rows ~f said 3x3 square grid; 

whereby there is derived a non-symmetrical 8-symbol subset 
situated within a 3x3 square-grid having a different" bit-to-symboi 
mapping for each one of said 4 subsets . at the output of said remapper, in 
which the duplicate bits map a single additional symbol cell for each . 
separate one of said 4 subsets, and the single additional symbol cell is 
located at a different one of the 4 comers of the individual 3x3 square 
grids corresponding, respectively, to each separate one of said 4 suJ>sets. 

15. The convolutional decoder defined in Claim 13, wherein: 
said pluralio/ · of constellation sets of symbols includes a certain 

constellation set of a given odd power of 2 number of symbols larger than 
5, whereby the symbois of each of :the four subsets of said certain 
constellation set of a given odd power of · 2 number of symbols larger. than · 
5 are arranged in a cross grid; 

the output t):om: said I-channel RAM consists of a group of at least 3 
bits, wherein the number of binary values expressed by said group of bits 
is limited to expressing the number k of columns in the cross grid of any 
one 4 subsets, where k is a fourth positive integer; 

. the output from said Q-channel RAM consists of a group of at least 3 
bits, wherein the number of binl.ry values expressed by said group of bits 
is limited to expressing the number k of rows in the cross grid of any one 
4 subsets; 

whereby there is derived a symmetrical cross-grid symbol subset 
situated within a kxk square-grid having the same bit-to-symbol 
mapping for each one of said 4 subsets at the .output of said remapper, in 
which the duplicate bits map at· least one additional symbol cell located at 
eacb of the 4 comers of the lat square grid for each o( said 4 subsets. 
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16. The convolutional decoder defined in Claim 1):. wherein: 
said bit-to-symbol mapping ~ppearing at each of the outputs of said 

of said I-channel RAM. said Q-channel RAM, and said remapper RAM 
consists of binary Gray-coded bits. 

1 7. The convolutional decoder defined in Claim 16, wherein: 
said constellation sets of symbols in the l,Q plane that include a 

different odd power of 2 number of symbols arranged in a cross grid 
include a 32 symbol QAM constellation and a 128 symbol QAM 
constellation; 

the value of z is 7; and 
. the value of x is 6. 

18. The convolutional decoder defined in Claim 17, wherein: 

said plurality of pragmatic trellis codes ~so comprise a dis~nct code 

for an 8-PSK constellation set of 8 symbols in the l,Q plane in which said 
8 symbols are radially distributed symmetrically about the origin of said 
I,Q ·plane with each of said 8 symbols being angularly offset by 

substanlially ~2.5° wi~ respect to an axis of said l,Q plan~. an4 said 8-
PSK constellation -set of 8 symbols has a 3-bit . bit-to-sy~bol mapping such 
that said 8-PSK constellation set is divided· into 4 subsets of 2 symbols 

each in accordance with . the binary value expressed by the 2 least 
significant bits· of said 3 bits, and the 2 symbols of each of these 4 

subsets are differentiated from one another in accordance with the binary 

value· expressed by the 1 highest significant bit of said 3 bits; 
· said trellis demapper further comprises an 8-PSK demapper logic 

means responsive to (1) said first x-bit input being applied as a first 
input thereto to defme the value of said in-phase (I) digital input signal, 
(2) said second x-bit input being applied as a second input thereto to 
define · the value of said quadrature (Q) digital input signal, and (3) said 2-

bit input being applied as a third· input thereto to select one of said 4 

subsets of said 8-PSK constellation set in accordance with the binary 
value expressed by said 2-bit input being applied, and in response to said 

first, second and third inputs thereto ~aid 8-PSK demapper logic means 
derives a 1-bit output therefrom that expresses the binary value of said 1 

highest significant bit of said 3 bits of said bit-ta:-symbol mapping whic;h 
is indicative of th~t one of the 2 symbols of said selected one of said 4 
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subsets of said 8-PSK constellation that is closest in (I+Q) distance to the 
position of a symbol in said l,Q· plane defined by the respective values of 
the in-phase (I) digital input signal applied as a first input thereto and 
the quadrature (Q) digital input signal applied as a second input thereto; 
and 

• • 
select means (a) responsive to said selected one of said constellation 

sets being an odd power of 2 symbols for forwarding said output of said 
remapper RAM as the output of said trellis demapper and (b) responsive 
to a selection of said 8-PSK constellation set forwarding said 1-bit output 
from said 8-PSK demapper logic means as the ouiput of said trellis 
deniapper. 

19. The convolutional decoder defined in Claim 18, wherein: 
the bit-to-symbol mapping of the 8 sym~ols of the . 8-PSK 

constellation set is such that a· symbol in the first quadrant of the l,Q 
plane oriented at substanti;µly 22.5° with . respect to the I axis is mapped 
with the binary value 000, a symbol in the first quadrant of the I,Q plane 
oriented at substantially 22.5° with respect to the Q axis is mapped with 
the binary value 001, a symbol in the second quadrant C?f the l,Q plane 

. oriented at substantially 22.5° with resp~ct to the I axis is mapped with 
the binary value 010, a symbol. in the second quadrant of the l,Q plane 
oriented ~t substantially. 22.5° with respect to the Q axis is mapped with 
the binary value 011, a symbol in the third quadrant of the I,Q plane 
oriented .at substantially 22.5° with respect to the I axis is mapped with 
the binary vatue 100, a symbol in the third quadrant of the I,Q pl~e 
oriented_ at substantially 22.5° with respect to 9ie Q axis is mappe4 with 
the binary value 101, a symbol in the fourth quadrant of the l,Q plane 
oriented at substantially 22.5° with respect to the I axis is mapped with 
the binary value 110, and a syi:itbol in the fourth quadrant of the l,Q 
plane oriented at substantially 22.5° with respect to the Q axis is mapped 
·with the binary value 111; and 

said 8-PSK demapper logic means including means for deriving a 
binary value of "1" for said 1-bit output therefrom only if the product of 
the numerical value of said in-phase (I) digital input signal times the 
numerical value of 11 is less than the product of the numerical value of 
said quadrature (Q) digital input signal times the numerical value of Q2, 
where the numerical value of It is 9 for sut;set 00, 4 for subset 01, -9 for 
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subset 10 and -4 for subset 11, and the numerical value of Q2 is -4 for 

subset 00, -9 for subset 01, -4 for subs~t 10 and -9 for subset 11. 

20. In a convolutional decoder of a pragmatic trellis code defined by a 

series of convolutionally-encoded symbol packets applied as in-phase (I) 

and quadrature-phase (Q) digital input signals thereto; wherein said 

pragmatic trellis code comprises an 8-PSK constellation. set of 8 symbols 

in the l,Q plane in which said 8 symbols are radially distributed 

symmetrically about the origin of said l,Q plane with each of said 8 

symbols being angularly offset by substan~ally 22.5° with respe~t . to an 

axis of. said l,Q plane, and said 8-PSK constellation set of 8 symbols has a 

3-bit bit-to-symbol mapping such that. said 8-PSK constellation set. is 

divided into 4 subsets of 2 s~bols each in accordance with the binary 

· ·value expressed by the 2 least significant bits of said 3 bits, and the 2 

symbols· of each of these 4 subsets are differentiated from one another in 

accordance with the binary value expressed by the 1 highest significant 

bit of said 3 bits; and wherein ·said convolutional decoder includes a trellis 

demapper for demapping pragmatic trellis code; the improvement 

wherein said trellis demapper comprises: 
an 8-PSK demapper logic means responsive to (1) a first x-bit input 

being applied as a first input thereto, where x is a positive integer having 

a given vaiue larger than 8 to define the value of said in-phase (I) digital 

input signal, (2) a second x-bit input being applied as a second input 

thereto to defme the value of said quadrature (Q) digital inp.ut signal, and · 

(3) a. 2 .. bit input being_ applied as a third input thereto to select one of 

said 4 subsets of said 8-PSK constellation set in accordance with the 
binary value expressed by said 2-bit input being applied, and in response 

~o said first. second and third. inputs thereto said 8-PSK demappet. logic 

means derives· a 1-bit ·output therefrom that expresses the binary value 

of said 1 highest significant bit of said 3 bits of said bit-to-symbol 

mapping which is indicative of that one of the 2 symbols of said _sel~cted 

one of said 4 subsets of said 8-PSK constellation that is closest in (l+Q) 

distance to the position of a symbol in said 1,Q plane defined by the 

respective values of the in-phase (I) digital input signal applied as a first 

input thereto· and the quadrature (Q) digital input signal applied as a 

seqond input thereto. 
I 
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21. The convolutional decoder defined in Claim 20, wherein: 

the bit-to-symbol mapping of the 8 symbols of the 8-PSK 
constellation set is such that ·a symbo~ in the first quadrant of the I,Q 
plane oriented at substantially 22.5° with respect to the I axis is mapped 
with the binary value 000, a symbol in the first quadrant of the l,Q plane 
oriented at substantially 22.5° · with respect to the Q axis is mapped with 
the binary value 001, a symbol in the second quadrant of the I,Q plane 
odented at substantially 22.5° with respect to the I axis is mapped with 
the binary value 010, a symbol in the second quadrant of the I,Q plane 
oriented at substantially 22.5° with respect to the Q axis is mapped with 
the binary value 011, a symbol in the third quadrant of the I,Q plane 
oriented at substantially 22.5° with respect to the I axis is mapped with 
_the binary value 100, ·a symbol in the third quadrant of the l,Q plan~ 
oriented at substantially 22.5° with respect to the Q axis is mapped with 
the binary value 101, a symbol in the fourth quadrant of the l,Q plane 
oriented at su~stantially 22.5° with respect to the I axis is mapped with 
the binary value 110, and a symbol in the fourth quadrant of the l,Q 
plane oriented at substantially 22.5° with respect to the· Q axis is mapped 
with the binary value 111; and 

said 8-PSK demapper _logic. means including means for deriving a 
. binary value of "1"· for said 1-bit output therefrom ~nly if the .product· of 

the numerical value of said in-phase (I) digital input signal times the 
numerical value of It is less than the product of the numerical value of 
said quadrature (Q) digital input signal times the numerical value of Q2. 
where the numerical v~ue of 11 is 9 for subset 00, 4 for subset 01, -9 for 
subset 10 and -4 for subset 11, and the numerical value of Qi is -4 for 
·subset 00, -9 for subset 019 -4 for subset 10 and -9 for subset 11. 
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