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digital video gHOMNEL fRddnSVESE i@eleéwiha@thﬁﬁ@ Bk MInibehggbogi@od), 5 nmany

ways For exanpl e, conpressed digital video using the notion picture experts

group ( MPEG 2) COMRI/ B SYRTEMVCANPY METHEOR FaR R GAHRTHAL ddPEPANR usi ng
a variety of I8, ¢ ud eGP ”"f{t' i satellite
Some of these g'[?xvg?%hs'ggtens argﬁlg})(gn]g:aggre Bﬁ'gﬁ%{%"%{‘gggﬁrg@wor " near
Vi deo- on- deman@Attorneyt badketeNurslear 62¢¥4- 40k and ABPARARY SSENBMETHOMEOR| ural ity
of offerin a ' articul ' f ijte to tine
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given a choice of programmi ng avai hglthenical $RfRped specific times
Furthernore, broadcast video appli €S 10 programmng that occurs with a
daily or weekly sch&bkripreseanidvingoulelatasqpenataliyaoahereieery ufidigital vides arlistara, ber s

o ooy S8l 4 miRE AR SR O SR BT oB B8l Bk PuliiBhony o
typi cal |y throughdigite videenatvodone sort of converter or decoder box | ocated
near a television set. For exanple, in a typical cable television system
all available progranmming is delivered to a user via a coaxial cable that
ter{n: nalt es near _thedutser'_s PBRAGIECROUND DFOSHRTRVINTI@NE avail abl e tongftch
_.particular user is determined Dy the insertion of _a filter, or a scranbler,
“between 10 the supplhe eelier ohdigital tvide sighalsstopr whicsiber henbeehiascomplished viat he

sel ect on Al L Bl rbs i SoRORLERE Il B FeSRRLE oL LELUBRED
C(ﬁnver';) lér box  Ighouph®IRES bﬁ)culmmrh' efsgen/?ecp@ptdsgm mugpda)@gyamx b¢ ﬂc&xvaseﬁsiﬁgmt acts

t he cabl e service provider ahead of t i n order to, purgchase that
particul ar pr odﬁr?’r?ffgm? 2 welpdipg F?aé'abf%r"? fiper ppticerblsand gaé?@‘eség'f‘éﬁgthﬁseuser,
or SEbscri ber, diel_il_kr&]ztrﬁiykt&mﬁar&TEBhdid@@r‘ﬁrla@dé-!oﬁ-d@ﬁlﬁtcﬁ‘g&rgfneﬂri@&%ﬂﬁe_ﬁalan&"i%(éts ronics
at the prem ses ese systens use the direct broadcast satellite " !

S ]E)eﬂ] rum t_oI dg:tﬁ‘a&ér‘”‘di ‘@ﬂst’%ﬂcr'\’/‘?rd@ﬂg’ %T’@‘nfé?’f atpb"%l‘_tzué@@ffenfﬁ W?F@é:taswfjéhﬁ al |
0 € avaljpa PR AE SR d\Borh G’ timbk S1d Viddb2 8- d b USsers
from special i zepgo“sat ellites n geos “r?chr_o“ous_ earfﬁil gyrsgﬁ?rﬁ a@gs@ﬁregnous_
orbit 20 refer < program foruewing #f anypdhiragy Eme. elnl riearevidaokint demmgnd kystegwr 4 biser emai ns
in a fixed position relative to a point on the earth A receiver unit

| ocated at the user prem ses dec&@gs the data streamin order to extract

t he desired programm n aforenentioned digital video delivery
systens have drawbacks in cable television systens, it is
relatively easy to steal, Qiefabrrate) the 25 signal fromthe cable | ocated
near the user prem ses This allows an unauthorized user access to al
progranm ng avail able on the cable Furthernore. histoically cable

tel evision systens suffer fromreliability problens A satellite delivery
system al so has drawbacks Because all of the available programmng is

si mul t aneously beaned to all subscribers, bandw dth allocation, and 30

t herefore, channel capacity, becones critical For exanple) during tines
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si mul taneously, such as on Sunday afternoons during football é 2002
addi ti onal ban&(ﬂ?ﬂzﬁ”ﬁust be made available to certain channe?'??1 éﬁc}%} t he
anount of ava! | abl e bandwidth is fixed, this ne_cessi t at es jthe redycti on of
bandwi dt h avai | gblygichy gi%m&ho%@%ﬂﬁl@bﬁ;ﬂnﬂngaﬂdﬂilﬂ@ﬁ,re ieﬁ'si)d_:difﬁ: tih@dsi very
systens rely upon the proper installation 5 of the parabolic reflector,
whi ch nust have Bmtheresisetbrepscesy videqepplies teipseramming fieat OFHS With 8 daily Fat el lite
or satellites) adSUhehicand i dlihal odaRhaRREPBr LibodribEl SRR a P HIDCT
Furthernore, as I h cable dl'evi si on systens, Or In any systemin Ich all
channel s are del i ver etheteosyatlens gpibihnmeake, availableso pesserllehtmebf arogramming

unaut hori zed chapnel s. er avail aple systens make unmber, of video
prograns avail a r‘é’“f‘@“cgﬁpee‘f?&r %@CG?@J@B\?%&W%@% %‘cﬁlﬁ' tgrévﬁgmedﬁ%ﬁ%ssome sort
transm ssion netyQikvdrdl M deRu&dr bvhiothledindanth tdlG ARG sel I leRdhpIaNNn Beypital | ver ed
to an end user Unfortunately, ATM systens are _costly to inplenent and
because these syeblerigedsipn iteamalpampiiably RresramginedpAeltvered fe § uses iagropxiyl
become over| oadegyleliach i Bid B the Aot #H@RisO THRIpr A naASSIabIE 1§ | oW 2
wi de variety of prograns i hus, a ﬁeret o%ore unaddr essed need exists in
the industry to edbpasisulsthserit detemened iby tizdneteidngif@ider or anctainblad befwaen es

SUMVARY OF' THE | NVENTI Th resent i.nvention provides, a.syst. nd

method for i neUPATHRY SR YByRE HGrTia, Mol Mot i e et for k.

20 Briefly descrigpr contfolRE C M heszichil@teldvidpnSystdniyTa € pay-e-vieWp! g iseaboas
follows. A systemfor maintaining timng synchronization in a digital video
transport systent\ed#hhy theaugh sheryse pethe eorverteyihos d lfithe vk desires apyHedFam gr oup )
containing a Pl Up gty offuseicABEAHR A sirsil fHbGiad PSR Aler 1810

prograns, a buffer~in comunication vvltﬁ t he flﬁter, a program cl ock

ref erence (PCR) pwthaaether piricudaspragrdncation with the filter, a 5 counter in
conmmuni cation.with t PCR ext.ractor, . .and a nultiplexer i ni cat,j on
with the couﬂ? er andh@()sﬁtfelhéeuar('ééaﬁ'geor%e(l:'g?rgéyséeﬁ“ S&u‘fsght% r g‘*bs%rf%gﬁg%’l[%{%? glgﬁl!:l t he
counter The pr esp4arhbdiiovefletiod BndCspicidllekRotrdics\at hepeensisesp Tawdedynegnausariichod f or
mai ntaining timng synchroni zatign ih a digit video transport systemlIn
This regard, t et Hoaoesmpt s iy e dE vt cgor Henariot e Bps
receiving in a fideledys@dms QI dHeladbilable QR rdnkAAS BOMtént § trA3MMta \drBdlydo kil M Ng
reference val ue and conprised of a plurality of packets and containing a
plurality of progseanisom spaciabizadrsateliires int gegpigiplyppous earth oehit :Geosynchrpnous grbit..
.= P 128l ~5g . v dlan ¢ Oé?‘,/'\n: o 4 sanellftd Srbiting the-earth Temains in a fixed position . * °
9 6 APB ~~. 6\% 9bi ?%%?% NS%@?%%?&& sfream to&oﬁbt ahat least a cTi‘esi red
one of the pl urakdldtive od a poiogeratie garthu pptegeivg ubinecaes iar the upar pgenasss decodedbuf f er
and nonitoring t%eqc‘j}esired.rgr(a?ramto ggtect t he presence of the timng
reference val ue WeRAPEHY HPrIEHR CLack HELetied Proseerymingy Al so performed are
the steps of copying Eh@ dfithd dAgemefiRh&NGgta AdeLddiNtS sPst&RUIEVE Bawbacks
increnenting the 5 counter by an anount equal to the tinme the desired
program resi des A @%@Pl&umf%%lls telgySaInprSigns: Hes felafively case festecd nraleudct o a

mul ti pl exer, »and (ST PN i 0 - i iked
program after §t hég}égsf%ﬂe%’b g?)(l)%;l?gar%’% dI rgg,\r/]tgg Lﬁg%ﬁﬁk}%? e?ﬁlg %%wlfsgn%%u ﬁcl)rl?’z%a %é?dz

TAE SEVERAL VI EWBcaFs (Dl pBAMIINGS aTdeblé nv thachldn Bathebeorbduistencalindeblst ood

W th reference t ?elévri]s?onf s(gllstler(r)\\é“su%r from reliability problems

r

A satellite delivery system also has drawbacks Because all of the available
programming is simultaneously beamed to all subscribers, bandwidth allocation, and
30  therefore, channel capacity, becomes critical For example, during times when many

sporting events or high action programming that contain fast motion are broadcast
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10 draw ngs. The conponents in the dr awi ngs are not heceséari I&/ to scal e,

« enphasi s instead being placed upon clearly illustrating the pl’if]gi EI es of
the present invention. Mdrreover) in the drawings, |ike reference rZﬂﬂg
desi gnat e correspondi ng parts throughout the several views. Fig. 1 Ais a
high level sYQ¥M%Pew illustrating the overall topology i npmﬁ%sﬁ/z?sﬁg 1 >
system and nmethod for maintaining timng synchronization in a digital video
network of t ey aRety! MUP drXlnlifSrlAvond dink BodibaldedsoR abhiBhd
illustrating the ranner 1 n which a user requests a programvia the system
t opol ogy of Fitgndwidth ritisyb@made avadablegnutriain cliapnels |Begaise thteiampuntef del i very of

digital video fr. ont ent .2 rovider .1 1 to tel.co nraogr 1N control
center |00, Fiad‘i“ggfei §"‘£\W'§%'H§aﬁ7§5it 'S\PF%W'\%FF H%?trféﬁc}'%'bo ag&g@([m%v? lﬁe}‘l(l:)g lr}? e that
connects tel CQur Bdna&R1 Mtdditidn Gatellikddelic@n kyBtemk@ely porctha proplr iaftillatien 400,
Fig 4 is a block diagramillustrati ng t he co onentiiaof : eé(gresent

t
i nvention thatoffhes oljs 'Eeﬂi’cﬁort &F‘EB%‘ ‘d{j‘?’%l?ﬂﬁ"}? stgqted ﬁf’ﬁﬁq‘t Heer 100) 25
Fig 5 is a bl qelos i3l dikatelinds! £ shitg ﬂwngiﬁ&ap@sgmaiioﬁwcien%@p of Fig 4)
Fi<, 6 is a block diagramillustrating the video control nodule 250 of Fig
5, Fig 7 is a weaHenaFurthconare 4siin eablerteleyision sysemsisiin anyrsygers sowhishallil e 300 of
Fi g S.’ Fi g 8 ' fakh fslape\l\ﬁeﬂl/&gcf f%n%ll'clulstgﬁgsai%'sgygssgtﬂftoad’b?i %rf'aﬁfh‘dl:i?ed annels
functionality, and operation of a posSsl I'nmpl ementati on of the system
managenent wor kst atOtber a3@hbefsysBénsthaked)nufnblr & video arcptdnesavhilablevd envend
illustrati nog the architecture of central .office 499 4 e
S 107 _user b_y_en?plc?qug,'an_asyn'c ronous transmission networ 'ATM') o.ver.wi?lch.a T
t, 7%~?a' ~(~ ' particutar program may be deliver€d i an efid user _Bnfdrrunatbly, ATMWR G #8833 ~ 6
~4PR 20f 1 Z PC‘II} usos/ 3546 Flg 10A is a schematic view i r_l ustrating the
vi deo net wor k ¢osthetofimplemenicang baggpseghesgisystey)s epiplpy BoB TN switeftingcfbris Hgy am
illustrating t J t L i g 11 A
is a schenmati cagiegg\%/g??ﬁoﬁ%to\r@grgéﬁrqu%ﬂﬁg %@ggog!dlsgt%ﬁzglg?rﬁgﬁ Eésr%gfo? %0\86\5 Fig 9,
Fig. 11B i s a wideeknely affpragrams | ustrati ng the video i nput nodul e 800 of Fig.

1 1A) Fig Cis schematic view illpstratin n. alternatjve distribution
schene to il% t he viag’é'fr aierﬁb‘ﬁ?f%‘f?dﬂ‘ﬂﬁ\{vdées&?y'ﬁe%e’ﬁts ,‘ﬁﬁ"g“sﬂ ‘f)aﬁg eSS ock
di agram i | | ust 4fafeimagtidnB@ déRtlehtipd Md\nadeguacied put nodul e 850 of Fig 11 A Fig

11 b is a schematic viewillustrating a renote video output nodule of Fig |
1A 15 Fig 12 Is a schemt i cSUMMARY OF THEINYENTION. ceos shel f 550 and
the |ow pass fil terrymdileg i30%i0h pfdvilieda sfs thSth8d R HERhinfhe
illustrating addition etgtllﬁ Q]p agcgsg gﬁ@‘?“ %@0 oP Flﬁg 9, Hng]gm IS a
schemati ¢ vi ewynthrosizateniing digiial eidsahernotkess adapt er nodul e 1000 of 20 Figs

12 and 13, ,Fis~ 15 4s | o iagram of central office naster rkstation
650 of Fig™®, Fig 1 & ‘{fs%ﬂ\%Sg’k‘“ P g’;thgPﬁei {1 siom B b R Rone %?%lnﬁ’wssé 1300,
F~~ 17A i s a sahedst@hifa nviaining lisdHorsadidhighizatien ih atdedital Wéeattraneionsykteinnt er f ace
(I'Nl) 13 50 of Fig 16,_25 Fig 17B is a schematic nmew illustrating the
system i n whi cPPRRTisesIgITeE ARRTBULEE AP FESFIVS MPrORRILEOwt cqntainingiaplpeliiy it g | ed,
P19 17C is a sghenmliaGd [TBMteiak ledsi lohabi O pARrakR & BIRE f dohARRRElNEkitPhhe F 0
*=317B, Fib; 17D i1s a schematic viewillustrating the IR renote control
“interface 1358filr, Fprgemmyclock reference (PCR) extractor in communication with the filter, a

25 counter in communication with the PCR extractor. and a multiplexer in communication
with the counter and configured to receive an output of the buffer and the counter
The present invention can also be viewed as providing a method for
marntaining timing synchronization in a digital video transport system In this regard,
the method can be broadly summarized by the following steps receiving in a filter a
30 digital video transport stream having a timing reference value and comprised of a

plurality of packets and containing a plurality of programs, filtering the transport

"
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5 e S T WO 99/ 23833 .~ 6 APR rur, f2 PCTN898/23546 Flg
| 8 . s a schematic view illustrati ng the location, and a possibl¢g APK cvue
i npl enentation, of CO framer 1100 and CP franer 1400 within the digital
vi deo and dat ry systemof the present invention; Fig
schematic vi e\;%\ylfJ(iugst%ratl ng CO franer | 100 of Fig 10, 5 Fi gpci%g\bﬁ?zgﬁtg
schematic view illustrating the adaptive rate transport stream bus
speci ficati on afrearheo ditainapleast a desiredonedf the pluraliy; offfrepr&OB supphangsthhenat i ¢

view illustrati the fornat used to. tran t sets of the

Mapt i ve rat o (CRRERERE LS B Ra e eGSR BB propAR ol e pieRce 21 | <
a schematic Vi eyyid dirifig Feléremtd viibatvithin@ny bftle paikersahat afvalli@t Alse PBiferHed10 from
t he adaptive style transport streamof Fig. 20, remaining is a fixed rate
transport st reaﬁw thgstepspicopging the simirgaetergpee valeminihacqupeGIncremeniing diet st r eam
specificatiaqn t spar. am packet
of Figs. 20 anac lltg} %gan J;'goum Jqﬁ&l tb hmeeﬁgﬁj%g \g/ié‘)tlar\?vIi fc{&uasnIi feg’@ﬁgg ﬂ}ti tZ}ﬁ'iefansport

st ream cont ai naﬂpmmngmeamnn@(efame Skﬂlﬁeltomfmnﬂtlgexel,gandlavgmm the tanisghemat i ¢
viewillustratin% l.ter 110, o i

B is decj fl ow
i agram 11 uet rARGE YRS BECPISER Bpernene fefefied progrim BavGiherdoun i o
25 is a decision B‘lemmmrlow oﬁml:nsnyﬂnmggws OFTRE DREWANK S X!t r act
20 device 1 130 o I g Ig 26 1S a detal view of the P I ncrenment or
1140 of Fig 19, Fi gTZTPA“‘ieﬁ“%P @n&@wemrag\darﬁﬁopd Nu@trne&mnﬁ@moeé@u%vuw 11 50
of Fig 19, CO dat a
Mux 1gl 50 ofgli&z‘ﬁfgf 3?&6’%&5%??{3&%*4 gﬁ‘?%%sgag’tlfg‘ﬁ%é tgﬁgeosgeratl on
of CO data mnux ihstddsiObeirig placgd Bpady clEarg/ mﬂm‘mag thef principddsanf the present msentiog. t he
CO data nux program ack

deci si k| n func 52 of 27A) Fi
26 15 & schenntHERgvEa 1 dEi e FRECHEMEERS s soaemprdnd piis le to”
30 custoner preﬂm&,@hoawﬁwrﬁm,ms COfrarrer 1 100 of F| ~N 19, 6 .

. C, ~a-
~ L L= o~ - Ilg -TA is a high Jeve] svstem\)(,;ewollustranng the overall topology In wﬁ’ch the

=~=X_. .Gll_'/ = épgtfmfgdgxethoajf& meﬁntamm@ timin ng n‘g?(?lé&}}?ag\?vn }rﬁ%u%ltal 0idfd l%tgvgﬁ\zof\/\o

99I 23833 P a~sch trating the
data nux of ConhﬂarmcmirwemloofreSﬁeg 19 in an upstream (custoner prem ses to
central office) dir enmat i c_vie | ustrating the CP

data demur of Fig l%cdg 1?15%138‘"%?"?&]3?}1” "%é aé‘ﬂ¢f 'g“i}—“fc “é‘ir TFeSechemat i ¢

view illust rati@ggﬁﬁl \dathasmm doﬂél@g@f)fltngaACP framer 1400 of Fig. 17A in an
upstream direction; i g 32 is a decision flow diagramillustrating the

operation of both Cd:‘a 'éadﬁ}"rﬂf‘mﬂ%“Qﬁ‘ﬂa‘@@t'&eﬂe&v%ﬁﬁﬁ"g‘ﬂgﬁ)ﬂo g °3’3tef‘% a

flow chart i} | Uitk Ndohie FBERAN:A aralofefol dalier 0x 1450 of Fig 10 17A
an

Fig. 3 is a schematic view illustrating the architecture that connects telco
programming and control center 100 to central office 400,
Fig 4 is a block diagram illustrating the components of the present invention

that reside within telco programming and control center 100,

25 Fig 5 is a block diagram illustrating the video control shelf 200 of Fig 4,
Fig 6 is a block diagram illustrating the video control module 250 of Fig S,
Fig 7 is a schematic view illustrating the shelf processor module 300 of Fig 5
Fig 8 is a flow diagram illustrating the architecture, functionality, and
operation of a possible implementation of the system management workstation 325 of
30 Fig 4,

Fig 9 is a schematic view illustrating the archrtecture of central office 400,
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Fig. 34 is a schematic view illustrating an alternative enbodi ment of CO

« framer 1100 of Fig 19. DETAI LED DESCRI PTI ON OF THE | NVENTI ON The ﬁgstem and

met hod for maintaining timng synchronization in a digital 1 S vi OA}\),@ 0
network of the present invention can be inplenmented in hardware, soft ng,Z
firmware, orWRe#H nation thereof In the preferred enmbodi MEAYSES23546he
system and nethod for nmaintaining timng synchronization in a digital video
network is inple i r oo i rmavar e
That s stored in oAy ARHAR, Teh ke NRAARE BRI RILHRE Srclesd T on
execution systéfFig2) The flow chart of Figs 8 and 1 ~ show the architecture)
functionality, and_operatipn of. a possible jnplenentation of the tem
nmanagenent mrksta‘f‘?o‘ﬁBd?agﬁoﬁk gfaﬂﬁ‘g ‘@%gat@é”ﬁb?‘éfieooqef‘fv%% 'Wﬁé?%rm‘v&&e?é ation
of Fig 9 In thiiger@aard, each block represents a nodule, segnent, or
portion of code, which conprises one _or npre - executable instructjons for
i mpl ement i fig t he sPigcllfiied sshemniicayiew illystratign he videodkgilugion shelfj 598 opEignot ed
that in some glternative inplenmentations, the functions noted in the bl ocks
may occur out “of the order noted in Figs 8 and 15 For exanple) two bl ocks
shown i n successi oFigi InBAs gblogk diagrain ifustratyngrthd wdeo ibputenadule 808 of filgst anti al |y
concurrently Eﬁﬁthe bl ocks may sonetines be executed in the reverse order,
dependi ng, uponh*the functionality involved, as will be further clarified
her ei nbel ow 30 Thefigysican: ashdmatd View ilfusati b hiddriitivg distributieh S}ésdwooNni zat i on
in a digital video network program which conprises an ordered listing of
execut abl d0i néhepvidepiinpsmodule offe ddP93833 . ~ 6 APR 2002 PCTNS98/ 23546 f or

i mpl enenting | ogi Cﬁ% {16 hibRRR MiaG AR iR RHROHE Riitiplt VALY SRR Hoglie BE@dabl e
medi um for use by or in connection wth an instruction execution system
appar at us, or ofiegi &) such as a conputer-based system processor-contai ning
system or other S¥Stﬁ@1g h%‘éhe%\%ﬁciig&qmsttrat}% iarggr;lc'a’tg(\:ntdiggtsu L(%E‘Autl hngiv

i nstruction executl'Sn sys?em appar at us, T or 24EVTRE8° ANE XUt € The
instruction Inishe context of this docunent, a "conputer-readabl e nmedi unt
can be any neans that can contain, store, conmunicate, propagate, or
transport 0he progF@m%ip sehemapqVigy ‘lf“ﬁ"itlﬁ‘ﬁr‘u‘?ﬂcf’ﬁﬁs"{ﬁ;ft%ot&ﬂ‘gﬁi‘f ¥ Pt i on
executi on syskammaRRd0dlsg or device The conputer readable nmedi um can be,
for exanple but not limted to, an electronic, nmagnetic, optical.

el ectromagneti c, i Aigr bBrigd schgmatigview iusisring eddnonsy datehef agpisa phet(330 oflevi ce,

or propagation. mgdi um More specific exanples (a nonexhaustive list) of the
comput er-readabl & nedi um woul d i ncl ude the foll owi ng: an el ectrical

connecti on (el ectr b tdshasiengtionewdiusming univesd ac@spatapab medde iant e

di skette (magneti random access nenory (RAM (nagnetic), a read only
menory (Ré@f %ﬂfﬁgﬁ)e‘ir’idgf an erasabl e programuabl e read-only nenory 15
(EPROM or Fl ash nempryj isaMRon@idrén bf @ntroipificahasier Rorks(20ph 6s@b)EFig and a
portabl e conpact disc read-only nmenpry (CDROM (opt i_calé Not e tlﬁat t he
conput er r eadabl e nEW Is@dlach dpgrm Hestglppsusigmenpsmierl 388 t abl e nedi um upon

whi ch the program kg PfA Rt:&dhendsic LRE iﬂfs&%x@%&ﬁfbll@@nﬁieﬁ%rk%Q%E Ty
captured, via for instance optical scanning of thé paper or other nedium

" then conpil ed,13ptoekripriét ed or ot herwi se 20 processed in a suitable manner

if necessajy. and then,stor i comut er mory .Fi is_a high level
system vi g{v?/ illust trFé“t il—;]ﬁg‘stahsglgetwg'?gfw ‘@%%%ﬁ‘“&g‘gg%yﬁ‘em{‘é“ﬁ"%%ﬁ@f styrsepg fi and

met hod for maicoh@eimtegact bfifing! BywaBkrabded zati on in a digital video network of
the present invention z@si deﬁ | ncl uded in systﬁm t opol ogy. 10 are 17§I ephone
conpany progr ammi ng ahd- EGEPEIUE distvafusiramecdn IRgemote dpscsiveintftice d /800, and
customer 25 preni ses, 1358 JREG AR AGRIMES, thd BV el OB TRE AlerEORBRAST €

12, which provides broadcast tel evision signals, content provider 11, which
provi des di gi tdlF'&ildko signals mthe formof MPEG 2 encoded video, and data
fromlnternet service provider ( I1SP) 14 Wile illustrated herein as
transporting Internet data, indeed any data, such as for exanple but not
limted to | ocal area network (LAN) or any digital data may be 30
transported in accordance with the present invention TPCC 100 communi cat es
with central office 40U over SONET network (synchronous optical network)
150 While a 8 ,_ni~:cyn. _ ~N-f w~.. - .- . _ly~f. A0 fL L RW
~ini~~"'1 ,, . - . .. . - .. Lo o~ ~""r~ti.ir,. Ny ~ ~ APR
202 WD 99/ 23833 PCT/ US98/ 23546



'single central office is shown for sinplicity, TPCC 100 rfay comuni cate- - -
« With a plurality of central office |ocations 400 over SONET net-]/\lﬂn% RSO.
SOTV) =T network 150 represents one manner in which a TPCC may €O ﬁ g
with central offi cations and is typically the internal t Jé

conpany net\/\orwqiﬁéi’égonnects S multiple central offices wt hS Q@gﬁgg"&:
SONET network 150 is used for illustrative purposes only. Qher internal

networks, such as, fgg mG@aRbRmMatE vieatilldsiriing@Re loedticANandlhpdssipiechr onous
digital hierarchy) network or any nethod of conmunicati ngl bet ween TPCC 100

f _ng_bet wee
and central of f inemlerentasionorf<LQ framerall 08 @nd SR framer Mt te digialideerand pGC
100 and central fiLs 4 f.i 400 comruni cates with 10 custoner
prem ses 1300 ogée{};i d%:@%ﬂ"us ?tgrgﬁll@g{ﬁ%é Sgirlltﬁ;é\%ﬁt "Communi cati on channel 16 can be
any comruni cati on cheignel isaapgiehiage eiewsiippating CQ fiainer Cl®GwfiRigcd’.i on of

11 hstrati veby carri B8 QUL SsHeniOsSEn Iy avRT phr G eehyenp ttha
t el ephone si gnakgecficaidnUTiMttmsicedstfdamef Fizomruni cati on channel s, for
exanple but not lTimted to al ~ wireless comunication channel such as an
LMDS (| ocal mul ti poi Rig #Bsisisghamal visydtiustiptingdhs fsmatting ysed o Hapspomictelt e
between central ;gf Ht‘ﬁ@a?%ﬂv@ﬁ% %ﬁ&{@Feaﬂr&mg$§§A%3Qinegﬁé’atl gk at customer
prem ses 1300 are Intelligent network interface (IN) 1350 to which are
connect ed conput er s¥igt 2his B3siEmatie vieptitustratinggat upax thegerne vabof dag costeotn) |
and televisign 1365 .1t .is also, possible t row de an additional 2?0 digital
t el ephony cd%iﬁ%‘a‘i“? S%apﬁ}/%sé?l t 89'\‘/&9;8%ﬁlrﬁal%g%@g‘%)hﬂeg@?néné lggb ’é?(dorﬁ%é e The
digital video an@esd@bi: delivery system and net hod of the present invention
operate to allow TPCC 100 to deliver to central office 400, and central
of fice 400 to deliveFig & sgaewsestt fonibe MEGIGunPee strgan shasiiisrtioadetnng !
channel 16, COWC%Q%CQB?J&@#th@fr%'bm&%panétQ)ifFfagQ.tﬂOQa'ﬂ§|21,l nternet data, -
and POTS 25 Fig 1 Bis a flow chart illustrating the nmanner in which a user
requests a program vig 2his asghematic viepollustygtingf thefrgnspordstreanip¢amtdined bna  user
sends a requyest fo cent ﬁ%l] o?Fifi 40U to view a particul ar program The
request is sént via a contro Schannel (to be described in detail bel ow)
over conmuni cation chanpeA islbschamdiilc ook iBtstiatig: PIENfilest 1 i Gofflegdoved in
central office 400 In. block 54 a central office universal 30.access adapter
(UAA) . which handl esgtgh%’?l?é“cﬁﬂ?ﬁ‘t“oﬁ PH a2 Wusteatipp fheogeragon ?ftgili;ﬁ) g‘é?ﬁtral
office master wanksbatibomya hat inforns the UAA what is authorized,
processes c) .~ 6 APR 1U2 WD 991 23833 PCTNS98I 23546 the request and in
bl ock 56, if the usefFig 35 s dsgsior Bgwidingrase Hpsieating theroperighan efdhp PO eaimgct t he
programis dgliver. er fromcentral office 400 via comunication
channel 16 Fi%g éjg{l;lggcli{%coggf%a??b view illustrating the delivery of video
content from5 cont efig pé ova dbenled evof TRECTRLBOreBembe ht40prf &g der | |

receives an anal og videg.si | JgLlustratively via sat jte 17
Al'ternatively) conteht® pf%i‘gadn@?‘:klc&agfﬁ%gﬁ\sltéaé'"ﬁi%& f4f W"iﬁ‘n‘%:do%‘g:dg JPdeo signal s
illustratively via s#gehBlis state dlabraghipustdiidehe 8@ EEQTE O Had maxdi 5o gont ent
acconpani es the video signals referred to herein, and when referring to

vi deo) or conprdé&dd: digital video, it is understood that the audio signal

i s included.»sCont ent Vi qoel i : iy o4 , Vi deo
signal s overmnetworkpl Q?E%ad%ﬁjF}gnﬁfl%%]gﬁ‘wﬁé%éa%b%%@v%{{Efglgﬂa(%]@tg:)é% for
exanpl e but not 37Amited to, a satellite delivery network or possibly a
SONET network simlar. t ONET nefwork 150 of Fig. .1 TPCCs 100 recei.ve | ocal
br oadcast vi deo pr ongé%%i’]nds?;r{%\?’ncf'a\c%@%{?s%g%@ggg{ ‘gq’%mf’)zpif’lgba"épqc CteRNRB mt i
view il ustrati ngakideefuadtiohilt sToftfie 27hat connects TPCC 100 15 to central

of fices 400 As di scu?e% abov 0 receives video, in the formof an

%8

, TPCC 1&
anal og or a digital |‘S‘??°§?ﬂ‘%}8n‘?"é¥1 lussrans dhe dovisrepndGpmseas eice to
tel evision fyomdusealer preR@dfasetfion 2L OFRhel M draie data from I SP 14 TPCC
100 integrates the aforenentioned content and provides it to central
of fices 400 over Telco SONET network 150, or via any network used to
comuni cat e between TPCC | 00 and central 20 office |ocations 400 Fig 4 is a
bl ock diagramillustrating the conponents of the present invention that
reside within TPCC 100 Wthin TPCC I 00 bi-directional data from 1SP 14,
vi deo content fromcontent provider 1 1 (of Figs 1 and 2) and | ocal pro;
ramm ng from |l ocal broadcaster 12 are conbined Bi-directional Internet data
are supplied fromI|SP 14 25 over connection | 28 to router 101 Router 1 U 1
comuni cates over connection 1 12 with ATMswtch 102, which communi cates
wi th SONET add-drop nmultiplexer 106 over connection 114 SONET add-drop mnux
| 06 ~s shown for illustrative purposes only, and would be an SHD
mul tiplexer if an SDH network were inplenented ~n place of SONET network

A r AN 1 oLt o T Y T T T Y N R Y. - Y Y T 1
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PCT/ US98/ 23546 wor kstation 325, which will be described in 9?/@9!{8%33?' ow

Vi deo cont eRYO°@¥dpplied fromcontent provider 1 1 over cbhnection 126 to
satellite receiver 104 If the video content supplied fromcontent provider
11 is in the formpaf 20 ARAdRGIcSieg TMstratifiethe 00 data mupp! COdrameet 1aTnect i on
115 to MPEG 2 encoder 109 for conversion to MPEG 2 S format Al t hough MPEG 2
is used in tHég PP & yRsHeRMOSoRenREMises o al SfficeLifsFédsi on t echni que nay
be used to generatyg, 55¢ CORRRAR SRY ifhHalifd ¥ icPaRegRlor Figf 114 &vi deo
content supplied by’ content provider 1 17s in the formoTg a digital

si gnal , then ddawnisseaguppciied directly to video control shelf 200 via

i on, 118 Connect i 18 is.il. .at j.yel | ' -3
Connecti ons and 1 1 Rb s spar i RAE Y B s B Bt b Yol ) s 5

connect i ons A4060BFigormetan@pstpam\dirdaonappr oxi mat el y 45 negabi t s/ second
(Md/s) of data transfer, and is used herein illustratively. |ndeed,
connection 118 cari'hé? fegdecisiondewliagram H‘PF‘E?‘“&fhW’aHP‘Qﬂ’I‘{“HbQE}l% channel ,
for exanpl e by,Ra%sd idd ¢egat @dmEM49%- 3 connection, which provides

approxi mately 155 negabits of capacity Local progranm ng from | ocal
broadcast er 15 12 Fig 33 igrpflove ahashibystradreribe ppesationod GPalats mug] 4500 Figdul at or
108, whic comw%&at es over connection 123 with MPEG 2 encoder 109 MPEG ?
encoder 1 receéives the off air broadcast signal and converts it into a
di gital video for g 3dns achendenviesy dogtfatibgan MeaGtiZe emtibdoneit and@ifdmieor t he
preferred enbodi t though illustrated as single itens, in reality, a
plurality of b‘fOPrI’gFig enodul ators and MPEG 2 encoder are 20 enpl oyed The

MPEG 2 signal is suppli BETRAYEED DENSIPTOONIGE 1hpE MAZENG 1OM ti pl exer 111
MPEG 2 nmultiplexer 1 11 supplies the now MPEG 2 encoded off air video

si gnal over conneckhesystan and method fos matgaminglimep syrchrppgaiosrinadigitah 121 i s
illustratjyel -gg% i L I di gi tal
vi deo si girﬁz/al ,‘yldan |\2&|rclofg{sé?) r?%tgl}l\?]gle@?oga%égg%c%%ﬁ%ﬁéﬁ%hﬁggé’]%\l g;f@vzvc%)‘:'zr’lnect ed to
vi deo cont r ol fusdvedré, o @ @ombieationdimnedt Irothe prefefred smbydnent( sxethasysteerind

wor kstation (S 25 SMW.33 rovi des. supervi sory, . mnagepent and control
functi ons form%ﬁﬁ@'“ﬁ%ﬂ"%\gﬁagB%“cgriog'éﬁté§‘e'8aidfgnapé‘}t'daelolneav/?({r “reference to

Fi g 8 SMW 335ing)iétented iRedSart ehaf\EManided Ol sdfddare befimbanaaat iseloredlifa Wher eby
managenent and control information is sent through ATM switch 103 and over
3U connect i onMEROVFNEERET exeriied by B SHERRICTOBIUEERN SECHIBREYHE SN SO " r ET net wor k

':'L SO 11 200 -7 - 'Theélﬂgw chart-of Figs -8 and_15-show theratchitecture; ful\ctf()n-hlity.'and_ S
I P DA~ T SY st~
. _. operation-of a possible implementation of the system management workstation of Fig | )

— T gzn %g/u%?@%ée r]ﬁa{ui.r w'%?ﬁsta%pgzofa:vléU§9t§{s%§25ﬁ06 e&llc%.thOQ.‘S manner,
managenent an Contral s nror matron s ael ver ed 1o and r&ceived from
central of fi ceepAdithtaa sieduie.aagmat, os peition 2bdenericlh SommBsead orerodgiordn gui de and

.;control information into the_digital .video program replacjin nul |

" MPEG- 2 packet e’_Eeﬁa‘P&F GSHRFOps g RIeTREnipG ﬁeﬁf:tﬁegi‘%éca%aﬁt&fl<§h|t§99@%a| _

program gui de s bORTRE thtin GoBSefia00R mldRitiotd) the WRHck&tsaHokNn fiRSponsi bl e

for nonitori ngi and controlling the digital video and data delivery system
8]

The program ghiogks Bt asBse PShe erder vaerd nfen SanddAt Fal paadleppoiiedf or may
be 1 ocal |y gengnalied, 4R wRnL §ahd $96k] 229 1520l QuRBaHgRd Lo i nsert

software update data for customer premSe information by replacing a null
MPEG 2 10 packertcutrbrily or sherfdacks gedsaneetines hs pacated ind koredat@orfibre degiedding

programm ng with the new y inserted then,enters .t he tel ephone conpany
(telco) pri va_t‘lgo'gailglf‘c%oer\a%r"kvo%eéﬁs\W?l_gg%gél‘ Céa(ﬁ'&-ecgt;eéﬁ“tfﬁﬁ%”l 06 Router 101
i sol at es Bbe i nter Mad sysenad @rthdd fetehdimeinig ARKMOKKchfdni@tibh@ al digier net ,

routing only the appropriate packets to ISP i 4 ATMswitch 102 provides a
robust i nt er cOHSREVOFK RTEERRe VEIRR FARRIES 4 ArARreqd g Phigrgputable nstructions

7



R T R R T e e e R R F O T TR TN o g Ty i

15 central offices 400 provi di ng Int ernet data to the system Further nor e
v router 101 and ATM switch 102 exchange Internet data in both lrﬁ) @&%om
custoner prem se toward central office to TPCC) and downstrea %f

to central Offhﬁ%mﬁ@: customer prenise) directions Fig S is apdyoskrsHs@ar am
illustrating the video control shelf 200 of Fig 4 20 Video control shelf
200 includes a plurality of video control nodule pairs 250 and shelf
processor nodul &rp‘xﬁlblémaﬂi[ag logidahfanctions, was boemtmdedfin gwmmxmr-frﬂidhlﬂmeﬁxmr ence
is made to nodule pairs Thetermrr‘li‘xa(g airs re an _active .and

i

st andby nodul e glé(E‘FF YoRff i GenEtHnsY C‘t%eex?%'(‘?f‘lsﬁﬁtcérl’ -{aPRATHUS OF ARAL- Each

modul e of the paich ab 8 cSHPRE-Bed¥ysBm! {I@cdsﬁm&mﬁl stafl Coreake sysdhuitiat i S
capabl e of supplying the output sig The 25 standby nodule wll perform

the functionali€ap fa@éehqrnewcmnsme taevtswt'ﬁﬁa’eﬁceﬂewétﬁmemsaué pigevisfe
Further nor e, i nahd\80ls GHIRTBIS [iftht Btest BEihlsCchm{R! SWBRputeRllishid O t he
ability to repI ace a nodul'e in a systemnthout renoving power to the system
i n which the nodetiem!' san besdngnieans tmtcelh l:cmt%en rsml:ewwemumcm prapagete, pncl udes a
plurality of MPEG 2 nulti ers 30.rec rkfe dsfrom
content provi detra’ls"f’l”é}tfeﬂmg%ﬁ'ﬁ S ¥|°t i CRnGERen Wi ems rf“v@’ reé‘“t‘

Interface a pl U'éy%téni &ipﬁratﬁ)ss'or dev@‘dénﬂﬂhebbrﬁm&eﬂrealﬁaletrﬁwmnbelﬁﬁeﬁ&@lb Bt '

r. r Gi.GCilt~n"" ~<=~' "~y WM~ _CG' i.ro~ -
7 . -+ | " npt hmtted to, an electromc magqettc; optical. electr.omagnetlc mfraqed orWWS

t ~ AT : gg/ 5 §§hgor|g§m§P f‘?gteml gppa.ratus device; ;on prog/agatlorr mé’(@m?g%‘?’ﬁgé?l}i@ APR

2002 PCT/ US Vi ng 'a spare, deo control 200. Each
DS-3 connection e*ani;ﬁeS((@nmb@St\G lat)wf ﬂe@omgmtterr-mladmﬂuﬂburﬂwpldvmdlwﬂeeh@h DS- 3
spare_connecti ng lo n Eeetn\éhld%r?ne% (glt(repe tromﬁ"llt \?mZgr(i) \/ eOwcogtar %l godul €
pai r 250 i ncl udd¥oXire, PaRo Nt FSf FEmARY & EYENAT ARCHEY®

control nodul e, cwmpthenadnsl@aé enz[gSetB:)cz)naﬂdmﬁ mdeism%m%e{mandmewd)deeﬁa@ont rol

nodul e. MPEG 2 nul ti pl ex al sp _connects via a 3 connection to a

vi deo control WBHUI'@"E&YE QQ%WCWt%‘LFPSB‘?Ie B’é’éf?"tf?‘@g e?:ddﬂ'g)‘ BEMABdul e pair
250 i s provijded (#pROMSr Flash PRERRAH (A gnleﬁ% $PopehYEbeAQA i O BndBipdriaBleexer 106.
Al so included i n vi deo control shelf 200 is shelf ﬁrocessor nodul e pair
300. The oper at icompast dig crad-osbyrmamsiry (FROM) (opgicalls ON@fe|that jpe epimputessed i n
detail with refeg - nmodul e
300 will be di scudggggmlegmg' ‘Egéﬁle@&d?%ﬁzﬁefdg%%&%%%%ﬁ épﬁ%tﬁé*’%ﬁé??% vi deo
and data del i vempyo@ys isgringdd, idree progmendan beelecttaninally capneed, via feuipgandes up to
eight digital video pro ra t oups, however, it is foreseeable t in the
Futur e addi (1 ondPIgH SgRan 6 O Pk B8 TeBsb HAeBoRPD GrAMET G5 BFSHSe
defined as aosi ngbRsMPEG &ullé’te b @eP AQEdessaby BRIMhEPRbAUM A BompiB dssorghannel s
carried over a single network connection) such as a DS-3 or OC-3 connection
Thus, up to eight pr&igr dmigt Bablevelsesteypgyilusdating the evesaliiopelpe) ingtghithe oo
Thi's means hal GaehahrdGORRGRIRAMe (e SHRMRI G n sk tjall\%deocr@:w%r?%fone
program group A program group transpo tea via Do-3 can contaln rou y ten
channel s, whi | e tROprasegt qu:)‘ltan aemdpsorltle!ddedlnasm:r&opalngy:mtaraneriephon@ttdn}pa%

channel s This indicates a stem cha aci 80 ch nneI s for s
i mpl ement at i ons UFAY"DS- a§ 3"rtrc?l 86"1"%2?%% P@aﬁ%&’%‘ @i{%amot HSQESE oxi mat el y
280 channel s25f orpreyisésesso i MpLE MO tReiverhpig fioMdoébdadaneers, l»@tbh/ptrodlmst one
group (and possibly nore) will contain |local channels, as illustrated by

DS-3 connect i on Prodcash ielgyision sepmmeonieBPravder d dntich Piyidgs el yslee ggpaly|
nmodul e pai r numﬁﬁhe&ortng’omi’EEB %C@M\q{egpanmlaga'f%t#m&ne’ltqg-v-l;@%r(ymlI@PPQ
connections conpnsin~ for th preferred enbodi nent, seven program %Soups
wi |l contain video \MhlbgHeﬁmmeﬁ@ertemmtr@nsne'ﬁmsdyucr@etsdasas !ndb¢mtb'rdataeﬂmbys
connections 1 18, I i % rto

i ncrease overall gﬂg‘ﬁ#ﬁ Age;'g%éﬁnfg g%i?‘%ﬁg Rb&/\tﬁ(\%oo aF?‘ ?” aqId I%%g-ygggr oups
can be conbi¥ed traggirtedrip adcoslendegviBChapresnt inventiBs- 3PEOr1 0adominutitats with

programm ng 13 central office 400 over SONET network (synchronous optical network) 150 While a

8
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APR 2002 V\D PCT/ US98/ 23546 Fi g 6 |s a bl ock d| agral;E ididolnishat i ng
t he video cont %ﬁgﬁgdul e 250 of Ftg 5 Video control nodul e pa}:r g@o

receives the DS3 data streans on |lines 118a and 1 18b, the input on Line
118a bei ng t heinpleicemay offioelis v fopsimptidityl TREC108mab eomgutibae sabandary or
redundant vi deo supply correspondin ot il lustr din Fig. S, These
data 5 streanPlUEdit %f"ﬁ“‘f”ﬁéff@ﬁ 6‘&!‘5%@‘% %t'\&;e “eé‘t"’?ré@ﬁ@ @gﬁl ’%6W?r|]‘ol
modul € 2S0 1 epk@eaFesiiil J)neWalﬁ%ran%ﬁk%tﬁdmmﬁy'ﬂ@&nrﬁur@&f@«%l%&%m Migh control
and software update data. The program group 1ncluding additional data, such
as the progr amcgudrdandisdyridally tefintopplaelepheae eorpany nprvorbat €8AECIS/| a bot h
DS-3 links_ 119a,and rﬁg&% e vi deo
contr ol m)aul uét%e %egnaalﬂﬁés glhgr%i&h ngk%%l |tfr¥§)?lf ém§k£aﬁdﬁ§ﬁ”% ﬁtr']eecel ver
251a and a re@umde&%ton@SE)thermEemﬂmmmks suchasdor eampledut gdevimgted &5 ah b The
DS3 line receiy extract .t. oad data from ncom ng..bit stream
and prepare tﬁ«??{ %V‘bﬁhﬁ’é'f’?%qig‘fagp \Elﬁhﬂ'éett‘w orfﬂ%ms%'ﬂ‘?f’%?mﬁ’é?"é fh%ertion

bl ock 2S6 Bot Ipefue®TPECS 08 Sndlcentralnsifictddcablomy M0ahaydy siseabiceMmmahicaai ng
redundancy at the |ggut | i nk The onboard supervi sorééO nodul € 252 nonitors

the status of beteer dRECVAP andieatraliotiicedf e St ofes 480 chmpmuntentes yyith

det er m nes, \m'cﬁgo%kﬁﬁe&@&%u@Bvélceaﬁ,hm\esd&n RErPRA dhrfliriddGol Bnsghibal feed
to the control data 1nsertion block 256 over connection Supervisory nodul e
2S2 sends contecanbe giygoasnicgioprohamelcapide of suppartsgithe eoemounicatign oécei ver 251

a and a redundant DS llne erm pati o d receiv ver
connecrions 259%P Efﬁslf Sl idegRirqiecHgn ql?%@"eégﬁf?'&ﬂeﬁ%pf ang s@lfsfﬁa%‘ﬁlybl ock 256
i's 20 responsidatrd bOér thaloppéri wiee paircover whItH Evestidhal telaih@n& Signalsweeni ng MPEG- 2
streamarriving fromthe content provider Praqggram ;gw de data and possibly
sof t war e updat@Mnnigated  Othgecopppunesten ?héj‘“i“'rln%é‘?’teéﬂ" & Outegr bmitettogul | packet s
with the ngcesgaligs Béthunichlibn Sfhhdsudial an LRASE H&dI %magalhmstﬁamohol dat a
insertion block 256 contains both the MPEG 2 video da and the additional
control data Gusttmbimayhe bsedsotemmumcaippavesndgntl afige 40@anduusigmam gui de dat a
are all insert t.Q,kh [0t a stream
is used as i n ?gmléé\}elr Oéoﬁ%%geta %é%g&%ggpeyﬁ%ségﬁéﬁ g'? %%Xtrr}fw%r&? ');{)yﬁl??cl%l ock
261, whi ch consinsspto wiathyar®©Shnkétacdnipmns iy dtére i 3 BSteepaord Reduadant DS3
line transmtter 257b, which forma r n link to the. video network

|t er f ace. helTecks (k sEpGrop SURHoAr o DSBS e de PReRidaR ao L

enabl e |ing ZGﬁmalpmelah | BREYniRich 10 1d Whigh a@Bé Bdrhbdeéd Qémaamde rm:undant
DS3 line transm tter 'yb are enabl ed The 14 R ~—~—-

WA~ =~ dlmtal v1de0-and.data dehvery system and method of the_p_r@sier_n_mvenuon operate o
A' LA | w'fPCC 100 to deliveF Lo c%ntral office 400, and- cEntr‘HBH’@e 90&0 derveWo- ———
VO 99/ 23833 ' 17~ APR 20D2 PCT/ US98] 23546 primary video signal 1s output on

line 119a and ¢usemeepremaant3Ofiodern mngrmmicangn dutrit 6,gnmpiessed Hi@bl Super vi sory
““nodul e 252 is reslpon5| bLI f(c)trlo O QRS Beraglpgﬂ. of vi deo control nodul e 250.
Supervi sory rm‘%fuf’é’% Forme et g S thalization of all other 5
functi onal 2%l ocks drig wade@ﬂs@rahxromumdu& the2n@nelwhRR b L Sedubgs st at us  of

each function Supervisory nodul e 2S2 nmai ntains conmuni cation with shelf
processor nDduP’é?“%“G’O"'aaWH Syskemy ‘@EB’B&%?ftﬁ’% lprindlack vi p gpeafendsy rerEsinelancy
control. If th@en%hl@ﬁﬁhemméQEW@%HIC@M?&@O@W@W&&E@Q l@seﬁtamﬁmm ¢
failure, supervisory nodul e 252 changes the nodule to the I nactive state
and al erts thechghedi ftobe desesledrin dgal balaw) aMer emmeidationciree! tihelmdsadk 2 me it
is polled for e cQ nodul e 250 is
desi gned for a@%?%/@;ssttl%%rmw 963”% ﬁcg%o En blxare‘“‘eg(en{e;ct %dee G resell nstal | ed
in pairs Each mnadstadmert(uexAﬁaulhnth handlbcaabméqueit usm@tabmdsumlaatmneb‘,gahbor over
connection 271 and 0 active | ate n failure of the active
modul e Vol t age Ak ?Fe’ﬂ teﬁﬁ’&[hséa“ﬁg W@éﬂ%r’r@gjglwé‘a‘f‘ﬁf’“‘ GtEstsocesses
capabilities and power 15 managenment. Hot §vvap capability refers to the
ability to renpve one of a pair of failed”
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vi deo control nodul es wi thout powering down the video control shelf in
+which they reside Fig 7 is a schematic view of the shelf proce fg Hﬁ?ﬁlﬂf
300 of Fig. 5 Shelf processor nodul e 300 provides redundant corn of

nmoni tori ng of e f inwhich 20 it is installed Shelf pro ul es
reside in mul t%gé’a%g%ﬂ i cations and include firmvare which eng ngsﬁi@gﬁ'
operation of the shelf processor nodule for each particul ar application for
which it is instikeqeésimd ieklatphe if théniseeistabmoszodeo stvelve tipr eqesed prageoiul e
resides in both the video control shelf 200 a in the video network
interface '- shahepragiams deliyeredinbe pasefom Gentrs @ﬂl&eéﬁeéﬂaﬁe"ﬁl@w&mn chapne!
shel f processor jpodul es 2> performdifferent functions depending on the
shelf in which installed These dii~erent operations are deternuned by the
firmvare installed mthhéimshémqjiccy@@siﬁuﬁtfaﬁwtbbéemw ®favideg cgpient fram whi ch
application i. Sy a el
i nclude fi rmtRa é’o'f"S"F{ pé?‘f'geﬁ&ss? E‘Héegggl |Ec"tt% f r&l%gqﬁ ?&ﬁ}’ﬁ%fg@%ﬁ@tmeped in
each shel f procasgaamlmd&%@m&akeudeuarmtereattvle@. Sindni pmmier mhretcheesrmgihanp is

installed and wilt 30 execu he a rq e.se nt e fi code
Shel f processor eﬁﬁﬂﬂ’ﬁﬂg‘dS?)ﬂg?f‘i%b‘é%’aB 8 ej@‘.edﬁ ?‘Eﬁ ‘H'EFPB ”itBOJa ﬁ‘é’m t he
central offi %e {%é@&%cé&@%neb the vnd’eo mg?(ﬂscr_eferred 10 s\?rmn arfdWhen: réfemnl'g 16 video,

- =i - 9% %M .
r - r ~ sr - | fir o:cwnpresseg\,dlgnal wdeo it is understood' tthejaudlo sxgnal 1S mc]uded7 Coment i
O 99/ 23833 P 03
to any ci rc3|0t @oé}rl%gﬁrlls(iﬁa;{eﬁqgg ?‘}@ %ﬁéo gﬁ gnggag}\éﬁg?rgqgﬁgghmmtﬁ
regarding a!l badmM#€Csneo aNIem;brIi b?rcanrban@f exantphdiur ot limedCoM Gidllite BHiebrdy
processor nmodul e 300 store ratl ta ch b etects the
installation and‘eF"é‘Hl‘QEB‘r‘Fé P&‘?’O ﬁ? %@ "%@W?(algg (ﬁg v g
autonatical ly 5 wddioub rEZ@MeﬁS&Ql uraaﬂabeteme@brogﬁmmg R6MAE&S Broaddactels@2300 i s
used in many applications and in_all shelves of the dlgltal vi deo and dat a

del i very system and d&ihBds aschampicopsyy Wpgraipg thegrehitgsibrerthat cRpreststI§CaxO0ut e
different functighal ¥adenaiodiaGistol 6L TPCC 10 e WdRd, iPhelrbm of
processor nodul e configures itself appropriately during power up based
on the shelf typsmaaasdgora digéalfsigaddms@mteeawowdgm It hgaldy etdenst beeksyindrman 10

The shel f add | ff t
o ket ati on (1o 1E MERRRPBel A 1ot SPENE 15 8 g8y Blo MleyaiS ¢ anual 1 y

sel ected t hr oughafélementionedEonders whd rovidanat whehital prReeSEGvenTeluh SONETI | be
installed in each shelf Only one will be active at a tine, the other

remains in standiebyorkdde. orw"gt"smrwegFféfquﬁ%%es%%wem“ﬁ%éwngee@?é to
all the status agflcLebdiogddgtion infornmation for the shelf and will be 15
prepared to automatically take over fromthe active shelf processor if the
active shel f processdig éxpeploghdiagram ifustrptinedherenpaments opihe PEesent inveWIP| st s

of four main fun e

i nterface nodul eﬁlgtorgmdtﬁm@%ﬁgrcnﬁgp %@Hﬁw%%%(ymr@g%ga% ga%hrgr%%g’g%gn
nodul e 306 The suypemnyirsmrcgntentcudede30! (¢st|g$nlenrdJE)ckihddbdai poopmdessan losklt h

Suppor 15 1 odundeR SRS PO - Res Ty SHECSal SRy IEREPR I5F foessor

i ncl udi ng hagdwas®y bothe&@Inans td Auteradi OrSuttad) tesmandichieab ok RbReiHE 1Al SO
included in superv%i%% nodul e 301 is a bank of dual ported registers for
P

comuni cating sttt witghl 92, wiglganynuniqagey aith SANE T addbdrogtpiuplexea i ot her
status informatign, E&nde&é&ﬁﬁab's@r@fr Jd@%%ﬁ ﬁ\@)gl@dqlgs (ﬁ%r{‘x%r flﬁ§t‘?§t1v9§e IplBgeﬁ hus

si bling shelf processor nmodul I't 'uses a rectiona
to conmmuni cat e comyand vwanl t@taatsbﬂ) nwlluhletdllef a$1l%nbwrldwenenmplhmemhbnhfplafhe

sl ave interface re ence eac ar ds
in the shelf, annPWEé'Ftwodlbs) alnﬁ]b%m ngﬁ ?[8??8 %{ﬁafqﬂé?sﬁépwﬁéég&i réqoave
board i s any3boafor@aidb@io deatrhlotidecdbodvehSONEMhetfork N80 SARL ¢emmURiISAEd Had

herein Slave interface 30 nodule 302 has a reset |line for each sl ave board
whi ch can be pul gweqt@n légéfe W%Lm}@d control data from system management

10
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or held to conpletel y d| sabl e |t Et her net rmdul e 304 pr ovi des the means by

'Wmch16 ,_...:_t, AT, orr ... 15APR20027
9

e .,...."~.r~._" UL Suit - SN

Q. '~""n‘ o~ T .1TPSN:..1: "1 6 APR 200 WD 991 23833

PCT/ US98/ 235W99Qﬁ%;ﬂ3$ processor nodul e 300 conmuni cates wi t PEEIHBINEt at i on
650 via a | Qphase T Ethernet port over connection 303 Vol tage managenent
nodul e 306 all o liv nsent . . helk | mpdul e 300
T pr ovi des oS raioldzs A B BB HETRURY Bio8"Tideo REABRSS Pl

provi des an owgopidontent stosidel 1a dvackpherten 326 m:nateilbuteputzeruml If tixovideo has
stabilized It also aut omatl cally shuts off e boaha %nd L ndi cat es

a fault when icentgaisuprligd Q'Hmc‘f\‘?B‘chREPY' ‘ﬁt”dﬁ)‘ﬁ(ﬁ'i‘e\tl\gbrﬁ OP%?"FQéé'g ot

modul e 306 al §19pﬂ B B emctmw 1 RIPEG- %@bd&h@of@ﬁ@invérbnaetoa@msz assert ed
Fig8is aflo di agramillustratin n‘? the architecture, functionality and

operation £0 (&brmt p&mueh MRAEGHP ésused inthoprefsrred pmbedjmenspanialigiidenent wor k
station (SMWV 325 [Epf esent s
2 Todul e, segianprestRrislifibe fay bt feoqlo bihelal the LEAed BRAN WS thind

execut abl e i n3ke viddd a@n&mfsnpphedmb'emnmtipumndmel zsped'effperdoif a)@j‘gitﬁébigmhrtbm ons)

It should alsg be n t hat sone a ative i ati

functi ons not &dSsypPi ??ng'iff%ﬁ? %ﬁfoﬁté%l l’ V&‘cqnﬂ%cqgg? % “ne%{ond |n Fl g.

8. For exanpl glustritvelyl ftkealit BODE- J@nséwsmuqmthemrdﬁred&mwmmem if aedtalbe
executed substantially concurrently or the blocks may sonetines be executed

in the revérsefeevgef?) Qﬁebé@l‘ﬂ\eﬁg’“ﬁpérpﬁ F‘néO'f'\ﬁPRﬂ“lRSﬁ‘éW?StaPPmﬁWFe\b’e‘tf as will be
Lurther o art thadyRAkata i %gﬁﬁs&bw&% &h 1@9&@&9% access to
ata VI ew

SMA'  subscri Bet central office master” (COM status, or
program gui de uti | |1n¢eedJs:ennenmmeﬂ18mebézmacﬁrrlm/cpfde;ﬂuralheOf mydngharepacitpr  addi ng

The i stri but GUABEMET AR R el TBEH Pah O T ol Sl STt S, es” ' o

interface for JppaRmhelyrRFSmegabitdsfegpany gmﬁEﬁogﬁﬂﬁnmm sl tirdsmzlc@taphl cal
user interface via, for exanple, Java and hypertext nark- u | an uage (HTML)
O her pr og‘r5am"r1|"r1§1SLSPLP!ﬁ‘ﬁ’o°oi’|‘3EI%°“i'?%f;?‘°Béz‘hPé’e‘tff ?‘bd?rﬁ?ﬂ“‘ie’ﬁ‘erhost‘ﬁledg ASuser
interface, Javger co?\n@d?n@n ha-%ltﬁmzfeﬁéodEhﬁ)Qprwmbeéﬂc&ﬁp@@ BdNes@ite to the
advantage of portability to many different hardware platfornms which may be
used to i npl emdhair bivadaastsicaph and Aenyerte i intqua digitelatdegforandintaseordanse with of fi ce
mast er wor kst at | < COM is the
conmput er syst Zﬁrh W&wre@?g%ﬁdﬁf{?ﬁ‘ kh%?a@? n%:bggir:neent ra]mufs'ﬁ”ggedag%oas and will
be described ismgiteitemis| inbediiowa pRrdliny bf dbir idmodutaes sndddPEGHEencsddr ape and

control nodul e |nta S st er database of subsgrib i nf ormati on )
el Ui ng The TG TS MiEGiss B i fnh B DS comreton R 2ARRIPASS "W 00/ 23833
PCT/ US98/ 2354%@%1@%!11& MPES-2 hillipleR@l] 13 8GpHliIEEtha HEN MPEEDIcAtbded 6FRUNT

activity (pay per view (PPV) information) and service enabli ngk and

di sabl i ng. Thevxéftpo%sﬂaiwerc@e@qs'ﬁndaut%‘déﬂow@mrellsaeRZ%Qﬁoaneceoml i but es and
- reconciles 'Oclﬂ%ﬁge&%p%?cmne&m cgﬁagi%%g@a ﬁlﬁ#ﬂ&towvi‘d% s.gﬁulvefsa'

‘-A..—r..,..,.‘.:_,.,p.,r. e A.A*

- 'access adapter configuration mat| on so S inferfacing
wi th user int earfdaeeluﬁmﬁvawd%ub@mnedmn set up and control nmodul e 327 is COM
status display noduje 32 [ e 328 provides overal l
Status of Bu1 cov MRRcarrEY MR Rod Rt st PSR Maul o

329 incl udes chamgehemwsr@uoamw)mgﬁ aBMIV BB pioRides suérivisory\Whhigeganer at es
basi ¢ channel mappi inf,orgtetiﬁ,gr}or di stribution to each, COM and 10

generates pr og?’éjrﬁoﬁﬁglcﬁé“‘i“ﬁF 0P gnd willde dississdoin detg! @itk frefesenge to

Subscri ber setgp gnoveRsiy Mo B E0IMV 3bRG {02 &ef dmR&i¥h § N, Y@t abase
view 334) which'in turn interfaces with tel co subscriber database 331 and
SMWV dat abase 3B32napemeriand el Basmagays sans troughey M switch W2gnb 9€eri ber

dat abase i g er l; i a

cust omer |n(15 or%%ﬁg%nmﬂgc §| ng ?hfsa? Mwﬁ%nfgﬁga%meﬁbﬁess anagt%h\ gf\]/)kslv

dat abase i nformation contains customer identification information
pertaining to custonmer services, pay per view information and channel

viewi ng informati on Subscri ber database interface 337 converts a subscri ber
dat abase and billing information into a format that is readable by the
telco's local billing system Hi erarchical COM nmanagenent nodul e 333

comuni cates with subscriber set up and 20 control nodul e 327, COM stat us
di spl ay nodul e 328 and channel mappin; and program gui de i nformati on nodul e
329 Hi erarchical COM nmanagenent nodul e 33 3 nmanages the bi-directional
transfer of information to distributed COVMB and illustratively conmuni cates
with renote COV 336, 338, and 339 SMWal so collects statistics fromthe
central off| ce master wor kstatl ons regardl ng users ~channel view ng 25
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" WD 99123833 PCT/ US98/ 23546 connection 407 with switch 406 SONET add-drop
+ mul ti pl exer 401 comruni cates video data over connection 402 to, vi deo
network interface shelf (VNIS} 450 Illustratively, connection 2ARPR 2885wn
as a single cqnp LQn) however, connection 402 is in realit ity
of DS-3 comruﬁv(ggﬁ’gﬁ channel s each carrying one 5 program g%&ﬁsgg 3?‘ihée
conpressed digital video content as descri bed above. VNLS 450 perforns a
protocol transfiariBbeHer,iman@getent il AR eifbrridtien ixdstivareditovind @eceilad &omnt 0 a
standard, conpressed digital video transport format, for exanple but not
limted to, dicfen@dl offic@@80 br oadcast - asynchronous serial interface (DVB-ASI)

VNI'S 450 is conpri S%ﬁi%f %)gnei | BiRbod Msepils l&h%@gr@ﬁt%ﬁgﬁnﬁ BbfFd aFsmizne! es and

wi Il be described in taill with reference to s 10A and 1 OB The

out put of VNI S idfslthe digitad vivem prgramibyreplegngiaoull MELRZ packki that 1ggetiused to

represents plurality. of chapnel Sl 0 } dao
program gr o&ps , rangeays %g%o %a?% ?ﬁ?%‘ﬁ? zl}l gﬁoagg%églﬁ Qéggoqblg%%no&g?eg?? Wo%’gé e ¢
50U i s responsiWbmksthdn r@pohsiblb tdrinngnitotitpeandicgitralling/ihel digitpirvidpoaind gateups wi t h
redundancy to all access shelves 550, Video 15 distributi on 1shglf 5U0 will
be descri bed i ndeleerypystemp. ¢ Fhe RipRpm guide Cafabase is recejved frpm gcenipglized pravider o ¢
5S0 wi Il be dessrrr?geoq IbAIPEERERI ABES dontbbitshelf 26EERRES bl Asda 18 irkert Vi deo

di stribution shelt 500 supplies eight active program groups and ei ght spare
connect i ons ovesofivarmipdpiesiatafarrcusiomse premise Fienfaticmby Eplesas eingh MIEG-8an be

any. connect | pn 4 ak Bl WIS 8 05aRGEASHES ARAC ThY vl GREFIRE Wi e act! ve

and spare ptogr®Hgroups cCess's comuni es over connection
419 with | ow passvl§ inkéreed dataahdn b0 the bedepbrer aivipany @élcajtprighre BIONE Thretwork

described in detail w reference Fig 1 2 Lo ss filter shelf 600
communi cat es ov&? Yi%mﬁiT@gPTdB‘?P ‘E%L(%eldo%%ertlgl bsﬂgfeg '"‘6?‘&&15"'&8 43300,
I'liustratwely) goREYREGRIk BBmAhambeher FouiionBaha ashrGpriatd patk&ts 0 ispau hne
(DSL) communi cation”channel which, tn addition to the digital video signal
bei ng 25 del i veASM svitcbUSE pravidep? erbugidntergomectigiciobresyvitshesdn thedpd iyl

I nternet da ( n [ Vi phone
comun~cat ~§)5r31l bg{n\t/\r/gle&/nm%gts‘lta% ro?mggg%lsngpﬁ%gﬁ%dﬁ%@ nt@gﬁhk‘g?o?lé{ggai%bm%b 8i S

i nportant to noR&M etchviiiR lexchdeged niebetdasinbsimgpsaeddB(frano pustomer prénvse

Communi tat i o ofBENEPRERHAIP JF LR 01 G86sB (PRar hng PeTi BFREL° 30 dat o

and POTS O her g@uamdripeertiseydirediannel s, for exanple but not linmted to a

wi rel ess communi cati on channel such as an LIvIDS (Il ocal, mnul t~?oi nt
distribution I ~~  Fig Sisablockdiagram illuggiating the videq ponjrol ghetin00 of Fig 4

N-9%%-. ... .hg- . videocontrdGhelP0d3RRResa Pluﬁﬁ@ AU REANPARY12RDARs 535dn@Rhelr MRY
be used to communi cate between central offce 400 znd customner prem ses 1300
Low pass filter peicedsér wodulcommidni dmthesisRGTSn and Breurestto delloaweferensaaeadeon 420

to PSTN voice switch .409 i i rn icates fal V] over

5 connection 40@6 Y’ﬁ?%ﬁﬁﬂfsa%§ gf? %‘69 O%thaﬁfgggy%féﬁcﬁ% ?"glaggamg%m%a&gr Kk

15U. Al so i ncl udedfigatedaeBidcatle tiof fuhamndldPddsenteeéntaed moddi¢ cfxherpat BsupGed) -
~,vorkstation 650 COM wor kst ati on 650 conmuni cates contr ol inf.orr’[aﬁ_'bon ove

connection 411 Bl PRy sEOE 24 AFN RAMHIGAT RS OLTBPYIRB MRURW ERY 4 TS VNI S
450 in ordenst 0 GAMIURbdRL Gill pebrPihe ARt Roda il AL IRbLLR tHe@kRld ME1AO t he
operation of the network. COM 10 workstation 650 al so communi cates over
connection 418 tespeyicerss a dilyter iMyuberawres ineghs disposiam folley. thownachtemrdl 6 to
access shelf 55 r i [4S1el; lvel ) t

wor kst ati on tha?dggwéw%ﬁgﬁég%{ag¥gggﬁg§k@t%#&%%g&kﬁgn%%%?g%ggﬂﬁggﬂﬁﬁe

devi ces | ocat ed sgstera enwhiell thefrfoidgle is409zliednd t hat enabl es t he present
invention to operate._The operatjon of . wor kst at i wil.l be

di scussed in 15 detaPf® 'etrﬁg?veef yr)zse)r‘l'vché‘:ht''Ec)ajl’l\él~"’i‘f’~".1 p@*—‘fygc’%%gﬁég puispRstati'e view
i1l ustratingot hgedtivd@erwisk Weddfrorteiémprvidael f odpQomfectidngi 28 GareGal office
400 includes SUNET add-drop multiplexer 401 which receives the conbined

vi deo and data SPYHEPSs FldiMgBET PHERPIO S8 Gomeston| ! 18 fyeughdddn ¢35k | udes
video network interface shelf 450, which includes video network 20
interface nodule 700 pairs, video output nmdéule 7~U pair, and shel f
processor nodul e 300 pair3 Each video network interface nodule pair

i ncl udes an active video network interface nodule 700 and a spare, or
stand- by, video network interface nodule 700 Each video network interface
nodule (VNIM 700 receives a video programgroup on DS3 |ine 402 Each
program Q- oup is supplied sinultaneously to the active VMM and 25 the
stand-by VNIM Il lustratively, each video network interface shelf 4S0

i ncludes eight pairs of video network interface nodul es 700, each video
network interface nodule pair receiving the conplete programgroup via a

LY - T
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net wor k |nt erface nodul e pair 7U0 provides a conplete program group to

* broadcast backpl ane 1200 Broadcast backpl ane 1200, the operation of which
will be described 30 in detail with reference to Fib; 13, is{ifn APR 2002
comuni cation with video output nodule pair 750 Video outp air
75U suppl i eswpﬁé’zﬁ’%gr am data on connection 404 to na ' -’; 1176)5(1&%?/%44)

ro f.o...~™"Mt. .., 7. ~ M= Y R

RPN DS-3 h‘avmb_a spare; - with v:d?o comre\a(l shelf 20Q_- Eacﬁ DS -3 Eﬁﬂgeé\tionllTS ~%/V\!l)
~ ~~.Sr'"~~l" ~ /n

991 23833 16 Amnzcx@m mtmsgmrelaamlwmewtmP@hﬂ?&n@usmm@we@tmg%eSwe Fig 9
The content su e ty 4 VB A

cont ent Vi deo H ?'ﬁ &9 g%fe: \Qﬁéh éBnggﬂqu@egM}nCS:@ﬁ ls glﬁr?ﬁt %)/r gﬁ@ssor
modul e pair 30@ontt&nmoaolelaﬁda Stnddf vided cdntiobmedui, Iveith 4 spated§-3 asnbesd to bed

above The ei ght pairs of 5video ne terf es 700 r.ec

vi deo signal ths st58dbx g ?Pa‘ionﬁﬁ'd"‘?ﬂ”fmé ?Fﬁ gf gﬂf‘b?%‘ﬂfﬁs ‘é)‘ﬁf‘gjsofoadcast
backpl ane | 20Q,@2ch# 18l |Vﬁjeod@{t@Fh~gdeE‘“} ss5a bl ock diagramillustrating the
video network 1 nterface nodul e 7000f | OA The video network interface

nodul e 700 recei veghméptproégacamdgpswr%mﬂgjppar25/9 wervied gitddi®risng over
redundant DS-3 | y IS
extracted from?%%n@gﬁlgﬁgﬂgﬁgaqr% g,geél(?g% éﬁ?gbrdgg&s&@m%g&ﬁ% | ane

| 200 for del i gkalfy2000s shetﬂpmcem«brpurbdudmdulwo 7%5Be Shalmmnrodivides kontopmodde nodul e

O e b e

pr ocessor Modulygoc3Br MBAulY 860 Wil Se GRAISES in BetEIPRRE SefEddde 1OBip3 7S ThaaigRalar e
presented to eachlSrmduI e at the i tgut for link redundancy Vi deo network

i nterface nodiideo poddatndeliyery sy¥snhal the prgsent 1“V%‘°Pé\‘rr‘r?‘ﬁ'éltsi‘mﬁ’"éﬁﬂ 19 gighti ver 70l
a and redundangs;iSyided ﬂragra&%rmmw@mnd.s FGHEREMR thA0A 1l fHSe £Bieidnbii Ne

recei vers extract the payl oad data fromthe incom ngbit stream and prepare
the content f grogiehiguapymepbe fwepqstadalA rpgramdiseribis defthedl ver singeBEIH-Recei ver s
701 a and 01 .bh are alwa C i nput
I|nk208upe vi $6P Von sgru?m¥%§ﬁ/ \ﬁp%g\% %ﬂwn@gtcér?'gggoéq s?;ng’%rngg‘g‘?r\l}ers 701 a and
70 | b over conpamEction suchQSa Dsrzlor/0613, cohmpmct'l‘hxejqpto&nglh ﬂmgmhﬂgmeps whi ch
hne recewer signal w || be used t dr ve gae serlﬁ e'blg o the aral | el

vi deo bus dri \A&F Suppg é’r“VP§6‘f'tSPEé]&JJ 709 BBARRIAT €At Sc’cfﬁf“i‘e(ﬂ‘ ®or mat i on
to DS-3 line tgraphinais oy g@dca;:@eg%hyg,ro ,q;lﬂ Aoy er connection 714a and

comruni cates control information to %I ne' _'Stermnation and receiver
701 b over connect |A0Pr0¥@mtgfwf2p\anmeﬂ élaﬂﬁ -Yevn tuptaindrouglly tengbamelsi weils seri al
data from.pne I n709a
o 700D, " dperidiat LRI Ao TR o il ey 3% chihel, TRY B GRERSEkLPTS

i sactive, as dhhmerhtapedtylwy 8¢ tlanmls foommpitneupaons sogyDSddmb @ nTd@dnake seri al
data isreorganized into the or te format, wherein t control
Gata bits o eS0RURLEPETN LRI ER B F R ke St arPRRaR bire 8F goal | ng.
and in the preéenr@d@dmmlmedst ode@mmhﬁcammduyfrﬁcﬁémnlcaxlua,su@:laa&}ian:g:ls( LVDS)
=line drivers (not shown) wit : WD 99n3833 ~ 6 APR 2002
PCTNS98/ 23546 35alfusirated bx/Pééoconfe@t'mi%)a*ﬁPéer QWREHONHZ3 camaiBing Vididr d” to t he
20 differentialo,Quf Rkduid ﬁaﬂ%m%} PRISINTEF 206/ HEQ U DIEd N8BT THO Cerhdind e
supervi sory nodule 704 allows the drivers to be activated Supervisory

nmodul e 704 i s gomsgstinss doimprifing. ferrthip erefanisd cmbodment sevirepreedacgrsumserihor k

i nterface nodul e 700, ld she |zat|on of , @l
functions on tHeHb Hd?oe'; g%%"é?’\r}%sf&m e {me%iﬁbs ratedh%mgf ocros""?ﬁw'onsigt us of
each function. anfhid9s @p@ran SoGYs dmﬂuhﬁluﬁ[&ﬂedtﬂwbanamc&@m"ﬂmm&harmll wth

shel f processor 300 nd i S n for active/st nd by redundancy
control Shoul d*3PABYvi Hbﬁ‘aﬁ‘é{emb'%j‘ ffjrﬁlleﬁfsacgéo‘ﬁ’é&ﬁ“ be é?eel”é’ﬁ eSS ai | ure,
super Vi soryp rmg}pér@irgﬁé_ﬁt,e({daﬁ,oﬁgpg}JoraLQmm; ocessor nodul e 300 and causes

vi deo network interface modul e 700 to become inactive Because the video

network interface nodule is designed for activel/stand-by redundancy, they
are typically installed in pairs, each nonitoring the fault indicator of
its redundant nei ghbor over connection 713, which will cause it to go
active imedi ately upon failure of the active nodule Simlarly, supervisory
nodul e 704 15 supplies its fault status over connection 712 to its
counterpart supervisory nodule in its neighbor video network interface
nodul e Vol t age managenent nodule 702 is responsible for hotswap capability
and power nmanagenent in accordance with that described above Fig 11 Ais a
schematic view illustrating the video distribution shelf 500 of Fig 20 9
Central office 400 includes video distribution shéelf 500, which includes
V|deo |nput nDduIe pa|r800 nultlple V|deo output nDduIe palr 850 renDte

NN - . Y. Y. Y o -

SRR RN S e £ ST S AEL 2 e P N R P LR A AR L P L5 »J‘



-

DTl e Ll LYY st vt e T e e T e G DL T e RS PR AL RO AIORS LA S A e AR R R e LT I R L E

pr o'gr am groups to an access shelf 5~0 via fiber optic link. Shelf 'pr~6cessof
 nodul e 300 | S provides redundant control and nonitoring of thg shel f Fig
11 Bis a block diagramillustrating the video input nodul e 80 boAPR QUUZI 1
A Video input nmpdule 800 recewes all eight program groups in %43)‘-, r mat
over connecti o %28%3¥he data is converted into LVDS par al | el k or r%%kz\?\n ?h
extra control bits added) and nade available, via the particular shelf

backpl ane, to all ot h%r6?&ms&ttdi@garﬁqmmmgdhemdw@ad&aﬁédm@ﬂopifme51200
Vi deo i nput nodul e 80G is designed for active/standby redundancy, contains

speci al  ci rcui t r¥jdeosoatrplgnpdwi AR 0 regstyerbridi daga seams emlingad | $4 $1dJd8&sor
nodul e 300 for I : s A I : 1 i m
oy ght i ndi vi duaieneitionthé BRGRingRE fihary REhY fiouPohlide 1168 YEiRe RO,
vi deo data on | ionesiuddeht vided axpplyrcdadspbnding ©\tBatAlBistra®d indogi i eFhe8®date o LVDS

drover nodul e 802 over connectiqgn VDS driver ule 8U2 converts the
serial data Secéfr%?f °t°8?ﬂr\jﬂ§/§3cﬂgeq %é((}; VEr° %EF“‘i“StgPd%%F %thoglmoﬁgigm% peci al
control bits argemsidesull MPEGCH pityets ¢n @oklplogRantigioap with byiteol ahd gifedrd t 0 be
described with reference to Fig 20) Wen supervisory nodul e 806 asserts the

output enabl e siugf#r defa. Thaeroge) eroup Indeding adldjiensl 4453, sugh as thpprgTERuiice
en?‘b led and all gy %tsoﬂ{vgt%r@mtg rﬁ%mssthé’r{ éienmié U&_HP‘S?% links 119a-and 119bto video: ——

~ . - '-'net-wc;rl-cmér-face -she,l_f_4506§,:a<;:h-_\éigie:o_cgilt,rol'n_:od-u_le 2_50_cogt_ai_ﬁs a primary DS3 ~: .
ety =ty =2~ N WO 99/ 2383 6 APR 2002 P ,.US 23546 | .
br oadcast balé)kplIgﬁéerTEBBo%ng{rrgcet“ﬁg% zfraéldgf%‘ugpgﬁlﬁeggéshh%/%%ggg’%v%flI%a(%lvgr to
al | ot her nodul evieai2broathedsss line cégelvers extiad the papleid/dsofrym ibdint@miBHbit i S
al so responsi bl e for proper operation qf vjdeo input ul e 800. ‘

Super vi sory nodufrEaBeed ar&e%rsé*&gnfggvatwﬁ?qrrﬁehea ioBE FRMOLSta SRR BOPAY 5 S
performed on Vi dgqQy iRBNEs AR 28300 2NV AP ML bfowile redliiaHsy AfthEREH link
function Supervisory nodule 806 mai ntai n§ comuni cati on w t'h shel

processor nodul eTig@Mbeard sipsrvisesymadilpPE mopitostthe vatus phihgbscevetipydancy
control. Shoul d video i Il ALl ur LV .Sory
modul e 806 al’ert® she ?Sn‘%?%%‘g&;%%ﬁgggfﬁ%%g& hgcﬁgﬁggeﬁ]é‘gg S&"ﬁ%‘gﬁ%ﬁgﬁ dlt%{)dul e
800 to i mmedi at edrive @it serisldeddve tiBematsialata ickeaidnrbbadk 256 ovedohecBO0 i s

desi gned for actjve/standby redundancy, it is expected.to be installed in
pairs Each noni t HPEMRE T’_%‘EIH'? Sﬁﬁp%act%ﬁm]é’fg"flf éoPmﬁgﬁhmﬁéqr@W%‘?" 28\_9er
connection 809, RB&ves PP A% redumd WD S3aink termHaRETTBHdI redRivey 8dvice@3MB6¥dron 811,
and will go active i mediatel quon failure of the active nodul e Voltage
managenment nodul @nsmongzﬁ‘?egp%ﬁ% byewesttyely hdhe ariprob dgsapisertioy blagk 2 Hoker
managenent i, ac hdePidbhadal dRuERE | RNtk G 2% Carh SrefR
schematic vi %bw i%%)g??%??r\% gﬁlc'g?‘%erngt Fve lh%?ﬁ??ﬁﬁ%‘ﬁgn sc%e?rs\tar to §trhggvi deo
i nput nodul e of frorg thelcoBteReprovidery iRiegyram igpidt dae dod possiBly sofiwalseipdaedatagoran

alternative to vjd {hput. modyl e 800. Rempte videq, i nput nodul e, 825.

fecel ves a singl Weml | BbEae bh enFngingh Packe st e up udd® STBhr am
groups al ong wi t fat2Recéivedfrarg tikrdnovaiataaadrtfon ®BcR 256 BeHtansydth thIMPEGar -
connection 836 The framng is detected and the data is derultiplexed into
the ei ght 10- bit Vigshdats and the adiiqnalrgpuphdgico frotral daw seftwiase updatsiaty and

dermul tipl ex b01e 5RFf& £ilidEdatd DY inddrted Inko tHePSrtMGr&Up ih iR shiP waPdtthEgewn | |
drive the program groups onto broadcast backplane 1280 Optical receiver 826
converts the opt lgaktretat iaussdre mpuberes comedionoP62838d 2eitbaoanog2ém @bt blosk ¢

data stream cont shnulfty\ ARyl A6R.RTAANATR.NG R0 RonGRCLhaRAddRck
regeneration and data sync regenerat e ecsert al Crock™from the serial
dat a stream and rresyintdi267h, Zétchtfhen a eddandaat linkits tied idds nbtvwbrid 8Réskize elletfclg0

signal is suppli on connect | 44 and, the video programring is s lied
over connection Q%BP‘}SV‘PT!"?%U{S%E%EH%feé‘)?%ﬂ)eroé‘&%ﬁt%ﬂbgdﬁgzﬁé ‘Rié?aé%tigf? 828
detects the sbar findfradshmai®p2¥iald aEFhndHt DSHUS irsHsBxRS 28 THaredaBleiNtrge 16- bi t
words. A 155 5 N1z clock signal is supplied over connection 845, the video
programmi ng ~s supplied over connection 846, and frame 24 T

~ " T , . . ,rr -~
el e PR AMee=2r ' M~W ~C'}4° ., " . -r%..~ .~ ...
~AL ~1:.., .. rhi~~~:. ~I 6 APR 2002 WD 9923833
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control information is exchanged with payl oad extraction device 829 over
+ connection 847 Payl oad extraction device 829 strips off she framng and

overhead bits | eaving the video program groups on connection ﬁ?A?ﬁaﬁIﬂﬂit
first-in first-out (FIFO buffer 831 buffers the ei ght program gr oups on
connection R@9W8I first-in first-out arrangement 5 in org’ sgs/zss 6
resynchroni ze the parall el transmt data rate. LVDS video drivers 832 drive
t he ei ght program l, i ons 83
8 111 ustr at i vEroD PHE BB bt BRARE RS ARFE - Altfiader oo SR SRIREE P ogr am
groups are trmﬁslpebted shoul d have sufficient capacity to carry the data

such that the program he transparted w t hout of _any

i nformation 10 Su g—?ﬂﬁ%@% ’%?ﬂp%‘ﬁﬁﬁ fi TP PG A %ﬁ‘@‘fep CBI’IB‘gessor
modul e 300 t o3@dle 856, Bupérvidbry ndale 262 PaESHSs 86 LB IBd inithdlidation el sll ehérei ghbor
fault bit over connection 833b Supervi sor;:O nodul e 834 al so enabl es the LVDS

vi deo dri ver sfiuggonghidecks en videe FQJWOB@Qd"IIhé Agprpersdhe stys 0bgeh manasenent
modul e 841 is 0 t AR3N) aswh gment in
mccor dance w TR ey e oA e R e e
illustrating troduled0q ampl nerespcdrelbletfutque/swdibhyere&ﬁ@aw CIémgoll 1f th¢\v1m tiple

vi deo out put nodu 0 ves a ram groups. vi deo i nput
nodul e 800 ov&?""tS’I 5‘83@55 %?Srk%’f%f'acaiaﬁkgp%éﬂ arght® lsma/r amugI;e?glbjps are
replicated n thdiRé thdfhodia torae mdctlwtstaca‘antiIa&nntcéemeldpmtésmmoo@nersheIf 500 on
lines 501 in DVB-ASI format Multip ﬁi‘geo out put nodul e 850 e5|gned
for 20 act‘%eﬁ%‘t“&ﬁt?"t?;?gr‘@dl‘fﬁd%'fk‘s p@II F Fatus Bermafion ?ﬁﬂﬁer‘@e‘f‘# al | ow

hot swap) and eQnTgHRioB&E 250 degﬁebeor\acd\ee@stmdsotyrrbmaarep RbeAE elfete@&S Or

modul e 300 for various control purposes Parallel video bus receiver 851
cont ai ns LVDSbe asteligskis phioy mbmgmgnath@ faudii ipdheat@rrad dfs sedugdant peighbonevest i ng of

20 I h d
nput nodul & SO0COT0E T AR M4 ack B iR b P Bt Mol 1% aon o o

responsi bl e f ofoltegeadinaggnent EV&IASM smpbnsaamfoohchp.uﬁp cpalilitive afDpoviedr each of
t he program ~~roups Ea h conne 63% hr ough 857n |nclfudesé)?, Seél
data stredm cBﬁP%IeﬁIeﬁ‘g iI’I’%’gff‘ s e dBhabyiy 4 sy F B f AP A falled on one
out put connecfvld@aco&:hﬁh%mesewmhpmrnutdomw BdoURhBbINRelLinGitich@rdyput s Anv
nunber 30 of DVB-ASI driver nodul es 856 may exist on a multiple video
out put nodul e™®BE, all owi ng for scal ab| I itv of the entire system 25 )
APR 2002 WO 991 238 t I Ois
designed for acti vgﬁsfgﬁﬁi@ 3 ancy uE@FI//%SéIgI?%&IIJb uloefrfB:Sg |SIS“§I5
responsi bl e f(proqassopmndldpeO(anrnmdeso’estnHmtmurbttdl phemunitemgofithesheliroadbich 850
Supervi sory mdul e 854 nravi des n ot her
Fuhct i ons n eeiaih <MaliirERe G R RN o Rl Bien Bl e rRe
Super vi sory S fiiididteayiBirenablesthabpisat@aditheissat proteswrinfodulebi eaph paaasar
nmodul e 300 and i s resfponS| ble for active/stand-by redundancy control. If
mul ti pl e vi deGPBIFE{RR ORBAED 8 1B88lisd pEPT BERYE. ahIeahf%S ¥ pRrS$Yor y nodul e
854 alerts Sh%cfdul%rr@é}@eﬁr%otm%o%o%Q:Qrd?\él?éif’@@@H@ﬁhh@&d&?ﬁht@@ﬂ iBIRdi ately
~~%goes inactive Simlarly, if supervisory nodul e 854 detects a failure of its
count er part mshelf ‘]I)‘Ioe(tQ/bfdféﬁ‘éCf@@d plth refergudedo dige d O)c thersbelf lvreness_c{) n8@9|eS| towill
i medi at el.y: beg e u ltiple Vv t 50 1S
desi gned f%r ac |ve? ?IC%‘EH s%ﬁe%ﬁ) arI‘?co thf)oIIeIId" WhldH 'IOII ese d1§‘ Wil al way's
be dri ving a®etancfﬁs aredaadanrt bQuﬁeﬁum“&regﬁﬂzIII%dVOﬂhE@IWWb@@ﬁﬂ%mﬁle mdul e 852
i s responsi bl g}; hot SV\@E ab| lity and govver managenent in acc dance
with that descPi¥etrORHLYRCHRY iai‘f’P thelmodule ihigmalade Fapbohel Prosstspamp
renote video QMIIII’:I&IudmﬁGIrHIv@re@(Ir alﬁlpgssib‘i»e QpIplxb‘atloI%enﬂIeQirMhQ?eQn&MIe@Wea@WﬂIéIfe 900
outputs a single nulti pI exed copy o t 10 bit parallel video program
groups al ong VRTPEFSTOr pidHlg “a'hwaveweﬁeawegmwmah g\ewquelefls wepllegpnd will i nk f or
transni ssign tae@uteweabprba@a@e Ee%utedf%he(d?h%)e a%dgpaxe@fré@éég{yg Wabik 3651 ve the
spare output onto a spare fiber optic link at all ti gV deo recewer
901 wi | | receipaeses henfeugghon mtcmgata&mtgraomfrgmahﬂjceou&lpxﬁﬁceanastedé@mgnal over
connection 914 to 20 receive FIFO buffer 904 Since the serial transmt rate
and the parallel receive data rate are ndt equival ent, the eight program
groups parallel data is buffered mreceive FIFO buffer 904 to resynchronize
to the serial data rate. Receive FIFO buffer 904 supplies the video
progranmm nb over connection 91 6) supplies FIFO flags over connection 9l 8,
and receives FIFO control signals fromframer 906 over connection 25 917
Franmer 906 ors~an~zes the ~ncontng data into franes and adds the fram ng
bits to the start of the frame Extra data bytes will be added to the frane
if necessary to synchronize the data rates The data is transferred out of
frarrer 906 over connectl on 919 |n 16 b|t words The 16 b|t paral I eI data

o, o - - ~NrNs . o - - — - R
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e~ v, ~% i) L L a0 MM %N ~sh~ ~ 6 APR 2Q02 WO

991 23833 PCTNS98/ 23546 stream on connection 91 1 and converts 3§ APR Q082
optical streamfor transm ssion over connection 912 on an optical fiber
Supervi sory no¥MQ¥23%9 and vol t age managenent devi ce 902 funcPEHNSHE3SH6
descri bed above. Fig 12 is a schematic view illustrating the access shelf
550 and the | ow pass..5 fi . i G- f. i ig 11
A the ot put _of VEBaHAP ParSBBh Retehy b bolBuRIALRG MECd BeF 8,
is supplied to \ahdgahérspidius rapdedirg HMFdardedniseted for erhwseribagk ek COM 650.t hi s

preferred enbodi nent in pair of Fig. 12 on.copnectiop, 50l The cont ent

on connection 5&Pek B’qCFFS?f}}BQ% ?Wisb‘ﬁgs ‘F%‘ﬁ%‘ﬁf‘“oﬂ ‘Q‘Eﬁér B%F_bi%rd[ﬂfée-cﬁﬁlhevi deo

signals are Supﬁ+§t:§lgti$rpan@'r%ﬁce%bﬂ@bbﬁﬂﬂnd%ﬁ@étﬁ@s%@ Hoa@ids uromafcall) pair of

vi deo input nodul es 950 determ nes which input signals (nmain or spare) are

valid and drisvesvithoat GO¥HEWringivemsst: otheld Pincessarcmadulaitipheeddn TR0 Access

shel S 50 T ur t nehidaiG: 8 MMUFLSHineAFGRP Fia QORI Bla dHRCHY Gfe¥ily R Each
R o1 i abl'e ont e€n rom

UAA nodul e 1000 PRIEHISENT e aval program c
br oadcast backplapp@phateGoftieie amifitevatO@Cexedusodifferehtfdasiosamny deplendingeparnCO)

framer 1100, the operatio f 15 which will di scussed.in detai] w.th
Feapect o Fig Db Pt SETGIERos Hodls A Eees et aBRipe il dokine
avai l abi lity of gh.gf bgthaséd 08 the GRM 194 arididdRhelftiddieds fehEfr6@ TRBIE @A Ha0kplaRannel
that links central ot~ce 400 to custoner prem ses 1300 Al avail able

program contént The shelheddsesamay babvauanssisneddy dhaseenalfineamrster Jotkstaopddcast
backpl ane 1 200 (ol JIU-hEnGRH PerlfBlkESo P1620) GHM b8 lndanhlty sDiEc:éPursb Al ugt o0
content to all users In this manner, "the présent 1 nvention allows, for

exanpl e, all usemstchf Twhahdfsbenssar magulesivilldeentley i @cteshef Omly swmvell pe o; "'}
ramm ng content wi.th virtually no inpact to the qualit f the signal .., and ™*
wi t hout over| oadt*HY ‘Eti‘?é"'%evwg}ec‘%}feﬁéen&aé d‘PJFtF'i’C?V Bpds ﬁlj'e @ﬁ?’?’él‘c‘h%ﬁrf’%"gsqrr‘w he
same manner it aldvOWskedlth allgRIsttds@nt ce&vgliatibehntitnaiérORF Me¥hélfarciant eat

wi t hout overl oading the system The broadcast 25 backpl ane effectively

ext ends the Hvajrrapared toyautpmagicaly talie oyerfen B aetvstshelf pagestRy it e agpeve shelf
comuni cation ¢ iehdel ¥ Bail RN 171Rlshel grd &Ssoft WohslsB oF Uil MR fuRERIFRIS €

1300 It effecti C@Pgh%%orrtga clggdtes aIlI chanrslel SJF%O tohe SLsysi crl point where the
channel sel ecti obioghsabe supeinssopempduia®d . the shineintcBeswodie}§2. BB(Ethrnete. t here
is no need to broadca all channels to the ¢ tQyEEr renm.se 30 - ul e
1000 provi des vi'88%&%1?1(%"3%4taheéépa\%legqeaga “'Qeﬂu“i“% |UE e Cl:lrg Srers m’f’h{@@g%gem

~s expanded, addiid éniraliedatieRprocefiel WitlsitaatocidfedAferadrs andldpfotting sapive the 27

= .= 77T 730 Supervisory moduilé 301 supporTs redundaricy by Way of severallinks td its dibling  —

- A A . . DV S Y 2 U > Y A\ o
JER + »+ - shelf processor lncludlng.hardwareMdncators for vz{nouls fatlts 'find?bo‘arcf presence I -

ii~rr~i'~f:i,:~Also incinged @ spa@@Sory oAPR 390 & apr@nk pUBIBIPBY4esisteny ferust oner s
In the access shelf . n i I { | r receive
the o ght vi deo SrEBPIATEE SESCAtTt RGPtk PG 0 F oRERahR [ 00%1 1° e
made avail abl e t of@matiorJAAistBghblef 1GOMing vt bebipoagke bgits diink phafwodd8d This
IS a unique feature i hat hundreds of video progranm ng channels are

bvai 1 abl - on”6 bPBRIEAY] BuRArEHESTomh ! Bach e PR oL SR e
nodul e 1000. | n ththSheBVB8bardAin i heliSer at a custoner prem se 1300 can
have a choice of receiving any of the avail able programm ng content, so
long as that cust oner Thesslavgimeracs Bpdele POt Auedtetle acrage @ﬁ%%éf‘.helsﬁ"% brragds
manner, an end Ugehe DAf ARGARTet 2ol nAMREL ARloSeP4HIGEATRIRY ACQRNBRErd4d t hout
the necessity of sending the entire programmng data to each custonmer | O

| ocati on This unenumafcthtis wcyfd witbinpnesitht shelveeddscmied hbleonwsSidvieanterdase of a
conventi onal ,copper, W, air [ an Q ni_cat j.on di u [ et hodol ogy
capabl e of s(]gpor GOHlS °P gggstﬁ'rﬁ%g%erf?’r o%cgéfomn%?oérsdg‘é c%f%??é’l“%?ﬁ’e@?” Etoart

bi - di rectional | ot eflthet cohglldelpaidabROT SEthbeewaaiulcHat gralidesfifid meand 80 wald
custoner prem ses 1300 to provide digital video programrmng to each
custoner on demand. The digital video channg{s are effectively 15 broadcast
within the access shelf to all UAA nodul es 1000. Furthernore) in
conjunction with the delivery of digital video to each custoner)

bi -directional data exchange (~.~., an Internet connection) and POTS are

si mul t aneously avail able on the sane channel UAA nodul e 1000 provides the
vi deo program content and the Internet data 20 over connection 419 to | ow
pass filter shelf 600 Low pass filter shelf 600 contains multiple | ow pass
filter nodul es 1050, each configured to receive the output of a universal
access adapter nodul e Each | ow pass filter nodul e 1050 conbi nes the video

o . N NANT N - e v o
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25 UAA nodul e 1000 can serve four custoner interface |ines, however, ~t is
* foreseeabl e that advances in technology wll enabl e additional 'FE city

wi t hout departing fromthe scope of the invention The UAA nodul e OABR 2302
recei ves digital video content fromthe broadcast backpl an 53’6‘?59

del i vers t he™@°d&¥%brogramming to the custoner as requeste? hternet
data for all four custoners enters through |I OBase T connector on access

shel f 550 t hatshe!ﬂ“l'é%sou%dm@d% BorhARcaeR w1th COM workstation 650.-via a 1Qbase F__. V

.. 7. .. Tthernet port omar: wnwtxow@?ggddka%@a@semmwelz 3PEAIUSIBE 23546 Fi g
13 |s a schemat i I hel f 550
of Fig 9 Fig 13° Igloem%l\{le@aolw%tfglfe?ﬂ&st F%’? g@B%@gg%OCg@%ﬂiggigﬁg?rgﬁgéﬁﬁ R

cont ai ni ng ei giit-s p’ﬂmgauaimagl U[Dﬁspo&fer vit diso pooitiee an ordptstttpldbalnleua*pi@m vi deo

i nput nodul e 950 to each universa S ad ter e [ padcast
backpl ane $206RULOFIBYLHIK! PRV ﬁés Séebbfhzgdc AP S‘ﬁ )(ql tsi/?%g%weﬁrl?og]r%am groups

In a preferre%o@ﬂ‘aﬂmnﬂ&a&;aeaanhvmﬁﬁgleaansgﬁewcwranswmm NREG@g® di git al
video data in parallel format. Broadcast backpl ane 1200 connects to each

uni ver sal accé@%‘%’fﬂ&p‘t'@?d%ﬁqﬁ ahsofitsotuRty beard powver vihea the reestpee Idess to al |
avail abl e vi deag pté(pgran’m ng All avail abl e program content is always

avai | abl e on Broadcast backpl ane 1200 Broadcast backpl ane 1200

si mul t aneousl y nmak&g &vai flabliegrat ithlstratolg thdnmhitegiutrfaIﬁxmtldmty@mﬁpemtiqno al |

I n thi t t 11
of 1 he ysttema8 PEToH TRRaBOETG" VhEoEm TSt B U PR L ohVent and

al 'ows a | ar geufashest Fd. 4uaﬁefrﬁs &Qarm&hamlacwxaﬁﬂe%m ahodule) gégaidat, of t h
virtually no inpact to the quality of the signal, and w thout overloading

the switching R?&‘t?&lﬂflcheyW(bfc“tcﬁ’@P%séﬁf”Fea‘l’ TR execptable pspuctioas fas 5 schemat i c
view i |l ustrat,B@medftn gqnéégemﬁsoqegéan REIRRGRS 3 fipéix'dbl% ails%@ nBied @ sodd and 13

Uni versal access adapte dul'e 1000 provid digital video content
and Et her net obécmatwrlmpbmsntta@m theifwetian apted usmﬂgloclm may aecyyrast of thed
enbodi ment, r S S

t echnol ogy I nc‘?lgpg‘so{erd at e ada rle\%%m@g I{N? 5 ocpp Sg/rA\F) Hcc‘fsggpnﬁll&\%éﬁmh

t echnol ogy andharmy eﬂéa;dtealshbs%uamzrcbmmm @fth«lﬁb&ksme@hamhmggs blekdcheed or e i t

is to be understood that |taI ta.transfe ch 0 can
hocompl | shed GREYeiebp des ARFTENBHESHEE RPEIATEBN ol 3 SIpes SPaRHERE | o
any transm ssigibeRlivitk 3h8theGa8t isePRe allowd R cdsk NSV smscrmegu&aiasen deo
signals, bi-directional Internet data and POTS) can be used w t hout

departing fronviewd34cepel office master{(EOMstatysy enprogTam@sie ywlishdorogierfae used
herein for,@S ¢rhbluéstth% 2DHoP RS ABL¥minlstenfib F@ofsm}eys, %bfd&gnﬁakéﬁa&d
enbodi nent assunes that our cust oner prem se” [ ocat |ong can be served by
one UAA nodul ewitidwlich to view the ctmrlhmdeﬁf@l‘vl@@uﬁ mhaitor fcerituat efﬁmpcitammnt ati ons may

i ncrease or decrease tﬁ; & f cus oner nﬁgem se locati E@ rved by
each UAA nodul ¥°YOO0™FHEHE F%”fe ‘F‘?"e?d‘“ RISSEATRETeS. P OARS %@Hi1 '?boo
accepts ei ght @ei interfacenvigladr gxamgle AavOindhppertetOmARpMEiguadd (HTMI OrarBgeabl e
“that in the future add~t~onal program groups may be supported UAA nodul e
1000 al | ows ea@ﬁg@mg@rﬁtﬁ@ﬁfdﬁ&age? e tcamﬁqu&m%grapb&ceig&s%mwzéace ava .
-ITr-, C~: gaps I 2iaHTML chbsén fornfid preférel enfBodirment due to'tRe advantage ofiportability t& 6 APR
2002 WO 99I 23833 PCT/ US98/ 23546 from t hese program groups for view ng
Sel ection of ampmobfferantihgrdwarealptfgmi whige cwvrpt hsed gelmpd¢ment thespere ol channel
in the xDSL i i 1 of
this control E'g%ar‘fgﬁ&g @ﬂ%%%‘??%éﬂhggd%%g@% ’E‘gétecreqﬁmﬁlon %e %eniéb&\ﬁ;?ea
communi cat i on shaenet COB| warkelesan: & theocongner westein mmrrtemd&slxarhnrpeaogrm Not e

that 5 the subscri _dges_ not. d to know .which program group or program
11l they are s&" éréf‘?e{:h‘ge %ﬁoa@awg?gﬁﬁgbeah'agﬁ?'ﬂ%l% ID's are napped to
channel nunbers by ldMbckG0E thesudedibbd eitip 260 BEH@ meBAR AflntakBkhd madidrons a
subscri ber to select the use of Ethernet data services. Ethernet data may

be used in pl ad@atsse of ypcabervifaarrtp Bghdinaitiedoliayng nVidaerhanas aewssdi gi t al
vi deo programm ng The Ethernet data channel 10 is designed to facilitate
hi gh bandwi dth bi-directional access to the Internet through Internet
service provider 14
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LVDS vi deo bus receiver 1009 receives the di gi taI vi deo program groups from

+ broadcast backpl ane 1200 and converts the differential signals i

si ngl e-ended signals The single-ended signals are then sent over{]goAﬁgczqﬂgn
1012 to mul ti %8 bagdy S 1008 Mul ti pl exer 1008 accepts eight ;@g{,@g}zg&ﬁups
and provides a Si ng;Te program group output on connection 1 O 14 t0 eac
subscriber's COfranmer 1 i 00 Mux 1008 all ows supervisory nodule 1007 to
sel ect the proga@Rorpater, nfiither sericaitboridagiort: hecvnel actieie@lap gedyeva(PPV)
subscri ber, and, sends that program group to that subscriber's CO franer

1100 The oper at ipmgtiorpend F%Wﬁ?eﬂabliftﬁc?“wdlsiib“ﬂ% dne subsergr fqﬁummdaaomr% th
reference to ZOBI'SHE p?%%d%k&nﬂ&@s%nﬁ%b AL | dcARRR USHiYs &f‘%ﬁé’@atébqsétg Bleddnt

framers i ndependently Supervisory m)é)u e 1007 wites the desi redr program
group to be sel €OMsifot universab gicsssadapter (CAA)rcanfigurdtion@dd EBVinfaneation. PO t hen

instructs nu 8.t0 select .th ro ra e i nput
on connectio Qeffae@gfwﬂtgr?é?r '"te%ﬁﬁg%gﬁd’ gfcé'(? sai"ﬁg?'g ‘gr"%?é‘%‘ r%t’? om t he
program group alm)N‘l stan didplay inotivle B, CORNsaas &iep"laylﬁ%ulé 828 ;]?’Bw‘ﬂésadl&fﬁlllSSI on
to custonmer prenise er c mruni.cat i 16 CO framer 1 00
provi des the i nts\é?uﬁéfg%l?‘tgg d 3l W"W'ﬁ%’ﬁﬁ?'ﬁe\gg@" SRRIYS WB¥B coul d provi de
an interface to supepydsieBYo HerdéEchhfH3Y magpWei8 prodrdh ghid® indsiefafibh §4lich

enbodi ment, CO framer 1 100 can nore conveni ently provide the interface to
super vi sory nodgereraeshayic Kipond op@pisg infermatiomer distributiemiagasiubOM ard t he ei ght

o The ppr g i SrsF e Fekai Rl iR for it BB GO PulEAfy Sy 720
pr ogram f rom-t hanmcmmmﬁbgﬂow alsanteifaes with S\MWkda&tBase view 334, which in turn  ~

_ f - - mterferces thh telco subscnber‘datzbaSE‘33l and SMW database 33’7 ‘SMW-damabase ~ "}
==~~~ view 334 aYso mterfacés o s@bs‘éﬁ&r%@@&s&@t&%&%ﬁﬁglepﬁl PSS Lub3eitler

Internet data from bri d?e 1004 and delivers the conbined signal to a

cust omer over c@aWDHE Al canainsrapaEEer infrmatioeringlyding cusigmen ngmeangraddesseands a
particul ar ghan t gram
group and tﬂe pac et&g\gés \é“rf(t) |§'E }s!&?%{‘%s%%mél ﬁer#ﬂ?%nc%%@ﬁﬂ!gnﬂﬁ}ehﬁﬁm tg)
will extract th&uﬂmgsnwmaamaeber&leﬁumﬁxrmamrayxd rbahnkleviebd Ny infomaastd s rrux

comnds. GO 1 1 NBPCTISGRElRS (I BEE GeT PR P o P PRI ho' chosen

programis del i vigbeshtib® k1@ fo#MeN thatlifire@d MRIbyltRe @RIN 186&F Bifimglstdnit er net  dat a,
in this preferred enbodi nent, hub nodul e 1006 accepts | Cbase T Et her net
data at 10 M/ s Hifrashsal§diY magagemeapmadule I 3ccommnumigates pithsubssriba settp a9€ her
end ports Brz'odg%o&@&%&ﬁ@‘éhﬁ%ﬁnstdtﬁgcﬁgpﬁa@%dlaﬁtm%ﬂd EhdRATE mgsﬁé\')
connection at hub nodul e 1006 and TTL l'evel (WAN) data Bri d 004 | earns

t he addresses (ipregramghide PfdTernet modre rﬁéhllilmamb@eb@,OMonmamm(mmﬁuladdB ess)
of equi pnent co es. Si 41004 and
filters out dat ggﬁ%ﬁ%{%% b(?drp&?)%%g%aﬁge% Oofﬁl)cforma P ’Flm Sl 8‘3?%??32 the WAN
side) it int erfamesratn\celyca@nmﬁmfcatamnh Mﬂﬁe O0dts 336 N368C andd3B 91 BMWTHer @llete one
bri dge and one CO f ?E per suEsfFrl ber CO framer | 100 sends and receives *‘
Bthernet data t SAEAOBH] BFFYGEOT BoRST SrOTEHNBR tsaiing e RARPLYRYING
channel dat ast 0 sgighidnk Om supervi sory nodul e 1007 over connection 1011 It
shoul d be noted that Ethernet and the | Gbase T connection are nerely

possi bl e i npl enent at iTYAYNG BPYaEH @ We shone 18 # sahepatic view lystrating sl drefntgrture
Internet 20 dat a,chelveemcd AR f@eﬂtralaém&fz;fobq&e%@%ng&Hé&fm?an VRS TR, AN
data can be transported usi ng e conce i eSent =1 nvent

framer 1 i 00 alsgmalapeePONER ndwgnflt aso mraﬂ(@NETagd-ampgmﬂu;meﬁemm nSKXNEG)OS over

connection 1014. framer, 11 data, to the xDSL iver 1001
and receives datagg%%nrﬁnﬂgﬂle’f g&% Sp]a‘"logjotfga"t‘onﬁ SF%&&&E\?Q Gﬁ?t@é’ponds
to the xDSL mperitt PYTNM6Loithe@RepheR MeSRFIBGIoRE s3RcK Y0 SIPBSnESRINY

nodul e 1007) As nentioned above, a detailed description of the operation of

CO framer 1100 i SONE asidrdierimpjuplexsreiOs plsp exehergeridga IgosupEpn pYenscei ver

| 001 sends and receives TTL data to and fromfranmer 1 100 xDSL transceiver
1001 al so sends and receives xDSL data to afd from each subscriber over
connection 16 30 Supervisory nodule | 007 contains a m croprocessor that ~s
used to inplement a control channel to and fromthe subscriber in order to

comruni cate with shelf 31 T TE PSP Y A
_ . e r_, e e e e

..... D T e T e T . .o.ooart, ~~ f~l y~~.
|fL4|X G~ry~=. _ .. .:=n-'-.-- CCo-rio~ -
".oa. 4~: . . G-6~~' ~~S0GnG, ~.,,, ~, .. 16 APR 2002 V\099I 23833 PCTI US98/23546

brbcessor nDduIe 300 via a Iocal bus 1017, and to provide control and read

.4 o a o A PNININ o a0~ Y R T T A NN
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20 User interface 651 al so provides the interface with which to confiigntﬁrze

“and monitor central office 400 equi prent and provides a graphi¢§l ABRe

interface via, for exanple, Java and HTM . Subscri ber database and control

bl ock 652 maj nt ai a localized mrror image of the content ystem
managenent m%%@h on 3? 5 database for subscriber infor rf%%srglgllgﬁé udi ng
the followi ng video channel authorizations, Internet 25 service

aut hori zat i on¢oecat07 aGthi switkly 4¢ BONET add-énop (iRfRiflexend@ Jomnsicates e

enabl i ng and di sabling) and channel view ng statjsnes Subscriber database

and control bMdexdgs2vesicapneationAie tp Nieq petyatk ntriase Belf YN *A® or mati on and
downl oadm of | LR LIRS s RO WS el P&InnEBbR BNV @NEbRgoR O] bl ock
652 al so conf g]ﬁ;}éﬁ%ﬁe\xfself;ﬁ%rm%ﬂ& 100% S?or serwg'(l:e i'ncl udi ng ‘nitial set up and
any change m gehisiic eealitgnghazley s S-Gpomnuini@ticst chanrsisgachpianyinglopek 654

provides the follow ng functions initigl=z~ng of central ot><i
equi pnent , > moRTIERT ﬁ@%gpgpﬁgogweisgﬁﬂggﬁ Vb‘é? Fg‘é‘e%c?é%%%ﬂ?eﬂ RY©: \%‘ﬁ#‘g@, ne
manayns~ @~ 2 performs a-protocol transformation in order to cdnvert the received video data into a.

- Ce e et e e WS s X ey @m e e e )
... ..,. ~ ~. standard, qompressed digital vidsostransport foymat, for gxample but not limited ta, ) S~
----- =, 1~ < _gigith vidéo BoatbasRaicMR AL AR BARBLTNEAsR35A0 Ml ng of shel f
processor modultes 300 for status Information and nmanagi ng poll'ing of UAAs
for pay per vicemptisedof Haluthlird viseo ngtwankdinterfacamodiilesghayilbbeodsscrdgd iral so
provi des cess, to. t abase. of , car nfigurations for rapid

reconfi guﬁgti (Sjﬁtall ﬁw@égfgregcelatg?aé HﬁAn%ngrl%gf nodul es are simultaneously

repl aced. 5 Enbedddfle capitrafVNIS480 iscobimaaicated 6n perriectionstos hehithuagin on of
comuni cating information between COM 650 and the gen ral office 400

zqui pent E_nbé%%ﬁmédrh’!%’%h‘y ect“%}elé HEB CAUYNES PRGALNG HECORIBFRRAPYY: 1O
programer i ntgfeh A% ituAR dhelrS06letidas dkYiBEForCheBEER Q54BN EStrblkaly t he
system supports. System managenment workstation interface bl ock 657 provides
bi - di r ect i onalthedgitalnideaipiosrmbeseyrserithaedindancy 10 albeqepss sheleestoé Wisler st ati on
650 and tqg Syd[? Er%%i%s'%%%%ll WJe%?rﬁ)te@H &%Pm%%?h Jef%?e%&éag Pliék. ;(Fg-q lligxgd COM 650
al so provides Ye 0gi C necessary tar processing request rom users

pertai ni ng to ad&ss shet Sp0 adjrt@nieviribed ingreated ldktaid withgefsteadei te Figc 32 ONideser s’
channel view rr%gs nabi ts §f3.§.~ . which channel s were viewed over a .

particul ar ti feUPRieBEell SO 3 ARy GHY AGE BRRATT BAIPHHY SHOF PRATGPERACRD dul es
1000 over whi GfRetidhéctibn 357 il d@Qs GRIASEN Cottectibin AGIchOBRdny lBhRLAGE thekat a and
POTS is provided Fig. 16 is a block diagramillustrating customer prem se
1300 Digital \AreMddesabrinegdndapacite FascaEydrithe agiive AGWLEIVOLRNERUPENL 1 al
office 400Q,yvia Commesﬁéﬁe_u%@o%m;?lnﬁkatés%vkncotnn&tm af @cvrtﬁgw@gm@lhér%ﬂaf

communi cation channel 16 is illustratively a digital subscriber |ine
communi cat i on &Rathaeberatimingi whichovik bp gesetibed POTS: DOt pfanensk eaFigol? Low

Al ternatively, co i han_channel 16 can be.any coO i cation channel
capabl o of  sustoTng e SaniiARiG o Brohosfuf R I B E8ond geo.

_ bidirectional grehige &0, didsGatdnel), EXHiunidation tithnfg) 1buiay BOh dlghtal subdrib@ lide

“wireless co i cati on channel] Furthernore, the connections between | N
iz hagpe] i

| 350 and conp CIBHUNEIOR G VhoBen 2ddifen todhe prtH ardeasEnddsingl so be

acconpl i shed uflifGedB NROMBUSARRE NS intllddES-RREIRY T RSmENEk MGk B dhAr
exanpl e but not Itmted to, wreless technol ogy Conmuni cation channel

connects to i mnélindyenPORSsemektd speart igleehqnENRNMUBE G OTERIAER CUSIBBS,
tel evision 136p§emggQ36064n§QQQB?oéi§(§QO(ﬁr1?isllrlu}:)og%g{ %tr{o\/eetlhé/t &hqg%%gc%ggq %so IN

1350 INI 1350 may al so support additional comuni cat i on nes 1353a
and 1353b. whiwingrel)Slaksoemigecatinn timendl.ahannef | acadibgiatadonsngnation trennel
architecture a[nd oper at Lon of | Nl. I 3f50 wi || be.df sgussedd bel ow 33
hat supports the communication of compressed digital video, bi-directional Internet
30 data and POTS Other communication channels, for example but not limited to a

wireless communication channel such as an LMDS (local multpormnt distribution

19
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,PCT/ U898/ 23546%69'1]?533\ is a schematic viewillustrati ng the i r#t%erﬁfgggersﬁ

network interface (INI) 1350 of Fig 16 INl 1350 includes RADSL (rate
adaptive digitalsysti efal BElsddi thRdImARAEMR bdberteMnRILIRE 400 H0UGh&at | on
channel 16 Wil e |IIustrat ed using RADSL nodern 13 51, the digital video
and data deli vergrersly@tléﬁﬁ)of the present invention can 5 enploy any

communi cati on technol r..or r;L300
and central office 4&8’%2155%&%%% ec% Ogg{nm&&%gi%?gelﬁy%ﬁ ol\’és}ct% %one
136C RADSL npdem2035PSENSoicsuppcr 409, atlath iri mnad:onﬁ(iﬂ'rﬁcadzs\telqﬂrwne)mv:ce over
connections 1353a and 1353D, i may he .in e for igital, service.
Processor 1354 c‘i?ﬁﬁeé’e?%g)é:’got?'f%\,gvﬁéﬁ%fjré’p@&ﬁ?qj%er %Q't @r@g%‘g%}@& etﬁ&ﬂ‘sﬁ rrodem 10
13 51, CP framer 140QisdvnEitried o Bértrabétficel&D066 erdratoffeambita CoMLeskaatichd 57
Processor 13 54 controls the operation of IN 13 Sf% in order to provide a

video and audi o €38 &AM verkssation S50 commpNpates contral ipfosmationpygr qagnectippdlsi on
1365, and data framBl B Bed cdnith&idafs Svar3dandclof IR ANTY £50n MR td Cbase-T

Et her net connectl on 1359 Processor 13 54 also provides a serial data
connection for demmgicat @ndolrataittormatios relptive tatie ongretigh gﬁthpmetwoaie GOM
connection f | ow, dat a ces, for t ed

utility or afd;ir rﬁ"%ﬁtﬁ'%}(gsﬁga?slgrc(?g‘g%uggﬁteﬁ%?ﬁ c?i'f"sngu%noﬁléé% I d's P%‘tholf

control interfacspolahd@veabonfidctitgd IE0 ateesfihglf 536. CON wefmtaao@em el

interface 1358 (contained within INI 1350) all ows b~-directional

comuni cati on of ‘"NmF‘H‘f'b?hﬁé‘?ai"B%“\FP'aW‘P%étamVethﬁ THBS e sy ale &t fOOISORE syst em M

1361 Wi th, One O ofién R SEBLE 166:AASE Elnkl SmISRD, affinbRraSiEhepicsanscel ver

fa
1362 can be | ocated at each vi ewi ng/ control 1 ng | ocation E I's a
schematic view |inwmmnmopegatandemnemn ef EP¥hworkistagion G_SB@llldx‘e dmgssqdrlB The

communi cati op, of | RE, i nf ormg I,s;@cconpl i shed by converting the received
dethil With RFI& rl"
| R communi ca |ons from s d remote control (not shown)) received by

25 IR receiver 1367b H’QelOLARs aeﬂemmm&@ﬁlﬁbushguhdwb@ mmrﬂ\rimextfaﬂ shalf 469 t 0

accept all known reer_freq nc s, for le,, mthe ? to 40
KHz, and al | cod@gl?ﬂfhe R nqhges é@@%\%ﬁsﬁmmw“f’ ‘“ﬂsz)éi Whisheont r ol
in the preferredre@mcihmbmea U0 aMatd 5igsHIERGH SOINET ndt@¥ikNGo( Eelfttal
transmtter 1363a) which transmits the signal over the dwelling

RF
di stribution syspéi¢ f&bincipdesivigo prRwoIRiSEriapesheli it AO. RAVE)Y igeludes yiden ngwonk3 74
FSK transm t ber %fe%%gea ?L E% L EE QNS ol iR a0 'E%Fé aBg‘?Qr?e'l%‘r‘Sce}s%ﬁﬁBdlﬁQd

FSK transrrutter 1/D) connect to nmain si gnal path 374
t hr ough 34 . 300 pair3; Eafh yidga network mterface _module. pair includes an active videq network

L i >;)(erfa.c?'m.odu’re 700 and'a spare or stan\(} Wd&netwoﬂ mter%_ceén%lgﬁ 79802 VO

99/ 2383N PCT 1 USOBhaRdD RamsReibrie ddle (VRIMIN70GrekbdiVes Stvidbipy@drym@myipon
connection that can successful |y couple the respective transmtter s and

receivers to nai PR ngr‘%naliacbaf%famzwupnglleﬂﬁ@%ﬁayeouéy&cwpéwaW@nd75
ohm coaxi al eabl @) s%d\slywwemuw,%ew e%h ﬁm@o&%em@ shé;m%%\}o@s 2

wi rel ess connection Alsd included is 360 MHz recei ver
emtter eight pairs of video network interface moduleq 700 each video network lnterface

module pair receiving the complete program group via a DS3 connection Each video

network interface module pair 700 provides a complete program group to broadcast

backplane 1200 Broadcast backplane 1200, the operation of which will be described
30  in detail with reference to Fig 13, 1s in communication with video output module pair

750 Video output module pair 750 supplies the program data on connection 404 to

20
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5 1367a ‘whi ch shoul d be of sufficient power to control devices via an IR
"signal Fig. 17D is a schematic viewillustrating the IR renote control
interface 13S8 of Fig 17A. IR renote control interface 1358 defcRdkRR t2662

i nformation received over main RF signal path 1374 in transceiver

control |l er 132992383passes a digital word to processor 1354PCFUSISEIAS vi a
connection 1376. Transceiver controller 1372 also 10 transfers information

between IR recejver [ pgces 35 7 268

al so control d¥ Ogésér]ti ﬁg‘ﬂs !}goé’ nn'éc?gfdhe]m"éﬁt( cé)lfome%“g Cts‘lﬁgFBM and
RF di stributi gpuryeiesf3GhAdikbmegth a 360 MHz FSK transmtter 1366a in
simlar fashion to that descri bed above

at at a. frequenc 0 MHz RF
7 modul at or 1368 recé{l@e@sneawkaﬁ%rﬁaeﬁhea‘é'é‘)?lg%wluﬁﬁﬂf '}c/'ﬂ?‘{%eeﬁa‘ﬁs% 15

(Fig 17A). RF ﬁmh%b&sﬂ&n&ﬁ%m% Mﬂarrt@maegstdey&lb@@amef rﬁh& 8ibhtlpdifd ofSSUr e
~that only the desired signals are passed between RF nodul ator 1368 and nain

RF signal fat hvidednetwitink mtesface waduied WRgeasivaither idrocignat in dHSrpmt e driverr
tel evi si on sigpal.s I i le IR renote
transcei vers qg%?ghta{)ng%gﬁ|ggds%g§'}“b§p?%ﬁca§9%% %meslzgﬁ : ar%ﬁ ghgyst em does not
rely on the carriemrg rleauwznlﬁlyckaﬁagrhe illuetmnmg tmudmntetmhk imenfacomodulg3ee¢i f i c

code i npl enent on de odin e co d control of the 1R
enitters are h'Jéér Qg fayideq ‘??r '"tle ace e Héﬁ@ggc&vei%@zprggrémﬁoqp
schematic vi ew;gila WSEJ?%gﬂ&nﬁrﬁgﬂ)\‘eﬁﬁeﬂhhcﬁﬂuD%dxnﬁs oz shbhezy Me@EAt atl on, of
CO framer 1100 and ramer 1400 within the digital video and data

del i very sifst enaviord (MBEGr28 datas exipeiad from thednsqmingpignal agdbinpested gptat ed at
central 25 of i de;o&” mda 0 nd
‘receives vi deobrg%gas?g%@ﬁge gﬁgﬁ@ﬁ&h%’ raner 1@%0 al %okpe?é(%eggmgﬁ% sends
data services meafactelmodummonedesxgnectf@r ﬁcmefetandbmé)dtmdmmooamsrrwnmtormdem
1351 in order to comrunicate wth corrteﬁl;.goEi % rrq% %}5‘1 ocat ed at
customer prenm digwihosyy(gp, Ang CRBMHDISHERY IO T® YIFSR RS oL MESEacs SHEK Prorsssey | s

| ocat ed wi t hi nmbalie 3@5r ddtibuOttnpra! Surgésed bRl BSH Pidadd ary peMtddtOGEAM M

h~I PEG 2 format to MPEG 2 decoder 1356 and communi cates data services with

corrput er 1555 maduegrihaispwidendink sedundaney Viglsg negwyork interface module 700 includes

= pnmary DSL3 line'termination-and-receiver 70 ta and re(ﬂx-gdam DS-3 line: termma%?f ' ~Gr

' riy,. ~ ~z~-Wiy=.p~:J,4-,~-M.vd;.:twéd' mrty~ WO
99/ 23833 9 6 A«Fﬂd rzmr F’Q‘Ib/ @S@@/SZBMGW\QFS@”M e pryleeddate drovy theuncoming
illustrating frarrer 0 packet
i dentificati oﬁg){ ﬁﬁ.a)?] afn ggre%f@%%m f%gde n[& tgﬂ%p‘) ara%gl%‘ie%%g % M'eve(r) &éan
adaptive styl eBWE&e&etermmsmrIOIBhre%mys eaive adlioiving radundanel at fhe ogoelink over
connection_116]1 An MPEG Qrt stream consists qf ti nuous stream
of 5 transp%rtg'ﬁ%?é‘f{mmﬂ%‘fle (? RN étéﬁk‘é?gt%ﬁf‘ife‘f%gﬂ%@?%ﬁb P¥higt h The
first byte i s g@thedtdnd TBa\iad PBL0re¥pedivdiy? aid Gbrérihirky MHEhARE ZREVQRIgnkIRiE DI t
pattern is not unique and can occur elsewhere in the packet A so included
in the transpobg uq@é&@tvenbea%?' feeg tatfpfa@k?@sl viggerbup fifiveat’PonSymenier i el d, this

ol dentifier di SHoBQ%'héi‘@oﬁnrblhﬁca&%m{’ofﬂ Eﬁbéor@ﬁﬁ% fenﬂf?lﬁxk&ta hrQimy

”%payl oads of transport packets wth o ues I'n accordance Eio W th
t he MPEG 2 pr of@zalver @nhecans ﬁ)bﬁatanpacrhmtmwmgs coomoblanforreatipayd OB, linan

adaptation_field,. or an ada n field fol

St ati onti olingiaingFERREOH BuenPuiss P ngbeRid SRaBR G « e
data stream Omeece.fvestslaﬁaeiatexmheormoemw1uiernédarveﬁt7lowoﬂ 18, PePEInaBatioh0Ck
reference (PCR) _value Both the encoder and decoder of an MPEG 2 transport
stream use 27 of 799 |dgpgpding ypon wiich DPr3dife AL THBHED FHESEe ver GeM&s itir i ve a
systemtine COH&txféraq(d%-EQ):%ed/W R0 oRbOMY ﬂ%@r\@soﬁprﬂ§&@@f’d4y THAGERTBAL kg i e
stanp val ue T he encoder uses its own Ctotine stanp the data being sent
to the decoder repganized bidethe pagiagfldDit thyte fgemay whereaimof qootroltdats itmersder , and

uses I ts OWB S-ngcta%nggé F'[tml-{g%n ﬁlrl)y{c 6'1 I‘Qlﬂlta?pﬁl% l t In(IinI% tﬁe pr ef(g%dat ato I ts
internal units For si I Cl encoder and éb er "ar ePif6t °20 shown
However, since emhodxmemplloe/t\@ltygecﬁnﬁéreftQMgrﬁllmkmeinddunw&rsn@ot dhewdwithin
counters) there will inevitably be subtle variations between the two due to
process variations, environnental conditipns, crc These variations could
cause decoding errors when the data is recewed As a result, a way of
synchroni zing the decoder's clock to the encoder's clock is desired,
despite the fact that the two m ght be on opposite sides of 25 the world
The sol ution described hereinis to use the PCR val ue contained within the
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adapt ation f| eld The PCR value is a copy of the STCin the encoder exactly
+at the point in tinme when the PCR value is inserted into the transport

streamas it |eaves the encoder ISOIEC IS 13818-1, internatich8l ABRamﬂard
( 1994), MPEG 2 systens nmandates that 30 the transm ssion del e
encoder to theV8é& be a constant quantity By requiring th%’éégggssw
transport packets arrwing at the decoder will be at the exact sane 36

e : s T T paﬂle’l v1de<5 bus driver 706, Send thlS.lO-blt “\Merd 16 Lb\élzod%ﬁ'erentlal,o“mgut lmes .

I\/Eer %)~f ~ N 'en pérallel wdeo hus d;nver|—]7060ft-hesupewlsory module 104 3llows the dxpgsgg@g V\D
991 23833 PCT/ U~98/ 23 46 cadence and relative positioning in tinme as when
they left the eAYBASF As a result, the decoder can conpare the PCR val ue as
it is received with smndacpﬁhedumm résparalbleSBCpropér dphmtioeoéihvehﬂePCR (STO

is ahead of the local STC, th e decoder can infer .t cal. 27 MHz
clock is sli§ht P?}W§Flb’\ﬂl§ffa?%’8?pe“9%é00r Jhercamplishes set ‘t"h@’d A lzeté?f %#&%ﬁ‘ ¥¥o) s
behi nd the | ocaly, ﬁ@%o&uﬁkersutpgr%gﬁ(iﬁ&ﬁle 3 1R1sb 'ﬂf&xftoﬁshl@éstitbﬁoﬁe@@lﬁﬁn&%n' vil-1z
clock is slightly tfaster than thé renote one. The decoder's clock is
designed to al | he supsmmmP@Jl@@%mbﬂﬂayls gemenicatign with ishelf progesgi 30 end isze

thelnforrratlon rovu ed b i o STC at
the renote enco ﬁg @F ?%'H%%&%ER{C%MSC}%?&%%C eph%}zfe tﬁ fﬂg&‘l’ Fon (PID
filter 1110 (tolxbafawndasleno@acbenmodatfaiufe wipietvisoef modiuie 204 aerfs sgslf 24A and

24B) receives the nultip ramtra s ort t.re m on C on 1161 and
distills thdOnmulPfacsiser 'BP@)‘d? Qﬂ*l SRS YL 'i‘tﬁ egoéii”%&% ‘Ef@f“ﬁm

transport streamf@fe BERKE tRVidBMBEk RferthdSrRodiisidesiEtel iftiTactivaafacst
streamis sent to asynchronous first-in first-out storage device (async

FIFO for tenporedupdancirtheyeare typicpiRngalied icnairgesarl monitosine thefaypingisaior beed in"}
detail with ref r§it t ngl e ’
program group o(r:ﬁtr g%ﬁﬁ%%‘? Fo%&fréé}ag@ﬂgﬁeogréﬂle‘gﬁ? lggn%ﬁggeﬁf%ség%g%of a PCR
field Wen PCR émmediatelydpon tdute of 8@ adeveouodiiea Iagharlyi sipdrvisoty eaduled¥ds, or

t j the PCR fi the st h PCR
Val e into BR FHETETENEE SHEsO o Ep el o ST al puen RREMOF 1140

(to 20 be descrlntae\d hibr dRfedinbrwotll iterREEenedite Véliat ganadmedaceples7othie PCR
field over connecti on 1 164 and increnents its value by one on each 27 M

cycle PID filterrespopsibigfor haiswap eapability gnd pewer 1renagenient 'é%ﬁ‘foa‘é%“cdwt‘ gBt 1130
and PCR ntrenent Q.. %e&éﬁvgll operate fromthe common 27Mz cl ock provi ded by
t he backpl ane desi gn, ich delivers an ..,, adaptive style transport
stream (Fig. 20A) | mbao tldAtd yschtma;lcaiﬁﬁwémmtlng)ﬁxedldzsdmmpmreﬂmfm@ offfig CO

f 00 | ocked |
B L Ty

t hus al |l ow ng t hfoduf® ﬁaﬁramermm@l&edesmn@mmoahlkmairr&pzb eéfﬁméedie69u@usmamh€ onous
unit When CO data, nux i (the op;ﬁgtl Qn _of . whi.c ge described in
detail with ref eﬁaeﬁ%%s*df@éocﬁ r moqie py 0 aXaiemet 'r‘gdLFf‘e RPRFEETY an
MPEG 2 packet, 3fe DvERX81ToRas \ide8 sifitahibst er 8s¥BGioRUEP dame GRstlaréd a0ver

connection 1 166 If there is a packet to be sent CO data nux sends the @
packet if this pengiecnairg etere fact ERL Yifes| ipput mpdule pairs in this preferred :
IAf i~

SR NINEEINE: ‘a5 W L Smbicidiment, Qprresigomﬂné' to'thd elm DVB- AS] m-[af;t Sl;,nals 404, and the en.,ht |
e 1 : DVB-ASIi gpare; mp,u%lar;als E]ach ad'nve Qxyieo input module—SOO rccewedthe aph’&t'l. -

( ~~..... A 89 23833 %6 APR 2002
PCT/ US98/ 23546 program’ group while the § Spare video i mput module receives the program group over

DVB-ASI spare connection Each video input module 800 supplies a program group
onto broadcast backplane 1200 Multiple video output module 850 pair receives the
30  program group content from broadcast backplane 1200 and provides as an output two

copies of each program group Thus, each multiple video output module 850 drives

22
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CO data mux 11 SO knows that an adj usted version of the PCRfield is

“avail able from PCR increnentor 1 140 In such a case. CO data nux élgeﬂe
causes the PCR increnmentor 1140 to stop runni ng by deasserting t1n ?rﬂﬂZ
signal on connection 1171, so that the output of PCR increnen Ef;g%df‘g
stabilizes. OB nux | 150 S overwites) or restanps, tHe é‘-rggﬁ & Pcr
value for the original as the packet is being sent to nodem 1351 (Fig |l S
If there is nQ6'MPEr‘§Et2DV§CK§ItouﬁQtsQ@15¢HE spafdInB@lAdiey the shR@ cufpatsqmel sends a
packet containing data services fromconnection 1169 As the vi deo cl ock
reference for tieECRE@njts visiae outeut mmuttfg%Q PRIT opirbeciised k) plege of Imudtipde Wideonot ed

that the preferre nt g ocked into
the 10 CO f rar?e{p PE’OQLP g%((mg’ pr?mf A "escarrevytf) \gt%al ltogéczﬂﬂ&%ﬁﬁfjgl zﬁ1 wever, the
PCR rest anpi nge:ﬁ@abué@ombutnh@iu(a@mroat‘pﬂts adinddvaulfipleseindopy b e piogranc an
successfully operate V\hene r the ?&harrer is cloc ata at the sane

rate as thé edtBeanyisdeE SE‘PP“F(SF wRltiplsuipg the l?typo‘zfar'i’égreﬁ’?qf'ﬁ?rf’er of

the present Pst! S bit Seat mbyroﬁ%u@tmstst@gmzteﬂtﬁ The spae mdfe dAPeseach 27Me
clock cycle of the adaptive style bus (Fig. 20A) until 1 ~ the packet is
ready to be selrrnspmqumuma@rsmeﬁbmtoauwelatstbumeso adds control channel
1174 to the digital A ®cle)n nel
1174 is establi she %{/gggeﬁ%’?grfqﬁgl}er%g@gﬁ g%‘esglr}%grgg%‘nt\?géro?drs~~olg)ﬁls}5(rﬁt%9rn~
flag bit presemoperatieachiwpab ket ddsovibet hisoved Egelt elleovinple onaglalet 80 pair | Nt er net
data, or null) transported between centra i 400 d customer 20

b e sos 1500 ressHer B 14 0D PORRIETDIB T RVE A8 TBUBR QSR O tnel 1174,
which is a |Owusﬁeﬁﬂd@@hwoqtnvaae‘dandahﬁm&lomﬂutmatpruﬂaé VigedANGD Hawpist ream
directions) by using (or nore accurately, overloading) the traus-~ort
priority flag dfass ﬁtebfse?ﬁo (tnbeajespsped with sgierencepa Eieed 2} Hhemplayedotemet cat ed
bet ween centr f 1 100 and
G franer 1400 8e b mode Ao RIATRe: BRERLARR: HPOBOCHERI Y o 1 ne
upstream and dovgrsh rzeaups th areetctﬂsmsh;)f 56 i fidri apitic lisk. c Simabtfimmoesdoe thodda 0G|
informatio suchéx gc[uﬁgramntrg)? quests f tgm auser | ocat ed at custoner
prem ses 1300 AMAVYH" A Spryrrof gnd reoniodag ¢f t8e SRS - ansiit | ow speed seri al
nmessages W thout i FieniBhd Aigosk didgrdnhBiudviRiify thepideglinpin Modile god afFiglat a
services A univer sal asynchronous receiver transmtter (DART) unit wthin

CO framer 1 | 002an¥despnpyidprduie 09 recayes ﬂéal'félf 9@3?"&&@”?%’5 &l \%’§S§ Emay
messages utili c?depg)nrngﬁt%ﬁs JRMt 31' he Tdﬂh'% &h@ﬂeg 8 L&’D’#paralleLfonmLWIth extra

—~ e —— comrel bits added) and:madem&allable vxa the parttculanshelfbackplane to all other - ) -

~

e f‘*m‘“é"wﬁteib%bft\t%%Pifé@%&e 1RO e e iodyle 800 s desianed | ¢

bet ween t he hofst aive/siasdbyredundaney, ichernins spdeialafirccioymal pilcvahétowapc hahnel 16 Fi g.

20A is a schematic view. ratin tive rate tra ort. stream bus

epeci {1 cat i on GIMTHEE 2t BTt S Ramonte EGR som B Rass: LOB-ab 1 e

transport str e@aan%r 18(1Brdc&véé'lﬂﬁtkﬁ‘ﬂm%Ighamﬁtﬁ)ﬂﬁﬁl%ﬁinnglz 4z Eghatidput ﬂﬁe&)om indi cat ed
'"’by t=1/(27x 1 no matter the rate of the incomi II;%)SI gnal Through

the use of an @Ypr SID\?AIPF’@‘blTPeV‘i’qol‘l?é"tc?"alt"éw%y‘sﬁr@’ﬁ&ed fromeD¥BAYI so cl ocked
at 271vifizs  and.iyhise i 0Pk Lhes mdGiR62 obér%ohnpeé &thvemgy &I&P%a%lgs val ' d
data, the bus allows a transport stream of an ar |trary ata rate (up to

X (27x 1 06) b$(sz)conmerbehetseadsimatreced'ed\hoeﬂ‘v’& A cieetves§ctolpatalld GorrPSYNC) )

represented by 1,177 _is .added .t.o the first byt MPEG- 2
t ransport streSpeC% gP”’tﬁ.aéeaé*S%u‘°ea%htr%%"dl%hedagwé’éﬁta‘t?%\?z}ﬁtieo‘ﬁ J(i.?g‘he very
versatile in awckpferageitoipigt 2d)r ansport streams of many different tel ephony

rates Useful data |§, extract ed fromtransport stream | 161 bg storing only
those bytes whose a¥SHtREECHIRALLBEP gils BR OvtPHEPIv gisad enH8ed0% ed acti ve

O this used ul LUaisairReds fe 866 Acek @ endited 4@ aﬁ%ﬁ'ﬁ{ %/1‘0 &n&%&h&%&@éﬁ that the
PSYNC signal on line 1177 is asserted on the first byte of every transport

packet Fig 20B is a schematic viewillustrating the formatting used to
transport eight sets of the adaptive rate transport stream of Fig. 20A over
an optical link The adaptive rate transpést streamof Fig 20A is conprised

of eight I O-bit parallel data 20 streans The eight streans are conbined to
forma basic 80-bit word The serial streamis organized into frames) an
exenplary one of which is illustrated as franme 1201 Each frame includes an
80-bit overhead word | 201 a, an 80-bit rate-adjustnment word 1201 b and
thirteen 80-bit payl oad words 1201 ¢ through 1201 n) resulting in a frane
of 1200 bits in length 2S Overhead word i 20 | a includes 3? framng bits
1202 and a four bit payload pointer 1206 nth forty-four 1204 unused bits in
betmeen The frannt blts |nd|cate the start of a frane and are used to

- o o . . B - . . o
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Note that the80shit.,0overhead word 1201 a is divided into tep-8Rbda3bit €S,
but the rate gﬁ?ﬁ?k‘ﬁr?gnt word 1201 b and the payl oad words 1201 c-1201 n are
divided into eight 10bit parallel adaptive rate transport streans, each
i ncl udi ng ei ghtontlatraadeast ackplave 420(Dvheré thed 716 s{nnilgn@@Aly madadvaAsDid© di t 1 | 77
(Figs. 20A and 21) 5 Fig. 21 is sche jc viewillustrating an arbitrary
rate program stqﬂ@amoﬂmswwoe#aftﬁ@d@é@gﬁﬁ% style transport streamat the
rate of 27 Mz (Fi G,206kodkmdduRH08Gk alfdresoRlibiE &riprémt SpdraIAdIQdeo Hpleam
illustrated by signal 116l "is converted through the use of the selective
cl ocki ng enabl eubduie 808e SDRAVIS@Y argduRrSYRCVEFees sab fup MitalizgirnAs all Amchensseen
interval t=1 /aoc _sec,, where .0<a< Nl r pitrary 10
transport s'gs r eé)ﬁ{f?’rﬁ?/édboé‘ Vé‘(‘:f%ﬁ&”\?e éb‘lgé?}%ﬂrﬁgﬁ{&%ﬁ&hﬁﬁtﬂ@%@ﬁﬁnﬁxgﬁnsport
stream i | | ust r adupervisbryfrh@dule2XDA rhdigrainSonrsurdcatiomnitp ohidlf sodcessmmabdfiiie300i on

table taken from [ SO | EC 113818-1Tahle 2-3, which defines.a transport
packet per | TU-2pd F?é@?p"PE'QIE#’Gf"ﬁﬁt%ﬁl’ﬁ'&%i‘mgcytcl’?“g@' ﬁhf’gg Vld%f)é@_“b?g‘g ®of the
transport st reaﬁ@o&ﬂ?&fﬁhc&f fafhiyr8 Ssugétbisors A darR @08 Alertd shelflpkdoessof AloivieByo t he
first three bytes of each packet are sufficient to determne the PID field

of each packet amdrausehvidecippt magyleR9A taimmediately 2a ingctprepBecausevidgyinpgicket | D

i 9h (P! Do Wb PUL el rSarfiaBney Pk R ohechl db B8 Biclalivd 9.
packet ID |12)OW ( +CBl_ ﬁ%h%fsgg\g%go '?Fute egfdlga&)lanc}z‘P?%E’ lbi tsge\:/(\:,i I It beﬂﬁltascussed in
detail with refmirenEachtmoritiogggth@ ikt BidRBtoFiobitvA8durslant reghkeretvercanhesion 809,
illustrating the digital video program group contajned on connection 1 161

of Fig 10 A pr o SPRFoin b el Bremahon e spredion $10 o Wl SRS st rat oa by )
channel's 1 | 78 igpqdatdl jibn fAiRre SH¢AORIIGe meakle €VORNE niahaatckt HENNY s@Nid

channel 1179 cont ai ni ngtl, for exanple) hone box office (HBO Wile two

channel s are shiEsaonsible teyi hopiwap icerabilifeand PeWsTR#I2geme Isicaendancsedththyl be
carried in ch . m group These prograns are distinguished through
the use of F’ﬁe %%%kbg?g%\g( PID) field Shown is a sanple progrzmcroup m

whi ch the several priogrid@ss ¢ sthembtmedew dlustheting ro gltamatige disyibarien schérheroed down

to a single proy am illustratively ardered by an end user, |llustrated as
O program & 1 e §p et PR b Y18 SEREE Weol B gpaliErs sim iRt E B
24A ~s a schemair gltevria@ive ol Videstipait magulPBM. f Rdntcre viled inp® mddulfd &2 5| re@enies B
filter 1 1 10 ~s conprised of a BI ural it ?f 8-bit latches 1 1 1,La-1 11
In, each confi gtifsgmppipleged copy of eight 10-bit parallel video program groups along with . . _
... 1 1 ~088") frarming land overhead frohW single aptical ifib& connection 836 IPheWanfiddis- O -,
.. _ . ... CCAe~i~~f= ~tri~ri~tr.~0 ~ M-~ 0 Ar' 4~ 99/ 723833
~ 6 APR | aQ2 PCiytestbayd 235dpsa is demjpiplexqddntg thy qight 1 4rbeparatiel ndee anogsem

connection 1 |16 c ' t BN its, SYNC
oo e s 1 olioh o gﬁaf%%‘%%“g%@gdr,e'"{%ﬁl#&g'ﬁeﬁ?ﬁg%%{}kh@%%‘} fink - ot ohe

recei ved over covmeodulerwill BriGe thipeogiif\tobpdartio broadausttecktpiar 1200 76 supplies o
t he cl ock enabl e si g&al. 0 8- bisé Iatcherﬁ1 1111, 1 n conjunction .w H1 that 5
described in Figs 20RPUBHECHYR 839 COYFES the ppiai 4afq fresiy QD ORRECHIMEIBMA 4l | ow
for all packet selb&iadmCaund @leAmEBA@SIngeRE Widd pradri@mgbnlcBhfeciBNer )Ciged Y the
desired programis extracted fromtransport stream 1161, containing the
program group) fIEEBIYIPNAAANYE FYCSLT regpangoptps thpperial gacktsrimdiersend datrsBeathd t he
PIDH bits on co [ - 1D b t £ nd the
PIDH bits on co%‘%ﬁ%ﬁngﬁoﬁ%ﬁ‘fjgar%%egC(l::altﬁlr\rgnzts%‘l%g} P%%ﬁc}ﬁgtg 't"lhﬁgsn%ulpg’ ?Egac?li on byte
on connection | cdh@ct@mriddrnd the vided pramainyines stipied overentnePid) 84| el dn
connection 1118 ,and.the desired Rl D val ue nnection | 9 and if they
mavche -oe RS R e BlctBr 8 SRR A oo B W par at o
1121 suppl i 68 adermulfiplexdsdhd dtcifitol 2@t Words.ha 1BSYNGHS clgtladighas isaGpstied @deron
connection 1177 and the conparator asserts a signal on 15 connectjon 1191
then |atch 1122 CGUEERINS43. UF yidse PSRRI SiRAYed 99 comieciansifo. 3 e gat e
1112 If and gate 1112 receives input fromlatch 1122 and the DVALID signal
asserted on 1 176, then and gate causes thé DVALID signal to be deasserted
through latch 1114, while the filtered program group containing the desired
packet IDis supplied on connection 1 162 to async FIFO buffer | 125 (Fig
19) and PCR extract 20 device 1 130 (Fia 19) Fig 24B ~s a decision flow
diagramillustrating the operation of the PIDfilter 1 1 10 of Fig. 24A In
block 1 123 the PIDfilter recewes a new packet In block 1 124 it is

det ernuned whet her this packet contains the desired PID value If the PID
value is as desired, then in block 1126 packet ID filter will await the
next packet If the PID 25 value is not as desired, then in block 1127 PID

a A A A~ » A
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—eal - ~AA W°99’23333 ~~ .0 rAln, ~ WD 99/23833 16 APR Z§(A/Se8n3s4e
PCT/ U898/ 23546 PCR ext ract deV| ce 1130 will latch that value into the PCR
i ncrement or Vi Rh A6k isledha ESERVEK 5 uesi@ydteﬁdév &@@gtda@mm@am t he
next packet %ﬂgfdcf 1341 Fi g " 26 1s gﬁ%t ail IV| evlv of the PCR increnentor

1140 of Fig. 89 @aylbamt@m@m dem«SZ?lﬂ@srcé’E@pﬁemm ané WverBrRADIE leaving dm PCR

extract device,113C Wien 5 instructe y e L gnal on
connect i on 119990 PTOSSEE &roubs op o0 nfitﬂ?ds 7 Tramtq%"??s?ﬁ" hr?tnmﬂ Eﬁgqb['g% 8?Ilecel ved
t hrough nux I18idttrsahe €gitrpesdramarolpddn E&HRecrttbglssv ara ﬂrlt4141 ﬂrs—duymmhmgma 43-bi t

regi ster. Either the new PCR val ue_suppli.ed on caon tion | 64, 0
current PCR v'ﬁIOEQ?erﬁg%WéngﬁBﬁlp?@Heléﬁﬁ mt%rp\ﬁﬁmeg df'é‘i’%W@oJrivﬁt o PCR

regi ster 1144y,08,6M85 ra%7ngﬂ§ oﬁ oq;;&adeysebfckamné 200 o¥er dofednoiR 38N | O si gnal
is asserted on connec ion The current value of the register is
provi ded to Clusteativelynike qms@l C@v@qctl@rwnwmcbﬁlem@wlwdtm@&rm@@m #emux 1 150

can reinsert thi G g sent
over connecti E(5n Siﬁ%gesk’&l@ﬂ%{églﬁ@%{g" %CNEEO Sf%’ast%gsgag%@ tliag) e%%gklﬁechm aue
al  ows the PCiolipsaha) Heardnmoaﬁpmthed ldisgofhrwmtbrmaabh armunt in or der to

mai nt ai n |ts accurgj For a/uﬁz %3 15 cl &fcﬁé | aden
transport '$acket PRYfSRpRoduH 4@"1“?’5?‘85 }”5 ?ﬁfﬁﬁoéa‘ f%5et o
conpensat e \WhgpyP6l ddrdofihbetidn §53Q, dnd réR8dYei mo&emi mth&ePQRné@dﬁmbr ansport
packet to customer prem se 1300, it sto e PCR ntrenentor from running
by deasserti n§UReﬁ‘éS°Pm0¢ldﬁ8%4 Jieagnables %E{N&Sﬂi‘%ﬂq drivers 832 Avericeansstiathe updat ed
PCR field bac g | ustrated
in detail EB e:p E‘%gﬂ%tg E[V gﬂi eﬁﬁﬁ%&,ﬂ%ﬁ, rg?@?ﬁﬁilﬁgk{}b&g}ﬂé %r ﬁ(gs‘b y using a
transport st re@ab:lmytaed paee minagenmhoiolescaddenae with gt describedbiave t hi s sane

| k | 11
30, “asyno Er Fo bur ey Pusa Hogh dRma bt aprbh vids L ERRI e 1

expressed in ofFip sl 10f Mx?ltnMeernd@b aatsutCyedus8 S0 rBietveanbil &bt prbdrahipes@s units to
be 25 inplenmented as a sinmp nchr onous hardware design It should be

ncted that t h@??"‘%ﬂi""d‘ét"ﬁd@? B%(Ko‘ﬁé eveiaestdackplang 120 Thecsht REPEF™anspor t

stream may V"eb}ou}ﬁ@{rx rdpliSdied rhﬁmgganmh\ﬁl'éa%t Hfsl%gvﬁEo H@ﬁbMQF 540 oS
therefore likely that the amount added to the PCR field nmay vary very

slic:htly wi t hnes 50 AinudVBeh¥rfatnesd Malalp!erwdqgrmmwemoavleéﬁo Isedesigneddemner at ed
local 'y HQ ‘BEEJ 5 EaFédﬁ{.daR& ?ﬁ%""ﬁs“v‘s"c&ﬁ ;rE ?o ﬁﬁ‘éysho‘?s‘(ﬁ&) @*&e short 30

tinme that ~ I'ncr S|se using the
data cl ock [ ncdamﬁUmm‘tesatntleufrptxldagdutsmbmeguehef mbeest;dienc&méc&d)erfor(,\}aﬁﬁd@ CO franer
1 100 S|gn|f|cantlg Lere Jo G e y ... ~%"0.".C

..... ~. control purposes .~ Wg i -n . ir.~ryYi .,

T I Paral‘lél wdeo_bus recefvdk 85 I"contains LWHI recé‘@r?ﬁ)'ragﬁﬁgnals elght
program groups consisting of 20 signals per program group It receives the video data
25  from the video input module 800 via broadcast backplane 1200 DVB-ASI drivers
856a-856n are responsible for creating a DVB-ASI compliant output on line 501 for
each of the program groups Each connection 857a through 857n includes a senal
data stream containing a program group Each program group is carried on one
output connection, therefore each output module contains eight outputs Any number
30  of DVB-ASI driver modules 856 may exist on a multiple video output module 850,

allowing for scalabilitv of the entire system

25
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' ~ 6 APR Z00.2 PCT/ US98/ 23546 reduces the cost of i npl ement ati on Asyne Ft Fﬁ
- buffer 1125 and PCR run signal 1171 provides a buffer between al-laﬁ ?EPRE'ZUUZ
units and CO data nux 1150, which is another purely synchronous ‘de

thus regul at edybyo-hLkg data clock provided by nodem 1351 Fig. p%?/bsba?zs&sm ock
diagramill ustratl ng CO data nmux 1150 of Fig 19. Mux 5 1151 receives a new
value from PCR increnentor 1140 over connection 1167, receives data
services input over mﬂﬁﬂeci‘db@mtﬂmﬁﬁoduﬁmnym@m @rhcti\mmaadwymedﬁhm@ouf fer

11 25in the formof a d ro over connection 1166, and, recei ves

i nput from dem%ﬁpé‘?f‘sﬁﬁ'k‘@?de”ﬁ%iﬁ %é%‘?q@sg] O RIRRST °Eir3t2°'h%f2tg? F‘E“‘BE V8ssert s
the PCR run si : HdGRRBE CHifRA/isbky holitle 85 fdes St QP ar infeiakbatiBHIS all
operation of P%%ﬁ%uncrenent ~r 1}51&465191:%0()%; 14;]?[1)\"0hoosgfgatol sendldataafrom
async FI FO buf fasher furggonscent the medule ardsmariwas the ptatus of each fupcher kBPeEViPOR fi el d
wi Lh a new val yg, QNSEsGRIRGH! sinddGiioR AR thdiRBecEHE hitdhie 368 hd BNt s Mix

1151 provi des t I nal transport stream over ‘connectl on 168 to nodem
1351 for transpes';ions)hvleforlaouwetsaandWydedundmwrmmmat If(mulmmfawdeﬁ outputm@uR7B i s a

state diagrami]JJustrating t.he operation of deci si.on maker | 52 of
o C27a in ot AsDeReniEs S il AR asony Pediip kGt PReBRS Bed kRt
content is readywef &ihnagoR®5E hidQniddfatily dokgd maaiiVéd Sailarl9ME upeiNdstihbdile 1168
to nodem 1351 In state nB, a byte is again read fromasync FIFO buffer |
125 and sent t cBMulgtests pIuilure ef ifsj counerpart guitiplejddeappuspu modile over epsnegor o
state miai t a 125
and sentt o' ot il e Gecbhe R Bl ml B AR Bkt BOWRURFL, | 2
In state nb, a degigeed for acgae/mancbayjrdiumn@syotb caldF6f dnyfplizwill ald@ps mendlivegnt t o

nodem 13 51 If bit to.state nb, else mva~t i f the
State machine rbiftAEeduHEt sl sl ot raerenir il SR e e, )
packet, and t hem&iwpesapm.t@hxm pba}eu mahﬁ;eﬁnﬂrhﬁ‘tﬁ thbhﬁdceVWﬁH’lthat desstibedhitve as
follows In states n m. 10_and a hyte is read from async
FIFO buffer 35 1 125!*laddEdfsafaﬁla@t&wﬂlmtm%r@?fﬁﬁ&lﬁ%ﬁwpvtﬁeody'wflgs
deasserted ri eRSHo I .
associ at ed \%‘ t hpﬁle nevxtlgglgkﬁb??tgﬁg{]?@éérﬁ]dgc({afdgﬁcay%%é%ugpgxfdr%ﬁg)ﬁta lgatd] om heu
of the six byt et paglet videeprogiiamrgrotns abllng “ﬁiﬁlﬂafnmg ahd [omerhpal mwaarsnge fba) a
byte IS read fr r{l }é tr nFO Slio(yfirto ta Sl‘larnfbﬁgrjt toarr(reonqe (S 1I'l%nd the
next packet decP®l° ?Or grEBisigrito digita) 8‘7336 il Ve A B2 andarcﬁl MPEG 2
synch byte (O0x4thy spz&e sewphit dnfo aEEenfited odtid Ik at il @mes lVFD$'Ieldb(yEeEel®1‘ WIF ~s
sent to nodem 13 51 I n state i2, the bvtie OxFE i s, sent to 4.;

Cr Ap AappawillTegeive the aight progean)EF QB asppuL a i &pﬁégzﬁé’zerpfe?mm%sme
modem 135| ba Steatife FRO SulRr 04t &5idelRe defalSRRImit Ad DGR dedallel redbi®s @ 1S the
appropriate continuity counter value States i 1 and i2 transmt the PID
val ue to be usetht§ae "Ph@lulvﬁ*@@rﬂ'éte'&ﬂhﬁfa‘lfamrﬁf@lmwawléfde‘iﬁr'%@’f@mﬁddWPE‘HF t he
PI D val ue of Q(FI]Féf lgﬁf §OAJ§)E{- Léhr rh?eutl ghebs%ngl%gﬁdr te. tece‘fiivréyF@ng h‘ﬁraéo\éf val ue
may be used provi IS co SIS ent acr0ss t he e5| n "and does not
conflict wth ampphdshbe v:@éolﬂrograinmnﬁg’gowaSMna'dmen © O tsiippliled EIF(:bﬂugs everi S a
standard 4-bit field. t\%ﬁg S mcre&;gt ed once f?r everé Eélans por t acket ofé.
the same PID as PWeg0Gvir 8 19 FHEIVET Rntrpleignals fromdramer 906,095y cannge qnnt er net
data is senpstogmpdem 13 S 1 and the next packet decision ( 1152) is
awaited In state n0. a standard MPEG 2 synch byte (0x47) is sent to nodem
1351 In 10 state n 1FrapsedQnargandes thepnqogiingata spi9 franige ang adgls the fraguag Bitse n2,
the byte OxFF i t?l@@ttantd?tmw %}datla@vt%t @Hl%erh%de&tla?hpﬂ{irﬁe @ﬁiﬁceksal'ystosent to
nodem 1351, V\/nere (1 1s the appropriate continuity counter value I'n state
nwai t, the byt esykFpnize theaiata rates nmblthedatalis Hrnséamcgd toheofifeanter P ketr comettsinon

(1152) is await Fi 27C | w, ch illustrati eration of CO
data nmux 1150 o 9?:}"91%1 t‘%‘#ﬂ?l n b160blf<pafil[fgdata(ﬂeag‘t{aorrh‘ﬂgmir%gﬁo ﬁngﬁ fé’éd’y to
send a new packéito bBerhl gk stichbrfor irinsimisside be 1611 Aedtipreiarsmiteener b\‘a‘eran
MPEG 2 program packet read e sent from connection 1 166 (F~g If an
MPEG- 2 progr am [ja¥gion ¢ 1&%8?‘!% ransmitige 0§ t09‘§a‘s‘é“r'i‘ﬁm‘é‘\9b?080‘6]rﬁé€% ?e{jﬁ' '3 68
to modem 1351 in block 1156 If there is not an MPEG 2 program packet ready,
then in block 1 155 CO data nux 1150 will #eternine whether 20 the data
quota has been reached If the data quota has been reached, then in block 1
157, CO data nux 1 150 will send a null packet if it ~s determ ned in block
1 155 that the data quota has not been reached, then CO data nmux | 150 wil|
send a data services packet in block 1 158 Fig. 27Cis a flow chart
illustrating the CO data nux program packet decision ?> making function 1
|52 of Fig 27A In block 1 181, the choice has been made to send an MPEG 2
program packet, block 1181 corresponding with block 1156 of Fig ?7B In

bl ock 1182, it is determ ned whether the packet to be sent contains a PCR
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the packet does not contain a PCR val ue) then in bI ock 1 I83 t he MPEG 2
“program packet is sent If in block 1182, it is determned that the ﬁ)%ﬁft
does contain a PCR 30 value, then in bl ock 1184, the PCR run 316

C?P??CFTF’”. %%é% gl g M e T el
D r-%/ '!.Cfrf/~at~|f|f~W-rr,

4 Qstream OM\QO%%L@%%‘?! and@ rﬁ@x% 129@3arP ICH%A@W@nQﬁ@é&ﬁM&d and
the oI d PCR val'ue 1s repl aced vvlt t he new PCR val ue avail abl e onconnecti on
1167Fig 28 i Scoanmhemaﬁ orcamwrem.allﬁbbmﬂupamswg mdrkileciORrand reltage fanagemerint r al
of fice 400to §HBFU8R{ m Ses é?"gﬁ?) operation of CO framer 1100 of Fig. 19
| ndi vi dual 5pa s eiﬂr 8§ﬁ‘ am source transport stream 1161 are
sel ectively formarrdgdtzqstmershwwmnamppme aséeﬁﬁshmfiﬂiﬁﬂtcﬁﬁstdm;ﬁdsfor modem
1351 by latching theextracted PCR val ue on connectl on 1164 9) into
PCR i ncr enfent @ter modulg 689 et Fig nh Referang Rack 30 Kigg ! b dRstpye g et é“ run
signal 1171 tQ4RRhiHR0RRES bn l:oﬁ]néafoﬁ'Sgl L@lupBﬁR tbivitled it HRHEEDS0,1 S
perfornmed on packets that contain the PCR i n10accor dance with the
description owhlﬁlngalszﬁrﬁplgmemgi tnghlap@@neﬁamb@dm@w pairs@fifigtl2®y the CO data

mux of CO franer 1 S s 00 to
central offi ccéonﬂﬁf%'fmgl rec |on%8t‘%trg%°g cugéﬁ({)legﬂ%?gs{\%pmﬁ(?eg% r%ﬁtoélﬁg 19,
CO franmer | |&OIGIHVBLKBEISndeDs@ddshmaﬁppﬂxﬁ[ﬁm@ﬂmdwmphtrﬂl&ﬁt,leﬂOpi&‘BaThterrux 1
155. CO data denux.1155 receiyv 15di r ect.i onal r net dat from
cust omer Pt enpPded "I‘é@(b"pb‘t/@f”&t‘fﬁsrtﬁgcdlf eHh‘“‘isl‘%lgdh‘HB‘&éWP? ?‘hf’ﬁ?ﬂ%ﬁ 2%n over
control Chan Nellid hnd dveSheditb@adl @RALPs bR besadtdiEbdcRpieie M@0 anAcdsOshelf 350
exanmpl e, conputer 1355 (not shown) over connection 1 169 Theoperation of

control channither inclydps pgiversal gpeses dapser melet 4131900 s Eachs'dAdrmerdule vi ew
11ustrating §t (ChiiahRoARI o pokAnAAARRASH LRARLA FENLRNaARE Vi deo
programm ng content and data Is recerved onconnectli on rom DSL nodem
1351. CP dat aUete\rmudtﬂdHE)O%pamdudescmhd oﬁ@e{@@)ﬁgmarﬂmﬁghcomramn dfor i nput
to NPEGZ eco er. conn 'al457 and the

- di rect fdnal’e htwtjé.lf‘hee‘t' cd'é%%g %ﬁ’aﬂl‘h'BUFSﬂeB R hgp&‘t;er 1355 (Fig 18)
over connection 14P@: Hbsdeadd bakpRhd @ffdipely extendsithedabitabilieydpdidithbidés contr ol
channel 251174 the operation of which was djscussed with_respect to Fig
19Fi g 31 is aceuensmghtup toithagommypicetion shagpetppaidimkaceptal offigsor G9fto cpgorngs
franer 1400 of pfchied [ TNPR MR frGath dhielil SafHlallabRChisiialasl Nt e et data
is received | mux 1450 over connection 1459 and transported to DSL nodem
13S1 f or commubaakplan® 00V Broagoastrbarikpland @Q0 @ihralﬂmxmlousmakd@taeaﬂtabdatall oRheat a nmux
control - cRann ety 4a<b o fer! d PR P RN hBen LRLRIAR! ! D1 0V,
ST f. 1. 1 ~r exampler all users of.th¢ systemrto simujtaneously recéive the same pro‘vramtmn(T ~1 _rr-
o - ;_ Gr Apontanli w1th \tlxnua{}bn@mt%ggéhe quahty o_f_the_s:_ghal and. wnt}put ogrlgan(m& ' | e
o~ W r khes d’wnchm& capabifityl of GheARRr £ 08ide PSR 33046 lFélG)“@%llb&rﬁtodem sion
‘.f | ow diagramil|lustrating the operation of both CO data denur 1155 and CP
" data demur 1455wEligRRNt PI@EEaIMBINg (PP vithpwt Gyereagdiie th systeme i npAEdaEE2s n bl ock
1187 it is<:de h | t he
packet doe§ ntgt%%]gﬂtggﬁf%m% g)&%rfadlrg\%eg‘ggﬁ% ygogralgﬂdlﬁ%g%g%f@?%k ﬁ‘??bdth{“a denur
awaits 5 the memtnupxanloetchtrﬁtellthatllmksdetnezrlmrﬁ'med()@ m ctmlstmier m&i’setllaa(t ithe packet
does contain dﬁ%a Ser Vi ock 1 Vi ces are

T ace oy and ThAVBEbIOGER A SRS hEP Rkt Wi e frd e . 32

is a flow charprodebd ibipérfcrinkdy thd1eocesp SlieBtsisON HRAceCRedat fo faeY tb B2Bd@b: il g 17A.
In block 140 I , CP data nmux 1450 is ready to send a new packet In bl ock

1402, 10 it i She@elstoihsSUstQIREtHAERISE he data quota has been reached If the
data quot gohas bee'ﬂn&(&%h@@'toédﬁewh& ileQGHd Bﬁg’ﬁ%r\g;&quhﬁh%ult%ﬁtgrsw&sl send
a null packet. If in block 1402, is determ ned that the data quota has
not been reachb@S}’QtehEheﬁpﬁ“@Idoﬂdﬂlmﬂecce@hdacsadnmAl%ﬂaweﬂI10 sevedha dat a
servi ces packet through nodem | 351 over comuni cation channel 16 to central
of |'~ce 400 This illustrates that upstre@mdata is 15 formatted in
transport packets as well Although not necessary for the design of the
present invention to function, it pronotes standardization CP data rnux
14S0 generates only data service and null packets Fig 34 is a schematic
view illustrating an alternative enbodi ment of CO framer | 100 of Fig 19 In
this enbodinent, CO franer 1 100 adds a new programto an 20 existing
transport streamlItens performng like functions to those described with
reference to Fig 19 are given the sanme reference nunerals and will not be
descrl bed |n det ai |l agai n As can be seen, a programto be added |s supplied

A= r—-a v o ~—~ o~~~ | o r A A PN NSNS oy A A NN o o
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e B e R B B e
enbodi nents) of the invention w thout departing substantially fromthe -
*scope and principles of the invention. Al such nodifications and
variations arc intended to be included herein within the scope'lcﬁ APrRezguz
present inventjon. ~ 6 APR 2uU2 cLA>r~s Therefore, havin
descri bed the Wﬁi}gﬁ#3 n, at least the following is clained: 1 ébé% &m
for maintaining timng synchronization in a digital video transport 2
system conpri SinBgcussorferf i 1nt@¢ acveRfsh@fIf 500 rddondaac escinputphiaited Aregrsed i
containing a plurality of prograns and isolate at |east_one of said .
prograns, s a bafoewe theiehbidemprogramosiowrsipn Do-4St farmat Ths videg PEREraAT B ock
reference (PCR) ;&%14:a6iRbletd e RTAK ifodhib A00Mbédn bAabshsf backShne 128 dThis RER
extractor confi gureg to extract a PCR value fromsaid progranm a counter in
communi cat i on wiuhiqusatdreiGrhat kundaesds of videaprdgraoumingehapuelsare evkilalle prcei ve

said PCR val ye and.i ncrenent Ld PCR val ue during a clock cle),.and 10 a
mul ti pl exer Pn CHAIEAT @g?ﬁ%’}? \?na{) ﬂo %azcg:Fz Bmg%rﬁﬁta%ﬁ'essa PIELRP ?‘gﬁrl e 'tl'(’)}hrlsecei ve an
output t t of saadnddUdnfentl userdt & abstorhdd prdnsise 1300 2ar heve 3)chbieEvASBcdikahg 4D N

claiml, wherein said PCR extractor is configured to z, cog%/’g,sai d PCR val ue

fromsaid at | _eé'é"-taV&I‘?@'W@J@?‘QWf%ﬁPB‘%‘@F‘H“&%Gﬁ?‘é‘rcugto’ifﬁé'sﬂ _Fﬁdafgr Yefined in
claim 2, wherei ReR@iich QRHM Cln th} nfaRfdr! M8 bsdrhada ¥ 1YEl & RMISpoERBmyahdie
into said at |east one programt 4 The system as defined in claim 2,

wher ei n sai d nulcontphteyithous the peagssity 9f sanding tie eatite nregramming dagatp eash aystoger

buf fer and id tef..at . I.=di ' he
system as d(sa’? i né%%ﬁ%‘ ?f%?ﬁnq@"%%ﬁt%rrgg?h@ éélllé'(tﬁh?\{ebtﬁ)paéggg'?h?esu(éggﬂ?lAélﬁl%né%"%]o 2
add to the out pubpmt wiraipdir barfahe coramahisation medmnt @ mesliodokbas capable of el ephone

channel. 1 6. The systemas defiped in clgi m2, erein.sajd multiplexer is
Coni | gur ed Lo 2 RIS DHESSETEEL COPPESeh R eog e BAOITLIAEN cast )
one bi -directi ordTH 8itdveeh @il ofddedi08tand cilsBsdr pRiMEsek §BEPRISViIEABE bided 7
The system as defined in claim2, further conprising a demultiplexer 2
configured to rdEegryBmggdo sahspaemeran degaad. Bhrdigital videeehtanppisdre glecivelhannel
and A eastsongrchab &l GRRRAR: £DADNRI 4% yAA RogdBRgoouu f B A et hod for

mai ntai ning timng synchronization in a gita eo transport 2 system
conpri sing the st eps Fofth&mopec mi ophjngction vathith¢ deivery of digittlafidepitd ehicnaiomeror t

stream conpri sed. of lural ity of packets and cont aini lurality of
progranms wth aclﬁ% cﬁ'ﬁgﬁ’] éfltgreéﬂ%ggev(épu@" @i‘g%e icg?lgﬁt‘%?f‘?ld g@lﬁ? S filtering
- said transport sdrfiganedusly @bdilable ofthel sems thaanglesi red one of said plurality of

6 progranms) 7 supplying said desired programto a buffer and nonitoring

sai d desired programWAh §iodele 4890 prawides the videprogragigontent sdiihe nisrest dage

val ue wi t hi maNY.Qf cRAl@oR SR ISwipAalfilded shéRlsb: 1w GORYBOsR660 Ldniifd
reference value into a counter; to increnenting said counter by an anount
correspondi ng t omtlhele tovyypass fitet nefiyles 050 eachgpuitgused to egdetye she qutmriotia buf f er ,

12 sup_pl yrng sal '\Iel’sg? 438k séa?)(e?g]%%ul\éabg& IE)?/ %ss%tl ;' Bhlﬁé‘?gso (%ra%in]ég’the
overwriting sai i'mng rererence valde in FLal'd destite program after

sai d desired 14 ydcogregrnheames avdiiet datsfWier POTS infdrenatiedt fraidii@sts debned in
claim8, further conprising the step. of conbiping in 2 said_nultiplexes
sai d desired pr oY RMCGREMAT oF S5 EREHAn APELLS ATeHEILCRIENAHEAH 10 The
nmet hod as defd nedAimmaduR! M08 carf deFelTBir CQGRES Riehlcd IM8s, Hb®Bved 11 BPsTReRAIN 1N Z
said nultiplexes said desired program and at |east one tel ephone channel. 1
11 The net hod asth#fefyanees i technadpgn Bl enabie additiond reppacyy. vgthonedepartipg §pm the
conbining in 2 saj j s said desired program at | east one

bi - di recti onal d%?ge%g%’gg%n%gﬁd at | east one 3 tel ephone channel t 12. The
met hod as defined i n dlediAv 8odélar Dberecovaypirditai videot doatest fegm dfe trexcleasvi ng i n a
2 denul ti pl exer tcklleaét,oq_ned podirect]onal data chehnnel and at |east one
t el ephone channel® 273 -"TA T HO U AL G RFISREYTNA 'S IGiCHTDST % dr Ut
conprising the SedPnedlata enailldbuirigstdmenietteRlthlo@dis | OBUIET Rbniclor 6k havaal shelat a
channel and said_at |east one tel ephone channel 1 14 A method for

transporting a viteBetdioyisalAammpdulgio®et i onal data signal, and a 2
t el ephone channel, conprising the steps of -
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50

49 i 6 APR'2D02 3 recei Vi ng in a transceiver a signal conprising a vi deo
'signal, a bi-directional data a signal) a tel ephone signal, and a contr ol
channel, 5 separati ng said video signal) said bi-directi onal dat ald mﬁ’ﬂ 2002

said tel ephon§ %339361 and 6 said control channel) routing 1‘?1(\619513959 si gnal

to a video d&83 8 routing said bi-directional data S|gn at a
interface; routing said tel ephone signal to a telephone; and to routing

sai d control channgly 1Disa sBheaRes s ifuskarmglagitiaRil ldedil asaddedsishads sorrcl ai m
14, further corrprlsmg?the steps of 2 nultiplexing said bi-directional data

signal and saiFég Qofig S%ﬁ'ﬁﬂbﬂ'““ﬁﬁ‘@s @'OHBF?t\Pé?H%eé%‘?%cor'i‘iﬂ“t‘i‘éb?‘@%ed si gnal s
to a transcei gf&%msr&gml} geofcgééa%néﬁt G&fibRELkrdeh vg'e@!)mtlrﬂodm@%&maaal d

control chann 2 by using an unus In an MPEG 2 transport
streamin or demivbmsalab¢eswdaptstsm|odml@l@)OccBrmdtwsma@spbomIt(@Ils fanmbd biptheset vi a
said trans e|v

[@A AyH. A ) AD en&htm@g %ﬁ{u&eo prﬂgﬁg[ gr%lpspln Mr;{errisi ';K"%d}ﬂ’-‘fm each program group
CACAAAA A /iraﬁs ﬁs MPE’G-Ad@iaINxde% dAtaAn ParAllefoAmAS| Bra2dcAt bdéplankt \\BRV{ \l/J]ql f_YR
A cC a cajcC ca" aac" cajc ayjc
?U]Cca?gjaU] ca] (98‘[‘)]38’;3]“&53 L’&C"]FJ’\/‘] é"ﬂ%‘ ‘bl/]‘@%’\?}’@ Vol 9‘132‘1‘:5%@{’ WerrheA YT

V11 ca] ca] ca] caligaliahk Giikh ﬂ)g}amﬂnﬁ aMi Gvallathb/progmM &onaen%ﬁnawmuame on
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10  all of the digital video content to all users In this manner, the present invention
allows, for example, all users of the system to simultaneously receive the same
programming content and allows a large number of users to watch a variety of
programs with virtually no impact to the quality of the signal, and without overioading
the switching capability of the central office.

15 Fig. 14 is a schematic view illustrating universal access adapter module 1000 of
Figs. 12 and 13 Universal access adapter (UAA) module 1000 provides digital video
content and Ethernet data services to n subscribers using, in this preferred
embodiment, asymmetric digital subscriber line (ADSL) technology This technology
includes rate adaptive digital subscriber line (RADSL) technology and any and all

20  variations of xDSL technology Furthermore, it is to be understood that any digital
data transfer technology that can be accomplished over, for example but not limited to,
a copper wire pair, or any transmission medium that can support the transfer of digital
video signals, bi-directional Internet data and POTS. can be used without departing

from the scope of the present invention xDSL technology s used herein for

[0
N

lustrative purposes only Ilustratively, this preferred embodiment assumes that four
customer premise locations can be served by one UAA module 1000 It 1s to be
understood that future implementations may increase or decrease the number of
customer premise locations served by each UAA module 1000 1n the preferred
embodiment, the UAA module 1000 accepts eight digital video program groups,

30 however, it is foreseeable that in the future additional program groups may be

supported  UAA module 1000 allows each subscriber to select a particular program
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Us] sgsussss SH°SSe &%@Eé&%"fammme high bandwidth bi-directional access to the Internet through

Internet service provider 14
LVDS video bus receiver 1009 receives the digital video program groups from ,)
broadcast backplane 1200 and converts the differential signals into single-ended
signals The single-ended signals are then sent over connection 1012 to multiplexer
15 1008 Multiplexer 1008 accepts eight program groups and provides a single program
group output on connection 1014 to each subscriber’s CO framer 1100 Mux 1008
allows supervisory module 1007 to select the program group that contains the channel
selected by a subscriber. and sends that program group to that subscriber’s CO framer
1100 The operation of CO framer 1100 will be discussed in detail with reference to
20 Fig 19 Mux 1008 can simultaneously serve up to n CO framers independently
Supervisory module 1007 writes the desired program group to be selected to a register
in CO framer 1100 CO framer 1100 then instructs mux 1008 to select the appropriate
program group from the input on connection 1012 CO framer 1100 then selects a _
single program from the program group and forwards it to DSL transceiver 1001 for @
25  transmission to customer premuse 1300 over communication channel 16 CO framer
1100 provides the interface to mux 1008 Alternauvely, mux 1008 could provide an
interface to supervisory module 1007, however, for the preferred embodiment, CO
framer 1100 can more conveniently provide the interface to supervisory module 1007
Mux 1008 selects one program group from the eight program groups on connection
30 1012 and routes the selected program group to the appropniate CO framer 1100 CO

framer 1100 then filters the desired program from the program group, combines it with

30
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identifiers (PIDs) within the program group that will extract the chosen channel
5  Supervisory module 1007 commands mux 1008, via CO framer 1100, to select the
appropriate program group, and commands CO framer 1100 to filter certain PIDs. In
this manner the chosen program is delivered to the user.
In order to gain access to Internet data, in this preferred embodiment, hub

module 1006 accepts 10base T Ethernet data at 10 Mb/s on one port, and repeats the

10  data to each of the other end ports Bridge 1004 provides an interface between 10base
T (LAN) connection at hub module 1006 and TTL level (WAN) data Bridge 1004
learns the addresses (i.e., the Ethernet, or medium access control (MAC) address) of
equipment connected to the customer premises side of bridge 1004 and filters out data
that does not correspond to those addresses On the WAN side, it interfaces to CO

15 framer 1100 over connection 1016 There are one bridge and one CO framer per
subscriber CO framer 1100 sends and receives Ethernet data to and from bridge 1004
over connection 1016, and control channel data to and from supervisory module 1007
over connection 1011 1t should be noted that Ethernet and the 10base T connection
are merely possible implementations to achieve the transport of bi-directional Internet

20  data between the central office and the customer pr;amlses Any data can be
transported using the concepts of the present invention CO framer 1100 also accepts
a digital video program group from mux 1008 over connection 1014, CO framer 1100
outputs data to the xDSL transceiver 1001 and receives data from DSL transceiver
1001 at a rate which corresponds to the xDSL operating mode which has been selected

25  (by supervisory module 1007) As mentioned above, a detailed description of the
operation of CO framer 1100 will be provided with reference to Fig 19 xDSL
transceiver 1001 sends and receives TTL data to and from framer 1100 xDSL
transceiver 1001 also sends and receives xDSL data to and from each subscriber over
connection 16

30 Supervisory module 1007 contains a microprocessor that is used to implement

a control channel to and from the subscriber in order to communicate with shelf
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ardb(, ERM = xDSL transceivers, reading the card addresses, implementing a serial data port to

communicate with shelf processor 300, monitoring the status of the xDSL transceiver
10 1001 and bridges 1004, and resetting modules on UAA 1000
Voltage management module 1002 allows live insertion of UAA module 1600
into a backplane without causing any errors on the backplane bus and without r)
damaging any of the devices on UAA module 1000 or without damaging any devices
on other parts plugged into the same backplane A hotswap controller integrated
15 circuit is used to perform this function and the integrated circuit provides a power on
reset to the microprocessor system
Fig 15 is a flow diagram of central office master workstation 650 Central
office master work station 650 functions as follows Block 651 provides the user
interface, which provides interface to subscriber database for UAA 1000 assignments
20  User interface 651 also provides the interface with which to configure and monitor
central office 400 equipment and provides a graphical user interface via, for example,
Java and HTML Subscriber database and control block 652 maintains a localized
mirror image of the contents of the system management work station 325 database for £
subscriber information including the following video channel authorizations, Internet "3
25  service authorization. account activity (pay per view (PPV) info). service enabling and
disabling, and channel viewing statistics Subscriber database and control block 652
also allows the uploading of billing information and downloading of subscriber
information Subscriber database and control block 652 also configures the UAA 1000
for service including initial set up and any change in service Hardware set up and
30  status display block 654 provides the following functions initiahizing of central office

400 equipment, monitoring status of central office 400 equipment, tncluding managing
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5 Embedded control network block 656 performs the function of communicating
information between COM 650 and the central office 400 equipment Embedded
control network 656 also allows the application programmer interface (API) to define
types of messages/commands that the system supports. System management
workstation interface block 657 provides bi-directional communication between central

10 office master work station 650 and the system management work station 325 located
in TPCC 100. COM 650 also provides the logic necessary for processing requests
from users pertaining to desired program viewing, collecting statistics on users’
channel viewing habits (r.¢ , which channels were viewed over a particular time
period), and assigning communications ports on UAA modules 1000 over which digital

15 video content, bi-directional Internet data and POTS is provided

Fig. 16 is a block diagram illustrating customer premise 1300 Digital video
and data enters customer premise 1300 from central office 400 via communication
channel 16 In the preferred embodiment, communication channel 16 is illustratively a
digital subscriber line communication channel which also supports POTS

20  communication Alternatively, communication channel 16 can be any communication
channel capable of supporting the communication of compressed digital video, bi-
directional Internet data and POTS, including but not limited to a wireless
communication channel Furthermore, the connections between IN1 1350 and
computer 1355, television 1365, and telephone 1360 may also be accomplished using

25 various connection methodologies including, for example but not limited to, wireless
technology

Communication channel 16 connects to intelligent network interface (IN1)
1350 Computer 1355, television 1365, and telephone 1360 are illustratively
connected to INI 1350 INI 1350 may also support additional POTS communication

30  lines 1353a and 1353b. which may also be in the form of a digital signal The

architecture and operation of INI 1350 will be discussed below
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5  employ any communication technology for communicating between customer premise

P PN A LAY

1300 and central office 400 Also connected to RADSL modem 1351 is telephone
136C RADSL modem 1351 also supports additional POTS devices over connections
1353a and 1353b, which may be in the form of digital service.
Processor 1354 connects to IR remote control interface 1358, RADSIL modem
10 1351, CP framer 1400, MPEG-2 chip set 1356, and graphics processor 1357
Processor 1354 controls the operation of INI 1350 in order to provide a video and
audio television signal from MPEG-2 chip set 1356 to television 1365, and data from ”‘)
Ethernet interface 1352 to computer 1355 over 10base-T Ethernet connection 1359
Processor 1354 also provides a serial data connection for debugging and maintenance,
15  and may also provide a connection for low data rate devices, for example but not
limited to utility or alarm monitoring Processor 1354 also connects to IR remote
control interface 1358
Referring now to Fig 17B. IR remote control interface 1358 (contained within
IN] 1350) aliows bi-directional communication of RF information via the dwelling RF
20  distribution system 1361 with one or more IR remc‘>te transceivers 1362, An IR
remote transceiver 1362 can be located at each viewing/controlling location
Fig 17C is a schematic view illustrating an IR remote transceiver 1362 of Fig
178 The communication of RF information is accomplished by converting the 3
received IR communications from a handheld remote control (not shown), received by @
25 IR receiver 1367b The IR receiver 1367b should be constructed so as to accept all
known carrier frequencies, for example, 1n the range of 32 to 40 KHz, and all codes
The envelope of the received signal is used io control, in the preferred embodiment, a
400 MHz frequency shift keying (FSK) transmitter 1363a, which transmuts the signal
over the dwelling RF distribution system 1361 to the INI 1350 via main RF signal path
30 1374 FSK transmitter 1363a and FSK receiver 1366b (and FSK receiver 1363b and
FSK transmutter 1366a of Fig 17D} connect to main RF signal path 1374 through
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main RF signal path 1374 in transceiver controller 1372 and passes a digital word to
processor 1354 (Fig 17A) via connection 1376. Transceiver controller 1372 also
10 transfers information between IR receiver 1367b and processor 1354 (Fig 17A) The
processor may also control devices that are connected to the main RF signal path 1374
and RF distribution system 1361 through a 360 MHz FSK transmitter 1366a, in similar
fashion to that described above, but at a frequency of 360 MHz
RF modulator 1368 receives audio and video input from MPEG-2 chipset 1356
15 (Fig 17A). RF amplifier 1369 and non-reflective notch filter 1371 assure that only the
desired signals are passed between RF modulator 1368 and main RF signal path 1374
This system allows simultaneous transmission of RF television signals and bi-
directional control signals Multiple IR remote transceivers 1362 can be installed in a
single system This system does not rely on the carrier frequency of the remote
20  control, nor on a specific code implementation The decoding of the codes and control
of the IR emitters are under software control in the processor 1354
Fig 181s a schematic view illustrating the location, and a possible
implementation, of CO framer 1100 and CP framer 1400 within the digital video and
data delivery system of the present invention. CO framer 1100 is located at central
25  office 400 and resides on UAA module 1000 (not shown) and receives video
programming content CO framer 1100 also receives and sends data services via the
Internet 14 CO framer 1100 communicates with modem 1351 in order to
communicate with corresponding modem 1351 located at customer premise 1300 via
communication channel 16 CP framer 1400 is located within INI 1350 and outputs
30 both a digital video program in MPEG-2 format to MPEG-2 decoder 1356 and

communicates data services with computer 1355 through network interface 1352
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1100 receives into packet identitication (

(PID) ﬁlter 110 °a program group, in the form
of an adaptive style MPEG-2 transport stream, containing multiple programs over
connection 1161  An MPEG-2 transport stream consists of a continuous stream of

5  transport packets All transport packets are 188 bytes in length The first byte is set to
the value 0 x 47 to aid in synchronization; this bit pattern is not unique and can occur
elsewhere in the packet Also included in the transport packet header is a packet
identificaticn (PID) field, this identifier distinguishes the payload of the transport
packet from the payloads of transport packets with other PID values In accordance

10  with the MPEG-2 protocol, a transport packet may contain a payload, an adaptation
field, or an adaptation field followed by a payload The adaptation field, when present,
provides additional information about the data stream

One of these extra pieces of information is a program clock reference (PCR)
value Both the encoder and decoder of an MPEG-2 transport stream use 27 MHz

15 clocks for their transactions These clocks drive a system time counter (STC), which
provides a constantly incrementing time stamp value The encoder uses its own STC
to time stamp the data being sent to the decoder The decoder receives the data
stream from the encoder, and uses its own STC to determine when to dispatch the time
stamped data to its internal units For simplicity, the encoder and decoder are not

20 shown However, since two completely different clocks are driving the STC counters,
there will inevitably be subtle vanations between the two due to process variations,
environmental conditions, ¢/c  These variations could cause decoding errors when the
data is received As a result, a way of synchronizing the decoder’s clock to the -
encoder’s clock is desired, despite the fact that the two might be on opposite sides of

25 the world The solution described herein 1s to use the PCR value contained within the
adaptation field

The PCR value is a copy of the STC in the encoder exactly at the point in time
when the PCR value is inserted into the transport stream as it leaves the encoder
ISO/IEC IS 13818-1, international standard (1994), MPEG-2 systems mandates that

30  the transmission delay from the encoder to the decoder be a constant quantity By

requiring this, the transport packets arriving at the decoder will be at the exact same
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110% ()- @ 10%?arﬁﬁdrgst|?eam on connection 1161 and distills the multiple program transport stream
into a single program transport stream for output on connection 1162 The resulting
transport stream is sent to asynchronous first-in first-out storage device (async FIFO)
for temporary storage.

15 PCR extract device 1130 (to be described in detail with reference to Fig. 25)
monitors the content of the single program group on connection 1162 and searches for
the presence of a PCR field When PCR extract device 1130 detects a PCR field, it
extracts, or more accurately copies, the PCR field from the stream and latches the PCR
value into PCR incrementor 1140 over connection 1164 PCR incrementor 1140 (to

20  be described in detail with reference to Fig. 26) accepts the PCR field over connection
1164 and increments its value by one on each 27 MHz cycle PID filter 1110, async
FIFO buffer 1125, PCR extract device 1130 and PCR incrementor 1140 all operate
from the common 27Mz clock provided by the backplane design. which delivers an
adaptive style transport stream (Fig. 20A) Importantly, the aforementioned

25  components within CO framer 1100 are clocked by the same clock that is used for the
adaptive style transport stream 1161 of Fig 20A) that is input to CO framer 1100, thus
allowing the CO framer to be economuically implemented as a synchronous unit

When CO data mux 1150 (the operation of which will be described in detail
with reference to Figs 27A, 27B, 27C and 27D) is ready to send an MPEG-2 packet,

30 it examines the contents of async FIFO device 1125 over connection 1166 If there is

a packet to be sent CO data mux sends the packet 1f this packet contains a PCR field,
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the CO framer is clocking in data at the same rate as the encoded video clock "'}
reference Specifically, the CO framer of the present invention simply adjusts the PCR
field by one unit on each 27Mz clock cycle of the adaptive style bus (Fig. 20A) until
15  the packet is ready to be sent to the modem
CO data mux 1150 also adds control channel 1174 to the digital video content
and the Internet data Control channel 1174 is established by capitalizing on the
unused transport_priority flag bit present in each packet (whether digital video
content, Internet data, or null) transported between central office 400 and customer
20  premises 1300 Control information is transmitted over control channel 1174, which is
a low speed control data channel in both upstream and downstream directions, by
using (or more accurately. overloading) the transport_ priority flag bit present in every
transport packet that is communicated between central office 400 and customer
premises 1300 CO framer 1100 and CP framer1400 use this extra bit to form a serial
25  stream in both the upstream and downstream directions, over which is communicated
control information such as programming requests from a user located at customer
premises 1300 In this manner, it is possible to transmit low speed serial messages
without interfering with the MPEG-2 program or regular data services A universal
asynchronous receiver transmitter (UART) unit within CO framer 1100 and CP framer

30 1400 generates and receives serial messages utilizing these bits, thus providing a
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respective byte contains valid data, the bus allows a transport stream of an arbitrary

data rate (up to 8 x (27x1 0%) b/s) to be transmitted An extra packet sync bit

10 (PSYNC), represented by signal 1177 is added to mark the first byte in every MPEG-2
transport stream packet This design allows the present invention to be very versatile
in accepting input transport streams of many different telephony rates Useful data is
extracted from transport stream 1161 by storing only those bytes whose associated
DVALID signal on line 1176 are asserted active Of this useful data being extracted,

15  the receiving device knows that the PSYNC signal on line 1177 is asserted on the first
byte of every transport packet

Fig 20B is a schematic view illustrating the formatting used to transport eight

sets of the adaptive rate transport stream of Fig. 20A over an optical link The
adaptive rate transport stream of Fig 20A 1s comprised of eight 10-bit parallel data

20 streams The eight streams are combined to form a basic 80-bit word The serial
stream is organized into frames, an exemplary one of which is illustrated as frame
1201 Each frame includes an 80-bit overhead word 1201a. an 80-bit rate-adjustment
word 1201b and thirteen 80-bit payload words 1201¢ through 1201n, resulting in a
frame of 1200 bits in length

25 Overhead word 1201a includes 32 framing bits 1202 and a four bit payload
pointer 1206 with forty-four 1204 unused bits in between The framing bits indicate
the start of a frame and are used to synchronize the serial data to the output parallel
data in remote video mput module 825 (discussed with respect to Fig 11C) The
payload pointer 1206 indicates whether the payload data begins in the rate adjustment

30  word 1201b, first payload word 1201c, or second payload word 1201d (not shown)

In this manner, the seral data stream adjusts the data rate to match the input data rate
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As can be seen interval t=1/c sec, where 0<a<27x10°  In this manner, any arbitrary

10 transport stream may be adaptively converted to the 27MHz transport stream

illustrated in Fig. 20A

Fig. 22 is a transport stream definition table taken from ISO/IEC 113818-1- ”’}
Table 2-3, which defines a transport packet per ITU-T Rec. H.222 0, which defines the
first three bytes of the transport stream packet of Figs 20A, 20B and 21.

15 lustratively, the first three bytes of each packet are sufficient to determine the PID
field of each packet Note that byte two contains bits 4-0 P1ID [12.8] packet ID high
(PIDH), while byte three contains bits 7-0, P1D [7 0] identifying, packet ID low
(PIDL) The use of the PIDH and PIDL bits will be discussed in detail with reference
to Figs 24A-B

20 Fig 23 is a schematic view illustrating the digital video program group
contained on connection 1161 of Fig 19 A program group consists of one or more
programs, illustrated by channels 1178 containing, for example, cable news network

(CNN) and channel 1179 containing, for example, home box office (HBO) While two

channels are shown for simplicity, many channels can simultaneously be carried in each
25  program group These programs are distinguished through the use of the packet ID
(PID) field Shown 1s a sample program group in which the several programs
contained in the program group are filtered down to a single progiam, illustratively
ordered by an end user, illustrated as CNN program 1178 emanating from packet ID
filter operation 1110
30 Fig 24A1s a schematic view illustrating PID filter 1110 of Fig 19 PID filter

111015 comprised of a plurality of 8-bit fatches 1111a-1111n, each configured to
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packets that contain undesired PID values In this manner, only the desired program is
extracted from transport stream 1161, containing the program group, through analysis
of the PIDL bits on connection 1116 and the PIDH bits on connection 1117. The
PIDL bits on connection 1116 and the PIDH bits on connection 1117 form the current
10 packet identification byte on connection 1118
Comparator 1121 analyzes the current PID value on connection 1118 and the
desired PID value on connection 1119 and if they match, r.e., the current PID 1118 is
the desired PID 1119, then comparator 1121 supplies an input to latch 1122 If the
PSYNC signal is asserted on connection 1177 and the comparator asserts a signal on
15  connection 1191 then latch 1122 asserts a signal on connection 1192 for input to and
gate 1112 If and gate 1112 receives input from latch 1122 and the DVALID signal
asserted on 1176, then and gate causes the DVALID signal to be deasserted through
latch 1114, while the filtered program group containing the desired packet ID is
supplied on connection 1162 to async FIFO buffer 1125 (Fig 19) and PCR extract
20 device 1130 (Fig 19)
Fig 24B 1s a decision flow diagram illustraung the operation of the PID filter
1110 of Fig. 24A  In block 1123 the PID filter receives a new packet In block 1124
it is determined whether this packet contains the desired PID value 1f the PID value is
as desired, then in block 1126 packet ID filter will await the next packet If the PID
25 value is not as desired, then in block 1127 PID filter 1110 will mark the packet as
invalid and then await the next packet in block 1126
Fig 25 is a decision flow diagram illustiating the operation of the PCR extract
device 1130 of Fig. 19 Inblock 1131, PCR extract device receives a new packet In
1132, PCR extract device 1130 determines whether the packet contains a PCR value
30  If no PCR value is contained in the new packet, then PCR extract device 1130 will

await the next packet in block 1134 Should the packet contain a PCR value, then
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15

will store the new PCR value received through mux 1141 on connection 1147 PCR
register 1144 is typically a 43-bit register. Either the new PCR value supplied on
connection 1164 or the current PCR value plus one supplied on connection 1146 is
latched into PCR register 1144 on every 27 MHz clock cycle so long as the PCR run
signal is asserted on connection 1171 The current value of the register is provided to
CO data mux 1150 over connection 1167 so that CO data mux 1150 can reinsert this
field back into the MPEG-2 stream as it is being sent over connection 1168 to f}
customer premise 1300 (see Fig 19) This technique allows the PCR field to be
adjusted by the correct amount in order to maintain its accuracy. For every 27 MHz
clock cycle, the PCR laden transport packet is delayed, the PCR field is incremented
one unit to compensate  When CO data mux 1150 is ready to send the PCR laden
transport packet to customer premise 1300, it stops the PCR incrementor from running
by deasserting the PCR run signal on connection 1171, and loads the updated PCR
field back into its original transport packet (this will be illustrated in detail with
reference to Fig 28)
Referring back to Fig 19, by using a transport stream interface that clocks data
along at 27 MHz, this same clock source can be used for the PID filter 1110, PCR
extract device 1130, async FIFO buffer 1125, and PCR incrementor 1140, whose PCR -
value is expressed in units of 27 MHz clock cycles. This allows all these units to be @
implemented as a simple synchronous hardware design It should be ncted that the 27
MHz data clock associated with the incoming transport stream may well vary from the
27 MHz clock used at the encoder 1t 1s therefore likely that the amount added to the
PCR field may vary very slightly with a value generated had the encoder clock been
regenerated locally However, the variation between the two clocks over the short
time that the PCR incrementor 1140 runs is extremely small By using the data clock

in heu of attempting to regenerate the encoder clock, CO framer 1100 significantly
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5 1151 receives a new value from PCR incrementor 1140 over connection 1167, receives

Srar. TSIt V&‘}‘ 23 Pt s o ok P

QA Lo s

data services input over connection 1169, receives data from async FIFO buffer 1125
in the form of a delayed program over connection 1166 and receives input from
decision maker 1152. Decision maker 1152 asserts or deasserts the PCR run signal on
connection 1171 in order to stop or continue operation of PCR incrementor 1140.

10 Mux 1151 chooses to send data from async FIFO buffer 1125, data services 1169, or
replace a packet’s PCR field with a new value over connection 1167 based upon
current requirements Mux 1151 provides the final transport stream over connection
1168 to modem 1351 for transport over low bandwidth communication channel 16

Fig 27B is a state diagram illustrating the operation of the decision maker

15 1152 of Fig. 27A 1n states m0, m1 and m2, a byte containing video programming
content is read from async FIFO buffer 1125 and sent over connection 1168 to modem
1351 In state m3, a byte is again read from async FIFO buffer 1125 and sent to
modem 1351 If bit 5 is set, go to state m4. else go to state mwait In state m4, a byte
1s again read from async FIFO buffer 1125 and sent to modem 1351 If zero, go to

20  state mwait, else go to state m5 In state m5, a bytle is again read from async FIFO
buffer 1125 and sent to modem 1351 If bit 4 1s set, go to state mo, else go to state
mwarit If the state machine reaches the mé state, then a PCR value is present in the
packet, and therefore the old value is substituted with a new value as follows

In states m6, m7, m8, m9, m10 and m11, a byte is read from async FIFO buffer

192
(a1

1125 and discarded The PCR run signal on line 1171 is deasserted During each of
the next six clock cycles, the six bytes associated with the new PCR field (connection
1167) are transmitted 1n lieu of the six bytes associated with the old PCR field

In the mwait state, a byte is read from async FIFO buffer 1125 and sent to
modem 1351 and the next packet decision (1152) is awaited
30 In state i0 a standard MPEG-2 synch byte (0x47) 1s sent to modem 1351 In

state il. the byte Ox1F 1s sent to modem 1351 In state i2, the byte OxFE 1s sent to
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In state n0. a standard MPEG-2 synch byte (0x47) 1s sent to modem 1351 In
state nl, the byte Ox1F is sent to modem 1351 In state n2, the byte OXFF is sent to
modem 1351. In state n3, the byte 0x1f is sent to modem 1351, where f is the
appropriate continuity_counter value 1In state nwait, the byte OxFF is sent to modem
1351 and the next packet decision (1152) is awaited

Fig 27C is a flow chart illustrating the operation of CO data mux 1150 of Fig
27A In block 1153, CO data mux 1150 is ready to send a new packet In block 1154,
it is determined whether there is an MPEG-2 program packet ready to be sent from
connection 1166 (Fig 19) If an MPEG-2 program packet is available, then it is sent
over connection 1168 to modem 1351 in block 1156 If there is not an MPEG-2
program packet ready, then in block 1155 CO data mux 1150 will determine whether
the data quota has been reached If the data quota has been reached, then in block
1157, CO data mux 1150 will send a null packet 1f it 1s determined in block 1155 that
the data quota has not been reached, then CO data mux 1150 will send a data services

packet in block 1158

Fig. 27C is a flow chart illustrating the CO data mux program packet decision
making function 1152 of Fig 27A 1Inblock 1181, the choice has been made to send
an MPEG-2 program packet, block 1181 corresponding with block 1156 of Fig 27B
In block 1182, it is determined whether the packet to be sent contains a PCR value 1If
the packet does not contain a PCR value, then in block 1183, the MPEG-2 program
packet is sent If in block 1182, it is determined that the packet does contain a PCR

value, then in block 1184, the PCR run signal on connection 1171 (Fig 19) is
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(Fig 19) PCR field adjustment is performed on packets that contain the PCR field in

10 accordance with the description of Fig. 26

Fig. 29 is a schematic view illustrating the CO data mux of CO framer 1100 of
Fig 19 in an upstream (customer premises 1300 to central office 400) direction
Although omitted for simplicity from Fig 19, CO framer 1100 includes in addition to
CO data mux 1150, CO data demux 1155. CO data demux 1155 receives bi-

15 directional Internet data from customer premises 1300 over connection 1168 and
control information over control channel 1174 CO data demux routes the Internet
data to, for example, computer 1335 (not shown) over connection 1169 The
operation of control channel 1174 is as discussed above

Fig 30 is a schematic view illustrating the CP data demux 1455 in a

20  downstream direction The video programming content and data is received on
connection 1456 from DSL modem 1351, CP data demux 1455 separates the video
programming content for input to MPEG-2 decoder 1356 (Fig 18) over connection
1457 and the bi-directional Internet data for input to computer 1355 (Fig 18) over
connection 1459  Also providing input to CP data demux 1455 is control channel

25 1174 the operation of which was discussed with respect to Fig 19

Fig 311s a schematic view illustrating CP data mux 1450 of the CP framer
1400 of Fig 17A in an upstream direction Bi-directional Internet data 1s received 1n
CP mux 1450 over connection 1459 and transported to DSL modem 1351 for
communication over communication channel 16 Note that CP data mux 1450 sends

30 only bi-directional Internet data and control information over control channel 1174 in

the upstream direction
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20  existing transport stream Items performing like fu.nctions to those described with

reference to Fig 19 are given the same reference numerals and will not be described in

detail again As can be seen, a program to be added is supplied on connection 1551 to

async FIFO buffer 1125 PCR extractor 1130 also monitors the transport stream on q

connection 1551 in similar fashion to monitoring the output of PID filter 1110 of Fig
25 19 PCR extractor 1130, PCR incrementor 1140 and async FIFO buffer 1125 all

perform the same function as described above Program mux 1350 replaces CO data

mux 1150, and receives existing program streams over connection 1552 Program

mux 1550 will substitute incoming nuil packets with packets associated with the new

program and supply an output on connection 1554 comprising the new n + ] program

30 stream
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P, 109 & () - Theded®5A. hdvéa (thurs desd@R4d B irkvdmtidh) atliBastlthe foﬂt&ﬁi@é’/ﬁ; Qaimed:

L610% & ()-1 Myet|[:vU410 ] #10% & ()- s$10% & ()-3 sYI0% & ()- ,10% & () -
, 10 & () - , 10 n('& ()-t[K[:vWl4l1l0 ] &I0% & () - 10% & ()- 10% & () -
F 10% & ()- f10% & (A systbm for maintaining timing synchronization in a digital video transport

2 system, comprising.

3 a filter configured to receive a program group containing a plurality of programs and
4 isolate at least one of said programs,

5 a buffer in communication with said filter,

6 a program clock reference (PCR) extractor in communication with said filter, said

7 PCR extractor configured to extract a PCR value from said program;

8 a counter in communication with said PCR extractor, said counter configured to

9  receive said PCR value and increment said PCR value during a clock cycle, and
10 a multiplexer in communication with said counter and configured to receive an output

11 of said buffer and said counter.

] 2 The system as defined in claim 1, wherein said PCR extractor is configured to

2 copy said PCR value from said at least one program into said counter

1 3 The system as defined in claim 2, wherein said counter is configured to

2 overwnte said PCR value into said at least one program

] 4 The system as defined in claim 2, wherein said multiplexer is configured to

2 add to the output of said buffer and said counter at least one bi-directional data channel

] 5 The system as defined in claim 2, wherein said multiplexer is configured to

2 add to the output of said buffer and said counter at least one telephone channel,

1 6. The system as defined in claim 2, wherein said multiplexer is configured to
2 add to the output of said buffer and said counter at least one bi-directional data channel and at

3 least one telephone channel.

i 7 The system as defined in claim 2, further comprising a demultiplexer
2 configured to receive and separate at least one bi-directional data channel and at least one

3 telephone channel
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] 13, The method as defined in claim 12, further comprising the step of separating

2 said at least one bi-directional data channel and said at least one telephone channel

1 14 A method for transporting a video signal, a bi-directional data signal, and a

2 telephone channel, comprising the steps of
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" #$9& () * 8 routing said bi-directional data signal to a data interface;
9 routing said telephone signal to a telephone; and
10 routing said control channel to a processor
1 15 The method as defined in claim 14, further comprising the steps of*
2 multiplexing said bi-directional data signal and said control channel, and
3 delivering said multiplexed signals to a transceiver.

1 16 The method as defined in claim 14, wherein said control channel is provided
2 by using an unused bit in an MPEG-2 transport stream in order to allow a user to

3 communicate control information via said transceiver



