Appar-atus for Defrodul ati ng and Decoding Satellite, Terrestrial and Cable
Transmtted Digital Television Data The invention is related to the field
of digital signal 5 processi ng apparatus suitable-for use in. a

mul ti-channel receiver of satellite, terresttial and cable transmtted
digital television data. Known in the art is the use of '
forward-error-correction that includes convolutional encoding in the
transm ssion of encoded 10 digital data over a noisy channel froma
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satellite, cable and terrestrial transmission of high data rate
signals, such computations need to performed at very high rates.
20 Furthermore, in a modem/decoder operating over different
.channels with different (but related) coding schemes, the cost of
computing the branch metrics becomes excessive in terms of
lookup table memory or actual hardware to perform these
computations. .
25 In the case of a satellite transmission channel, it is
customary to transmit some particular punctured quatérnary
phase shift keyed (QPSK) code known to the receiver's
convolutional decoder. In the case of a terrestrial or cable
transmission channel, some particular pragmatic trellis code (such
30 as quadrature amplitude niodulation (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 teleyiSipn-(HDTV).
35  In the past, the receiver,including a’branch metric computer
for a Viterbi-algoritim based convolutional décoder was typically
-designed to operate with only a single predetermined type of |



2 convol utional code. However, it is likely that nulti-channel digital
television receivers will enter the mass-produced narket in the near future
and, over t.ine, replace currently-used anal og tel evision receivers. Direct
broadcast satellite transm ssion to 5 tel gvision receivers is already
available in addition to terrestrial and calil e transni ssion thereto.
Therefore; it is desirable that the convol utional decoders of such
mul ti-channel digital television receivers be selectively responsive to the
- type of code (either punctured or pragnatic trellis, as the case nay be)
and the type f@nveiu I&Pd@-n*? RVERcltuds ndkelyt ﬁh@mléhﬁhWMK igitah or .
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processing device can advantageously accommodate multiple
demodulation and decoding functions within the context of a
digital television signal processing system, for example. In
accordance with the principles of the invention, disclosed digital
20 signal processing apparatus provides selective demodulation and
decoding elements incorporating - different types of demodulation
and decoding functions. As a result, a single signal processing
network may demodulate and decode signals of different signal
format such as satellite, terrestrial and cable television signals, for
25 example. . |
In a system for receiving a modulated video signal,
from multiple types of transmission channels, apparatus in
accordance with the principles of the present invention provides a
demodulated and decoded output signal. The received video signal
30 is representative of compressed digital video information such as
television picture information, and is encoded in one of a plurality
of coding formats. The received video signal is also modulated in
~one of a plurality of modulation formats.
The apparatus includes a demodulator for . selectively -
35 demodulating the received video signal modulated in one of the
plurality of modulation formats to provide a demodulated signal.



3 5 denodul ating the received video signal nodulated in one of the
plurality of nodulation formats to provi de a denodul ated signal. 3 The
appat atus ‘akso includes a decoder for sel ecthvely decodi ng the denodul at ed
signal ¢oded in one of the plurality of coding formats. In accordance with
a feature of the invention, the 5 denodul ator selectively denodul ates the
vi deo signal nodul ated by Pul se Anplitude Mdul ati on (PAM, Quadrature

Anplitude Modulagtion (QAM oy Phase ,Shift_ Keyjng, (PSK). |In_accordance with
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further feat ur_gﬂof the invention, the selective decoder decodes.the

demodul at ed si §REP&Fth a code rate selected froma plurality of code
rates. Illustratively, ac¢erddacedwithofa féatupe esfethe i imventionn the a 15
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3 0 Viterbi decoderlllstrtabivety,n'the ud¢cotder Of cthdepredentt hevearivinds a
embodi menty st " W Hili8hat tecoalt' ﬁlcl_usive of a branch metric computer
and a Viterbi decoder. In a first embodiment, this branch metric
_coinputer may be selectively programmed to operate with any of
QPSK punctured-coded and a plurality of PAM or QAM higher
alphabet pragmatic trellis-coded I and Q signal inputs thereto. In
20 a second embodiment, this branch metric computer may be
additionally selectively programmed to also operate with 8-PSK
trellis-coded I and Q signal inputs thereto. _
Illustratively, the branch metric computer has 2X-bit I and
2X-bit Q signal inputs, and comprises (1) a RAM having an
25 effective depth of 2X storage locations and a width sufficient to
store 4-m bit wide entries of at least one preloaded I-defining and
one Q-defining lookup tables at each storage location, (2) a group
of at least four summers, and (3) means for forwarding the
respective sum outputs from four summers of the group to the
30 Viterbi decoder of the convolutional decoder.
In the second embodiment, the width of the RAM is
sufficient to store 4-m bit wide entries of two preloaded
I-defining and two. Q-defining lookup tables at-each storage
location; the group of at least four summers comprises eight
35 summers organized into first and second sets of four summers;
and the means for forwarding the respective sum outputs from



sufficient-to store 4-mbit wde-entries of two prel oaded |I-defining and
two Q defining | ookup tables at each storage |ocation; the group of at

| east four summers conprises eight 3 5 summers.organized into first and
second sets of four sumrers; and the means fgpor forwarding the respective
sum outputs from 4 four summers of the group to the Viterbi decoder of
the convol utional decoder includes four conparators with each of them
forwarding to the Viterbi decoder the | esser sum output from corresponding
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organi zation of theFIGURE 3 is a block dlagram of the structural elements of '
15 the convolutional decoder shown in FIGURE 2 which shows the .
coupling of the microcontroller interface of FIGURE 2 to the
structural elements of the convolutional decoder;
| FIGURE 3a is a functional diagram of the operative elements
of the convolutional decoder shown in FIGURE 3 when
20 programmed by the microcontroller interface of FIGURE 3 to
operate in a punctured code decoding mode;

FIGURE 3b is a functional diagram of the operative elements
of the convolutional decoder shown in FIGURE 3 when
programmed by the microcontroller interface of FIGURE 3 to

25 operate in a pragmatic trellis code decoding mode;

FIGURE 4 is a block diagram of the structural elements of
the branch metric computer shown in FIGURE 3; and

FIGURE 4a illustrates the functional organization of the
branch metric computer's structural elements shown in FIGURE 4.

30 As shown in FIGURE 1, multi-channel compressed-digital.
televxslon receiver 100 is capable of selectlvely ‘receiving
d1g1tally-encoded television data transmitted over each of a
plurality of different channels. These plurality of channels include
. satellite transmission channel 102, which transmits digitally-

35 encoded television data from forward-error-corrected television
transmitter 104; terrestrial transmission channel 106, which




branch netric conputer's structural elenments shown in FIGURE 4. 3 0

As shown in FIGURE 1, multi-channel conpressed-digital television receiver
100.i s capabl e of selectively receiving digitally-encoded tel evision data
transmitted over each of a plurality of diff8rent channels. These plurality
of channels include satellite transm ssion channel 102, which transmts
digitally- 3 5 encoded television data fromforward-error-corrected
television transmitter 104; terrestrial transm ssion channel 106, which
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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.
20 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
25 the signal input data to receiver convolutional decoder 200. Each
' successively-received symbol packet of this' data defines a point
in the in-phase (I), quadrature-phasé (Q) plane The digital
processing apparatus of multi-channel receiver 100 further
. comprises a microcontroller which includes microcontroller
30 interface 204 for applying a control input to receiver
convolutional decoder 200.

The relationship among the structural eIements of receiver -
convolutional decoder 200 employed by the present invention,
and the control of these elements by external microcontroller

35 interface 204, is shown in FIGURE 3. As shown in FIGURE 3, the
structural elements of receiver convolutional decoder 200 include



successi vel y-recei ved synbol packet of this data defines a point in the
I.n- phase (1), quadrature-phase (Q plane The digital processing apparatus
of multi-channel receiver 100 further conprises a mcrocontroller which

i ncludes” microcontroller 30 interface 284 for applying a control input to
recei ver convol utional decoder 200. The rel ationship anong the structural
el ements of receiver convol utional decoder 200 enpl oyed by the present
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data is applied over a aral |l el input conductors). This permts
each of 64x64=4096 di'Fie raitppoidita from hderhouhitan€20 ibeapisiiedext yQt he
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thereto. | nladdipurpasesyitcisr assumed othatieashi of ytheod and 1Q dasaeisvdefivedt byl
data from micr O%D'Hi_fs()'(i.&r, {he! BipdCAati0%s applidPBiver S 48t 6190 parallel
input conductors). This permits each of 64x64=4096 distinct
points in the i,Q plane to be defined by the 6-bit I and 6-bit Q
components of the 12-bit input data. Synchronization circuitry
20 300 also receives clock and clock-enable (Clk Enb) 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.
Each of elements 302, 304, 306, 308 and 310 has control
25 . data applied thereto from microcontroller interface 204. Further,
-although not shown in FIGURE 3, the clock is applied to these
elements. Properly synchronized I and Q data is forwarded from
synchronization circuitry 300 through dummy data insertor 302
to.branch metric computer 304 in response to data input clock
30 enable (DICE) and data output clock enable (DOCE). Further, the
properly synchronized I and Q data is forwarded through delay
logic 312 to trellis demapper 310 and synchronization monitor
314. B - |
Dummy data insertor 302 is primarily used for punctured
35 codes and is responsible for the insertion of the dummy data
corresponding to a specified deletion map for such punctured



and is directly coupled to synchronization nonitor 314: Each of elenents
302, 304, 306, 308 and 310 has control 25 data applied thereto from

m crocontrold er interface 204. Further, although not shown in FIGURE 3, the
clock is applied to these elenents. Proparly synchronized | and Q data is
forwarded from synchronization circuitry 300 through dummy data insertor
302 to branch netric conputer 304 in response t'o data input clock 30
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computatlons The dummy samples are also inserted in
appropriate locations before being read out. |
Branch metric computer 306 (the details of whichareé = =
20 | discussed below in FIGURES 4 and 4a) derives 4 separate 5-bit
outputs in response to each of successively-received -symbol
packets. These 4 separate 5-bit outputs and the DOCE signal from
branch metric computer 306 are applied as inputs to V1terb1
o decoder 306. Viterbi decoder 306, which is a Rate R=1/2, ‘
25 constraint length k=7 decoder, performs the Viterbi algorithm for
- punctured and trellis. codes, wherein the 5-bit metric inputs from
_branch metric computer 306 ate used to-update the states and to
make bit decisions. Viterbi decoder 306 employs add-compare-
select (ACS) means, path metric storage means, and the memory
30 for the survivor paths at each level in 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 and punctured
35 codes, convolutional encoder 308 serves to regenerate the best
estimates of the two transmitted of the rate 1/2 embedded code.



outputs in response to each of successivel y-received synbol packets. These
4 separate 5-bit outputs and the DOCE signal from branch nmetric conputer
306 are applied as inputs to Viterbi decoder 306. Viterbi decoder 306, .
which-is a Rate R=1/2, 25 constraint |length k=7 decoder, perforns t he
Viterbi algorithm f or punctured and trellis8 codes, wherein the .5-bit
metric inputs frombranch netric conputer 306 are used to update the states
and to nmake bit decisions. Viterbi decoder.306 enploys add-conpare- select
(ACS) nmeans, path netric storage neans, and the nennry,BO for the survivor
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i ntroduced by :{ decoder /encoder 308 and associated circul tnry and
synchr oni zes t G} ata stream at the out put of the encoder with '

Delay logic 312 accounts for the delay introduced by V1terb1

decoder 306/encoder 308 and associated circuitry and ,
synchronizes the data stream at the output of the encoder with
the received symbol stream. Control input through microcontroller
interface 204 selects one of 4 possible path memory lengths of

20 Viterbi decoder 306 which is also used tojappropriately select the
delay time in delay logic 312. :
| ‘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

25 microcontroller interface 204, uses the branch metric information
in conjunction with an observation interval specification from
microcontroller interface 204 to decide the synchronization status.
It also provides information to synchronization circuitry 300 for

_ optional automatic synchronization. In an automatic

30 synchronization mode of operation, the internal synchronization
circuitry is employed to perform the synchronization function.
Alternatively, the synchronization could be performed from
external circuitry. Synchronization monitor 314 is also used to
provide a signal to the demodulator for resolving phase

35 ambiguities. This signal is used for only the purpose of accounting
for phase ambiguities in receiver demodulator 202.. Further,




the received synbol stream Control input through mcrocontroller interface
204 sel ects one of 4 possible path nenory I engths of 20 Viterbi decoder
306 which is also used to appropriately select the delay tinme in del ay
logic 312. Synchronization nonitor 314, which is coupled to synchronization
circuitry 300, the output from trellis denaéber 310, encoder 308, the
output fromdelay logic 312 and 25 microcontroller interface 204, uses the
branch netric information in conjunction with an observation interval '
specification frommcrocontroller interface 204 to decide the _
synchr oni zat i orsysichrosizatiomalmonjtoov3dds suppliesani dentedulytezhr oni zati on

circuitry 300 f jonal a g}.mt' c ' ' I n._aut tic 30
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i s enpl oyed to [§ERFATM L synchroni zation function. Alternatively, the

synchr oni zation_coulSeleet REASY K%, | WHRIEXCRENRls BAE CLIBAY Yruts WGt ¥11&8E ! O
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bits to its output en the convol utiona ecoder _i s oper In1ts
Crel 1| o- cob mERRCIHER 69ds BOd8, Thisheutpus, daty aleng evisht puelosk wndeabi
decoder 306 to DOCBWipnal whesuppliedofrom Weldviameds 03RS fop @Rephgti ng in

its 10 punctured- node. This output data algng with a clock”™and a DOCE
signal are sup ‘f‘%ﬁgﬁggﬁ Scargg?n%tgng?ﬁ%cmapr ui@a‘oy downst r eam component s

of . receiver 100. THEhetstme¢ture of bramchh metrici commpyter eB0304omprivesses
random access TRbin @RoMs Mol RAMIAGE, Mémbry Biks0 & 1 I and Q
15 summers 402 and tﬁemory banks 0 & 1 I and Q comparators 404.
RAM 400 may also be a read-only memory. RAM 400 is
-preloaded during an initialization phase with programmable,
precomputed I and Q lookup tables from microcontroller interface
204 applied as a control input thereto. In response to I and Q
20 signals forwarded from dummy data insertor 302 (which
depunctures QPSK-based punctured coded symbols) to RAM 400
as signal inputs thereto, selected ones of the I and Q entries of
these lookup tables are read out as outputs from RAM 400 and
applied as inputs to memory banks 0 & 1 I and Q summers 402.
25 The output from memory banks 0 & 1 I and Q summers 402 is
applied as an input to memory banks 0 & 1 I and Q comparators
404, and the output from memory banks 0 & 1 I and Q
comparators 404 is forwarded as an input to Viterbi decoder 306.
More specifically, as functionally shown in FIGURE 4a, RAM
30 400 is organized into metric memory bank O and metric memory
bank 1. Memory bank O is made up of a first pair of subsets
comprising first I subset 00 and first Q subset 00; a second pair of
subsets comprising second I subset 01 and second Q subset O1; a
third pair of subsets comprising third I subset 11 and third Q
35 subset 11; and a fourth pair of subsets comprising fourth I subset
10 and fourth Q subset 10. Memory bank 1 is also made up of 4



1 5 sumers 402 and nenory banks 0 & 1 1 and Q conparators 404. RAM 400 may
al so be a read-only nenory. RAM 400 is prel oaded during an initialization
phase” wi t-h programabl e, preconputed | and Q | ookup tables from

m crocontrol ler interface 204 applied as a ¢ gtrol input thereto. In
response to | and Q 20 signals forwarded from dummy data insertor 302
(Wi ch depunctures QPSK-based puncturéd coded synbols) to RAM 400 as si gnal
i nputs thereto, selected ones of the | and Qentries of these | ookup tables

are read out «’siimﬂuf f, 0 | i d as i, puts to nmenory banks
0&11 and Qs pfgé%z({p%ﬁﬁ%ﬂhg gﬁ ‘H blb&@tgta& af 18 and Q
sumers 402 i DA plq b and L subpets fas ytOBarE&lﬂo& thelsapgu&ets
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speci fi cal y, hct |S}gp hiSBRe |t9 00a, Inrggenaral, 4a6hi of thapl zed
into netri REr Q tsagihalo imputsniy Fancxnmiltmglgnap péc d\@;‘[rfwé Qﬂﬂe i s made
up of a first: lﬂﬁét‘i‘al‘i’{'espf@? ggrl sg érst sulbse giing

subset 00; a se ond i of subs ?‘r%P bty gignal) uBach Gflthzm@ I
second Q subs P erivesd agaim-bit snginaéteutputpr(iliims‘tﬁaﬁ%l assail! EE

and third Q 3be aubslnt SignaP it f ﬁrth |

{o I r ts.,conpr,l SI ng
subset 10 and f ngg ubset 1%“ l\g{rir%%aqﬂlar?{ &“ﬁ lséb Shbsaife depives an 10
simlar pairs of % W s, t her eby prowdlng a total of 8 pairs. of

| and Q dubsets fw(lleﬂVltH@CB depatatel I taid €) 'mshiesqih ?ﬁﬁ% &S gnal
I nput to RAM ﬁﬁ and ach he Bgtsugﬂs]e82 recei vg al lY&ffhg‘F M%ﬁlt to

_RAM 400. In g€ d; gs o §Wl‘f"np%%mp§seﬁfx bi t
si gnal ('speci mftmbk‘y banksrré)d& nl tthandl QJstmanelrsemQGEFecﬁﬁexﬂ ltRe t@vde a
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subsets deri va& ﬁeﬁQ’éﬂtl@u‘;}ﬁaﬁo AWRWET 1; the o outpute Bonegheat e |
and Q mbbt segond pairPof Ssubsets BAVLARE @r@fef apprededs st "l Sek@nlihe
respective Sur{HSﬁ?s o summer 402- 2; the two outputs from the third pair of
subsets of bank 0 are applied as first and second inputs to
summer 402-3; the two outputs from the fourth pair of subsets of
bank O are applied as first and second inputs to summer 402-4;

20 the two outputs from the first pair of subsets of bank 1 are
applied as first and second inputs to summer 402-5; the two
outputs from the second pair of subsets of bank 1 are applied as
first and second inputs to summer 402-6; the two outputs from
the third pair of subsets of bank 1 are applied as first and second

25 inputs to summer 402-7, and the two outputs from the fourth pair
of subsets of bank 1 are applied as first-and second inputs to
summer 402-8. A separate (m+1)-bit output signal (i.e., 5-bit .
signal in the assumed case) is derived from each of these 8
summers.

30 All of the 8 separate (m+1)-bit output signals from the
summers are forwarded as inputs to the respective comparators
of memory banks 0 & 1 I and Q comparators 404. Specifically, the
outputs from summers 402-1 and 402-5 are applied as first and
second inputs to comparator 404-1; the outputs from summers

35 402-2 and 402-6 are applied as first and second inputs to
comparator 404-2; the outputs from summers 402-3 and 402-7



menory” banks 0 & 1 | and Q sumrers 402. Specifically, the two outputs from
the first pair of subsets of bank O are applied as first and second inputs
to sumer 402-1; the two outputs fromthe 1 5 second pair of subsets of
bank O are applied as first and second i nputs to sunmer 402-2; the two
outputs fromthe third pair of subsets of badkd 0 are applied as first and
second inputs to summer 402-3; the two outputs fromthe fourth pair of
subsets of bank .0 are applied as first and second inputs to sunmer 402-4;
20 the two outputs fromthe first pair of subsets of bank 1 are applied as
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forwarded as.inputs to the .reslgl_gcitjl Vestaﬁo arat.ors of .rr&rmry. banks 0 & 1 |
and Q conpar at SU4PRE, In She. assumed, case) which, are ppplied 3%dPpuEO301 and
402-5 are applVierbds deicoder aB@6second i nputs to conparator 404-1; the
out puts from sumrer - 2: 6 @r [ fir nd .second -
i nputs to conparat ofStg‘b‘iuﬁ'ﬁ%hg@gfé pslsf qufsfg ﬁ.crbggfg%-%ea “'Z’b"czj‘i@ Mare
appl i ed asl 0i r sffeatives depthi ofn@¥t storage decatiansr(i404-cdrresponding dot put s
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fromthe 4 conpigmdloimputenes ibadke 1t bf RAM MO0 s b_rﬁ;pzﬁamwdlmp:qabw er
304 L€, ! PWaghobialo@ BT 1 HRRHTTE ERRP 4005 oGO o
storage sik8 hdoung4mbit wide (m=4 in the assumed example) precomputed
- lookup tables, each of which is made up of 2x entries, that have
been supplied thereto over the programmable I and Q lookup
table control input. Thus, the bit-storage .size of RAM 400 is
. (2x)(4) (4m) or, in the assumed case, a bit-storage size of 4096
20 bits. In the case of implementing a punctured QPSK-based code, a
- simple technique is to pass the maximum I and Q values and store
the punctured metrics in appropriate locations in the lookup
tables. This necessitates a possible clipping of the actual I and Q
data, but can be handled in the front end of decoder 200. Further,
25 the lookup tables can be programmed to permit a desired
maximum branch metric value by disregarding certain lesser
significant I and Q input data. '
As discussed above, branch metric computer 304 is a
component of Viterbi-algorithm based convolutional decoder 200
30 which is used to decode QPSK-based punctured codes for satellite
modem operation over a noisy channel and higher alphabet (16,
32, 64, 128 and 256 PAM or QAM or 8-PSK) based rate n/n+1
pragmatic trellis codes for terrestrial or cable operation over a’
noisy channel. As known, due to channel noise, the location point
35 of a received demodulated symbol in the I[,Q plane will be
disblaced from its transmitted location point in the LQ -plane. The




1 0 effective depth of 2x storage |ocations (i.e., corresponding to
locations 1 through 64 in the assumed exanple in which x=6). Each of the |
and Q-signal- inputs to bank O and each of the | and Q signal inputs to
bank 1 of RAM 400 has a separate | ookup table associated therewith. The

wi dth of RAM 400 is sufficient to store 1 5 K¥3ur 4mbit wide (nF4 in the
assuned exanpl e) preconputed-|l ookup tables, each of which is nmade up of 2x
entries, that have been supplied thereto over the programmble | and Q

| ookup table control input. Thus, the bit-storage size of RAM 400 is
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channel nolQe theeloaation pointsi of ench of 4 spseified validnsymbaled symbol in
the 1, Q pl ane %dds{%ﬂ?ﬂbﬁpké‘ﬁféﬁsfﬁﬁ%ﬁm %ﬁé”l&éa‘iﬂ)d hiOfPepdt in the

, Q pI ane. ocat | on | essi vely-recei,ved
dermdul at ed syrfwr%nw rteﬁewectgcfﬂraﬁéulaée oSymbal fiom & dOgRtiPRoROSRt 29
(i.e., 64 x 6474396 cubrdriby-asseived ederipdalated tsyembohnd Q signal inputs to
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assurred cald) edefines amlyt aesingle symbol location pomt) and in the higher
alphabet PAM or QAM cases (in which each subset location point
corresponds to the locations of a subset of 1/4 of the symbols in
that alphabet needed by Viterbi decoder 206, with trellis
demapper 310 choosing the correct point within the subset based
20 on delayed, received data applied thereto), a single I component
and a single Q component are sufficient to define the four subsets
without ambiguity. Therefore, in these cases only bank 0 of RAM
400 is required. However, in the case of 8-PSK, a single I |
component and a single Q component used independently
25 are insufficient to define four symbol subsets without ambiguity.
Therefore, in the 8-PSK case, bank 0 is used to define O°, 90°,
180°, 270° location points and bank 1 (which operates in a -
manner similar to that of above-described bank 0) is used to
define 45°, 135°, 225° 315° location points. Comparators 404-1 to
30 404-4, employing data derived from both bank O and bank 1 of
RAM 400, are used ‘to resolve this ambiguity in a manner
described below. ,
Summers 402-1 to 402-8 employ the I and Q components of
distance to valid constellation location points read out of RAM 400
35 to compute the so-called Manhattan distance (I + Q) defined by
each of the 8 subsets. The Manhattan distance assignment is not




respective | and Q | ookup tables of the 0 bank corresponding to a
currently-recei ved denodul ated synbol define the respective | and Q
conponents of the respective distances inthe |, Qplane of 1 0 the

| ocation points of each of 4 specified valid s mbol constel | ation subsets
surroundi ng the | ocation points of the currenlBy-received denodul at ed

symbol fromthe location point of this currently-received denodul ated
synbol. In the QPSK case, (in which each subset |ocation point 1 5 defines
only a single synbol |location point) and in the higher al phabet PAM or .QAM
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synbol 15 sma ler of the two metrlcs applied from bank 0 and bank 1 as
inputs thereto. Thus, in the case of an 8-PSK based code, each of
comparators 404-1 to 404-4 will derive as an output either the
metric input from bank 0 or from bank 1, depending upon which
is smaller. However, in the case of QPSK, PAM or QAM based
20 codes, the I and Q lookup tables stored in bank 1 of RAM 400 are -
~ programmed to be filled with maximum-valued metrics so that
they are effectively inactive and, therefore, each of comparators
404-1 to 404-4 passes the metric chosen out of bank 0 of RAM
400. In a multi-channel receiver not designed to receive an 8-PSK
25 based code, both these comparators and memory bank 1 of RAM
' 400 may be eliminated (thereby reducing the required memory
storage capacity of RAM 400 in half). |
Although the convolutional decoder disclosed herein is
primarily for use in a multi-channel television receiver for
30 receiving punctured-coded or pragmatic trellis-coded
compressed-digital -television data, it is not intended that the type
of coded data capable of being decoded by the disclosed
convolutional decoder be limited to only television data, but may
be employed by any other type of coded data capable of being
35 decoded by the disclosed convolutional decoder.




| ocati*on point. The Manhattan di stance netric uses the sumof the 5
differences between the | and Q coordinates of two points inthe I, Q

t wo- di nensi.onal space. This distance neasure is nonotonic w th distance,
but does weigh points differently depending @i their position with respect
to the point to which the distance is being conputed. However, since the
use of the Manhattan distance 1 0 netric nmakes the operations on the.l and
Q coordi nates to be decoupl ed ‘and i ndependent, it drastically reduces the

menory requirenentsof . stori he . i pl.e. distanc fr ny..raceived
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which is smpl | efandtargen, I n the case of QPSK, PAM or QAM based 20

codes, the | and .Q | ookup tables stored in bank 1 of RAM 400 are progranmned
to be filled with maxi num valued netrics so that they are effectively

i nactive and, therefore, each of conparators 404-1 to 404-4 passes the
metric chosen out of bank O of RAM 400. In a nmulti-channel receiver not
designed to receive an 8-PSK 25 based code, both these conparators and
menory bank 1 of RAM 400 rmay be el im nated (thereby reducing the required
menory storage capacity of RAM 400 in half). Al though the convol utional
decoder disclosed hereinis primarily for use in a nmulti-channel television
recei'ver for -3 0 receiving punctured-coded or pragmatic trellis-coded
.conpressed-digital television data, it is not intended that the type of
coded data capabl e of being decoded by the disclosed convol utional decoder
be limted to only television data, but nay-be enployed by any other type
of coded data capable of being 3 5 decoded by the disclosed convol uti onal
decoder. 14 In addition to being suitable for use in a receiver of
satellite, -



terrest'rial and cable tel evision data as nentioned previously, the

di scl osed decoder apparatus is also suitable for. use in other applications
i ncl udi ng tel ephone, direct m crowave and fiber optic -5 transm ssion.

15 CLA'MS: 1. In a systemsuitable for receiving ed video signal,
such as a television signal, fromnultiple types jm m H annel S,
sai d video signal being representative f conpres

i nformati on ?%? .in one of a plurality of coding formats and exhl bi t'i ng
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codlng formats to produce a demodulated and decoded signal.

2. Apparatus according to claim- 1, wherein each format of
~said plurality of coding formats uses a code rate selected from a
plurahty of different -code rates. '

3. Apparatus according to claim 1, wherein said decoder -
and said demodulator function with variable clock rates.

4. Apparatus according to claim 1, wherein said plurahty of
modulation formats includes PAM modulation.

5. Apparatus according to claim 1, wherein said .plurality of
modulation formats _i_ncludes QPSK modulation.

6. Apparatus according to claim 1, wherem said plurahty of
modulation formats includes QAM modulatxon

7. Apparatus in accordance with claim 1 wherein said
decoder is a convolutional decoder for a series of convolutionally-
encoded symbol packets applied as in-phase (I) and quadrature-
phase (Q) digital input signals thereto from said demodulator,
wherein said convolutional de_cdder includes a branch metric
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a group of summers including a.first summer for adding the
first m-bit metric value of the readout one I-defining lookup table
entry to the first m-bit metric value of the readout one Q-defining
lookup table to derive an (m+1)-bit sum output thergfrom, a
second summer for adding the sécond m-bit metric value of the
readout one I-defining lookup table entry to the second m-bit
metric value of the readout one Q-defining lookup table to derive
an (m+1)-bit sum output therefrom, a third summer for adding
the third m-bit metric value of the readout one I-defining lookup
table entry to the third m-bit metric value of the readout one
Q-defining lookup table to derive an (m+1)-bit sum output
therefrom, and a fourth summer for adding the fourth m-bit
metric value of. the readout one I-defining lookup table entry to
the fourth m-bit metric value of the readout one Q-defining -
lookup table to derive an (m+1)-bit sum output therefrom; and

means for forwarding the respective sum outputs from four

- summers of said group to said Viterbi decoder.



the fourth mbit netric value of the readout one Qdefining | ookup table to
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10. The convolutional decoder defined in Claim 9, wherein,
under the control of said microcomputer interface, said .
convolutional decoder is selectively configured.to be either in a
punctured code decoding mode or in a pragmatic trellis code
decoding mode; and wherein said digital processing means
includes: '

dummy data insertor means operative only when said
convolutional decoder is in its punctured-code decoding mode for
depuncturing said I and Q input signals applied to said
convolutional decoder prior to their being applied to said 2X-bit I
and 2X-bit Q signal inputs of said memory of said branch metric
computer; and o .

trellis demapper means responsive to a reencoded output of
said Viterbi decoder and I and Q input signals applied to said
convolutional decoder that have been delayed, said trellis
demapper means being operative only when said convolutional
decoder is in its pragmatic trellis code decoding mode.

11. In a system for receiving a modulated signal from
-multiple types of transmission channels, said signal being
representative of compressed digital data coded in one of a
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to produce

a demodulator for selectively demodulatmg said modulated
signal in a manner appropriate to a selected one of said
modulation formats including PAM, QAM and PSK to produce a
demodulated signal; and :

"a decoder for selectively decoding said demodulated signal
in a manner appropriate to a selected one of said coding formats
including punctured coded and trellis coded formats to produce a
demodulated and decoded signal.



