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that prescribed by a recognized standard or a proprietary commercial

specification, a video signal receiver must be capable of receiving the

25 transmitted signal format. A .system for receiving different transmitted

signal formats in the context of different types of transmission such as

satellite, terrestrial and cable transmission is disclosed in U.S. Patent No.

5,497,401, entitled "A Branch Metric Computer for a Viterbi Decoder of a

Punctured and Pragmatic Trellis Code Convolutional Decoder Suitable For

30 Use in.a Multi-Channel Receiver of Satellite, Terrestrial and Cable

Transmitted FEC Compressed-Digital Television Data” by J. S. Stewart et al.

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

35 shape, the data rate employed by the transmission system, and whether a

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.
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a signal processing network can advantageously accommodate nultiple

decodi ng functions in the context of a digital television signal processing
5 system for exanple. In accordance with the principles of the invention,

a disclosed digital signal processing network provides adaptive decoding
networ ks i ncorW¥@PH¥SIy different types of decoding functions, PEVUSSAT e
related to code rate, deinterleaving, and error processing functions. 1 0

In a system for receiving and adaptively processing a video signal encoded
in one of a plurality of different formats suitable for satellite,
terrestrial or cable transm ssion, apparatus in accordance with the
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output data. '

In accordance with a feature of the invention, an adaptive
error decoder detects and corrects errors in an adaptive decoder output.

25
In accordance with another feature of the invention, a an
adaptive deinterleaver deinterleaves the encoded video signal and an
adaptive error decoder detects and corrects errors in the deinterleaved
output. ;.
30

- In accordance with a further feature of the invention, a signal
quality detector provides an estimate of the error in the decoded output
data. The apparatus is auntomatically configured to be compatible with the
encoded video signal format in response to the error estimate.



configured to denodul ate and decode a DVB satellite signal format. 15
Figure 4 is a bl ock diagram showi ng the function elenents of Figure 1
configured to denodul ate and decode a DVB cable signal format. Figure 5 is
a nore detailed bl ock diagram of the denodul ati ng apparatus of Fiqure 1. 20
Figure 6 is aVWP8UMWSH agr am showi ng the AGC error conput atiorr%@f’ll ’ of

t he denodul ati ng apparatus of Figure 5. A system according to the invention
for denodul ating and 25 decodi ng signals (g di fferent signal format such
as satellite and cable television signals i"s shown in Figure 1. In
particular, this systemis configurable to denodul ate and decode signals in
DSS satellite, DVB satellite or Bpigf Debtripsonrofl theo DrawingsThi s
configurability has been achi eved by maxi m zing the use of functions conmon
to the denodul Zai%nBO and decodi ng process of the three signal formats.

It has al so be {AEAWIRR hr ough appropriate sel ection, inplenmentation and
interfaci ng of the denodRigureod asidadblack rdjiagramct of nappdratds giccerdinga to the

carrier nodul a | od d | egel Vv, y .
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i s dermodul at edsigpalfcgaerdes: i DSS and BYB 8. decoder 12. The output from
decoder 12 is further processed to provi de deconpressed out put video data

suitable for display by gdier 3¢ doHIace: afihin (HRMME R clomBRE SPCAfGr 1

- 12 are adaptive denodul a
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denodul ati on and decodi ng functions which are selected by mcrocontroller

105 vi ' f 100. 1Q. d fi
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Control signal cppBgneedy todemedulate andodecade;a; DVB satellife signal fosmes,i ded

by mcrocontroller 105 to interface 100. In Figure 2, denodul ator 10 and

decoder 1 f Figure 1 ngigure r Lve ekl Sj

format. Iﬁl igures 3 angi:%uggeirmgu%‘ap%&rc%g?%%dgggggr& @L’OH‘H%’ ee?%gé?tg of
configured to Fagutevd configured| ta demodylatepand) deceds,jac DYBneableosignal format.
respectively. Both configurable denodul ator 10 and confi gurabl e decoder

12
may be advant ageously ac pdat.ed, i S| ' | 42 ' | .
such as an integrated cif&,ﬁ ffjg‘figraeglg?fepl%&@nﬁlg&géjé?éi@g;@dt@?easge\rﬁq@lmng
provi des the f@pparates ofckigwredlis for denmpdul ating each of the DSS and
DVB signal2@ormats. The primary functions of dempdul ator 10 are recovery
and tracking of the CalTgfdure 6 is a block diagram showing the AGC error

computation function of the demodulating apparatus of Figure 5.

A system according to the invention for demodulating and
25 decoding signals of different signal format such as satellite and cable
television signals is shown in Figure 1. In particular, this system is
configurable to demodulate and decode sigmals in DSS satellite, DVB
satellite or DVB cable signal formats. This configurability has been
achieved. by maximizing the use of functions common to the demodulation
30 and decoding process of the three signal formats. It has also been
achieved through appropriate selection, implementation and interfacing

of the demodulation and decoding functions.

In Figure 1, a carrier modulated with video data is received

35 by an antenna 15, procéssed and digitized by network 20. The resultant
digital output signal is demodulated by demodulator 10 and decoded by
decoder 12. The output from decoder 12 is further processed to provide
decompressed output video data suitable for display by a display device.
Both demodulator 10 and decoder 12 are adaptive demodulation and



frequency, recovery of the transmtted data cl ock frequency, and recovery

of the video data itself. In addition, the denodul ator includes an AGC
network (Figure 5) to appropriately scale analog input data prior to 20
analog to digital conversion in unit 20. The denodul ator functions are

i npl ement ed bV M§I®5 30, 35, 40 and 45. Timing recovery, RGHP§os{11017
recovery, slicer and differential decoder operations are individually known
and general ly described, for exanple, in ;t,\ge reference text Digital
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formats. The other differences are accommopdated by configuring the

denodul ati on functions S I
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intermedi ate ffRauehey, (kéeoverie’ of"¢he transmitted data clock frequency, and

recovery of the video data itself. In addition, the demodulator includes an

AGC network (Figure 5) to appropriately scale analog input data prior to

20 analog to digital conversion in unit 20. The demodulator functions are

implemented by unmits 25, 30, 35, 40 and 45. Timing recovery, carrier

recovery, slicer and. differential decoder operations are individually

known and generally described, for example, in the reference text Digital

Communication, Lee and Messerschmidt (Kluwer Academic Press, Boston,

25 MA, USA, 1988).

The different functional characteristics exhibited by
demodulator 10 in the three signal format modes are shown in Table I



anplification stages 200 for down-converting the input video signal to a

| oner frequency band suitable for further processing. Network 20 al so

i ncludes a gain controlled anplifier 205 and a phase splitting network 20
207. The phase splitting network splits the received video signal into
quadrature | WO ponents. Anplifier 205 appropriately scg?BEﬂFH§M7 and
Q conponents for digitization by analog to digital converters 210 within
network 20. An Automatic Gain Comtrol (AGC)gsignal for anplifier 205 is
provi ded by AGC error detector network 270 described later. A WO
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capable of operating at the highest and lowest data clock frequencies of
the three input signal formats. The other differences are accommodated
by configuring the demodulation functions concerned as described below.

Figure 5 depicts demodulator 10 of Figure 1 in greater detail.
In Figure 5, an input signal from antenna 15 is received, converted to
digital form and processed by input network 20. Network 20 includes
radio frequency (RF) tuner and intermediate frequency (IF) mixer and
amplification stages 200 for down-converting the input video signal to a
lower frequency band suitable for further processing. Network 20 also
includes a gain controlled amplifier 205 and a phase splitting network
207. The phase splitting network splits the received video signal into
quadratare I and Q components. Amplifier 205 appropriately scales the I
and Q components for digitization by anmalog to digital converters 210
within network 20. An Automatic Gain Control (AGC) signal for amplifier
205 is provided by AGC error detector network 270 described later. A



si gnal components, using known signal processing techniques. 35

The conplex multiplier function of rotator 225 nultiplies the unit 215

out put data by conpensati'on conponents from Voltage Controlled Gscillator

- (VCO) 255 to produce conpensated data as an output. The conpensated data
fromrotator 2989388 5sed to slicers 30 and 35 via multipl exBFT/YSRAN1T
satellite node, the Control signal causes multipl exer WO 97/ 03518

PCT/ US96/ 11017 7 230 to bypass the decision_feedback equalizer (DFE) of

unit 220. In coptrast, .in cahl e node, t?e ntrol sigpal causes multipl exer
230 to steer t(fd8tahpSigarkqltom, YRt 21 a8, prowided ( te pppltiplexer 243 of
220. The DFE sulemadiilataronp@nsated data fromrotator 225 with a del ayed,
scaled 5 version of the selected slicer output frommultiplexer 40. This
sunm ng operation is a kpown decj sion feedback equalization process and
reduces inter-synbol int&fsateldite; mode A$Snen cPViBIa mulpiplexsr r 215; oms

DFE may be. o crRaTunclopy the Sofol) sigadl, REaR: ¢ \iglael, Hiles "dBhalsl fro
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f t ] .t both th he Gee
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i ncl uded wl Oh diquadizent ¢ ap iadaptivendiIR itypegidigidal cfilteni andetompensates for
that case, the tpgipsthivéionE SRAnREE epedtdrbRitfor®y ?ﬁfgonfdsgurﬁ'g.g}cu%éncsﬁgh%e

particul ar node %é Ry Qg7 amm ng appropriate filter coefficients
Control signal RS ARS8t ed in Table I, the satellite input signal fornats

are QPSK nodul ated and the cable input signal format is a QAMtype. The
particular slicer used ifThkhédyat Cdhias ; e ~G@nf:.g | 2
Cont r ol siggal via multi Iexir go de eandfﬁhegir??’ | eazbzﬁg élhpgs?&éié%rggl %y a
format is bosafBIet SoRPRSEY o oRR srampsiagd il Inith 200 220n, 230\ B0 HanfQ. 265,
nmode, the QAM 260cand3255% fors gecoveringr the fhasebind peideoc ihformidmy Mhel data
constel | ation iRl vask A3 1j8daCabRthol N é[ﬁﬂh@ |5 n | QT 19015y~
ei ther a 64 point .or 256 oilnt co%stf(e:ill ?’ﬂ on esl'}nc-eliﬁh.gf g?éitli gﬁ ?U:tﬁ?gegolﬁsatgat Q
30 the configﬂpéﬁﬂrwﬁg?n@tﬁnﬁﬁ. SHENRYS - FQ SATHER FEGOVERY JRPRL FORRINT, 225,
230, which is (Fhisjusymbell sequeacel| is ta binery adafaf semqiteack =hent | exch isymbdl ds
mode, S pROSegdepresehted By Sdssipnedd dightal ChaRtidsPr PHES e t
out put from 35 l?mltipldex.e}r, 238&?’8 recl§ker dgtasfrom ?fgd?gt Sf’gﬂ’r gsgga),' be
Shift Keying 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
Quadrature Phase Shift Keying (QPSK) symbol constellation of 4 points,
and the DVB cable signal format uses a Quadrature Amplitude Modulated
25 (QAM) symbol constellation of either 64 or 256 points. The carrier
recovery loop compensates for symbol point offset and symbol point
rotation caused by phase and frequency jitter in the carrier frequency
introduced by the transmission channel. This is accomplished by deriving
an error- signal from recovered data, followed by applying the error signal
30 to the loop input data to compensate for the phase and frequency jitter
using a complex multiplier (rotator 225). The functions of the carrier
recovery loop elements are each performed for both the I and Q complex

signal components, using known signal processing techniques.

35 The complex multiplier function of rotator 225 multiplies the
unit 215 output data by compensation components from Voltage
Controlled Oscillator (VCO) 255 to produce compensated data as an output.
The compensated data from rotator 225 is passed to slicers 30 and 35 via
multiplexer 230. In a satellite mode, the Control signal causes multiplexer



(QPSK) nodul ated signals. Simlarly, slicer 35 recovers data from QAM
signals. Slicers 30 and 35 apply a series of decision thresholds to the
corrected output fromnmultiplexer 230 in order to recover the synbol
sequence of the original denodulator 10 input data. Then, in_satellite

WD 97/ 03518 WO 97/03518 PCT/ US96PERE#H A0 e,
the data used by the receiver is recovered fromthe corrected output of
mul tipl exer 230 by Viterbi det ection uni ta 50 and 60 of decoder 12 (Figure

1). In contrast, in cable t he recovere data .used the receiver is
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30, 35 andOr etovmultipl¢xen 230 pand fpasse tqlqdicsx%r30103§r engdr &ltﬂbledumy 50 of
carrier recovgeyodéiopiRhase error detector 265, |ow pass filter 260 and VCO
255, 20 to provide the | and Q feedback conpensation signal conponents

used by rotator 225. Phase detector 265 determ nes an error signal
representing the phase Both fmulfiplesersdi280eand c21hanagcbe tpasti ofp equalkizer 220,

slicers 30 aner?:ilnﬂﬁfhé&elﬁl hCHFixé!t luieltli@mterﬂetstr@mexsf 4Qb1eThaém%aﬁPJuon
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slicers 30, 3pastienlahemodeobyr mogmmnm peppropriate filtem eoafficientzcnsing the
al so usedy y Q@tﬁﬂrangpt ector 270 to forma gain control signal. This )
control signal control's the gain of anplifier 205 in processor 20, and
ensures that the | and Qi nput S|gnals 35 to the analog to digital
converters of processorAsoindicatedpimpFablecly the satellite input signal formats are

QPSK modulated and the cable input signal format is a QAM type. The

particular slicer used in the system is selected by the configuration |
25 Control signal via multiplexer 40 depending on whether the input signal

format is a satellite QPSK or cable QAM type. In addition, in the cable

mode, the QAM slicer 35 is also configured for the particular QAM symbol

constellation involved, as indicated in Table I Then, slicer 35 exhibits

either a. 64 point or 256 point constellation slicer function in response to
30 the configuration Control signal.

The corrected output from multiplexer 230, which is
unequalized in satellitt mode and feedback equalized in cable mode, is
passed to slicers 30 and 35. Slicer 30 processes the corrected output from

35 multiplexer 230 to recover data from Quadrature Phase Shift Keying
(QPSK) modulated signals. Similarly, slicer 35 recovers data from QAM
signals. Slicers 30 and 35 apply a series of .decision thresholds to the
corrected output from multiplexer 230 in order to recover the symbol
sequence of the original demodulator 10 input data. Then, in satellite



scaled as required for proper analog to digital conversion. Detector 270
conputes an error based on the difference between the sum of the squares of

t he quadrature conponents of the signal input to slicers 30, 35 V\D
97/ 03518 PCT/ US96/ 11017 9 (Im _Qm,
and the sum ofW@AHYSHares of the quadrature components of t RETUNOBRINT om

mul tiplexer 40 (Is, ). Figure 6 shows an inplenentation of the AGC error
5 conputation function within detector 27% The slicer 30, 35 quadrature

i nput. conponents Im Om from nultiplexer®230 are squared by =

mul tipliers 30W08kd s dafd é\ﬁﬁﬁe&ywhadmels&s i5| ;regoATeflodromhdhe corrected
quadr at ur eOI c oggtpac n6fs ﬂmltxpmmf 23Mveby eViterbiedetdotion qnimutsu‘ Ianm 60I of rletsder
40 are used toqscC t gre e ..n 0 0
This stored va %eﬁﬁ pres n?s%l ?ﬁxmm%’f c?hie %ﬁe@g ues J&\ﬁé} the
The stored val igseivyermisepseyidedo bys thee selagted oslicar 1(3 morhé buﬁpdt oyfput by

adder 315 By spulfiplexer wo 'Itlﬁ: m caft hfalt Febtk-,fam i0Cdiféreafiallyndecoded by

ted AGC '
given by: 15 At e# Fid Yagigh qf#é‘rs of, d&fotes LIPURRRR D' S paple
i s obtained frmedeni mugtiplerer t% ( igure| S92 I‘GSM tos thet «LCootrol r signal by
| ook-up tabl e geigctifhganthn Pdifféréatiadn d¥coded? dutﬁﬁt Erom Wmif9 45 ford f¥rtRer

i nput pointers. This AGC e r has t vata el upctjonof th
di fference i n DXOSESFINg; s?'é cgymﬁ%eﬂeﬁag %er\' Pﬁ %d‘“ﬁw gﬁ %‘%?n
with respddl tDifferemtiali enqasling/dsocoding iis aallammstechmqudvmudagm ccfabltelmgde)

and 1o, oo qﬁgtfa"?’&*?"é‘g' t TROBTent ASGERILE Wil SPABRAEE phaGE, atbjsifcy T, P
t hese charact ef¢dY¥¢¢s ratoé'eFBV\Fﬁfﬁséym qler"QBs‘%&“Gg Tﬁﬁr ‘E%‘felfﬁﬂl datp
the gain of AGsutpupl frbnermﬁlﬁpleien 400GE wsedbrinc botlutsatellite ianducatilé modes by
e R 8 S Gty B IGHP O SATIE iy
Qrerr]) G?ﬁeer stee ﬂ‘; A&é[ﬁ Fﬁ‘?nw%aﬁelgpfllé e, t he actual error

function or anot her 35 nodified version of the actual error function may be
La s natead of, the B oGl S M5 TSI 1o ORipdi® S0THS Sl
produce an outJSfOVEF aaf  oBiEME, ch‘P#nnngh\'éP exer 40 are processed | bY carrier
recovery loop phase error detector 265, low pass filter 260 and VCO 255,
20 to provide the I and Q feedback compensation signal components used by
rotator 225. Phase detector 265 determines an error signal representing
the phase and frequency difference between the input to slicers 30 and
35, and the slicer output from multiplexer 40. This error signal is low
pass filtered by unit 260 and is used by VCO 255 (as known) to generate
25 I and Q quadrature compensation components which are applied by
rotator 225 to provide error compensated signals to multiplexer 230. By
this means the signals applied to multiplexer 230 are compensated for
phase and frequency errors associated with symbol point offset and

symbol point rotation introduced during transmission.

30

The input to slicers 30, 35 and the recovered data output
signal from multiplexer 40 are also used by AGC error detector 270 to
form a gain control signal. This control signal controls the gain of
amplifier 205 in processor 20, and ensures that the I and Q input signals
35 to the amalog to digital converters of processor 20 are appropriately
scaled as required for proper analog to digital conversion. Detector 270
computes an error based on the difference .between the sum of the
squares of the quadrature components of the signal input to slicers 30, 35
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of anplifier 205. The AGC error signal is also provided to signal quality
detector unit 275. Signal quality detector 275 estinmates the signal. to
noise ratio 5 (SNR) of the input signal to denodul ator 10 using the A

error signal PO by unit 270. Unit 270 first forms the HSAEOLL e
of the AGC error signal. Then unit 270 applies decision thresholds to the
result to determ ne whether the AGC error I|jes within a programred range of
val ues. This provides a dete rri nati o t He magnlt de of .the AGC error 10
val ue which cot Fbsgbﬂ C LR eB’Sf SGRALES, Of ot Wﬁuédwees‘iqmﬁ?’éemé' of
provided to mmeomtgutofﬂm h@ktiplexer 40e(¥sao@s)L00 in Figure 1.

Mcrocontroller 105 is programred to determ ne whether the SNR val ue lies
outside a predeterm ned range. If the SNR val ue i s outsi de

predet erni ned range, m FIgUTRt rO| 158V 5 2P implementagion. o tb?stéﬁQS error
l ngl gdl ng 3 Ilzédsm mimgumwtﬁnelwimm sdaecmrmam arhe mcereqmal B5eiquadfature
and decoder a r ut g 0

m crocontrol | eVIp(l%{fS ngin "t%g(rag% gf QEA Cgﬁ#l gur gﬂﬁgléﬂc}ul 2% cﬂ?&ggodery
12 functions bgnulgphgra hao@om:ﬁloﬁ i gl spmamedt a@@élexoélso hppcdﬁmoa,eme
de”?d“' at ?, and ﬁ‘ﬁ&ﬂﬂﬁré h%oﬁ’pdnﬁﬁsl fIB;Jt Qs 0bf! ther Tetovered Thata o?tput from
configuration Qn o o of a
Cnitiali zat] onmgsﬁ@etea&f 455 b BB Ges®  A° iR LAl IE, £%{doathp table in
m cr ocont ridl | emeimany e&i%p’?h@t storgd c ¥altieh represents hther spme ofrphe squared values
adfl! ti on, fSI gngf rauah%t sderreé:ts&sremgallmyftmd ltate nstmqssﬂaar sﬂsdfamdaﬁom
estimate of erfor ul_a a

i ncl ude, for e&‘oﬁwﬁ g‘#e&ﬁa e e P gﬁ' % orprﬂgE 3& tFFé‘“b'iaBt AGC
slicer and poserreri cBhe demaputcd rAG&s\rmer ll@dmh%’r ydateasor 270retm theudfigure 6

error cal cul atixﬁgleaﬁéhtﬁhbﬁr i€rgi9enehyd Mation methods are described in
Digital ni cation, Lee and Messerschm dt (Kl uwer Academ c Press,

Bost on, USA, 1988) and other téxts. .30 Th sarrpél ng and synchroni zation
cl ocks used by denoAGQtesror] & |(rlm5|'ng925 8saded by el enents
i ncluding filter 235, synbol timng recovery unit 240 and out put processor

are band 8225“ The, 4pE0 Gmdos CntT i, Shfedned MR bEIC 315 R heC G f1s6? +
variations in QssedsiBohtainad, frams) Q(d:-uppt@l%e%ﬂﬂ);ast BB mmsﬁnumpﬂtﬂsz +
e o{ LD (LA M O e Thbe ottt st
gorrpensat ion. Phe ‘?‘8§ulat PoctioR p%[ %ﬁ? h%lff‘?fﬁﬁ snghfﬁ%tg) tgﬁé“%geﬁéfgﬁ&g t&lé Em
and the sel ect Q@mspoipgrand the Is, Qs point with respect to an origin (0,0) point. It also
has the advantage of being independent of angular difference between
vectors represented by the Im, Qm and Is, Qs quadrature components.
25 Because the AGC error signal exhibits these characteristics, it may be low

pass filtered and used for controlling the gain of AGC amplifier 205.

This AGC error computation is used in preference to the actual
error to. reduce computational complexity. The actual AGC error is given
30 by:

Actual AGC error = \ (Im2 + Qm2) - V (Is2 + Qs2)

As an alternative, the actual error function or another
35 modified version of the actmal error function may be used instead of the
Figure 6 AGC error signal implementation.

The computed AGC error signal is low pass filtered within
detector 270 of Figure 5 to produce an output signal for controlling the
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out put of nultiplexer 40 are used by timng recovery unit 240 to generate

t he sanpling and synchronization clocks. These recovered cl ocks correspond
to transmitter_clocks and are used for tlmng t he operatlon ogpg % tor
10, processor W?p?r“ﬁartlcul ar the analog to digital conv '%ggf?‘
equal i zer 220. In deriving the required timng |nforrrat|on the timng

el enments of Figure 5 use a di gl tal signal fyrgm analog to di gital converters

210. Although t Sbﬁ”i’ﬁxﬁ 2h§ di'l%t{\ét?}'&?opymgﬂeflvgtﬂs@gﬁ%ﬂé& B 'signal

10 the sane rarsed cqs for al ree signal forma
variations in B‘&!Eé! Qﬁm‘dtWFaﬂ%r (EBF) detailed in Table | may alter
this shape. The EBF is a paraneter indicating the degree to which the

rcourate st gnal recovery S, WhllLIF, 278" Wicihhek CfHE, s %ﬂ"@eﬁfo.‘iéee ratio
descri bed i 15(SNR)3 ofcfthe cinpyt t signalDitgi demodwaton il asing,, thme Gnemtor signal
previously. oviddd®byO inith 278 (e 21Wlﬁrs§'f3ﬁﬁ§ ﬁi%aﬁﬁsélﬁfé"ﬁfi'[hé Rt P ARG
si gnal forrrats caus error, | cov red, ti g ck n ord

to conpensate fWX{ Hi1gng; ﬁ&h noOpyf, 7%“2 'ﬁﬁd ?f‘ﬁlﬂ‘b& Mﬁ? ‘hﬁaF%"(j‘?'i do
digital convert&termim: awhethdrt ehedAKiCunntorZ:!Esplthhm cntpmgrgmmeﬂ ctange of
20 generation [ s f r’r'ﬁ%j &

via int erf1 e Hl Usf‘ 59??%%%{&395? r m C Agfo%r
for proper fq ocd ﬁ‘(}]“F §p Ay, estungie o? UG-l t fitimate 18
three input si gplaivﬂled ITELOS nncnmmroliefatillﬁ | vifi linterfaé& k00 bén Figure 1.

programmed to Mﬁ@sée I llBﬁrlﬁﬁriso gﬁﬂﬁbdsf@p&éteﬁﬂfhéﬁé’tﬁbk‘eﬁe' ;Sl\gkbvalue

addition to 25 cr| ree | nput sl orrrats
|. Also, filterliegs0 %130PF p&s’-& s Yalue ol eufside th
filtering, e.g. preﬁetemﬁnedptrangaes:mdtsbbbmrollart 1080 mdy se-configureetirat s;datem

d f f
30, 35 and i th ﬁ‘?‘ﬁ“éc et 2 itigitts gﬁt ikl BF, He’?‘%“‘mﬂ% 1, Shifiicr 220
this conpari sordlhi deoos f vd®ra apn ﬁgeféﬂﬁl #nmhgsa!\a& forgat, IM‘IIE!HSI vay,
applied to synbmkcﬁdcbntl@lmt pLOS pmuyesﬁeratﬂ&@y Tb&:(ﬂlfggm‘e Odnmadum allﬂ and

derivation of t p n

principles as iﬁoye ‘gtlrioif‘d uéﬁﬁ ﬁ&’ §E< I g@ﬁgr tect or
for Sanpl ed Rec%RRFQPE‘ate By m dﬁBﬁi pc %fgt Shgnal format
Communi cat 2dhs, Thby cﬁﬁﬁgura'ﬁan mmsaonnmayl rhenqpregnammedgtmlbd rpnrfarmetd MOpart'

is filtered an lin2?P
signal to a vod? e conta?‘?‘lﬂ@gﬁ%sta zéctf)l flat‘gs Yll (te c@%e?p
unit 250. In th@l rocontroller from an operator access ble witc or example
addition, signal quality detector 275 may use other methods for makmg
an estimate of error or SNR in the demodulated data. These methods
25 include, for example, a mean squared error calculation between the pre-
slicer and post-slicer data in the carrier recovery loop. A mean squared
error calculation and other error estimation methods are described in
Digital Communication, Lee and Messerschmidt (Kluwer Academic Press,
Boston, MA, USA, 1988) and other texts.

30 .
The sampling and synchronization clocks used by demodulator
10 in Figure 5 are generated by elements including filter 235, symbol
timing recovery unit 240 and output processor 250. The outputs from the
analog to digital converters 210 of processor 20 are band pass filtered by
35 configurable filter 235 to compensate for variations in Excess Bandwidth
(EB) as expressed by the Excess Bandwidth Factor (EBF). Although the
preferred embodiment uses a band pass filter,. other filter characteristics
such as a low pass filter may be used for EBF compensation. The resulting
output, the input signals to slicers 30 and 35, and the selected slicer
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preferred enbodi nent the VCXO is a separate device, though an integral VCXO
may be used. The control signal input to the VCXO controls both the
frequency andvﬁrase of the sanpling and synchronization cl ock signal utput
by the VCXO M3¥fpl i ng and synchroni zation cl ock output i @ﬁb

analog to digital converters 210 and ot her denodul ator el enents. In Flgure
1, configurable decoder 12 provides the fupqtions required for decoding the

DSS and DvB si g o) rigERr y . uid
punct ur ed convoﬂﬁél%né m%»?‘ei @ec%efcgﬁ%oﬂio%&gnﬁn‘i%égyb%@lyn?&e}o
70, a deinterl G&#éfat%e%ﬁﬂ ngggndgsynehiyonigation clackssol bessn fﬂ%‘&!‘éﬂ psks
and a descranblcafreipbnd Tioe teansiditey lotks und! Iawa:sadefdfmcziml@cthéeapétaﬁ%d of

The operati ng RHG ‘{léiel’sf?@s hﬁ*“%ﬁ%%decodeﬁ%m'yﬁt@éﬁfs%”Zt S Yo gt

I for DSS 35 coR¥ersion)o 20.pDecoder 12 functions in DSS and DVB
nodes. DSS DVB sat eI I [ te DVB cabl e Data punctured 2/ 3

1/ 2 Not con L.0Ral 6/ 7. . 213 . s
applicabl e code rates f 'ﬂ%h?r {i‘g the rqu}rde/ gwger’&foﬂé'@m& theYetémmg
Yes elempntsyqf)(ﬁlgm 15y use a_[d;gntpls signal from anajeg rtpgdigital converters
6[err]8 (64- QAb)oTBARAbugh the signal Peior t@' digittAdtion’ "B | codiveptel® " 2 £ "&ibits

nbol 8 8 (256-
: IS:)c/)rngy [e“)] ng 9 ﬁ: 'tsoﬁﬁrcﬁﬁm't nhurl eagg&l forngtrsrf}%e variations in
Yes Decoder 1Excass: Fagtor o(ERE): detailed cmda‘ ableatle ma#)0 alter this shape.
deinter] eaver THEEBF S¥MROp mtamet&ytlﬁdxdmﬂgl B dgfbe 46SWEADIGE actual system
requi renents f@r é qh{;ree L3 :@nal rrlr’a @w d n Table I1.°T
di fferences ar Q388¥ (ﬁi‘tcg& 'PH 2R 0659‘"{5 fﬁ?lc??ﬂﬂ? g,bccurae
descri bed bel owsignal Mmm@y(;)@qé the EBF the raised cosine shape are described in
PCT/ US96/ 11§17 i Hfé&%@é fxtoBig ﬁ@zandoﬁgnﬁﬁiwziémt éntiotied UprRYiously. The
convol utional Vi te B c&\pabl? F ?1 | ngbet ‘he va{h ous _code r [q ?.
shown in Variati on m input signal shape “between the 1nput signal Formats
' may cause an error in the recovered timing clocks. In order “to
compensate for this timing error, the I and Q outputs from the analog to
digital converters 210 are filtered by unit 235 prior to timing and clock
20 generation in unit 240. Filter 235 is programmed by microcontroller 105
via interface 100 to filter the digital video signal from converters 210 for
proper clock and timing recovery for each of the EBF values of the three
input signal formats as shown in Table I. Filter 235 may be programmed
to compensate for various signal shapes and EBF values in addition to
25 those of the described three input signal formats of Table I. Also, filter
235 may also be programmed to pass signals without any filtering, e.g.,
for test purposes.

. Within unit 240 the error compensated data from filter 235 is

30 compared both with the data input to slicers 30, 35 and with the
recovered data output from multiplexer 40. Based on this comparison unit

240 derives a phase and timing error signal which is applied to symbol
timing output processor 250. The signal comparison and derivation of the
timing error signal is performed in accordance with known principles as

35 detailed for example in "BPSK/QPSK Timing-Error Detector for Sampled
Receivers”, by F. M. Gardner, 1LE.E.E. Transactions on Communications, May
1986. The phase and timing error signal from unit 240 is filtered and
buffered by output processor 250 to provide a control signal to a voltage
controlled crystal oscillator (VCXO) device included in unit 250. In the



Table I'l. Units 50 and 60 process, decode and error correct the filtered
digital video signal output fromunit 25 which is applied to the input of 5
unit 50. These units providée a first | evel of correction of random :
transm ssion errors. In the DSS satellite signal configuration one of two
possi bl e code WA,/ 3 or 6/7) may be sel ected. In contrast PCHUSIHOE
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 10 the error correction overh rcn&zrl ed by the coded_ data. For
exanpl e, a codePreferreds embodiment thea: (g%@at!& i sepagate devicge thoyghcan nintegral
]9f i nDUL t;la:) a. Sr(%n'{oamaw, be asede The eopﬁgvls&mainpuﬁt@latha Ecxo &foﬁttfbm?‘bgﬂﬂ the
or eac its | t t g, e _yapla e e. 1 rans .
data streamis 5‘8"1%“89% B adghgglgn ¥b_Hes M?'gi éﬁ%oﬁ&g‘:‘tﬁf' _%f&eaﬁ#%%d?&nal
with a 15 baseovtpd byt thef VCXO. rhhiscsempling ead asynchrenizatione claske amtput is
2/ 3 one of the 4séd tisy nimdogeth ighalideiverteRP210dahd billey démblflaidr? etéifients.
rate is deleted leaving 3 bits to be transmtted. The other code rates are
achi eved using the same principle. 20 Unit 50 includes :
provi sions for synchroni zkn i Biguse dheconfigurableyrdgcodepud2dprovides cthe: tfunctions

al | ow Vi terbi de&gﬂk&w 610 devodihg OmeTDSB! amdr W%i&gﬂpwité.sngﬂ ifndry
acconpl i shed by _ uSing a s ncrﬁuéﬁ%zat%n.stahe machi ne ,ch 1s iOI’]fI r .
by the Control fHacHgns; oF; To LhoifIRde & pRPRFTEd, conveludongl  Viterbi
recei ved. Sy@chdecodert 56n 66, ackymbell toybgte mapperi 70, ray deimterleaverv netwdukt 175,
bi t posi tion anggphgse gybigsui hi FeeldISoltdr ecddRl 213! SAf8 o 'Gesdkdmbler 115.
PN 0k oo et otk i
data. Successf urefeyemder aexvabigital s Conimumiedriby, anotedc qrevivuslyer The ropeeating
bet ween re-encoéﬁ&&%ﬁ;efggﬁaﬁe' QBEba&la 2 eROndmts ix@h%h&&ﬁcﬁsrab%'gte # Dss

possi bl e states ari phase and bit position anbiguities 1nt
i nput si gna garé“@é@b@ﬁ‘% %he synchronization state machine. |f
synchroni zation has not been achieved, an out-of-lock indication is

generated by unifapRO11. écodel 4L FhhQiork 155 GRI2 DV fmagepdul ator 10
(Figure. 5) to insert a code ) gu ron 3 dependent phase

shift into the input data stream Jdhis.synchronizatlor 20
until lock is achieyed. Althouah tlhi PS8 tHeEV&W
met hod, ot her net hqatasipagctiretlerlent2 pPer gti ng ddQuencey are alNos
possi bl e. WO 97/|@8a¥8lutional 6/7 2/3 applicable
PCT/ US96/ 11017 14 Atb8e iitesdata dtream hag beengyynchrorfi zed as di scussé¢d
above, replacenent |"pl ace-hol der” jdummy bitls equalyg n nurfber to bits
deleted at the trgnsmtter are ijnserted Jinto 7t,l3e datjla stream A

Viterbi decoder Yes Yes No
Symbol to byte | 18 bits" 18 6—>8 (64-QAM)
|mapper per bits per symbol| bits per symbol
symbol

8-8 (256-QAM)
bits per symbol

Deinterleaver Ramsey Forney Forney
type
Descrambler No Yes Yes

Decoder 12 accommodates differences in code rate,

20 deinterleaver type, symbol to byte mapping and descrambler
requirements for the three input signal formats, as listed in Table II. The
differences are accommodated by configuring the decoder 12 functions as.
described below. ' '



configurable state machine in unit 50 is used to insert the appropriate 5
"pl ace- hol der" dummy bits for the particular code type and code rate of the
received data stream Unit 50 is configured for the selected code rate by
| oading a register within unit 50 in response to the Oontrol si gnal
conveyed fronWA®3MEntrol l er 105 via interface 100. The ' Sgy%ﬁ T bit
insertion state machine is configured to insert the correct nunber of 10
pl ace-hol der bits for the appropriate codel 3ate sel ection in response to

e Tonied 151 ! D v 60 S, WAEGES ains
i nformati on. Ar#’ ttg?blt °°ﬁ‘F£cﬁaﬂéﬂgef’? gﬁ’ﬁe ‘?‘ r’/%“é’“lsr f@g g%@scégewrnat’@

of 1/2 is out p'Dabliar &b Emits O anidi 60rrpmsestshadecbkie and | ewer toorresti the dfilterfed
code rates sh ﬁ%em)glnaf‘r(g:;gﬁ ogat I@hr%n jed ttsftat e 48BAE Ut

60 t hat op rate at t %d‘ rate
bits inser ed 'P'H um® Schesee q”d@nt?‘ﬁ"é widt Hil t\/ \%‘?lbro de‘?%&%‘r‘n% ofhgandom
i nfor mati on gatrmesinfssion térrorspl lc ¢hboDSS satéllitel evigndl cehflgnrﬂidmvmd hef two

Vi terbi decod C e enkh h 2
Vit erbi decod§ sgb)tﬂ {:&ﬂ{“rﬁ&s o’\;l g}dynz ﬁﬁst |b|%l %’)}g@gg’sﬂ goét?isg éﬁl h{e (bVB
i nput signal c@sell %r%ﬁp E!S“Eﬂﬁl%‘utonéf of/ fivg posgible Rodecrates (372w 2430 3%
symbol to byt eS/ﬁamleﬂI?pdwy rbel iselecteder The fepm’ eo¢du Iate! Oin MRisCobhtekt defines

| f
Vi Corbi ddQqahqbAtE taeciBiPaledilaAEuAIeE B e, 3008 Tudtp, KO UhpBle. o
signal input cee gafeapf olf2 tm@aarf at 2ndata by tsdé@)d@ﬂcmdpiﬁﬁf @ﬁcl!nblﬁ of; input
provi ded to nequar Sifhilaylyjua tégdecxate 66 1!8 mRane '8 Alatd bitse afedtntoded i fofctach

status. In add4t , b [ f r

mapper 70 var |O|7eslh epogn I*ng gﬁta nﬁﬁt &’gg ic')érw %gé‘ %@%ﬁbgg& g{ream
const el | ati on iSsaghie¥ededy deleting, Eﬁ rffOQAIWCGR@@d aﬁﬂt@nSWbéeded with a
sel ect ed, 1rpsdse’ Bod® ates tof am Bof e, a0dachieve e ddef rdt® oS R/80bhé Sof

of the constel t|o 0 e t ont 6.
poi nt QAM cons eI I altﬁl‘égn con‘?l gur wmgm lipggoc?act%nglégt@ %l?réglgl ?o@gn{é? 18
code for each dgletedh Ieayingi 3 s ’(S# 95 bPhé‘%Qﬁi%’t‘%ﬁ“ athhsn othern cods; tfaFprp@if
data byte. Theachjatm:l usingythe samei peinciplesf or mati on may be varied
dependi ng on the chosen synbol constellation and the output byte

requi renments of the system WD 97/ 03518

PCT/ US96/ 2017 15 The ndpiddSQaincludes, proyisipagfor synchropization pf; ghe video

synchroni zat i ayighali inpiit dath wereamy t6Sallew Witerbie depodiags and Gnsdition wEpYsidce-

data output i 5 Jitor s@ggﬁ( Igjeg; HRL 38 acOBRBISHE B9°pbRE 1 LS TaiAcin

prescribed seduence p ransni ssi on. Q%g
i nterl eavi ng ofjateatnashine Wbl@prl%aﬁPné.kg‘HngbY s@ed tro} %lgﬁﬂ ivia jnterface 100
for the particular code being received. Synchronmization is achieved by

25 identifying and resolving both bit position and phase ambiguities in the
input data stream. The bit position and phase ambiguities are identified
by a process of receiving, decoding, re-encoding and comparing the re-
encoded data with the input data. Successful synchronization is indicated
by an acceptable error rate between re-encoded and original input data.

30 For this process, all the possible states arising from phase and bit position
ambiguities in the input signal are tested by the synchronization state
machine. If synchronization has not been achieved, an out-of-lock
indication is generated by unit 50. This indication causes VCO 255 of
demodulator 10 (Figure 5) to insert a code type and configuration

35 dependent phase shift into the input data stream. This synchronization
process is repeated until lock is achieved. Although this is the preferred
synchronization method, other methods using different operating
sequences are also possible.




predet er mi ned sequence, such that a data |oss during transm ssion does not
result in a loss of contiguous data. Instead, any data |lost is dispersed
and is therefore nore easily conceal ed or corrected. Synchronization unit
75 and nmenory 95 together with deinterleaver address generators 80, 85 10
and nul ti pl exeVo0 Q?f“'%é?lst itute a configurable deinterleaver fuRCHISIHARK
restoring data to its original sequence. In DSS node, a deinterl eaving

al gorithm proposed by Ransey as descri bed. "Real i zati on of Optl rmm
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memory cont ol Thbq BfUEREoR adiBB M thls® MRECEREY BE ARREHIALER, qlows
passed via nul t g@?ﬁ!’blgéeﬂﬂ% @91 ton coseegtlyndecerle vﬁlp atad dThes sesultant

pr oduced Iz)logewetembi)rdecﬁﬂerm @mpuneis tprovidede to ninaltiplexéex 65t a from mapper
70 is 5 witten into nenory |ocations of nenory 95 in the order in which

the input interleaved daja is regeived. The sequence of read addresses
P n a sate ﬁte input signal Céonfiguratum, the output of Viterbi

decoder 60 is provided to symbol to byte mapper 70 by multiplexer 65 in
response to the Control signal from interface 100. Mapper 70 converts a
25 single bit output of Viterbi decoder 60 to an 8 bit mapped data byte.
Alternatively, in cable signal input configuration the differentially
decoded output of unit 45 is provided to mapper 70 by multiplexer 65 in
response to the Control signal status. In addition, in cable input signal
configuration the function of mapper 70 varies depending on whether a
30 64 or a 256 point symbol constellation is selected. If a 64 point QAM
constellation has been selected, mapper 70 converts a 6 bit symbol code
for each of the 64 points of the constellation to an 8 bit mapped data
byte. In contrast, in the 256 point QAM constellation configuration,
mapper 70 converts an 8 bit symbol code for each of the 256 points of
35 the constellation to an 8 bit mapped data byte. The symbol to byte
mapping transformation may be varied depending on the chosen symbol
constellation and the output byte requirements of the system.




produced by generators 80, 85 ensures that data is read out of nmenory 95 in
the desired deinterl eaved order. The resultant deinterleaved output data
frommenory 95 is provided to Reed- Sol onon decoder 110. 10 Addltlonal
background i nformati on concerning the operation of the configur

dei nter| eaver WAN®En is presented in co-pending U.S. pateng'q 1 on
Serial no. 08/346,950, of J. S. Stewart. Reed-Sol onon decoder 110 operates
in all nodes of decoder 15 12 and decodes_and error corrects the

dei nterl eaved out put data from menory 95. kSed- Sol onon decoder 110 is
configured by internal rTbhestmappedi clatar outputicofi mappemwn?@ tis tprevided to

Control from | ByRehARRz4tn HET 75 aAd hatery | 95O foRCTahES! pidicksing. This
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Control si gnal app I es : . rom uni
processor 125. 78n aadnmmprm?ﬁb@gﬁtm Withy| Q@Iamleaa%mdd@esmmnmg@ B0, 85

shown in Tabl e and, mhiRiplesered0dabnastituren aniconfiftirablef ldesﬁteﬂeavelarﬁnedidﬁy for

descranbler 11 e S
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si gnal associ atfBgEMTrAnédttionst on/tCetanunicaivhs Teclimlogy,! abk COM+19 000y 1971
with other vi dei%u WO 97/ 03518

PCT/ US96/ 11017 ﬁ’gCel ver networks. Finally, the output data fromunit 125
i's processed by MPEG conpati bl e transport processor 130 to provide
synchroni zation and errowgfnl&ﬁi'éﬂiﬂaﬁbd nhetwstk o75usdeltecs t Isgnui ditomlat én the
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output from occur at periodic - intervals in time. To enable sync word detection,
information identifying the sync words and the expected data packet
lengths is loaded into registers within unit 75. This information is
25 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
from units 80 and 85 with the interleaved data from mapper 70. The
generated address signals are then applied to memory 95 via multiplexer
30 90.

In DSS mode, multiplexer 90, in response to the Control signal
status, applies address signals from generator 80 to memory 95. In DVB
mode, multiplexer 90 applies address signals from generator 85 to

35 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
Forney deinterleaving function. These deinterleaving functions are
implemented using logic state machines. Generators 80 and 85 produce a



processor 130 is deconpressed by MPEG deconpressor 135 to provide video

data suitable for encoding as an NTSC format signal by NTSC encoder 140.

The encoded deconpressed output data fromunit 140 is 10 provi ded to

di spl ay proceSS| CIrCUItS i ncluding a display device (not shown % I n the
enbodi nent of WQ 8  denodul ator 10 and decoder 12 of FIQJFE jio17
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Figure 1. In this DVB 35 satellite rmde as in the DSS node, the

denodul ator 10 AGC | oop t a. r 40

resul tant gai n-controll e&%@ﬁ éfé]ere:{!slﬁtfvgp | z€ %%éégl ﬁm{iﬁ H‘i%g Pf dec;g&r
unit 25 i sldheriZrandsdecodey; @adnierr, sipraects dthe rdsi qaé’&@ed’%p“ﬂe‘&ﬂiﬂeffom
12 units 50 andnéforyn 9351 SREME-S6ldmon n deeddensi10o ifshec@ﬁ’igﬁﬁfﬂ? byni int&hal

may be confi gur 1

nel Deoss 1101y ERigers Widh te; Toaded in respopss. 1$hs Conyrol, from interface, 100.
7/8 rates). Thelnf@mtu%tlwﬁe@rmmd&,e@aeep&;mtc onfighremiunit ol 10 19, deeeds;ithe
mul tipl exer 65 ﬁm&mﬁol ackebylen gty pof dﬂa depemﬂpan the odejnterleaved output

delnterlea 0 d on o]
Forney 5 Zel nter eavepff un&?'oﬁ %: %lal nter lélgéﬁ n {d ?ﬁJ inéllﬁﬁe %tgxer
i s decoded by m@@aimaﬁanpa&raewslw S ctbgn sy %yﬂﬁ ttYE§5°£nHam bytes

expected in the data, the number of error correction bytes per packet,

and parameters selecting the type of Reed-Solomon decoder function
employed, for example.

25
The Reed-Solomon decoded data output from unit 110 is
provided both to descrambler 115 and to multiplexer 120. In DSS mode,
multiplexer 120, in response to the Control signal status, applies the
decoded- data from umit 110 to output processor 125. In contrast, in both
30 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
the descrambled output from unit 115 to output processor 125. Output
processor 125 processes the output data from multiplexer 120 and
35 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
output data to suitable logic levels and providing a clock signal associated
with the output data signal to facilitate interfacing with other video



t hen passed via multiplexer 120 to output processor 125. The decoded,
dermodul ated output from processor 125 is processed by networks 130, 135 and
140 as described in connection with Figure 1. 10 In the enbodi nent of
Figure 4, denodul ator 10 and decoder 12 of Figure 1 are confiqured vi the
Control si gnaWQW’q’@Gel ve the DVB cable signal format. The né’?’\'ﬁﬂfsﬁg’l

in Figure 4 performthe sanme functions as previously described in
connection with Figure 1. In this DVB 15 fgbl e node the denodul ator 10 AGC
| oop uses the QAM sli cer output via mul tiptéxer 40. The QAM slicer is
configured eitFseives ngtwarks: Dimallyoithe oytaws| datanfrom | MOH cise papeagsesh by
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decoder 120 unptovxdsdamd di@lapapmdessmgomﬁrmm rigclnding eaedispigyt devixe (not
functions may Wﬁpl enented in a variety of ways. For exanple, instead of
using rmultiplexers Tor selecting functions, a configurable |ogic network
could be used to performthese functions. Alternatively, a tri-state logic
bufferi ng schene coul d dm 3be embbdiment ofsHigure 2ot demodelapor ¢ dndradecoder

out puts insteagso |.£dap ik S o} d y
S oI gl e R AR g o
vari ed tolpfov ‘Ef@ uREEYORkS o $hQW R in Figure 2 preform, tgame
19 CLAIMS 1. funmmﬁsaerpreﬁmuslpc:bsmhgd dind conngxtione witlp (Higuess i Inglm thisd®S8S
si gnal encodedy Oﬁeﬁl @'l&ﬁﬁﬁcu@%ﬂhsc&ﬁéﬁyn‘a with ﬁ
satellite, tergestr EKJS!ET} SSi 0 es, arat us ;OHEHSI%%
an adaptive de o&EY1 O“Qﬁs‘) Qk Geg Quipwt Vi, 1 xels 40. : The  resyligpt
a code rate segain-eontroled, a‘ihtmdaldlgytabfvmicdesmbsqutpat dfrdsr athitl 25t jsutthen
bei ng provy @'edgt QEséd, '\nﬁefms d88Gded SR étrbf ik @E@NbyS dBESder FaTBlML 050
different tran sgdoilnr&e%
s DSS mode unit 50 may be configured for either the 2/3 or
6/7 code rate as defined earlier. The resultant Viterbi decoded output
from unit 60 is passed via multiplexer 65 to symbol to byte mapper 70.
The output of mapper 70 is deinterleaved by units 75, 85, 90 and 95
25 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
decoded, demodulated output from processor 125 is processed by
networks 130, 135 and 140 as described in conmection with Figure 1.
30
In the embodiment of Figure 3, demodulator 10 and decoder
12 of Figure 1 are configured via the Control signal to process the DVB
satellite signal format. The networks shown in Figure 3 perform the same
functions as previously described in connection with Figure 1. In this DVB
35 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 unmit 25 is then processed,
Viterbi decoded and error corrected by decoder 12 units 50 and 60. In
this DVB mode, in contrast to the DSS mode, unit 50 may be configured



10 an adaptive deinterl eaver (80,85,90) for deinterleaving
sai d decoded output in accordance with a deinterleaving function sel ected
froma plurality of deinterleaving functions, wherein said adaptive
deinterl eaver is configured with said sel ect ed dei nterl eaving function; and
15 WOSHU5I& put si gnal processor (125) for processi MERUSI6N101

dei nterl eaved output data. 2. Apparatus according to claim 1, wherein
said adaptive decoder is an adaptive i terbl decoder 20 configured
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claim 1 furthdy | #Ritsd dgrPnDd’cﬂdat }G‘Fﬁf A lﬁ‘bﬁeﬂn o5 tbeuloraey
vi deo input§si gieidtetlea¥er funsiion. sThe ldeim‘ermagedl cutpesiefrom #drherynd5 is

i deo i gnar ofieaaded |89, e Shiambn” REFbIT A AET BEBEIEL 1Y 3E aEf% nd
for satellite, theg rwsﬁﬂal"l%)rm@ibpbxﬁf ah2@i tos| ortpub ppracessor d@8pr The ndecaied,
an adaptive deregfiriulafed Ut ﬁt)rfrbhi)vpﬂ!caﬁsora 125 s wﬁddobyphbtﬂ&ﬂé& 130,

adapt i ve dei nt drooabe: f‘t‘@éssﬁ%w b efinbeoh Vi FBE 177 & 4Stodes

output in h@cordance with a deinterleaving function selected froma
plurality of deinterleavimothleurpibodifient6f Flgaf-hap @ehitdul#os ") RA@ C&&der

Gecotier | s bypadsh EHENS L) A ORGRARGY 0 ok, IR st @ BRaiS ey DYP

format. 5 6. cablearsignal zfounat;h The notworksmshewnf int Figurend| peifogm dhe same
S 1751 o SR A8 oSl e 1 ipasidn i g 2 g oV
pr edet er ni hgd ‘iﬁmﬁgﬁw 3@08&##& %a%ﬁ %%eﬁt‘b&ﬁ Quipyt via
denodul at or dermulﬁﬂphm éOQWmMMtShGemwemnﬁgmedsmg:m 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
output of multiplexer 40 is differentially decoded by unit 45 and
20 provided to multiplexer 65 of decoder 12. The decoded output of unit 45
is passed via multiplexer 65 to symbol to byte mapper 70. The mapper
70 output is deinterleaved by units 75, 80, 90 and 95 which are
configured, for example, for the Forney deinterleaver function. The
deinterleaved output from memory 95 is decoded by Reed-Solomon
25 decoder 110, descrambled by unit 115 and passed via multiplexer 120 to
output processor 125. The decoded, demodulated output from processor
125 is processed by networks 130, 135 and 140 as described in
connection with Figure 1.

p

30 ’ 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 using multiplexers for
selecting functions, a configurable logic network could be used to perform
these functions. Alternatively, a tri-state logic buffering scheme could be

35 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
decoding and demodulation of other input signal formats.



dei nterl eaved as a function of SI gnal formats and di fferent
synbol constellati ons of said b‘ﬁ
according to HAPHBH8 herein sai d dermdul ator denodul ates a @Z@%ﬁ& at ed

vi deo input signal 10 Apparat i cording to claim1, wherein said
adapt i ve decoder JTHISGNEET HASIBEEN ¢rl1 eaverl Gare 25 autonatically
configured to belcompaRgmisgepith {he forgpAINfs sai d encoded video si “gnal

in response to an! i n said deinterl eaved out put data 11.
Appar atus according to claim1, further including 3 0
adaptive error processor ({1803 sxatemofoxea'ecmgnm rand sadaptively ymcnsmngeavvadeo

out.put dat a, saf aqr re%oaé ﬁi egﬁ aéﬁph' nct iﬁ%#‘&f‘ difféx‘:??”foﬁﬁ&@a'suit%l@tﬁr

by changlng at e error ,correction
code | ength® afdt 5e,d5?1'5¢§5 %&?&P htransmission, Bppar §)| LOMPISINg: us

accordi ng to claim 11, ahendaptivei deeddet i (530,60) oforprprousdmg adafirst decoded
between di ffer gy u°t' Héd‘as{ fﬁﬂéﬁ@&z?fbé Ht@%él@ct@&“ﬁé%xl Bf dco rates;

dei nterl eaved out rat us to clfaim
wher ei n sai d adapt | ve erfiBr aﬂPB@E%sG*’W aRek ol &gg ggogg}nteg,leavmg said

14. In a syst first fdvcoﬂedeoutpug mcteedndnnceebmmrwmmmawng danctiog nselected
encoded in ane fpé Hfrgixrk# yotohefhtgg‘éﬁmg %ﬂﬁ abI e for satellite,

terrestrla or ‘Cap brans par a ns co npri sing:, an adaptive
decoder (50, 60) for provﬂﬂl ﬁgtﬁltd%d?meﬁmf £125) tfoscpresessing, deinterlesved
sel ected from a;mjmlf adatay of code rates, said 10 decoded out put being
provided from an input signal encoded in different signal formats for
different transm ssion rmdes an adaptive error, decoder (110) for detecting
and correcting errors in s#@%é%déﬁc‘!ﬁg!%tw clam &y Whergoder adapting

bet ween different signal saidr adaptivey devodernig ah adapiveoViterbi devodets or
function 1 5 type, (b) error correction code |length, and (c) data packet

| engt h; and an out put signal processor (125) for processing said error
corrected data. 15. AppaPatARParamsr aceerding dparleims 1, \whereim 20

sai d adaptive error decogdgid i utputceprdrdseopn inciudder .a 1aescﬂamla1eay5(tlars) for

for receiving e pr al encoded in one of a
plurality of dﬁég‘é&ﬁ?ﬁ#g %étds %Eﬁ%#qe?o\r&g@ﬁeﬁa e, terrestrial or cable
transni ssi®f, apparatus conpri sing:

4. Apparatus according to claim 3, wherein

said deinterleaved output data bypasses said descrambler

when said encoded video signal exhibits a predetermined format.

15 8. Apparatu agﬁegt ggen lgge@m 1, further including an
adaptive byte mapper (70) ﬁBE mapping data to be

25 5. Apparatus according to claim 1, wherein
said adaptive decoder is bypassed when said encoded video
signal exhibits a predetermined format.

6. Apparatus according to claim 5, further including a
30 differential decoder (45) for providing a differentially decoded output as
said first decoded output when said encoded video signal exhibits said
predetermined format.
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25 an adaptive_deinterl eaver (80,85,90) for deinterleaving
said encoded video signal Tyr AEe0 ith a deinterleaving
function selected froma p@al §ﬁ%ggggﬁyerl eavi ng functions; and an
adaptive error_decoder (1lQ)-far ,L- L.ng_gnd correcting errors_in said
dei nterl eaved Y®&PW518s3id error decoder adapting between 3 0FPCH
signal formats by changing at |east one of: (a) error function type, (b)
error correction code length, and (c) data _Q%cket | engt h; and an out put
signal processor (125) for processing said“error corrected data. 3 5
17. Apparatus according to claim 16, wherein said adaptive error
decoder function is a RZedAppdratusnaceordingrto claimh21] 8vheréjipar at us
according to claim 16, el pd ti Wal efnd N, |
wi t.h said sel ected dejnt \leﬁé‘ev%'@ ﬁ |onr¥§°éis§bp ?ﬁg@f’t{]ngéﬁd{%rﬁé.%&% for
adaptively proPEQGGSSINgG 5 83id)cdec eénaﬂutﬁ%o A (139, gﬁ“g) pfQr Brovidersignals
di fferent fofnaisaitablet for edisplaysatel lite, terrestrial or cable transm ssion
nodes, conprising the steps of: adaptively decoding an input signal as a
function of a code 1 0 rate selected from a plurality of code rates to
provi de a decoded out put, 8sZpparans: accosding te i ¢laimnbodugher,ingludingent  an
fSi gn?! fO][ mats fdaptiivief ebyn? tmap?ei sg7oy rredeSSelgetieely'lngnﬁpﬁ@gnt dat£a\tongbe
unction froma e rleayl i . . .
configuring saldginlié@gﬁ‘ﬁ/%s ge %cgphegyetﬁgvj#ﬁﬁ& s@%m‘is 3P3%qeéld video signal.
dei nterl eavlBg function; adaptively deinterleaving said decoded out put
using said sel ected deintorlggyiraths’ BosorilitE t6NGlaith OF.CPdithér hifdldding a
dei nterl eaved dat a. l20 %g rI%tthod ﬂ adeg)t.i vely proces&i ng a video siognal
encoded i n one S8 pfiY Wl@f‘ GtoR; (572) cRTOViding, a5~ 2 PUiRUL " n cstifpate jof . error
terrestrial or ogphrringarigni processed odsinterieavede outpus alata s fromt i sajda output
code rate from iyrabégs'ﬁri_ty of code rates; 25 adaptivel y
decodi ng afg i nput signal encoded in different signal formats for

n

different t sm ssion nodes as a function of said selected code rate to
provi de a decoded out put ; 1@daApparatus aecording 4o eelaims9; rwherein decoded

out put; said adaptive decoder and adaptive deinterleaver are
automatically configured to be compatible with the format of said
encoded video signal in response to said error estimate.
20

11. Apparatus according to claim 3, further including an
adaptive error processor (110) for detecting errors in deinterleaved data
prior to descrambling.

25 12. Apparatus according to claim 11, wherein
said adaptive error processor corrects errors in said
deinterleaved data.

13. Apparatus according to claim 12, wherein
30 said adaptive error processor is a Reed-Solomon decoder.
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adaptively correcting said detected errors in said decoded 3 0 out put by
changi ng at | east one of: ( rror function type, (b) error correction
code |l ength, and (c) data pptHi8t SHEETgHAS BEEN {pr ocessing said error
corrected data. 21. A mef hod HEPLAGKIRPtivdly processing a video
signal 3 5 AYRBUIAIS n onelof—a—p ' di fferent forndRCIEHFAWIT o
for satellite, terrestrial or cable transm ssion, conprising the steps of:
selecting a deinterleaving function froma {ural ity of deinterleaving
functi ons; 23 adaptively deinterleavi n&o said decoded output using
sai d sel ected deinterleaving function; detecting errors in deinterl eaved

output of different signaly,fpsngt §¥st5m for receiving 28Ad! hd@ptive§O prorcesditg a
an error in deldnter.l ea]\(;ed uf put _of ffe e&ti S1gn I forrrg.ts by ch inﬁ’
at | east one ofYl9gQ)sigpg renweﬁ%éi TR ,3(85‘“ ¥ PF Fiffexent Sorma es\’@#gfh, T
and (c) data peatellite.eneurrstriahdoprebie stragsmissiomr appatats ceomeprisings. 1 0
22. A nethog according t@nClaiaprive fdédoder i(50.600i fig tﬂ?&vﬁliﬁ? of first decoded
configuring sai adapt |tye .deinterl egver Wt aa{.d sel Fcaﬁd
dei nt er | eavi ng Q4PRBE @52 unction of a code rate selected trom a plurality of code rates;
an adaptive error decoder (110) for detecting and correcting
errors in said first decoded output; and
an output signal processor (125) for processing said error
10 corrected data.

15. Apparatus according to claim 14, wherein
said adaptive error decoder is a Reed-Solomon decoder.

15 16. In a system for receiving and adaptively processing a
video signal encoded in one of a plurality of different formats suitable for
satellite, terrestrial or cable transmission, apparatus comprising: )

an adaptive deinterleaver (80,85,90) for deinterleaving said
encoded video signal in accordance with a deinterleaving function

20 selected from a plurality of deinterleaving functions; and . '

an adaptive error decoder (110) for detecting and correcting
errors in said deinterleaved output; and

an output signal processor (125) for processing said error
corrected data.

25

17. Apparatus according to claim 16, wherein
said adaptive error decoder is a Reed-Solomon decoder.
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