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A video signal receiver employs demodulation and decoding
functions that are specifically related to the signal format to be received.
The demodulation function depends on the type of modulation, the signal
shape, the data rate employed by the transmission system, and whether a
. 35 single or differential output is required. The decoding function depends
on the type of encoding, scrambling, interleaving and the code rate
. employed by the transmission system encoder,

In accordance with the present invention it is recognized that
40 a signal processing network can advantageously accommodate multiple
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estimate of the error in the recovered video information. The adaptive
carrier recovery network is automatically configured to be compatible
with the video modulated carrier in response to the error estimate.

30 Brief Description of the Drawings

In the drawing:
Figure 1 is a block diagram of apparatus according to the
principles of the invention for adaptively demodulating and decoding
35 signals encoded in DSS and DVB formats.

Figure 2 is a block diagram showing the elements of Figure 1
configured to demodulate and decode a DSS satellite signal format.
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Both demodulator 10 and decoder 12 are adaptive demodulation and
decoding networks incorporating different types of demodulation and

30 decoding functions which are selected by microcontroller 105 via
interface 100. Both demodulator 10 and decoder 12 are configured by a
Control signal from microcontroller interface 100. The status of the
Control signal provided by interface 100 is determined by signals

. provided by microcontroller 105 to interface 100. In Figure 2,
35 demodulator 10 and decoder 12 of Figure 1 are configured to receive a
DSS satellite signal format. In Figures 3 and 4, demodulator 10 and
decoder 12 of Figure 1 are configured to receive DVB satellite and DVB
cable signal formats respectively. Both configurable demodulator 10 and



constell ation 64 point or

© 256 poi nt D fferential output No No Yes
decodi ng Denodul at or 10 accommobdat es di fferences in data
cl ock rate, Feed Forward Equalization, Decision Feedback Equali zati on,
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and 25 decoding for the three input signal formats listed in Table I. The
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Factor

Modulation type QPSK QPSK QAM

Selectable signal No No Yes

constellation 64 point or
256 point

Differential output No No Yes

decoding

Demodulator 10 accommodates differences in data clock rate,

Feed Forward Equalization, Decision Feedback Equalization, Excess
Bandwidth Factor (EBF), modulation type, symbol constellations and

25 decoding for the three input signal formats listed in Table I. The



WO 97/ 03509 PCT/ US96/ 11109

"6 Quadr ature Phase Shift Keying (QPSK) synbol constellation of 4

poi nt's, and the DVB cable signal format uses a Quadrature Anplitude
Mbdul at ed (QAM synbol constellation of either 64 or 256 points. The
carrier wo9603s6w Y | oop conpensates for synbol point ofecraisesaashe synbol
point 5 rotation caused by phase and frequency jitter in the carrier
frequency i ntroduced by the transn®ssion channel. This is acconplished

by deri vi ng differemee dnr elock grate is caccommmodated dat censhicinigowhe bystappligi ng
the error si : [ d S f :
icdpMlle of oﬂé}aﬁﬁgi 409Re 'lﬁﬁg;st e T ah%&ﬁ@%@%ge

and frequencg JLtter, . ‘f%@a cOo gx n&ltl Ler rota

functions offi¢hhree, inpyt sign A |86 pomeL nBlifdenres &g nagromupedalgds o
both the | &uydconfigngngxthe demsidylationcdnpetivnst spncerned) as alescribeghdiclow.
processi §gg techni ques. The conplex multiplier function of
Components {1 om Vol t J98ME 5 dsisty) demeduaier 1Y 5 Fiwsf £ouT esuien o
conponents from Vo 0 .
co%’ensat ed InaFigure &n autipput signal from cantgonsal R disdaeceivednconvertat 825
isdpas tsﬁd L italf:%ﬁn?:(ilnamtra&sswl by linpml hhﬁb&kgrzngﬁegdvar@ ﬁ?aﬂcgﬂ&eﬁ _
mode, e Control, si e LRl exer .. 0 byp e deci,sion
f eedback eqd ’iozeffei% gﬁﬁni !;%Z@PHI A ermedl&s%tg'gg??an/n @gf)l‘él’fﬁfdé,ndt he
Cont r ol 18i gramplification $tagespROQ cforo downocanverting thet fnput omisiens signdl dat a
fromrotatonowép frequécyDrand tsuitableni for2 fertheh rocessidd.E Network 26 also
comensat ed iatael TP Uit Wedflichr 909/ 3¢ Btk sphih g
the sel ected &l certo %’lput ?ro,m mul Tl 1exer‘ 20. hi s.sunm'ﬁ - %tbve gtion
is a known i sTha PRat APUHREaMETLYTKo FPHtD e reprived dkides signal into

i nt er - synbolquadtatufecieand Qn coinponenysenAmiptified 2205 cagipropriately aicalesr the?3. 25
In thosg sappigcay | 1§ PO iptiAtioR! BYC Gnfod b MM 'coAVErdAc 20E

T e Somrae Bt Ao, A oMb gl 1 e
decoder 12. 2050is provided by AGCh erndrt idetacter mep@O0rk 27 ® Idesoxribed elapen: t Aof

equal i zer 2%fgital _sigifale! frBinakish 916, fisXGosRel | 16 o iligIERir | 25 Oror
cabl e denodu at('g]ci)r] DI__lé.‘)conf iguration is desired. In addition, although
both the FFERFPAEIDRE- equal i zers of unit 220 are shown external to
denodul 3@br 10, they nmay be included with dembdul ator 10 in a single
i nt elglrat ed circuit nelgwkitellite hibddw(DSSSQ:;tllﬁlwnyiapﬁlh‘!ﬁpﬁﬁrams@!:ﬁs
equal i zers N, OHI.E a.; . made r

appropri at e%?@rnggo{é*f% eréngfot}sflr?a}t’h%&g{s &ﬁéj(‘gh‘;z'g S|&r?gls?%q{am8&
WO 97/ 03509 network 20 to rotator 225 and bypasses a Feed Pm@%w@yfgg(FFE)

f7 within it |mg;? echable iﬂi}lig mhnltiplexera245| ia&egfgen?mined gbyl the

or mat s o3 e Controlq:s’ﬂﬁaflo Eé e AdigitizZd R 16 otatot ( %[.”ﬁt conjtnﬁléit QAM
type. The ticylar sLicer., used, I e system: el.ected b e
confi gurati dﬂ“ltﬁﬁ{erbd’ﬂ r'&‘F ¢ JT"’\‘?’@‘édr% ’ﬁ?’é)fér“% @éf)ejﬁ ?rge nﬁ?ﬁ@?’fﬁ’er
the input ;iEﬂnﬁliz&B is oamaadaptive SEIR| ktypee diebxl ofilteabhed Qanmpengates | for
addition, inrkBSmisdiott chad®éle. péuiddlishscekudh | asal SReqaBhEgHEIRsse OF
the parti Cu'@{e&%ﬁi\é@m

30

(@)

The output data from multiplexer 215 is processed by a

carrier recovery loop comprised of unmits 225, 220, 230, 30, 35, 40, 265,

260 and 255 for recovering the baseband video information. The data

. from unit 215 is a symbol sequence in the form of complex I and Q
35 quadrature components at the input to carrier recovery loop rotator 225.
This symbol sequence is a binary data sequence where each symbol is
represented by assigned digital values. The -set of symbols may be
represented in a complex plane as a set of points called a signal
constellation, as known. The DSS and DVB satellite signal formats use a
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equahzers of unit 220 are shown external to demodulator 10 they may
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35 In that case, the adaptive FFE and DFE equalizers may be configured for a
particular mode by programming appropriate filter coefficients using the
Control signal.
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Differential encoding/decoding is a known technique used (in cable mode)
to overcome the problem associated with potential phase ambiguity in the

30 derived carrier and recovered symbol constellation. The recovered data
output from multiplexer 40 is used in both satellite and cable modes by
the carrier recovery loop, timing recovery network, signal quality
detector and AGC functions of demodulator 10.

35 Continuing with Figure 5, the input to slicers 30, 35 and
recovered data output from multiplexer 40 are processed by carrier
recovery loop phase error detector 265, low pass filter 260 and VCO 255,
to provide the I and Q feedback compensation signal components used by
rotator 225. Phase detector 265 determines an error signal representing



30 lies outside a predetermined range. |If the SNR value is outside the
“predeterm ned range, mcrocontroller 105 may re-configure the system
including all the configurable elenments of denodul ator 10, equalizer 220
and decoder 12 for a different input signal format. In this way,

mi crocont rol tyeye7dd¥ee Ny iteratively re-configure denodul ateornisos/amed 3 5
decoder 12 functions by using the Control signal via interface 100 to
appropri ately denodul ate and decode thesappl i ed input signal format.
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35 The term (Im2 + Qm2) is obtained from unit 315 and the term (Iss2 +
Qss?) is obtained from look-up table 310 as an approximation of (IsZ +
Qs2) using Is and Qs as input pointers. This AGC error has the advantage
of being a function of the difference in vector distance between the Im,
Qm point and the Is, Qs point with respect to an origin (0,0) point, It also
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11 each of the EBF values of the three input signal formats as shown in
Tabl e . Filter 235 may al so be progranmmed to pass signals wthout any
filtering, e.g., for test purposes. 5 Wthin unit 240 the
error conperwadamskata fromfilter 235 is conpar ed botACTEIS#dM1tlee dat a

I nput to slicers 30, 35 and with the recovered data output from
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out put by the VCXO. This sanpli ngarnd—s-yne-hm output is 20
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In Figure 1, configurable decoder 12 provides the functlons required
for "decodi ng the DSS ggd DVB si gnal for functions of
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a Reed- Sol ONRjg lEfn%B’fH 115. These i ndi vi dual
functions, are known and scr for exanpl e, in the reference text
Digital nmuni cati on, noted preV| ously. The operating characteristics

of the decoder 12 el endibes camputébudy eTeds| signpl fisr loygSpassO filtesed\VBithindes.
WO 97/ 03509 detector 270 of szure 5 to produce an output E’gﬂapsﬂﬁ/ &8r®Siling the
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mapper SNR) °fpé||‘° ingpt §le1 gw@smods Qter using, the error sign
synbol provided by unit 270. Unit 270 first forms the absolute ¥phrer b8 the SAGIAM

error signal. Then unit 270 applies decision thresholds to the resuit to
25 determine whether the AGC error lies within a programmed range of
values. This provides a determination of the magnitude of the AGC error
value which corresponds to an estimate of SNR value. This SNR estimate is
provided to microcontroller 105 via interface 100 in Figure 1.
Microcontroller 105 is programmed to determine whether the SNR value
30 lies outside a predetermined range. If the SNR value is outside the
predetermined range, microcontroller 105 may re-configure the system
including all the configurable elements of demodulator 10, equalizer 220
and decoder 12 for a different input signal format. In this way,
microcontroller 105 may iteratively re-configure demodulator 10 and
35 decoder 12 functions by using the Control signal via interface 100 to
appropriately demodulate and decode the applied input signal format.
This configuration function may be programmed to be performed as part
of an initialization procedure or in response to an input signal to the
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proposed by Ransey as described in "Realization of Optinum

Interl eavers,” | EEE Transactions on Information Theory, vol. IT-15, My 35

1970, is used. In contrast, in DVB node an al gorithm proposed by Forney
as déscribed in "Burst-Correcting Codes for the O assic Bursty Channel,



I-EEE Transacti ons on Communi cati ons Technol ogy, vol. COM 19, Cct. 1971,

©1's used. WO 97/ 03509
PCT/ US96/ 11109 15
Synchroni zati on network 75 detects sync words in the interl eaved data
signal and pwowrossss out put signals synchronized to the ravAISHeMIIaYg oOf
data. The sync words are not thensel ves, | nterl eaved, but occur at
periodic intervals in time. To enable 5\/%0 word detection, 5 information
i.dentifying the sync words and the expect ed data packet | engths is
| oaded i nt o Tabje II.cDecodet i fu 1S Branodes provi ded by
m crocontrol l er 105 via |nterface 100 by means of the Contr ol SI gnal .
Qut put synchroni zatlon S|gnal TR ot T # ess
generators 80 are—8E | PN 3 di units
80 and 85 with %al W@FF‘E&% d&/3 fr pm r 70. Notgener af ed

addr ess si gnal s} convolwtdanabpl iled &/ nepory Yia m|l ti mpplisabie

I n DSS node, lcode! eates 90, iin responge to 3k Contlrol signal 15
appl i es addresst signals from generator}80 t@henory }|95. In DVB
mul tipl exer 90 fapplies addresg signal s{frompegeratqr 85 to menpry 95

in response to &bt cdelbdO ) R e st%ys b‘eneratoN(pu *s used

in the DSS node D S ToEs ! G e » and
generator 85 is bl 15 e DYB 8 b |rrple Rnt t 562'(58 @w

dei nterl eavi ng |"R8RPEfon. Thede REhte P’é?a\ﬂqligsylph%t bitss pas synibol
| npl-emented usijng | ogic state nd¥mbeds| Generators 40 and 85 producg a
sequence of regd and wite addresses apd associ at ed [n@+B (266/QAM)
signals (such as read, wite 3dnd outpuj enable) whi dhpage ol p

mul tipl exer 90 SeiMPHERveD- ﬁRa'mge' QNEICE Gorpkyl € 40T €58 pd 25
by generators §Q ;%5 ensares fhat th nterleav d dcta from rﬁ{)per 70 i s

witten into n IIUIID ot ITON 95—t t=re—orider—tm

i nput interlea ue%‘—’:‘?mkﬂg A 'mgo +hé—segueltce—ot Fead—addies

produced by generators 80, 85 ensures that data is read out of nemory

95 in the desired delﬁtg%rl eaveg%order resuId(L5 t deinterl eavgd outgut
30 data from nenoryD§&§oder besSoI ﬁeﬁ‘é%détl 198de rat

Addi ti ondl bdeingerdeaver nftypeat i smbohcdoni byte hemapping i andf ddserambler
confi gurabl eredﬁir@iﬁéﬁiseﬁierthéuﬂﬁéd Gfipas sﬁﬂnﬁﬁ%hﬁﬁtst MasC Gisfo@N G NPable ST, pﬁieﬁnt

Reed- S onordtekieed *sery dgrataybites & coRmgRRLCY, dagiter 12 upgpy

decodes and @sﬁ °éoPPBth the deinterl eaved output data from menory
95. Reed-Sol onon decoder 110 is configured by internal regi sters which

are | oa I n respons t @l C on
| oaded qufo {'Ptgfb%p r dee%;baeﬁg(%fgm 3 ff?‘f"{fﬁ%ﬁt i&%sSft{xé g ég'gcmﬁ? cohVofai5aki
VO 97/ 03509 pa ecoding varloupCepigomies ;hown in
16 Table II. Units SO0 and 60 process, decode and error correct the filtered
digital video signal output from unit 25 which is applied to the input of
unit 50. These units provide a first level of correction of random
15 transmission errors. In the DSS satellite signal configuration one of two
possible code rates (2/3 or 6/7) may be selected. In contrast, in the DVB
satellite signal configuration one of five possible code rates (1/2, 2/3, 3/4,
5/6, or 7/8) may be selected. The term "code rate" in this context defines
the error correction overhead carried by the coded data. For example, a
20 code rate of 1/2 means that 2 data bits are encoded for each bit of input
data. Similarly, a code rate of 7/8 means 8 data bits are encoded for each
7 bits of imput data. The variable code rate of the transmitted data stream
is achieved by deleting bits from an encoded 'data stream coded with a
base code rate of 1/2. For example, to achieve 2 code rate of 2/3 one of




particul ar packet |engths of data expected in the deinterleaved out put
‘data fromnenory 95. The information nmay al so include ot her

configuration paraneters such as the nunber and type of parity bytes
expected in the data, the nunber of error correction bytes per packet, 5
and par anet ewo9smisect i ng the type of Reed- Sol onbn decoder Hoxrushé/1imos

enpl oyed, for exanple. The Reed- Sol onon decoded data out put
fromunit 110 is provi ded both to dekscranbler 115 and to nul tipl exer
120. In Dssltimd@ l?]mo pmdtdxeed) tg«euodi@fz iinputcdlatan bitst attthe TNicode gatgni!
status, app 0 t I 118+ 1.0 or,..125.
I cont raot Jeinell ipaving” S DHRE 96 Be, (FfHsitega TnkD oGP odd GRS e
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transport pryg 0 to ron 0 erro
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MPEG conpat |%°Pd?‘§' GataWithe dhe npat data.o Sugeessfule spnelypnizatine is indicated

i nvention. Thyammpacteptable 3for m debweetr rerenicoded aimd oorigingl rigpho ddtpe

based oR san a h t
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gai n-coptgol led, iltgeeg ofLoibal sdlsp gk @%&%j&hrsﬂlggguagtg&%g5§e& hen

processed, Viterbi deCodad and error cqr
and 60. In t#hey” Dssfmm t Plaserhnlders dymmy b bita mﬁe.mhsmﬁe tg dity
6/ 7 code ratdeleseddeht nehe cardnsmittefhecarecsinstrted \inter thededatdedstredmut A 5

from unit 60ds; §§1‘éd Ydt@ hid¥ G5°nfl® bo 1A 1 OBk (B gﬁﬁate
The out put o

el eave ts Q?j%
which are co cf*“"é‘i‘é(n’g?té ?ofhef ﬁl’%‘fl &pde JFate of,
The dei ritférléavmemnﬂpdata‘ streamendnit 56 xsscmﬁgmed for ﬂ@e@ebgtedrmnde rate

gggggga 15@ dloBﬁﬁ?eChu;/ﬁeu%dl?ﬂr twﬁhﬁ;(gfmtl?br tia peypon kcr:pfde)%éfi%nir%'i signal 10
networ ks 130 me{'f%E °fh8mé°§°5‘gé%?lll? 3%3 v ao#ﬂg%g ¥%Sn W 190 Sf% g'ﬁaﬂ%celholder
bit msemon state machine is configured insert the correct number of
place-hoider bits for the appropriate code rate selection in response to
35 the loaded register information. Similarly, the Viterbi synchronization
network of unit 50 is also appropriately configured using this
information. After the "place-holder” bit insertion, a fixed base code rate
of 1/2 is output from unit 50. This means that the various transmitted
code rates shown in Table II are all decoded using a single Viterbi




I'n the enbodi nent of Figure 3, denodul ator 10 and decoder 12 of Figure
1 are configured via the Control signal to process the DVB 15 satellite
signal format. The networks shown in Figure 3 performthe sane

functions as previously described in connection with Figure 1. In this DvVB
satel lite noaesaessen the DSS node, the denodul ator..10 ACCHCEBISIMBE t he
QPSK slicer output via multiplexer 40. The resultant gain-controlled,
filtered, digitized video signal output*Tromunit 25 is then processed 20

Vi terbi deccs®eader ®0:thet opsratesalg fized, chase 1 codg rate 53/20dThe. "place-
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dei nt er P&av equgml Brtamsso By bissmapperd dsge ¥k Reed- Sol onon decoder
110, descranbled by unit 115 and passed via nultlplexer 120 to out put

processor 125. The d e d te P sspr 5,s
processed by ne wor. ks ggoqnﬁ%%ngk%m&é@%e %I‘I 0@8 ggn YAh d%ﬁ vgoth
Figure 1. symec bronization unis; 1/ eWGH!ﬂ"Xt% Ta B"t e cpracessingynEhisons
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| ogi ¢ buf f ernrngetsmumd seguendse such ¢hpt w ainta olose| during e tranemissigmr does

fggc: on outmtﬁesunsi:e&ﬁmsr uﬁldiﬂu ouéﬂda&a p?ﬁaﬁds dy daflf 1éshi| egfdm?zzsédn
?he'msia?’ves Auf Bt R ot GoRUL caposled PR oot ST e BrtRins
i nput s8 % Anggmemory 95 together with deinterleaver address generators 80 85
and multiplexer 90 constitute a configurable deinterleaver function for
restoring data to its original sequence. In DSS mode, a deinterleaving
algorithm proposed by Ramsey as described in "Realization of Optimum
Interleavers," IEEE Transactions on Information Theory, vol. IT-15, May
35 1970, is used. In contrast, in DVB mode an algorithm proposed by Forney
as described in "Burst-Correcting Codes for the Classic Bursty Channel,"
IEEE Transactions on Communications Technology, vol. COM-19, Oct. 1971,
is used.




19 Cl ai nms 1. In a systemfor receiving and
“adaptively processing a carrier nodulated wth video information in one of
a plurality of different nodulation formats suitable for satellite,
terrestrial or cable transm ssion, an adaptive denodul ator network

conprising: wooofked i M ng recovery network for recoveri ng pcrosvanigmwt a from

sai d nodul ated carrier; an adapti e carrier recovery net wor k
responsive to said f Velki n leo rnti Qn
fromsaid  carrier %ﬁéﬂaﬁa I%Lqi erep('rgr%gu?gt g% nﬁ% gj%dg B 8‘

sel ect abl e dntegleavadt Wk signad| GB@deW@% Pwant signals synchrenized et‘Woﬂle
for applyi n@egnﬂﬁthbfdeanSI t$ymesiwords are triotddliemsuions Cidterldaved| dbut
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20 lengths is Ioaded into registers within unit 75. This information is
provided by microcontroller 105 via interface 100 by means of the

Control signal. Output synchronization signals from unit 75 are provided

to address generators 80 and 85 for synchronizing the address signals

10 from units 80 and 85 with the interleaved data from mapper 70. The

generated address signals are then applied to memory 95 via multiplexer
90.

In DSS mode, multiplexer 90, in response to the Control signal

15 status, applies address signals from generator 80 to memory 95. In DVB

mode, multiplexer 90 applies address signals from generator 85 to

memory 95 in response to a different Control signal status. Generator -80

is used in the DSS mode to implement the Ramsey deinterleaving

function, and generator 85 is used in the DVB mode to implement the

20 Forney deinterleaving function. These deinterleaving functions are

implemented using logic state machines. Generators 80 and 85 produce a

sequence of read and write addresses and associated memory control

signals (such as read, write and output enable) which are passed via

multiplexer 90 to memory 95. The sequence of write addresses produced

25 by generators 80, 85 ensures that the interleaved data from mapper 70 is

written into memory locations of memory 95 in the order in which the

input interleaved data is received. The sequence of read addresses

produced by generators 80, 85 ensures that data is read out-of memory

95 in the desired deinterleaved order. The resultant deinterleaved output

30 data from memory 95 is provided to Reed-Solomon decoder 110.

Additional background information concerning the operation of the

configurable deinterleaver function is presented in co-pending U.S. patent
application Serial no. 08/346,950, of J. S. Stewart.

35 Reed-Solomon decoder 110 operates in all modes of decoder
12 and decodes and error corrects the deinterleaved output data from
memory 95. Reed-Solomon decoder 110 is configured by internal
registers which are loaded in response to the Control from interface 100.
Information loaded into these registers configures unit 110 to decode the



2: A systemaccording to claiml1, further including an Automatic Gain
"Control (AGC) network providing a gain control output as a function of a
di fference between a signal produced before said slicer network and a
signal produced after said slicer network. 3. A systemaccording to
claim1, furwoerressesl uding a selectable differential decoNwUg96E1109
differentially decoding a signal produied by said carrier recovery
net wor K. . A system agccordin a|n11 wherein said sel ectabl e
slicer net \AoPV(“’ePé’éiﬂi cRacketi langths Hofe Ja3R AEXBRRIFS DN athe fdsinterlopvedpaRtpsit
QAM synbol cdatat efioeml cmemory 95 Theydhfoemation dimgy t alsd aimthdenwhsther n
t he nodul ati Orfpt e
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anne

associ at ed
21  wherei \rllvé{nﬂe conf gu°§?h‘§n ‘of said equalizer filter network is

The Reed-Solomon decoded data output from unit 110 is

provided both to descrambler 115 and to multiplexer 120. In DSS mode,

10 multiplexer 120, in response to the Control signal status, applies the

decoded data from unit 110 to output processor 125. In contrast, in both

cable and satellite DVB modes as shown in Table II, the decoded data

from unit 110 is first descrambled by descrambler 115. In these modes,

multiplexer 120 responds to a different Control signal status and applies

15 the descrambled output from unit 115 to output processor 125. Output

processor 125 processes the output data from multiplexer 120 and

provides Output Data for the system of Figure 1. Processor 125 supplies

the functions necessary to interface the Output Data to other video

receiver processing networks. These functions include conforming the

20 output data to smitable logic levels and providing a clock signal associated

with the output data signal to facilitate interfacing with other video

receiver networks. Finally, the output data from umit 125 is processed by

MPEG compatible transport processor 130 to provide synchronization and

error indication information used in the video data decompression,

25 although MPEG compatibility is not essential in a system employing the

invention. Transport processor 130 also separates data according to type

based on an analysis of header information. The data output from

processor 130 is decompressed by MPEG decompressor 135 to provide

video data suitable for encoding as an NTSC format signal- by NTSC

30 encoder 140. The encoded decompressed output data from unit 140 is

provided to display processing circuits including a display device (not
shown).

In the embodiment of Figure 2, demodulator 10 and decoder

35 12 of Figure 1 are configured via the Control signal to process the DSS
satellite signal format. The networks shown in Figure 2 perform the same
functions as previously described in connection with Figure 1. In this DSS
mode, the demodulator 10 AGC loop (discussed in conmection with Figure

5 and 6) uses the QPSK slicer output via multiplexer 40. The resultant



sélected in accordance with the nodul ation format of said nodul ated

rcarrier. 7. A systemaccording to claim®6, wherein said sel ectable
equal i zer network includes a Feed Forward Equalizer filter and a Decision
Feedback Equali zer. 8. A systemaccording to claim1, further

includi ng a WOSHeesoenti al decoder for differentially decod®GTjusas/titeal
produced by said carrier recovery net vvoi'jg 9. A systemaccording to
claim1l1, wherein sai aréier recovery etwork i s capabl e of operating at

C e . . £
di fferent cl&8R- led, filtered, ‘Rgﬁit‘éﬁf"ﬁcw& PYRY from nymit 23 ishéhen
i ncl udi ng a progesded, Viterbiy deedbded candreavoricogreatedarbyo Wegotienn 2 sinieat 3o of
error occur | S a4 r a
error o mﬁgg& TnS@ié nzggfég}@sa@%ﬁft f%%onié}f Bk %ﬂﬁr&??@f. et B8 2/33b¢
11. A syst el®/dcE9M8i ffer 35 cPsfined ocanliray cThe stesultanfapYiterbi desoded qupuyery
networ k iSs afromamitc §0| 5 passed) wiedmultiglexerc 65ptd isyinboli toh bybe mapperafoon
format of safge Vofipat "Sftthalged 70 is deinterleaved by units 75, 85, 90 and 95
: which are configured, for example, for the Ramsey deinterleaver function.
The deinterleaved output from memory 95 is decoded by Reed-Solomon
decoder 110 and passed via multiplexer 120 to output processor 125. The
10 decoded, demodulated output from processor 125 is processed by

networks 130, 135 and 140 as described in connection with Figure 1.

In the embodiment of Figure 3, demodulator 10 and decoder
12 of Figure 1 are configured via the Control signal to process the DVB
15 satellite signal format. The networks shown in Figure 3 perform the same
functions as previously described in connection with Figure 1. In this DVB
satellite mode as in the DSS mode, the demodulator 10 AGC loop uses the
QPSK slicer output via multiplexer 40. The resultant gain-controlled,
filtered, digitized video signal output from unit 25 is then processed,
20 Viterbi decoded and error corrected by decoder 12 unmits 50 and 60. In
this DVB mode, in contrast to the DSS mode, unit S0 may be configured
for five different code rates (1/2, 2/3, 3/4, 5/6, and 7/8 rates). The
resultant Viterbi decoded output from unit 60 is passed via multiplexer
65 to symbol to byte mapper 70. The mapper 70 output is deinterleaved
25 by units 75, 80, 90 and 95 which are configured for .the Forney
deinterleaver function. The deinterleaved output from memory 95 is
decoded by Reed-Solomon decoder 110, descrambled by wunit 115 and
then passed via multiplexer 120 to output processor 125. The decoded,
demodulated output from processor 125 is processed by networks 130,

30 135 and 140 as described in connection with Figure 1.

In the embodiment of Figure 4, demodulator 10 and decoder

12 of Figure 1 are configured via the Control signal to receive the DVB
cable signal format. The networks shown in Figure 4 perform the same

35 functions as previously described in connection with Figure 1. In this DVB
cable mode the demodulator 10 AGC loop uses the QAM slicer output via
multiplexer 40. The QAM slicer is configured either for a 64 or 256 point
symbol constellation depending on the input signal to demodulator 10.

The resultant data recovered by the selected slicer configuration at the



carrier in response to said error estimate. 12. Apparatus according to
‘claim 10, wherein said estimate of error is a function of the sumof the
squares of quadrature conponents of a signal processed by said carrier
recovery network. 13. A system according to claim 10, wherein said
estimate of wOPMss9s a function of the difference betweenprex/isssatioand a
second val ue, wherein said first value pgpresents the sumof the squares

X
of quadrat ur 0 I gpals.i + Sad d VW CErnpe k,an aid
second val ueg}lg ,Lr es%ﬁ?é%%ﬁélcgﬁ?n 2 & g%gﬁﬁ%?égf%f degédratgfeh\c@{}p%%e%f’ of
an out put si gFeNided oto mltiplexer ofe G\Eﬂd%.f 2. The gecoded couipyk of ypit 45
adaptively pingmssedigvianmuitiplexer g6filto symbel rfonyytatmapper ofi@. Afhea mapper
plurality of 78i IfRHEO! id nc?(‘f'lhteri&rv@ﬁt %f“\?ni‘éé‘e?i' "ggaldh dZAd 93 SPERHC kN
one of a pluralt (i)f fdl erent cogdi ormat s, gg aratus conpri.sing;
REPL ACE gpgé red, for example, for the Forney nterlegver funcgﬁnadg‘bpi ve
ti m ng recovdeintereanwed batputedoomr imgmioryi 95 is’ desbdednbyorRésd>Sotemon
| nput ST Nl daSoder’ 196! 'd@8cAlinted by P M3 sh8PHissBl O nlulfifRiker 120 102"
adaptive data recoveré/ net\/\ﬂ r%sp}’on3|xe to said timn
output processor . The decoded, demodulated output from processor
125 is processed by networks 130, 135 and 140 as described in

10 connection with Figure 1.

Both the demodulator 10 and decoder 12 functions and the
means for configuring and selecting these functions may be implemented
in a variety of ways. For example, instead of wusing multiplexers for

15 selecting functions, a configurable logic network could be used to perform
these functions. Alternatively, a tri-state logic buffering scheme could be
employed to select between separate function outputs instead of using
multiplexers for the selection. In addition, by applying the principles of
the invention, the functions themselves may be varied to provide

20 decoding and demodulation of other input signal formats.



i nf ormation for recovering said data; a sel ect abl llﬁl Emm& ll
"included in said data recovery net wor k, for applyin on

t hreshol ds to data provi ded by said carrier recovery "nefwork to recover
said data, said set of decision thresholds being selected froma
plurality ofwoe@wessef decision thresholds suitable for sai ®CI/ISfit0er ent

I nput formats; and an adaptive degoder for selectively decoding said
recovered data as a function of agéﬁémged data coding format to
produce recovered and decoded out put 15. Apparatus according to
claim 14, further including a signal quality detector providing as an

out put an estinmate ofy efpon £ I fo10 rdeBevin agaouggﬁqjva d p# 3@%% oyt put

(Zjita, recei vé?m% ﬁ@?gi?g%} avg‘iﬁ Qgg%fﬁg?&%{@lo} m\blgns?%a% p[}pgalﬁya?fgfyfareqtnput

format ih rEwdelasion Jormats émtab ecfeor patedlite, terrefvnalAppamhlqstranmmg to
claim 14, waeradiptpvd deddédulator network comprising:

a timing recovery network (25) for recovering timing data
from said modulated carrier; and
an adaptive carrier recovery network (25) responsive to said
10 timing data for recovering said video information; and
a selectable slicer nmetwork (30,35,40), included in said carrier
recovery network, for applying a set of decision thresholds to data
provided by said carrier recovery network to recover said video
information, said set of decision thresholds being selected from a plurality
15 of sets of decision thresholds.

2. A system according to claim 1, further including
an Automatic Gain Control (AGC) network (25;270) providing a
gain control output as a function of a difference between a signal
20 produced before said slicer network and a sxgnal produced after said
slicer network.,

3. A system according to claim 1, wherein
said timing recovery network includes a configurable filter for
25 compensating for variations in Excess Bandwidth of said modulated
carrier.

4. A system according to claim 1, wherein
said selectable slicer network applies decision thresholds
30 appropriate for PAM, QPSK or QAM symbol constellations.

5. A system according to claim 1, wherein

the modulation format of said video information uses a
symbol constellation containing a plurality of symbol points.
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carrier nodul ation data; and said data recovery network lﬂ“
"recovery network for recovering said nodul ati on dat a. H“'luml ﬂﬁl””“l
recei ver for adaptively processing a carrier nodul ated wi'th“data I n one of
a plurality of different formats suitable for satellite, terrestrial or
cabl e transnwparesseand wherein said nodul ating data i s erroyisgeimmesone of a
plurality of different formats suitable for satellite, terrestrial or
cable "transm ssion, apparatus conpri sizﬁb an adaptive timng recovery
network for recovering timng data from said nodul ated carrier as a
function of a receivef. A system accordihig & ickaind dr, mherein an adaptive
carrier recovery net EINeTe) t {dAHG rar ng
nodul ating dat a fromV\gsHe{?d leujé o&%‘ys"ﬂegwork f %lﬁd%faabl%(ﬂg‘#%k
net wor k, i nc@dyalizes rnetyagk cézﬁ))e or compensating for errors associated with a o5
recovgr éSBetMSmxsdmn shphyelngwhessin dic ﬁkamftgmnbhr of hsdids equalitey dilter
provi ded by ri oxer r RGO . Sa dillrating
data, said s‘ge?wg#a{ C|s§|i%ént&? hirh: %cpgi&%él r‘{}gla'l fhie \‘\%e%‘%lggoﬁr g‘%ngg%p:&urg

of sets of dBedukated { FAKSTe| ds suitable for said different nodul atlon
formats; and

7. A system according to claim 6, wherein
10 said selectable equalizer network includes a Feed Forward
Equalizer filter and a Decision Feedback Egqualizer.

8. A system according to claim 1, further including
a differential decoder (45) for differentially decoding a signal
15 produced by said carrier recovery network.

9. A system according to claim 1, wherein
said carrier recovery network is capable of operating at
different clock rates.
20
10. A system according to claim 1, further including
a signal quality detector (275) providing as an output an
estimate of error occurring in recovered video information.

25 11. A system according to claim 10, wherein
said adaptive carrier recovery network is automatically
configured to be compatible with the modulation format of said video
modulated carrier in response to said error estimate.

30 12. A system according to claim 10, wherein
said estimate of error is a function of the sum of the squares
of quadrature components of a signal processed by said carrier recovery
network,
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an adaptive decoder for selectively decoding said recove““ﬂllum HH“ig
‘data as a function of a received data encodi ng f or mat i P s e
denodul at ed and decoded out put dat a. 19. Apparatus according to claim
18, further including a signal quality detector providing as an output an
estimate of worsymssesccurring in said denodul ated and decoder/usaé/pee dat a.
20. Apparatus according to claim 19, whegrein said adaptive receiver is
automatically configured to be conpati d with said received carrier

nodul ation format in response to said error estimate. 21. A receiver

for adaptively procesdBng asysteni iatording ot eldimW 0,hwheftd® data in one of a

plurality of different,. ] O t wher ei ' N

video data is encodedtslmrgog%)%llgugf Hg e[%%ra ?tf}ﬂgpwgi éfetﬁeefl(?ffgroer%ng& ecH 2

Corrp!‘| Si ng: fil‘st and a second Value, Wherem 26 an adapt i ve t| m ng

recovery Setwork for sanbvéirstngvaiuei ngpreisdms f then saird obdeheat equassy i 6f as

a functon odugieh@fe! Kiifipodeid IoF a TGHAR AR ('SR Sticer BBrAHRPEhYS carTi er
I'm data,  tor

recoyvery network respons]ve to sal g recover i ng nodul ating
data fromsaid modul & seconde value represents the sum of the “squares of

quadrature components of an output signal from said slicer network.

10 14. In a receiver for adaptively processing an input signal
containing data in one of a plurality of different input formats and
wherein said data is encoded in one of a plurality of different coding
formats, apparatus comprising:

an adaptive timing recovery network (25) for recovering

15 timing information from said input signal as a function of a received input

signal format;

an adaptive data recovery network (25) responsive to said
timing information for recovering said data;

a selectable slicer network (30,35,60), included in said data

20 recovery network, for applying a set of decision thresholds to data
provided by said data recovery network to recover said data, said set of
decision thresholds being selected from a plurality of sets of decision
thresholds; and

an adaptive decoder (12) for selectively decoding said

25 recovered data as a function of a received data coding format to produce

recovered and decoded output data.

15. Apparatus according to claim 14, wherein
said input signal is a carrier modulated with said data and
30 said input formats are modulating formats and said modulating and
coding formats are suitable for satellite, terrestrial or cable transmission;
and

said data recovery network is a carrier recovery network.
35 16. Apparatus according to claim 15 or 18, further including

a signal quality detector (275) providing as an output an
estimate of error occurring in said recovered and decoded output data.
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a-sel ectable slicer network, included in said carrier riM“ﬁjﬂl!“ﬂHﬂ!M“L
- for applying a set of decision thresholds to data provi dea y Ater
recovery network to recover said nodulating data, said set of declsion
thresholds being selected froma plurality of sets of decision thresholds
suitabl e forweaydssiefferent nodul ati on formats; an adamGTEsssA1er bi
decoder for Viterbi decoding said recovged nodul ati ng data and provi di ng

a Viterbi decoded output as a functi or®®f a received data encodi ng format;
an adaptive deinterleaver for deinterleaving said Viterbi decoded out put

and providing an out puT. iApprestas dezosdingt to 2laifleile| ewheriti ng function
sel ected roma plur aljity plapefl] ekl iR" 1189 dutiatiQRly contlhuddaPth" e

error processor for error COFrect I’\?}% sai d . .
27  dei nt erqosmpasibleumith sadd preseived sardes gpodulation: formak jut respgpse to g
descranblser daid elpscreptimhateg said error corrected output.

18. A receiver for adaptively processing a carrier modulated
with video data in one of a plurality of different modulation formats and
wherein said modulating video data is encoded in one of a plurality of

10 different formats, comprising:

an adaptive timing recovery network (25) for recovering
timing data from said modulated carrier as a function of a received
carrier modulation format;

an adaptive carrier recovery network (25) responsive to said

15 timing data for recovering modulating data from said modulated carrier;

a selectable slicer network(30,35,40), included in said carrier
recovery network, for applying a set of decision thresholds to data
provided by said carrier recovery network to recover said modulating
data, said set of decision thresholds being selected from a plurality of sets

20 of decision thresholds;

an adaptive Viterbi decoder (50,60) for Viterbi decoding said
recovered modulating data and providing a Viterbi decoded output as a
function of a received data encoding format;

an adaptive deinterleaver (80,85,90) for deinterleaving said

25 Viterbi decoded output and providing an output in accordance with a
deinterleaving function selected from a plorality of deinterleaving
functions;

an adaptive error processor (110) responmsive to said
deinterleaved output; and

30 a descrambler (115) for descrambling an output from said
eIror Processor.
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