* 27 APRIL 2004 WO 01/ 31605 PCT/ US00/ 29747 -1 ADAPTI VE BANDW DTH SYSTEM AND
METHOD FOR BROADCAST DATA Background of the Invention This I%@F'@EZOM
rel ates generally to a system and nethod for providing an

- bandwi dt h s stem and nmethod for a broadcast systemand in particular, to a
5 systen 243 hod for allocating bandwi dth over a br oadd’pefértmfto%%”%ystem
in response to downstream end user behavior. Typical broadcast type
systens, such as television systens and cabl e systens, broadcast the sane
signal to all service nodes and/or subscribers. These typical systens are
known as broadcast systens because a single identical signal is transmtted
10 at all tinmes regardl ess of whether it is being used by any end user. It
is desirable for broadcast systens, such as cable television systens, to
‘be able to have a digital packet swfched systemso that system bandw dth
is only used for services actually being used by end users. There are
various di.fferent systems that attenpt to provide sone features of a 15

“swi tched ens, For exa Ie one atent aSS|gned to
St anf ord Be AARE METHOI FORBROADCAST DAJ
denogr aphi cal | y- def| ned aud| ence in a cabl e system i n whi ch one or nore
di ffere(r]g adkapainglof tkORb BN advertisenents permt advertisenments to be

“targeted to a particular group of custoners. 27 APRIL 2004 WO 01/31605
PCT/ US00/ 29747 . '

This invention relates generally to a system and method for providing an

adaptive bandwidth system and method for a broadcast systefn and in particular, to a
5  system and method for alldcating bandwidth over a broadcast type system In response

to downstream end user behavior.

Typical broadcast type systems, such as television systems and cable systems,
broadeast the same signal to all service nodes and/or subscribers. These typical
systems are known as broadcast systems because a siﬁgle'identical signal is transmitted

10 atall times regardless of whether it is being used by any end user. Itis desirable for
broadcast systems, such as cable television systems, to be able to have a digital packet
~ switched system so that system bandwidtﬁ is only used for services actually being used

by end users.

There are various different systems that aftcmpt to provide some features of a
15 . switched system to broadcast systems. For example, one patent, assigned to Stanford
University, describes a méthod of tracking and targeting a demog_raphically-deﬁned
audience in a cable system in which one or more different channels containing

‘advertisements permit advertisements to be targeted to a particular group of customers.



-2 The patent does not describe, however, a digital data switched system
for a broadcast system Another patent, assigned to Zenith, 'i?hgﬁ?ggg
met hod for nul tiplexing conpressed video and auxiliary data "on TV
transm sghepssyst em The system includes a feedback nmechapirfigyisaly al | ows
‘the nmultiplexor .to vary the buffering rates 5 of the conponents of the
signal in order to maintain certain quality levels. Again, this systemis
not a digital data switched network. Yet another patent, assigned to
Lucent, describes a nmethod for multiplexing data services across nultiple
TV transm ssion channels. In this nmethod, the maxi numdata | evels are

~ fixed on each channel but a bandw dth manager dynam cally tracks bandw dth
usage on the channels and has the 10 ability to determ ne on which
channel (s) any additional traffic w l-R-be located. A digital data switched
network may provide a broadcast systemw th nany advantages and
capabilities not now available with a broadcast system For exanple, the

si gnal s, T‘gggpﬁéﬂ{' s 2t Hes%ﬁﬁ&rh%%é}gaﬁlg@ﬁgh&a%%cﬂéﬁ’gsﬁe}lﬁa | yr?)tr(?aéicps@i ng sent

to each scriber or service no € nore speci rgeted to

each subscriber or 15 service pode. .In addition, t bandw dt h bei ng

al | ocat e¥/steg- a%wtngt@tswwle t%g?}‘“l?edlsFlﬁé?se"‘a@é@ng%P% 0% reduced to
zero for sone period of tinme. The digital switched systemalso pernmts

i ndi vi duaimpredsed pider @pd abxidiagnddts on thelsemediit tansmimsihn systarnc Fhaggitem  Thus,
it is desirable to provide a digital data swtched network for typical

br oadcasfclygysd £EBbaARAnédhahidnt Bad dlo%wsSAcmuliiickd? %o RAGIBRObuffEhitptaledN 1S
directed. 27 APRIL 2004 WO 01/ 31605 PCT/ US00/ 29747 Summary of "t he I nvention
5  of the components of the signal in order to maintain certain quality levels. Again, this
system is not a digital data switched network. Yet another patent, assigned to Lucent,
describes a method for multiplexing data services across multiple TV transmission
channels. In this method, the maximum data levels are fixed on each channel but a

bandwidth manager dynamically tracks bandwidth usage on the channels and has the

10 ability to determine on which channel(s) any additional traffic will be located.

A digital data switcheﬁ network may provide a broadcast system with many
advantages and capabilities not now available with a broadcast system. For example,
the signals, including both programming signals and advertisements, being sent to each
subscriber or service node may be more specifically targeted to eaéh subscriber or

15 service nede. In addition, the bandwidth being allocafed to anjz single service may be
increased, decreased or reduced to zero for some period of time. The digital switched
system also permits individual multiplexes of signals to be sent to each service node.

- Thus, it is desirable to provide a digital data switched network for typical broadcast

systems and it is to this end that the present invention is directed.



+ A bandw dt h adaptive system and nethod for a broadcast data systemis
provided. The systempermits a broadcast system such as cablﬁ F’?%Vfi'bh t he
bandw dth of any service being provided to a service node or a su scrl
based on feedback from5 the service node or subscriber. The system may
al so peM@OL31683 ti cul ar service to be dropped for sone BEZGHORRHWhHed
period of time so that that bandwi dth may be used for other service. In
general, the systempernmts a typical digital broadcast tel evision type
system such as cable, to be converted into a digital data switched network
system In nore detail, the systemmay include a re-nultiplexor that
re-apportions the 10 bandwi dth of the system based on feedback fromthe
downstream subscri bers or service nodes. The feedback fromthe subscribers
“or service nodes may be generated  baged on the downstream end user
behavi or. For exanple, if all of the subscribers to a particular service
node are not currently using. a particular service, the bandwi dth allocated
“to that unused serV| ce for the particular service node may be reduced and
t hen 15 UHENMYLAAUGAVERRONAN dt h may be apportioned to ot her services. The
system al so permts a service to be added or dropped with mnimal |atency
and for different nultiplexes of signals to be generated for each service
node dependi nfgbamdwidéh adaptiensystonedisd nietliodefor s broadest dmaleystda igdr op/ add a
service, the systemmay use a novel ring buffer nechanismas wll be
describ il R / J‘?%}% 29747 In
accorda?g%ﬂ%(?w]%@ns asp %?ﬁ%f 2 b %&Fﬁv% %F%g%aa\é\%@% % t@ﬁ%g
bandwi dth efficiencies in.the distributio ital
and dat g'f]a%ﬁerawe@smg@wfl@wsﬁ ngeg?éqﬁ.ass G bieacn s%clb@&s%p
different transm ssion channels or

the service node or subscriber. The system may also permit a partlcular service to be

audi o

dropped for some predetermined period of time so that that bandwidth may be used for
other service. In general, the system permits a typical digital broadcast television typel

system, such as cable, to be converted into a digital data switched network system.

In more detail, the system may include a re-multiplexor that re—a?portions the

10 bandwidth of the system based on feedback from the downstream subscribers or

service nodes. The feedback from the subscribers or service nodes may be generated

based on the downstream end user behavior. For example, if all of the subscribers to a

particular service node are not currently using a particular service, the bandwidth

allocated to that unused service for the particular service node may be reduced and then
15 the freed up bandwidth may be apportioned to other services. The system also permits

a service to be added or dropped with minimal latency and for different multiplexes of

' signgls to be generated for each service node depending on the current needs 6f the
service node. To drop/add a service, the systeni may use a novel ring buffer

mechanism as will be described below in more detail.



portions thereof can be dynam cally custom zed to contain only those
digital video, 5 digital audio and data conponents of value &y Agﬁt"_rzioﬁg to
t he custonmers served by those channels. This custom zation may be .
acconpl i, it h a dynam ¢ bandwi dth nmanagenent conpone i.smt hat
has t he (Eﬁﬂ?ﬁ@gto nonitor and react to changing custonepeéggﬁ&ﬁﬁﬁfterns,
and to instruct a re-nultiplexor nodule to allocate bandw dth fromdigital
services that require |l ess bandwidth at a given tinme to services 10 that
require nore bandwi dth. One or nore different flow control mechanismin
accordance with the invention to achieve this goal are described below In
addition, the bandwi dth efficienciés described herein may be obtai ned

Wi t hout causing a degradation of service to the custonmers of the system

t hrough a variety of techniques desc#ibed herein. The system descri bed
herein requires the creation and distribution of 15 unique mnultiplexes for
each digital carrier channel in each optical node in a cable television
system In acgordance w th anothe ect of the jnyentian, .the system nmay
Uhel ude a | delhecRRBRYR It AOF SnickotiBE Menion » Hsthod FarepiRiAiBg s n dat a,
such as the data needed for the CNN or EPSN tel evision services, and IP
dat a, arRrodwidiheRficienried in deudisaibution opdignpRyideq digitalwndie A3d 6@t over a

- PCT/ US00/ 29747 -5 nmul tiplexing systemthat dynam cally allocates the

bandwi dtdablateldvisicySisem (s@rovidedr In pRficiGCaTeeas rafdRiSsion bRadhéRH C _
al l ocation may occur based on feedback about subscriber behavior that is

the bandracs SH ot G bAMREALR ARG blcPaBH By A BBl Vel © Ot

5  digital andio and data components of value at that time to the customers served by

those channels.r This customization may be accomplished with a dynamic.bandwidth
‘management component/mechanism that has the ability to monitor and react to
changing customer usage pﬁttems, and to instruct a rc-mulﬁplexor module to allocate
: bandWidth from digital services that require less ban&width at a given time to services
10 that require more l;andmddth; One or more different flow control mechanism in |
accordance with the invention to achieve this goal are described below. In addit_ion, '
the bandwidth efficiencies described herein may be oi}tained without causing a
degradation of service to the customers of the system through a variety of techniques
described herein. The system described herein requires the creation and distribution of
15 unique multiplexes for each digital .ca:ricr channel in each optical ﬁéde in a cable

television system.

In accordance with another aspect of the invention, the system may include a
data recetver that receives digital broadcast television data, such as the data needed for

‘the CNN or EPSN television services, and IP data, and a bandwidth allocation and




*5 multiplexor, a bandw dth nmanager and a digital broadcast television
services server connected together. The server receives the 4« out
. the subscriber's behavior and forwards it onto the bandw dt hiﬁﬁgkgfelrépah
Based on_t he subscriber behavior, the bandw dth manger may det erm ne how
to al | ocXPMBESpandwi dth of the system The re-nultipl exrIHEP284 ocat e
the system bandw dth based on the commuands fromthe 10 bandw dth manager.
Using this system a switched digital data network for broadcast type data
is provided. Brief Description of the Drawings Figure 1 is a block diagram
illustrating a broadcast systemincorporating the bandw dth all ocation
systemin accordance with the invention; 15 Figure 2 is a diagram
illustrating an enbodi nent of the bandw dth allocation nethod in accordance
Wi th the invention; and Figure 3 is asdiagramillustrating another
enbodi nent of the bandw dth allocation nethod in accordance with the
i nvention. 27 APRIL 2004 WO 01131505 PCT/ US00/ 29747 -6 Detail ed Description

= of Pr ef d .Enbodi t The i i i ticul.arl | i cable t
dynam ¢ BUMRTURASBE o Apppealiimorstcs S BREbfitIE e palets fy Roa gi ¢

broadcast television cable systemand it is in this .context that the
i nvent i omow servipes nisles.r Thedynamic wllbéatios reaypeceur based on Hesdbuak gbothat t he 5
system and nmethod in accordance with the invention has greater utility,

such as &ubseitie behdNAaSaaE 18 ResHhe Yan W RIS MochRoyhE Rufipladhe syrandwi dt h

allocation is desirable. In the
" In more detail, the bandwidth allocation and multiplexing system may include a re-

5 multiplexor, 2 bandwidth manager and a digital broadcast television services server
connected together. The server receives the feedback about the subscriber's behavior
and forwa;ds it onto the bandwidth ménager. Bﬁsed on the subscriber behavior, the
bandwidth manger may determine how‘to allocate the bandwidth of the system. The
re-multiplexor may allocate the system bandwidth based on the commands from the

10 bandwidth manager. Using this system, a switched digital data network for broadcast

ty_perdata is provided.

Brief Description of the Drawings

. Figure 1 1s a block diagram illustrating a broadcast system incorporating the

bandwidth allocation system in accordance with the invention;

15 Figure 2 is a diagram illustrating an embodiment of the bandwidth allocation

method in accordance with the invention; and

Figure 3 is a diagram illustrating another embodiment of the bandwidth

allocation method in accordance with the invention.



preferred enbodi nent, the invention may be inplenented by one or nore

pi eces of hardware, such as the servers, the re-nultipl exor %pﬂgkﬂg 004
service nodes, and one or nore pieces of software, such as t gth
manager a§§; gware in the service 10 nodes and the re- mgliRl6 ﬁﬁﬁ -t hat
are execute y the one or nore pieces of hardware. Together, the %ardmare
and software inplenent the bandwi dth allocation system Now, the bandw dth
al l ocation system for broadcast data in accordance with the invention wll
be described in nore detail. Figure 1 is a block diagramillustrating a
broadcast system 10 incorporating the 15 bandw dth allocation systemin
accordance with the invention. In this exanple, a cable television

transm ssion systemis shown that may use frequency division multiplexing
techni ques to distribute data ("Servi-ee Data") for various digital video,
digital audio and data services (the "Customer Services") over multiple
carrier channels to custoners of the system The system may use vari ous

mul ti pl epiQ B&B;%%ﬁ%f%%ggrﬁ@ﬂl&i[m 01/ 31605 PCT/ US00/ 29747 -7
di stribute nultrplre Cust ervices wthin each carrier channel. Digital

video Custoner Services may include digital broadcast teI evi si on servi ces,

such as a ca tel evisio twor k ete serv SUG

vi deo- on- de %W@W@Pﬂﬁ@ﬁ‘ﬂé’&ﬁgﬁ?ﬁﬂﬁﬁ a(‘%%’l*é g’afeéi bit rate
(VBR) video streans, and may be sent 5 encrypt ed or unencrypt ed. Each

di scr et endsulsaritier bbhhs@orpn@giilgiml braadrastitebeyisatn calfle Fystem andiitas inthiseo and
associ ated data, is to be considered a single Custoner Service. The

Tr ansm spn@it B46 RV a/lotES Feateviried Nades! telupreemtvd) hotede: BTG Set of
carrier

75 system and method in accordance With the invention has greater utility, such as to other
fypes of broadcast systems in which dynamic bandwidth allocation is desirable. In the
preferred embodimeﬁt, the invention may be implemented by one or more pieces of
hardware, such as the servers, the rr;—mu]tiplexor and the service nodes, and oné or
more pieces of software, sﬁch as the bandwidth manager and software in the service

10  nodesand th¢ re-multiplexor, that are executed by the one or more pieces of hardware.

Together, the hardware and software implement the bandwidth allocation system.
Now, the bandwidth allocation system for broadcast data in accordance with the

invention will be described m more detail.

Figure 1 is a block diagram illustrating a broadcast system 10 incorporating the
15  bandwidth allocation system in.accordance with the invention. In this example, a éable
television transmission system is shown that may use frequency division multiplexing
techniques to distribute data (“Service Data”) for various digital video, digital audio
and déta services (the “Customer Services™) over multiple carrier channels 1o -

customers of the system. The system may use various multiplexing techniques to



" channels is sent to all custoners served by that Node, with each custoner
“tuning to the <carrier channel and data streans- within that ed
. toreceive a particular 10 Custoner Service. In nore detai|,q?ﬁ§p§@%?§9?10
may include a service server portion 12, a bandw dth allocation and

nui ti pl eXPd/38608t em 14, a transmission system 16 and one JICTWRPRI¥onsuner
prem ses equi pnment (CPEs) 18. In operation, the service servers nmay

receive incomng data to be transmitted via the broadcast system and
recei ve feedback 15 about the subscriber behavior that is used to control

t he bandwi dth allocation, the bandw dth allocation and nultiplexing system
14 may dynam cally all ocate bandw dth based on the subscri ber behavi or and
generate a possible unique nultiplex of signals for each service node, the
“transm ssi on systerm may connect the service servers and bandw dth

all ocation and nultiplexing systens to the CPEs and communi cate the 27
APRI L 2004 W 01/ 31605 PCT/ USOQ 29747 -8 nmul tipl exes to each service node
-and the CIEs may communi cate the signals to the _indjvidual .subscribers. In
a pref erfiggbairsBaltiptsCustemer Seryisshvithingach garrishehagnely \Digital wideasr r est ri al
cable, a fiber optical cable, a wireless cable or a satellite system and

t he CPHESustamebferopes aal imdudepdipital tooadebsetlevisiah sexyideprsaoh as kagdle CPE 18 may
include a 5 service node 20, that may be an optical node in a preferred

embodi Megfeyi i ndwbAd bt BlroetSPrficd? sEaT %8HddNord-Aah LeftRde W th the

: axﬁpxgia 8
coaxi al cabfe connecti ng %ne or nore custoners 24 an fhe servi ce node

et onlit B T AR SO oo B 0 By sl Trom the

.5 encrypted or unencrypted. Each discrete digital video program, including all of its
audio, video and associgted dafa, is to be considered a single Customer Service. The
Transmission System includes Service Nodes 20 from which a common set of carrier )
channels is sent to all customers served by that Node, with each customer tuning to the
carrier channel and data streams within that channel needed to receive a particular

10 Customer Service.

In more detail, the system 10 may inc]ude a service server pdrﬁon 12;a
bandwidth allocation and multiplexing system 14, a transmission system 16 and one or
more consumer prgxrlises equipment (CPEs) 18. In operation, the service servers may
receive incoming data to be transmitted via the broadcast system and receive feedback

15 aboutthe éubscriber behavior that is used to control the bandwidth allocation, the
~ bandwidth allocation and multiplexing system 14 may dynarmically allocate bandwidth
based on the subscriber behavior and generate a possible unique multiplex of signals
for each service node, the transmission system may connect the service servers and

bandwidth allocation and multiplexing systems to the CPEs and communicate the



househol d. The servi ce node nmay al so generate information about subscriber

- behavi or, 10 such as real-tinme channel tuning information, t nWsed
by the bandwi dth allocation and nultiplexing systemto all ot(?;‘e\ﬁﬁléaaou :
bandwi dify, aypge t he Customer Services. The service servepsygdodfdhareach
Custoner Service may include a video on demand (VOD) service server 30, an
JP data router 32 and a digital broadcast 15 tel evision service server 34.
The VOD service server 30 may generate VOD service data that is passed on
to are-nultiplexor 38 of the bandwi dth allocation and nultiplexing system
14 based on the bandwi dth allocated to the VOD service, may generate
bandwi dt h requests that are passed onto a bandw dth nmanager 40 and nmay
receive a bandwi dth allocation response fromthe bandw dth nanager. The IP
router 27 APRIL 2004 WO 01/ 31605 PCT#8JS00/ 29747 -9 32 may receive |P data
to be conmmuni cated over the system 10., may generate |IP service data for
re-transm ssion by the re-multiplexor 38 based on the bandwi dth allocated

to the |.GE, @ng reqiest bggl{]% t he

bandw d ultﬁ%%égét? eﬂ%ﬁ‘agﬁgé&%%ggﬁge a%]%\%i%’t"ﬁ a ?%{::glti ?ge]gg&ér)lses from
the 5 bandw dth manager. In additiopn to the VOD and | P data, the

s mul ¢ SREGE SHRSFREGo n p@EdFTed HPpdiment Sy ERRS RSN WOeE) MY Peans. The
di gital broadcast television service server 34 may receive subscriber
behavi oa téresstiad cible safiberaptiogtcableah wirekiss tableochsatelbte system amgl theif or mat i on,
-from each service node 20 over the transm ssion system 16. The subscri ber

behavi orpgig gy BofiRaPERERASRSr LR ARAPER Sinédl BREREPEN salinchide acur rent

5  service node 20, that may be an optical node in a preferred embodiment, and a coaxial
cable 22 served by that optical node with the coaxial cable connecting one or more
customers 24 and the service node togefher. The serv_icc node 20 may receive a
multiplex of signals from the system 10 and then distribute the services to each
household. The service node may also gcﬁerate information abqut subscriber behavior,

10  such as real-time channel tuning information, that ma;vr be used by the bandwidth
allocation and multiplexing system to allocate the bandwidth among the Customer

Services.

The service seﬁem 12 for each Customer Service may include a video on
demand (VOD) service server 30, an IP data router 32 and a digital broadcast
15 television service server 34. The VOD service server 30 may generate VOD service
&m that is passed on to a re-multiplexor 38 of the bandwidth allocaﬁon and
multiplexmg system 14 based on the béndwidth allocated to the VOD gervice, may
generate bandwidth requests that are passed onto a bandwidth manager 40 and may

receive a bandwidth allocation response from the bandwidth manager. The IP router




* 10 bandw dt h demands of each service node 20 and then may be forwar ded onto

-

't he bandwi dt h manager 40 that nmay use the feedback to dynam cgj % ggte
an

t he. bandw dth of the system between the various services. The

al | ocat | ﬁ@&gg{mltlplexmg system 14 may include the re-p é& or 38
and t he manager 40. The bandw dt h manager 40 nay nanlcally
allocate, in real-tinme, the bandw dth of the systemto the various services
based on the feedback data and the bandw dth requests fromthe service
servers and then issue bandwi dth instructions to the re-nmultiplexor. The
re-nmul tiplexor 38 may, based on the instructions fromthe bandw dth
manager, generate a multiplex of signals for each service node 20. For
exanple, if one service is being dropped for a 27 APRIL 2004 WO 01/ 31605

-PCT/ US00/ 29747 -10 predeterm ned peri9od of time froma particular service
~node, then that service node's nmnultiplex of signals will not include the

dropped service. The capability for the re- nultiplexor, to ensure that all

T the SRR ek RaRERd Bullfs SR TP e TR TR P ot o

packets and various statistical nultiplexi ngj@t echni ques The Bandw dt h
Manager service datadfpneairacsmissian bicthe reraltin]eeasi3s tysed prethehapdwidth Services for
Bandwi dt h Services on the Transni ssion System and can dynamically allocate

Bandwi dhllocagiiMio@RSIP Seiog nadytegeniiatd thndaidth esquebenabe serit@o grch Cust oner
Servi ce based on the requests specified by the Custoner Service and based

on a f%&ﬁd\&ﬁmblﬂﬁfa%eﬁwm 844 1 MRRRYERRA 1 RBdE BRpoddas a3aNgw dth Manager

Deci sion 1Iree

5  bandwidth manager. In addition to the VOD and IP data, the re-multiplexor may also
| receive digital broadcast television streams. The digital broadcast television service
server 34 may réceiVe sﬁbscriber behavior feedback, such as optional feabﬁme channe]
tl;ning ihfonnatiﬁn, from each service ﬁode 20 over the transmission system 16. The
subscriber behavior data may be processed to generate information about the current
10  bandwidth demands of each service node 20 and then may be forwarded onto thé
- bandwidth manager 40 that may use the feedback to dynamically allocate the

bandwidth of the system between the various services.

The bandwidth allocation and multiplexing system 14 may include the re-
multiplexor 38 and the bandwidth manager 40. The bandwidth manager 40 may
15  dynamically allocate, in real-time, the bandwidth of the system to the various services
based on the feedback data and the bandwidth réquests from the service servers and
then issue bandwidth instructions to the re-multiplexor. The re-multiplexor 38 may,
based on the instructions from the bandwidth manager, generate a multiplex of signals

for each service node 20. For example, if one service is being dropped for a




i npl enent rul es such as: 1) Reserve bandwidth for a particul ar Custoner
. Service permanently; 2) Reserve bandwi dth for a particul ar Cugt 1 ice
for a specific period of time; 15 3) Reserve bandwi dth for a pag?ﬁéb gpx :

Cust one i until the set-top box requesting the bangw J ur ned
B, BB

of f; 4) ndw dth for I P Custoner Services if any gita I deo
Services, such as VOD or Digital Broadcast Services, request use of the
bandw dt h; 27 APRIL 2004 WD 01/ 31605 PCT/ US00/ 29747 -11 5 5} Apply a rating
systemto each type of Custoner Service, and allocate bandw dth according
to the rating's system such that any Service with a higher rating

recei ves requested bandwi dth if no other Service with a higher rating has
requested the bandwi dth for the sanme tinme slot. Bandw dth Services may al so
be specified to include a nmaxi num artll-or average bit rate. The Deci sion
Tree may also include a rule that if no custoner served by a particular
service node ("optical node") is tuned to .a particular digital video

QuSt O hrefBtetinfiE pBH5 P 8 paftRblaf stebloR ol il EhHRHS: nodagn. ¢ hat

Cust one ervi ce e signi degra or even tenporarily 10

renoved fromthe .data ltiple ent through that chanpel .- .in order to

reduce PHEIRIFHOhizRals Wgﬂﬂm @Fwééa%?éfiﬂﬁfdﬁﬁ 1%{1&5&”?%?3’ foptheirese.
multiplexor to ensure that all of the Bandwidth Services allocated to the Customer

Services are provided to the Services through a varniety of techniques, including

5  dropping data packets 'dnd various statistical multiplexing techniques.

The Bandwidth Manager 40 can dynamically track the requests of the Customer
Services for. Bandwidth Services on the Transmission System ana can dynamically
-allocate Bandwidth Ser\-ric:f':s. ambng and within carrier channels to each Customer
Service bésed on the requests specified by the Customer Service and based on a .rules-
16  based Bandwidth Manager Dcéision Tree. The Bandwidth Manager Decision Tree will

implement rules such as:
1) Reserve bandwidth for a particuIar Customer Service permanently;

2) Reserve bandwidth for a particular Customer Service for a specific period
of time;
15 3) Reserve bandwidth for a particular Customer Service until the set-top box

requesting the bandwidth is turned off;

4) Reduce bandwidth for I[P Customer Services if any Digital Video Services,

such as VOD or Digital Broadcast Services, request use of the bandwidth;



*In nore detail, the Bandw dth Manager 40 is responsibte for providing the
Service Servers 12 with infornmation about which carrier channgl gpgan2p6§3Ch
_each Service node. The Bandw dth Manager al so provides the Service Servers
various 15 bandw dth paraneters for each channel, such as the maxi mum
aver agewit ¢1/316¢% t hat can be guaranteed to the Custoner BEFUBMEIAId t he
duration over which the bandwi dth guarantee can be provided. The carrier
channel information and these paraneters define the Bandw dth Services
avai l abl e. 27 APRIL 2004 WO 01131605 PCT/ US00/ 29747 -12 To obtain sone
bandw dth for sone period of tinme, each Service Server may nake a request
for Bandwi dth to the bandw dt h manager. The bandw dth manager then sends
an acceptance or denial nessage to Server's request. If the request is
.accepted, the Bandw dth Manager al so Is_ends a notice to the Re-Miltipl exor,
with descriptors about the Bandw dth Services allocated to the particular
Customer Service. The Re-Miltiplexor uses these descriptors and a
.rul es-based Re-Miltiplexor Decision Tree to provide Bandwi dth Services to
all of the Ci3tApiply aSeting system to esgb typedfiCustamer Senvicioand ellesateSer vi ce may be
ei ther a unicast node or a nulti-cast node from the Re-nultiplexor. Under

a uni cast node,bamadeidiBlageotdihg dieiTafhifd’a spAGk Sdush Gl by Befite with 4 he Cust omer
Service Data for a particular Custonmer Service is input into the Re

Yo a "parti cul dneien o e RS ay R i Sl SR S i TTO0

of data packets _containing the Service Data for a particular Customer
Service is i npuitinghes regeesfed the bandwidth for the same time slot.

s

.
5 | | Bandwidth Services may also be speciﬁe.d to include a maximum and/or
average bit rate. The Decision Tree may also include a rule that if no customer
| served by a particulﬁr service node (“optical node™) is tuned to a particular
digital vidéo Cu;tomer Service, such as digital cable television networks, then
,that.Customer Service may be significantly degraded — or even temporarily
10 ~ removed from the data multiplex sent through that channel — in order to reduce

the amount of bandwidth consumed by that Customer Service.

A]n more detail, the Bandwidth Manager 40is responsible for providing the
Service Servers 12 with information about which carrier channels can reach each
Service node. The Bandwidth Manager also provideé the Service Servérs various
15  bandwidth parameters for each channel, such as the maximum a\i-crage bit rate that can
be @mtecd to the Cu‘st-omer Servibc and the duration over which tﬁe bandwidth
guarantee can be provided. The cén-ier channel information and thesé parameters

define the Bandwidth Services available.



Mul ti pl.exor, and is then nultiplexed onto nore than one outbound carrier
channel s. 15 For exanple, a single streamof data for a digit

tel'evision programcould be input into the Re-multiplexor, a'%dAmfr_ﬁOM
mul ti pl exed onto one carrier channel for every Custoner Service Node 20
served BYOOHE6O0Re- Mul ti pl exor. The carrier channel of thePETSISOMRIATY use
di fferent conpression protocols and nodul ati on schenes. In a preferred
enbodi ment, a Multi-Program Transport Stream 27 APRI L 2004 WO 01131605
PCT/ USOCQ 29747 -13 as defined by the MPEG 2 Transport Stream protocol may
be used and each carrier channel may be nodul ated for transm ssion using
Quadrature Anplitude Modul ation (QAM. The Custoner Services provided
using the systemmay include Internet Protocol (IF) packets being
delivered to subscriber's cable nodegs_conpliant with the 5 MCNS/ DOCSIS or
DVB- DAVI C cabl e nodem st andards, and the JP router 32 may include a Cable
Modem Term nati on System conpliant with these standards. Now, a technique
for providing a quality of service (QoS) capability in the broadcast system
will be descriofitainsomshandidsh for sqme peiied @Enm@,'w werviee Beryenmay may be
further enhanced by providing 10 additional Quality-of-Service (QS)

capabi | nidkes requestfor Bandwidih bo Setbahderit Masagh Thebaddwiiewnagageechni ques
enpl oyed by the Bandw dth Manager that will be described with reference to

Fi gur es ggendRfdsdan 48 dd ; [ | :(a "Fl oor
Level ") mgtly ’g% per rrglﬁ%é\t% %‘ﬂegfsaé}:@g%?@%@%&i{ﬁégﬁ#ﬁﬂﬁ%ﬂé&%% ed period of
tine, withi ﬁgﬁ L h | f Cust Servi f speci fied
?;,)gg \émaet}_ﬁ?lpgigl, ﬁ}% g{léth%axfaggp aﬂgo sen?l.vr, a notslceotrgetge R%—rl\\/ﬂlﬁi%%ex%r, “?ith P
\‘”/ . R .

5  descriptors about the Bandwidth Services allocated to the particular Customer Service.

The Re-Multiplexor uses these descriptors and a rules-based Re-Multiplexor Decision

* Tree to provide Bandwidth Services to all of the Customer Services in each multiplex.

Any Customer Service may be eitliér a unicast mode or a multi-cast mode from
 the Re-multiplexor. Under a unicast mode, a single stream of data packets containing
10 the Customer Service Data fora particﬁlar Customer Service is input into the Re-
Multiplexor and is then multiplexed onto a single outbound carrier channel to a
: ) particular Service Node 20. Under a multi-cast modc, a single stream of data packets
containing the Service Data for a particular Customer Service is inpuj: into the Re-
Multiplexor, and is then multiplexed onto more than one outbound carrier channels.
15 For example, a single stream of data for a digital cable television program could be
input info the Re-multiplexor, and then multiplexed onto one carrier channel for every

Customer Service Node 20 served by that Re-Multiplexor.

The carrier channel of the system may use different compression protocols and

modulation schemes. In a preferred embodiment, a Multi-Program Transport Stream



* 15 Protocol UP) Customer Services, Digital broadcast television Services,
or for: Custonmer Service of a certain designation, such as ﬁﬁ'IL2004
. Services flagged as requiring QS. Using the Bandw dt h Manager cision
Tree, the Bandwi dth Manager may allocate bandwi dth to Cust i ces
not protWOWAAY a Floor Level in a manner that ensures ?ﬁ%@wﬁ%i -
aggregat e bandwi dth they consune does not exceed the 27 APRIL 2004 WD
01/ 31605 PCT/ US00/ 29747 -14 anmount equal to the total bandw dth avail abl e
on the carrier channel mnus the Floor Level, and if needed, the
Re-mul tipl exor may enploy a variety of digital bit rate reduction
techniques to enforce this policy. Figure 2 illustrates an exanple of a
carrier channel 60 that may include a first 5 service floor |evel channel
62 so that the data for that service.jizs guaranteed that bandw dth
~regardl ess of what happens to the rest of the carrier channel. Thus, the
rest of the channel 64 may transmit aggregate non-protected data of

-vari ous Ki essed |deo sed,vi eo 2 and conpressed
Video s setnrd B i ERE Tronsere Sheg ebiiot] TEion e 830 S10h e excanp o
shown in Figure 2, the floor protected 10 service exceeds the floor |evel
sever al dhanms mayhe moditlsted fovtymsgusianiseguadriwesamphitideModiationvel  of
bandw dt h. The bandw dth requirenments of the aggregated unprotected data

channel @mmyrﬁé CchoAEES drdiceSEHOIdRH ukifR H Systelmt i indhitk 6kesie@er  Ser vi ces
e u

t hat the data in the unprot ect ed channel nmay be- corrposed of

vari abl it al .deog B LeSu) |.tin A wi dt h
Y equi reriatogol @eFrached e 8T OGRS RINL Sl B R REREL
channel 64 /ﬁ be degraded b%t he re-
5 MCNS OCSIS or DVB-DAVIC cable modem standards, and the IP router 32 may
include a Cable Modem Termination System compliant with these standards. Now, a

technique for providing a quality of service (QoS) capability in the broadcast system

will be described in more detail.

The system 10 shown in Figure 1 may be further enhanced by providing
10  additional Qualityvof-Senﬁce (QoS) capabiliﬁes in the Bandwidth Services through the
following techniques employed by the Bandwidth Manager that will be described with
reference io Figures 2 and 3. In particular, a minimum level of bandwidth (a “Floor
Level”) may be permanently reserved, or reserved for a specified period of time, w1thm
each carrier channe] for Customer Serviées of a specified type, such as Internet
15  Protocol (IP) Customer Services, Digital broadcast teleﬁsion Services, or for Customer

Service of a certain designation, such as Customer Services flagged as requiring QoS.

Using the Bandwidth Manager Decision Tree, the Bandwidth Manager may
allocate bandwidth to Customer Services not protected by a Floor Level in a manner

that ensures the average agpgregate bandwidth they consume does not exceed the



mul ti pl exor based on bandw dth manager commands if no subscribers are
currently wusing the particular Custoner Service. Figure 3 il ‘nan
exanple of a carrier channel 70 that may include a first flé§¢ﬁ¢%§%?®9g
(for IP data in this exanple), a second floor. level 76 (for digital video
27 APR WOBHHEMD 01131605 PCT/ US00/ 29747 and audi o in t hi SCEVSHA%47 and an
unprotected channel 74 that is available to the Custonmer Services carried
in both the first floor level 72 and the second floor level 76. Thus, in
accordance with the invention, one or nore additional Floor Levels nay be
created and adm ni stered by the Bandw dth Manager within a given carrier
channel 5 Through the use of a configuration tool in the bandw dth manager,
the one or nore Floor Level (s) may be configured to rise or fall to
different |evels based on tine-of- dgy. past or current usage levels. In
accordance wth the invention, the system may provide Quality-of-Service
(QS) to digital video Custoner Services that have been degraded or
elimnated froma 10 nultiplex when no custonmer CPE is tuned to that

Cust ore TSR ] kb dotg Hpangiadehiagaighle i Gegpios hans) mims the hF dt
Manager. These techniques include; 1) The Ring Buffer; 2) The 1-Frane

Car ouselLeva), add i reedat, tHeeRemitigibaatmayrerfyloy amariatybfdigitabbadanad- Based MPEG
Splicing. Ring Buffer Technique. In particular, for MPEG 2 digital

br oadca VS 1S vi ces that have been elim hated
entireléé?%ﬁhﬁyﬁéhﬁﬁf%lﬁfex,ggﬁg %ﬁs%uffer of that Custoner Service's data
in the Re-nultiplexor is created. In nore detail, the Ring Buffer is a

contl nuoqs Stﬁi&%@f ifllus | ltesoa]:n éxrs]z?np Shfa Qa%elgre&amme] 60 that may include a first

5  service floor level channel 62 so that the data for that service is guaranteed that

bandwidth regardless of what Eappens to the rest of the carrier channel. Thus, the rest
of the channel 64 may transmit aggregafe non-protected data of various kinds (e.g.,
compressed video 1, compressed video 2 and compressed video 3 in this examplé) in
thé unprotected channel 64. In the example shown in Figure 2, the floor protected

10  service exceeds fhg: floor level several times, but it is always guaranteed at least the
floor level of bandwidth. The bandwidth requirements of the aggregated unprotected
data channel 64 may fluctuate for several reasons. First, the Customer Services that
make up the data in the unprotected channel may be composed of variable bit rate
digital video streams resulting in varying bandwidth requirements. Second, one or

15  more data streams in the unprotected channel 64 may be degraded by the re-
multipiexor based on bandwidth manager commaﬁds if no subscribers are currently

using the particular Customer Service.

Figure 3 illustrates an example of a carrier channel 70 that may include a first

floor level 72 (for IP data in this example), a second floor level 76 (for digital video



by areal tine digital video Custoner Service, with the data being stored
in the Re 27 APRIL 2004 WD 01/ 31605 PCT/ US00/ 29747 -16 Ml ti Qﬁ&?ﬁﬁ‘gﬁaﬂom
. access nmenory (RAM), which is the physical host of the buffer. e digital

vi deo d is stored streamis conposed of a.single " -Of
Pi ctur eg‘ks("g&éugas defined by the MPEG 2 specification. EE&W%Q@ ns

with an "I franme". In order to maintain the current data for the real time
streamin the buffer, the stored GOP is deleted and replaced by the |
frame for the next GOP as soon as that | frame has entered the
Re-Mul ti pl exor. The Re-Miltiplexor continues to fill the Ring Buffer with

other franmes in that GOP as they are received by the Re-Miltiplexor, until

the entire GOP is replaced by the next 1 frame. The buffer is thus conposed
at any given tinme by either a partials-or whole GOP. 10 The Dynamic

Bandw dth Manger may then either maintain this Ring Buffer for each digital
broadcast tel evision Custonmer Service at all tines, or create and maintain

it only at, the .ti it ermnes that .np cu . CPE.devjces are tuned to
Lhat " ISP AR tS ekambIG) S S T haiedRlen BEmRADT CBR! s GREtY 10088, har &
customer CPE device has tuned to a digital broadcast tel evision Custoner
Ser vi ce GustemeraServisescandgedsin botnthedd st flennievel 72 andhgiseennd flaen leviebT®x, it

| ocates the partial or whole GOP in the buffer, adds it to the nultiplex,

and t henThug; ing@drdinbe #ith SRcineeitidaOBRe bPmote illditioehPFIBFELevad agBei N t he
multiplex as long as at | east one custonmer CPE remains tuned to the

Ut oot SR BORY BRI ER LB B cark B0

expe-r-i enc 0. tune oner vice not currentl Yy

inclyded._in their
g dfhrough &e use of a configuration tool in the bandwidth manager, the one or more
Floor Level(s) may be configured to rise or fall o different levels based on time-of-

day, past or current usage levels.

In accordance with the invention, the system may provide Quality—of-S'ervice
(QoS) to digital video Customer Services that have been degraded or eliminated froma
10 multiplex when no customer CPE is tuned to that Customer Service ilsiﬁg various
techniques employed by the Bandwidth Manager. These techniques include: 1) The
Ring Buffer; 2) The I-Frame Carousel; 3) The Floor Level Protection System; and 4)

Headend-Based MPEG Splicing.

Ring Buffer Technique. In particular, for MPEG-2 di gital broadcast television
15  Customer Services that have been eliminated entirely from the multiplex, a Ring

Buffer of that Customer Service’s data in the Re-multiplexor is created.

.In more detail, the Ring Buffer is a continuous stream of all of the data needed

by a real time digital video Customer Servicé, with the data being stored in the Re-



27 APRIL 2004 WO 01/31605 PCTJUS00129747 -17 transm ssion nmultiplex because
of the nature of the MPEG 2 conpression standard. According 1S
standard, the receiver device, i.e., the MPEG 2 decoder, can i()?ﬁlp‘gﬁllbezgpﬁ
decoding a.streamusing an | frane. OQther frame types within a GOP, such a
B and WG e85 cannot be used to begin the decoding pr oRELUS00RTM et or e,
if, at the time a 5 decoder attenpts to begin decoding a stream the first
frame it receives is not an | frame, it nmust wait until receiving the |
frame before beginning to decode the video. Mst of the MPEG 2 encoders
now i n use generate only one |I-frame every .5 seconds. Therefore, wthout
use of the Ring Buffer as described herein, a decoder attenpting to
decoder an MPEG 2 video streamthat has been added to a nultiplex m ght
need to 10 wait up to .5 seconds aftgg. it has found the stream before the
decodi ng could commence. The Ring Buffer elimnates this delay since it
supplies the MPEG 2 decoder with the I-frame i nmedi ately. This approach

will be feasjble in situations where. the return path |atengy fr t he
cust omeMulpplexer W@dwaamewé&%m i la@%&sgﬁlq%ﬁxm of the fuer.
situations, the 15 nessage to add the Custoner Service back into its

mul ti pl eRhendigitalbddecodata vEthispiorH|sireans ozegipased ehakibglediGraugept abl e t ot al
del ay between the time the Custoner Service is requested and the tine it

Lo i S b e e A st naEhel I h ed
entirel %aL{eQ.n‘irg p)l(?delmtjcl rtnlagta% ‘thc:[ gu?-rc%z daAt‘aP clar ez %%ﬁme stream in the buffer, the
5 stored GOP is deleted and repla_ccd by the I frame for the next GOP as soon as that I-
frame has entered the Re-Multiplexor. The Re-Multiplexor continues to fill the Ring
Buffer with other frames in that GOP as they are received by the Re-Multipiexor, until
the entire GOP is replaced by the nextI frame.- The buffer is thus composed at any

given time by either a partial or whole GOP.

10 The Dynamic Bandwidth Manger may-then either maintain this Ring Buffer for

each digital broadcast television Customer Service at all times, or create and maintain
it only at the time it determines that no customer CPE devices are tuned to that
Customer Service. When the Bandwidth Manager determines that a cuétomer CPE

device has tuned to a digital broadcast television Customer Service that has been

15 eliminated from its transmission multiplex, it locates the partial or whole GOP in the
buffer, adds it to the multiplex, and then inclﬁdes all subsequent GOPs for that
Customer Service in the_ rﬁultiplex as Jong as at least one customer CPE remains tuned
to the Customer Service. This approach minimizés the delay or “latency” experienced

by customers who tune to a Customer Service not currently included in their



- WD 01131605 PCTI USOQ 29747 Bandw dt h Manager can ensure that sufficient
data is retained in the nultiplex at all tinmes to nmake it p j t
rapidly deliver at |least the first video frane as a "still ;?iygﬁﬁkﬁﬁg4
custoner tunes to the Custoner Service. The MPEG 2 decoder .in the custoner
CPE canWRPOHBHWHA the still frame on the tel evision screen radu/USNORIET
necessary 5 additional data is added to.the nultiplex to deliver the ful
video service. If the Transm ssion Systemis enploying the MPEG 2 vi deo
encodi ng standard, this technique described i medi ately above can be
acconplished by including at | east one | frane per second for each digital
video streamin every carrier channel nultiplex. This approach wll be
feasible in situations where the return path latency fromthe 10 custoner

-CPE to the Bandw dth Manager is reIavaer hi gh. I n such situations, the
still franme indicates that the requég%ed digital video Custoner Service
wi Il soon be available. The Floor Level Protection System The systemin

-accordance with the invention may be further enhanced to allow the digital
vi deo, diagrmzsicardiksiptaxchedansa of heGuasure mf theSdPHG2 sonpldsyionathntyrdt he
Transm ssion Systemto be allocated anong the carrier channels in-a manner

that enatdcordihg fo HiLRindaRY The feebiferdediletSe. 2RMPRE-3 Beddder, WY Hltf)lsri ned wth a

m ni mal inpact on the QoS of the other Customer Services not ot ected by

e Y S B DR B T D, bt 070,
various agg rPr é‘z?nrnesz, Zarﬁﬁ'h% uge%ot% be\g/\ilr)l tgg /dgclo%(i)l?g pprgl-é:slsJ.S O’I%crze?;gfif,-a:‘t ?.hc time a
S decoder attempts. 1o begin decoding a stream,; the first frame it receives is not an I
frame, it must wait until receiving the I frame before beginning to decode the video.
Most of the MPEG-2 encoders now in use generate only one I-frame every .5 seconds.
Therefore, without use of the Ring Buffer as described herein, a decoder attempting to
decoder an MPEG-2 video stream that has been added td a multiplex might need to
10 wait up to .5 seconds after it has found the stream before the decoding could

commence. The Ring Buffer eliminates this delay since it supplies the MPEG-2

decoder with the I-frame immediately.

This approach will be feasible in situations where the return path latency from

the_ customer CPE to the Bandwidth Manager is relatively low. In such situations, the

15 ~ message to add the Customer Service back into its multiplex will be received quickly
enough to enable an acceptable total delay between the time the Customer Service is

requested and the time it is presented on-screen.

[-Frame Carougel. For an MPEG-2 digital broadcast television Customer

Service that has been degraded but not eliminated entirely from the multiplex, the



channels in a manner that ensures their average aggregate bit rate within
each channel does not exceed the total bandw dth capacity of h I

m nus the Floor Level (e.g., to ensure that the digital vi dezoﬁgﬁgha?gp?al :
audi o has sufficient bandwi dth even though it is not protected). 5 :
CPE- Spe®0 0131808Ts and Uni cast Delivery. In a typical MPEGCTESH%E4T vi deo
system each Multiple Program Transport Stream (MPTS) nultipl ex contains
mul tiple programstreans, and all such streans area available to all CPE
aut horized to receive them The nultiplexer comuni:cates the identity and
constituent elenentary conponents of these streans through the use of
MPEG 2 tables called PATS and 10 PMIS. The mnul ti pl exer creates the PATs and
PMIS for each multiplex, and then inserts theminto the MPTS packet

stream The CPE uses the PATs and PMig and its Virtual Channel Map (VCM ;
to | ocate the data needed for a particular programstream Typically, when
a new program streamis added to a nmultiplex, or an existing stream is
del eted fromthe nultiplex, the nmultiplexer nust create new PATS and PMIs :
to 15 r ddnderdthiManager canf epswigtthasuffivnent datads tatainedindthe ondtiplex at albw PATs and
PMIS can add to the |latency experienced by the end-user. The systemin

accor danffesib inflakeiEpossibtetirapidly@eliveeatdoip freflsbyidee fhmaas BYs@l PMI within a
given multiplex to a particular CPE rather than to a particul ar program

or ai gt ety GFERORS Rl BERR IR BEE skl o1 1605

PCT/ US00129747 .- 20 34, replaces_the data faor the program service then being
sent t o upemepEPE ar majatagpihs still frame on the television screen while the necessary

5  additional data is added to the multiplex to deliver the full video service. If the
Transmission System is employing the MPEG-2 video encoding standard, this
techmique described immediately above can be accomplishcd by including at least one

1 frame per second for each digital video stream in every carrier channel multiplex.
This approach will be feasible m situations where the return path latency from the
10 customer CPE to the Bandwidth Manager is relatively high. In sucil situations, the still
frame indicates that the requested digital video Customer Service will soon be

available.

- The Floor Level Protection System. The system in accordance with the

~ invention may be further enhanced to allow the digital video, digital audio and data
15  Customer Services delivered by the Transmission System to be allocated among the
carrier channels in a manner that enables the Floor Level (See Figures 2 and 3) to be
maintained with a minimal impact on the QoS of the other Customer Services not
protected by the floor level. This can be achieved by allocating the digital video and

digital andio Customer Services not protected by the Floor Level to the various carrier




" for requested program service, including through use of the Ring Buffer
‘technique described herein. The identity nunber of the progr Wn(gimd n
the PAT, and the identities of its digital video, digital audio and “- -
di gital Wat@sgenentary streans" do-not 5 change, thereby, avoidj t he
Iatency‘?ﬁ ugé 5by creating new PATS and PMIS. Wile the %gﬁé%@ﬂh%gﬂas been
with reference to a particul ar enbodi nent of the invention, it will be
appreciated by those skilled in the art that changes in this enbodi nent
may be nmade without departing fromthe principles and spirit of the
invention as defined by the attached clains. 27 APRIL 2004 -21 Wat is
claimed is: 1. A nethod of dynamcally allocating bandw dth between one or
nmore custoner services to provide a switched data network for broadcast
‘data, the one or nore custoner servii@des each providing data to one or nore
servi ce nodes, the one or nore service nodes providing data to one or nore
custoners and each service node receiving a unique nultiplex of digital

“dat a forg. €458 AEBLS LSing: j i,dhh of .the system
bet vveenct e one or nn?feth?g%s 5%%%@23?’%&%%%%%%?@%%&@“ ﬁ%crheChglél} i ce nodes-
wherein f he bandw dth assignhed. to ea¢ch custqner service for each service
node is %vﬁam P &ﬁd?%gbagéwwgé@%ﬁyd%ﬁ%ﬁﬁh%@ mies dedleerdaypl t he
custoners; and generating a multiplex for each service node based on the
bandwi dt(a.galtb ensitre thas the digieal eideogad digital marlio hes saffitiepd xdsidtevfier

conprises dropping a custoner service fromthe nultiplex for a particular

Ser Vi ce thesk it is not protected).
5 CPE-Specific PMTs and Unicast Delivery. In a typical MPEG-2 digital video
system, each Multiple Program Transport Stream (MPTS) multiplex cqntains multiple
" program streams, and all such sn'eamé area availab.le to all CPE authorized to receive
thcm.. The multiplexer communicates the identity and constituent elementary
comppnefnts‘ of these streams through the use of WEG—Z tables called PATs and
10 PMTS. The multiplexer creates the PATs and PMTs for each multiplex, and then
inserts them into the MPTS packet stream. The CPE uses the PATs and PMTs and its
Virtqal Channel Map (VCM) to locate the data needed for a particular program stream,
Typically, when a new' program stream is added to a multiplex, or an existing stream
is deleted from the muitiplex, the multiplexer must create new PATs and PMTs to
15  reflect the new information. The time and need to create new PATs and PMTs can add
to the latency experienced by the end-user. The system in accordance with the
invention may be enbanced by dedicating a PMT within a given multiplex to a
particular CPE rather than to a particular program service. When the CPE requests a

new program service, the remultiplexer 38 or digital broadcast television service server




2. The nethod according to claim1, further conprising storing data in a
ring buffer for retrieving the data fromring buffer upon red ApRit 2§84t he
dropped customer service. into the nmultiplex thereby reducing | atency. g. ‘
The nethod according to claim?2, the data stored in the ring buffer

conpri siWM@ 0431695rt i al or whol e group of pictures (GOP). 4FPCTREMEYHDA
~according to claim1, further conprising storing a franme of data in a
frame carousel for retrieving the franme of data fromthe frame carousel
upon re-inserti'ng the dropped custoner service into the multiplex thereby
di splaying at least a still franme while awaiting resunption of the
custoner service. 5. The nmethod according to claim4, the frame of data
conprising an X-franme. 6. A nethod of dynamically allocating bandw dth
between one or nobre customer serviceg.to provide a switched data network
for broadcast data, he one or nobre custoner services each providing data
to one or nore service nodes, the one or nore service nodes 27 APRIL 2004
-22 providing data to one or nore custoners_and each service node receiving -
a uni qued4nrerlngss dhe dasa farithe programs sexvice thentbeing sspbiogthe CPEOWIth thei dagp

al l ocati ng bandw dth of the system between the one.or nore custoner :
ser Vi cesfok fequisted pivgran seicR, Beludimpahrngh ssy\bfihe Ring Beffeprdimigad assi gned
to each custoner service for each service node is dynam cally adjusted
based o - Seryi [ mul ti pl ex
for eacﬂd%g%&%%dgﬂgééggy%ﬁﬁ?ﬁ% oglggao%gg@hp %%%g?élﬁg%??taaﬁgt@est oring data

inaring buffer. for retri evi,ngtjathe, data‘f_r?r&ri“n buf fer upon jnserting a
identities of its digital video, digital audio and digita elementary streams”™ do not

5  change, thereby avoiding the latency induced by creating new PATs and PMTs.

While the foregoing has been with reference to a particular embodiment of the
mvention, it will be appreciated by those skilled in the art that changes in this
embodiment may be made without departing from the principles and spirit of the

invention as defined by the attached claims.



cust-omer service into one of the nultiplexes thereby reducing |atency. 7.

The nmet hod according to claim6, the data stored in the ring i
conprising a partial or whole group of pictures (GOP). 8. Tﬁ§q§§F#6§OO4,'
‘accordi'ng to claim6, wherein-generating the nultiplexes further conprises.-
assigni'ng a program nmapping table to one or nore custoner premn ses o
equi prent. 9. A nethod of dynamically alé cati ng bandwi dth between one or
nore customer services to provide a swifthed data network for broadcast
data, the one or nore custoner services each providing data to one or nore
servi ce nodes, the one or nore service nodes providing data to one or nore

‘cust oner - Vhatds eaipfiedder vi ce node receiving a unique nultiplex of digital
data for its custoners, conprising. allocating bandw dth of the system
bet ween the one or more custoner services to the one or nore service nodes

wher ei n t He badbieted of dynagiieallntalloeatinly bandwidthebetwemvwine or frdke cilRagkErser vi ce
node is d ' ad] based . on.demand, for, t he service by the

cust onmer s ?é&g?r? g ?daérlx‘rrllggJg%%tﬁﬁﬁdp%?%?rkg%rﬁ?f%@ﬁﬂdé@» th6 dEC phmets Gstomee
bandwi dt hsétvicos edchqnsvidimpdarads shOoH ke dedialbliss, M oﬁ?ﬁi’h%fe ée?:i@e’}go gg{ nor e
of the cust on@r}g{aervi ces including assigning a quality of servi. o at
| east onePEWE fi2 SQu.PRE Fenem susteraers sadraci sgrvindaddoreceielrign waquednilugix t he
mul tipl exofﬁirgitﬂ%t@forh?@us?ﬁﬁéﬁ%%ﬁ%ﬁgﬁs- 27 APRIL 2004 -23 10; The met hod

rrs

according to claim9, further 'co g:ng storing data in a ring buffer for

retrieving thealletating bamiwidth@f HisfshaembpeReh el AR tloRodsind L ORREH GHist oner

service i e multiplex (hereby reduci ng | atency.
Bh€of {ASre selvice Hodes wherein the. bandwidth as%igncd o ca%h customer service for

each service node is dynamically adjusted based on demand for the service by the
customers; and
generating a multiplex for each service node based on the bandwidth allocations,

wherein generating the multiplexes further comptises dropping a customer service from the
multiplex for a particular service node.

2. The method according to claim 1, further comprsing storing data in a ring buffer for

retrieving the data from ring buffer upon re-inserting the dropped customer service into the

multiplex thereby reducing latency.

3. | The method according to claim 2, the data stored in the ring buffer comprising a
partial o whole group of pictures (GOP).

4, The method according to claim 1, further comprising storing a frame of data ip 2
frame carousel for retrieving the frame of data from the frame carousel upon re-inserting the
dropped customer service into the multiplex thereby displaying at least a still-frame while
awaiting resumption of the customer service. ' |

5. The method according to claim 4, the frame of data comprising an I-frame.

6. A method of dynamically allocating bandwidth between one or mors customer

services to provide a switched data network for broadeast data, the one or more customer

services cach providing data to one or more service nodes, the one or more service ﬁodcﬁ



11. The method according to claim 10, the data stored in the ring buffer

conprising a partial or whole group of pictures (GOP). 12. EﬁgAﬁﬁhD§604
.according to claim9, further conprising storing a frame of data I.n"a
‘frame-carousel for retrieving the frane of data fromthe frame carouse
upon re-inserting the dropped custonmer-32rvice into the nultiplex thereby
displaying at least a still-frame while awaiting resunption of the
custoner service. 13. The nmethod according to claim 12, the franme of data
conprising an |-frame. 14. A nethod of dynamically allocating bandw dth
services rovide a switched data network

_ between ong. Qts oner S to T -
for br oadcggot E%ﬁgﬁa f%u@cooﬁ &YF “Yitorgers 3’%‘% 6‘1’1’8 servicempie eseixings yiqneimnltiglesiat a
to one or nbﬁgitﬂ@akﬂfﬁﬁt@@ﬂ%nerﬁ,f&%n@ﬂﬁn r nore service nodes providing data
to one or nore custoners and each Service node receiving a unique nultiplex

of digital data?fesating endyidthatihe sysonpeiveien gie dkloperid GRS IOPh t he

system betgﬁ%} 08 QhadmIe, CU taner, services to the one or nore

servi cé nodes vl\#grggl n tE’gd%g%%lﬂiﬁq?ggﬂfﬁ}éﬂssl%‘%wcbG‘éﬁ@ﬁﬁ‘rsmﬂfpr:e f or

each ser vimhmadheinsdd&“@ﬁhﬁﬁbilyaﬂdété@$ﬁgdlfi)f'fla&g ToPgaaag; fe??(rg, he service
or eac

by the customers; generating a nultiplex servic ° based on
t he bandwi G¥WHi$ocati ons; and stori ng a franme of data in a frane carousel

for retrieving { : . fromthe franme carousel upon inserting a
cust omer servi c"eelalgrr?%gggnmgﬁ%@g{ %@e SFFVIS?"'&?@%WQPEB@P baadwisdthgllorgtions; hst a
still-frame whisteirgudatd inRgideaailEptdr@8triding B Q% | 6840 13, The

met hod according to claim 14, the Frane 13% d%ﬁom&?gﬁﬁéﬂﬁhﬁns?%ﬁe.

16. A et FOGPBFT SHisRiEa Prsolthe swltinlexss Hurmbyireducingdataman one or mor e

custoner services to provide a switched data network for broadcast data,
t he one or7.nor HeWidtRd¥PAccording to claim 6, the data stored in the ring buffer comprising a

partial or whole gronp of pictures (GOP).

8. The method according to claim 6, wherein generating the multiplexes further

‘omprises assigning a program mapping table to one or more customer premises equipment.

9. A method of dynamically allocating bandwidth between one or more customer
services to provide a switched data network for broadcast data, the one or more customer
services each providing data to ane or more service nodes, the one or more service nodes
providing data to one or more customers and each service node receiving a unique multiplex
of digital data for its customers, comprising: '

allocating bandwidth of the system between the One OF more customer services to the |
one or more service nodes wherein the bandwidth assigned to each customer service for
each service node is dynamically adjusted based on demand for the service by the

- customers;
generating a multiplex for each service node based on the bandwidth allocations; and
assigning 2 quality of service to one or more of the customer services including

assigning a quality of service to at feast one customer service that has been degraded or
eliminated from the multiplex for one of the service nodes.



services each providing data to one or nore service nodes, the one or nore

servi ce nodes 27 APRIL 2004 -24- providing data to one or m)r? 5#?"9?962 _
‘and each service node recei'ving a unique nmultiplex of digital data forits -
‘custoners, conprising: allocating bandwi dth of the system between the one ..: .
~.of nore custonmer services to the one or nore service nodes wherein the
bandwi dt h assigned to each custoner service for each service node is
dynamical |y adj usted based demand for thRé35ervice by the custonmers; and
generating a nultiplex for each service node based on the bandw dth

al | ocat'i ongyg, | ' | tipl exes, further conprises s
assigning a pr yﬁ%ﬁ%ﬁ#ﬁ%ﬂ@ﬁ?é}% 9%"‘8‘?"%5’%&?’6@ ip egingdwifer for -
equi pnment . TEReving thendatdvodn aing Gufeneohn Ge-5 8 LS N _

replacing data for a first ger vil(r:'lgJ Wi %h sggitﬁg%%&)n?%édg%gtgﬁgpgéerﬁ%ggowet hout

" changi ng a"SRYRIPE berb¥meducipgilaferdye program mapping table for one of the
custoner prem ses equi pnent, 18. The nmethod according to claim17, further
conpri singigt or iTRexA ] eco service in a ring buffer for R
retrieving the data rorﬁtﬁrﬁxégg%ﬁla’é? ?@&% A aredin frepmg WlEseemprisingA ce

i nto the npartinhirexhddgmebyf piedsi (Gohat ency. 19. The nethod according to

claim18, the data stored in the ring buffer conprising a partial or whole
-2004 -25 20. A systemfor dynamcally

group of pigtur . 27..APR Xy

al | ocat i ng h%‘a n d%ﬁ%ﬁnﬁﬁé%@gﬂng%‘: #P Yydirgher comprising storing a frame of data in a
frame carousel for reteieving the frame of data from the frame carouse] upon re-inserting the
dropped customer service into the multiplex thereby displaying at least a still-frame while

awaiting resumption of the customer service.
13. Themethod according to claim 12, the frame of data comprising an I-frame.

14. A method of dynamically allocating bandwidth between one or more custoiner
services to provide a switched data network for broadeast data, the onhe or more customer
services each providing'data to one or more service nodes, the one or more service nodes
providing data to one or more customers and cach service node receiving a uniQuc‘multiplex
of digital data for its cuétomcrs, comprising: '

allocating bandwidth of the system between the one or more customer services to the
ORe or more service nedes wherein the bandwidth assigned to each customer service for

each service node is dynamically adjusted based on demand for the service by the
customers;

generating a multiplex for ecach service node based on the bandwidth allocations; and
storing a frame of data in a frame carouse] for retrieving the frame of data from the
- frame carousel upon inserting a customer service into one of the multiplexes thereby

displayigg at least a still-frame while awaiting resumption of the customer service.
15, The method according to claim 14, the frame of data comprising an I-frame.

16. A method of dynamically allocating bandwidth between one or more customer
sexvices to provide a switched data network for broadcast data, the one or more customer
services each providing data to one or more service nodes, the one or more seﬂicé nbdes



custoner services to provide a switched data network for broadcast data,
conprising: one or nore different custoner serviee prOV|der§2f %%@4
provide different data to one. or nore custoners; one or nore serV|ce
-‘nodes’ wherei n each service nodes provides data to one or nore custoners
and. each service node receives a unique multiplex of digital data for its
. custoners; and a dynam c bandw dt h al | oca4on nmodul e for allocating the
bandw dt h of the systen1 bet ween the one or nore different customer service
providers to the one or nore service nodes wherein the bandw dth assigned
to each custoner service provider for each service node is dynamcally

adj ust abl e PERNERE datatinencsrigercahistbinersend ¢hshaeriide dode redeis] aﬁ%ﬁl ex
m o 20,

bandw dt h Iy each service providers. 21. The syst
wher ei n the%{éﬁ%ﬁ#@%’éﬁﬁﬂ‘%@ﬁ“&ﬂ%ﬂ@n nodul e further conprises;

nmeans, for eaChaﬁ&j’aﬁh B%fnﬂg S using a particular

cust omer service, % egra Etgldﬁheﬁ%g%%ﬁﬁggﬁgatdi‘?%eloé@gir%auﬁt@nﬁwl@ﬁéqthmer
servi ce. 2gne WOstnmrmﬂcﬂvhtmm&ﬁc bardni AR hssTRRP la%gp, o

dr oppi ng a?%g'%gffg%éiﬂd%g‘éﬂ%ﬂégmd;ﬂ?{gdgm abplse%’gfoéagﬂggﬁr:{?ggu ar f@rw ce
node, a #59d dhreandt fopthiesgrviveeiyahé custdddrs;
conpri ses and ring buffer for adding the dropped custoner service back into
the nultiplex with mnimumlatency. 24. The systemof Caim 23, wherein

the ring buffergﬁfflﬁfaﬂ’lheamiﬂhpicxﬁ&sactﬁstmbﬁﬁﬁe%wdl%n%e mﬂ%ﬂtﬁﬁgo& piai ni ng
at | east Qﬁ ranme,..so,t hat .t he custoner service is reilnt uc nto t he

mul tiplex W %rﬁmrﬁcncrﬁ’é? Wﬁt"@ﬂ%@l"x"z@ﬁh%ém@mm pFsigoing aprogradOmapping ﬁaBIe to
conpri ses omarsndrd uGfibribiles Guipld! Y of

~17.  The method according to claim 16, further comprising replacing data for a first
service with data from a second service without changing a service identity in the program

mapping table for one of the customer premises equipment,

18.  The method according to claim 17, further comprising storing data for the second
service m a ring buffer for retrieving the data from ring buffer upon inserting the second

service into the multiplex thereby rcducing latency.

19.  The method accordin g to ¢laim 18, the data stored in the rin g buffer compnsmg a
- partial or whole group of picturcs (GOP),




service to custonmer services that have been degraded or elimnated from. g
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20 A system for dynamically allocating bandwidth between one or mere

custormer services to provide a switched data netwerk for broadcast data comprising:
one or more different customer service providers that sach provide different data to orie.
01 Imore clstomers; _ ,

one o more service nodes wherein each service nodes provides data to one or more
costomers and cach servics niode receives o unique multiplex of digital data for its
custormers; and

a dynamic bandwidth aflocation module for allocating the bandwidth of the system
between the one or more different customer service providers to the one Or more setvice -
nodes whcrcm the bandwidth assigned to each customer service prowder for each
service node is dynamically adlustable based on.the usage of the scmces by the
customers and the bandwidth Tequests of each service providers.

21. The system of Clainr 20, wherein the dynamic bandwidth allocation module
Turther comprises, a means, for each service node, if no customer is using 2 patticular
customier sexvice, then degrading the bandwidth allocated to that custamer service,

22. The systér_n of C!aun 20, further comprising a meags for dropping a customer
service from the multiplex for a patticular service node.

23, The system of Claim 27, wherein the dropping means further 'compuses a
Hng buffer for adding the dropped customer service back into the multiplex with
minimum latency. '

24, The system of Claim 23, wherein the ring buffer further comprises: an
MPEG group of pictu res containing at least one I-frame so that the customer service is
reintroduced into the multiplex with minimal Jatency.

25. The system of Claim 20, further comprises means for assigning a quality of
setvice to customer services that have been degraded or eliminated from, a milfiplex,




