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(57) ABSTRACT 

An architecture for distributing digital information to sub 
scriber units wherein selection from among multiple digital 
services is accomplished by transmitting a tuning command 
from a subscriber unit to an intermediate interface. The 
intermediate interface selects the desired service from a 
broadband network and transmits it to the subscriber unit 
over a bandwidth-constrained access line. The bandwidth 
constrained access line may be implemented with existing 
infrastructure, yet the Subscriber unit may access a wide 
variety of digital information -available on the broadband 
network. Universal broadband access is thus provided at low 
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VIDEO PEDESTAL NETWORK 

BACKGROUND OF THE INVENTION 

0001. The present invention relates generally to delivery 
of digital information to Subscriber premises and more 
particularly to providing this access without Substantial new 
wiring expense. 

0002 The delivery of digital video services to the home 
represents one important aspect of the much publicized 
“information highway.” These services include HDTV. 
video-on-demand (VOD), near-video-on-demand (NVOD) 
providing staggered program starting times, interactive 
video services (IVS), and other digital variants of conven 
tional broadcast services. 

0003. One of the main obstacles to the introduction of 
these services is development of the necessary infrastructure 
for delivering digital video information to the subscribers 
premises. Video services, even with the use of modern 
compression standards such as MPEG-1 and MPEG-2, 
intrinsically require large bandwidths. Somehow an infra 
structure must be constructed to distribute the necessary 
signals to individual Subscriber premises. At a minimum, 
each subscriber should be able to select from among numer 
ous digital video programs as can be done now with analog 
broadcast television. 

0004 Various solutions have been proposed. In one 
scheme, the digital data are distributed via an asynchronous 
transfer mode (ATM) network to each subscriber's premises. 
The physical medium of the ATM network may be imple 
mented in more than one way. One way is to lay optical fiber 
to each home. Alternatively, fiber may be laid up to the curb, 
from which point a coaxial cable can relay the ATM cells. 
The advantages of this technique are the low latency and 
flexibility of the ATM technology and a large bidirectional 
bandwidth sufficient to distribute numerous interactive digi 
tal video programs. Nonetheless, this approach is practically 
infeasible today since the cost of laying fiber or coaxial cable 
to each home is prohibitive. Additionally, the time required 
to deploy such an infrastructure over a large geographic area 
makes the scheme even more unattractive. 

0005. An alternative scheme is the so-called hybrid fiber 
coax (HFC) scheme. The HFC scheme provides a two-level 
network. At the higher level, optical fibers are used to 
distribute digital information to a plurality of Cable Head 
ends or Host Digital Terminals (HDT). Each Headend or 
HDT in turn distributes information to multiple hybrid fiber 
coaxial cables, each of which serves several hundred sub 
scriber units in a bus/loop architecture. The return channel 
over the coaxial cable is also shared by multiple subscriber 
units by employing Time Division Multiplexing (TDM). 
Again, for those network providers that do not already have 
Such an infrastructure installed, costs are prohibitive because 
coaxial cable must be brought to each home. Furthermore, 
the use of TDM coupled with highly limited bandwidth 
gives rise to a large latency in the return channel. Network 
security is another drawback of the HFC architecture as 
several users share a single coaxial cable, a particular 
concern for interactive services that may require transmis 
sion of a subscriber's private information. 
0006 Other schemes take advantage of the existing tele 
phone network by using ADSL technology to transfer high 
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data rate information, such as video, over existing telephone 
company twisted pair lines to Subscriber premises. Optical 
fiber may be used to transfer digital information to the 
telephone company central office or to a curbside interface 
where the twisted pair lines begin. The latter architecture is 
commonly referred to as Fiber-To-The-Curb (FTTC). Alter 
natively, fiber may be deployed till the basement of a large 
building, from which point existing twisted pair lines can 
establish connection with each subscriber. Such an archi 
tecture is commonly referred to as Fiber-To-The-Building 
(FTTB). The disadvantage of this approach is that ADSL 
provides insufficient bandwidth. Most current ADSL trials 
carry only 1.5 or 2 Mb/s over twisted pair. Laboratory 
demonstrations have shown that in the next few years cost 
effective solutions that provide up to 25 Mb/s may be 
possible, but even this would be insufficient to provide a 
broadcast or NVOD service with an acceptable number of 
service selections. Approaches which bring fiber to the curb 
carry the added cost of laying the fiber. 
0007 Prior art digital data delivery schemes that use 
relatively narrow bandwidth connections to the subscriber 
premises require point-to-point sessions between the ulti 
mate server and subscriber unit. This is because the narrow 
bandwidth link that is closest to the subscriber permits only 
a point-to-point connection if the desired service quality is 
expected to be reasonable. These point-to-point sessions 
waste bandwidth since the server must separately transmit to 
multiple Subscriber units requesting the same program. If the 
user wishes to switch channels, there is significant extra 
latency resulting from the need to end the previous point 
to-point session before beginning a new one. Furthermore, 
the network and server hardware needed to accommodate 
point-to-point sessions is particularly complex and expen 
S1V. 

SUMMARY OF THE INVENTION 

0008. The invention provides a network architecture for 
distributing digital data to subscriber units wherein selection 
from among multiple digital services is accomplished by 
transmitting a tuning command from a Subscriber unit to one 
or more intermediate interfaces in a series of links intercon 
necting the Subscriber unit and a server. An example of Such 
digital data is digital video and the services could be 
multiple digital video programs. The network architecture of 
the present invention is capable of providing public broad 
band access without the use of very high bandwidth access 
lines to Subscriber premises. 

0009. Using the information received from the subscriber 
unit, the intermediate interface selects the desired digital 
service from a multitude of services available in abroadband 
link coupled to the interfaces input and transmits it to the 
subscriber unit over a bandwidth-constrained link. The 
bandwidth-constrained link may be implemented with exist 
ing infrastructure, yet the Subscriber unit may readily access 
a wide variety of digital services available on the broadband 
network. The present invention thus combines universal 
broadband access with low cost. 

0010. In accordance with the invention, a service pro 
vider may offer broadcast services over the network in 
addition to point-to-point interactive services. The broadcast 
services may be offered without requiring multiple point 
to-point sessions from the server to each requesting Sub 
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scriber unit. Instead, a single copy of a digital stream 
provided via the broadband link is sufficient to service 
multiple subscriber units which request it via their interme 
diate interfaces, thus conserving bandwidth. By contrast, in 
the prior art point-to-point Schemes, the broadband network 
would be forced to carry a separate point-to-point connec 
tion for each requesting Subscriber unit. 
0011 Note that the present invention provides the advan 
tages of forgoing point-to-point connections for broadcast 
purposes without requiring the construction of the very high 
bandwidth links necessary to continuously transmit each 
available program to each Subscriber unit. Thus digital 
broadcast and NVOD services may be provided effectively 
and at low cost. 

0012. In accordance with one aspect of the present inven 
tion, a conventional-telephone network is enhanced to pro 
vide universal high bandwidth digital service. Typically, 
telephone service is provided to subscriber premises via 
individual access lines extending from the Subscriber pre 
mises to a neighborhood hub or pedestal. The access lines 
are private and secure twisted pair lines. The pedestal is fed 
by a high data-rate trunk line, typically implemented as a 
fiber optic connection. 
0013 High bandwidth digital service, including video 
programming, is transmitted over a twisted pair connection 
by implementing Asymmetric Digital Subscriber Link 
(ADSL) modulation and demodulation over the connection 
which allows for transmission of high speed digital data in 
a manner that is transparent to existing telephonic traffic, as 
is well known to those of skill in the art. The network 
equipment for ADSL modulation and demodulation typi 
cally resides in the pedestal. 
0014. In accordance with this aspect of the present inven 
tion, the pedestal is further specially adapted to receive 
tuning information from a subscriber unit to which it is 
coupled by an access line. The pedestal uses the tuning 
information to select the specified digital data from the 
multitude of service data received over the broadband net 
work at its inputs to be relayed to the subscriber unit. 
0015. In accordance with the present invention, this 
architecture could be further extended by including one or 
more additional interfaces. For example, in addition to the 
pedestal, an interface could be provided within the telephone 
company central office. The overall video distribution 
scheme would then incorporate three interconnected layers. 
The lowest layer would constitute the individual narrow 
bandwidth access lines between the pedestals and subscriber 
premises, the middle layer would constitute an intermediate 
bandwidth link between the central office and the pedestal, 
and the top layer would be a broadband network feeding the 
central office or some other broadband Source, e.g., a satel 
lite feed. With this scheme, the tuning function could be 
shared between the pedestal and the interface within the 
central office. The pedestal would respond to a tuning 
command from a Subscriber unit by attempting to extract the 
desired program from the intermediate bandwidth network. 
If the desired program is not already available via the 
intermediate bandwidth link, the pedestal signals the central 
office interface to retrieve the program from the broadband 
network. Of course, this multilayer architecture could be 
extended indefinitely over any number of interfaces and 
layers. 
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0016. The capacity of the intermediate bandwidth link 
would limit the number of different choices that could be 
selected simultaneously by subscribers serviced by the same 
pedestal. For example, the intermediate bandwidth link 
could carry a fixed number of NVOD channels with each 
subscriberable to choose one for current viewing. However, 
not all of the NVOD channels available via the intermediate 
bandwidth link are likely to be viewed simultaneously. In 
accordance with the invention, additional digital services 
may opportunistically exploit intermediate link capacity left 
unused by current subscriber activity. These additional ser 
vices could include other broadcast and NVOD channels, 
VOD service, or interactive services. 
0017. In accordance with the present invention, this 
opportunistic bandwidth scheme could also be adapted to 
operate in the context of a loop or bus architected access line 
network, such as a hybrid fiber/coaxial (HFC) network, 
providing digital broadcast, NVOD or other interactive 
services. In a HFC network a Host Digital Terminal (HDT) 
or Cable Headend couples a broadband optical network to 
one or more HFC cables each of which serves multiple 
subscriber units in a loop/bus architecture. The HDT or 
Cable Headend can be modified in accordance with the 
invention to incorporate an interface that passes only that 
digital service that has been requested by a subscriber unit 
as opposed to the prior art method of carrying all the streams 
belonging to a broadcast or NVOD offering. If bandwidth 
remains on the cable, additional services can opportunisti 
cally exploit it. 
0018) Numerous other combinations of layers and inter 
faces are possible within the scope of the present invention. 
For example, the broadband network may be implemented 
as one or more satellite or MMDS (Multichannel Microwave 
Distribution System) feeds. A video distribution system in 
accordance with the present invention may also be easily 
extended to provide interactive services. Alternatively, infor 
mation besides video information could be distributed. For 
example, interactive internet services may be provided over 
the same network that incorporates the present invention. 
0019. The invention will be better understood by refer 
ence to the following detailed description in connection with 
the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0020 FIG. 1 depicts a typical pedestal-based telephone 
network. 

0021 FIG. 2 depicts a top-level diagram of a video 
pedestal network in accordance with one embodiment of the 
present invention. 
0022 FIG. 3 depicts how a desired program may be 
filtered from a multi-program stream in accordance with one 
embodiment of the present invention. 
0023 FIG. 4 depicts how two desired programs may be 
filtered from a multi-program stream in accordance with the 
invention. 

0024 FIG. 5 depicts data flow to the subscriber within a 
video pedestal in accordance with one embodiment of the 
present invention. 
0.025 FIG. 6 depicts data flow from the subscriber within 
a video pedestal in accordance with one embodiment of the 
present invention. 
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0026 FIG. 7 depicts a multiple-feed video pedestal archi 
tecture based on a cross-bar Switch in accordance with one 
embodiment of the present invention. 
0027 FIG. 8 depicts a two layer video pedestal network 
architecture in accordance with one embodiment of the 
present invention. 
0028 FIG.9 depicts statistical multiplexing within a four 
layer video pedestal network in accordance with one 
embodiment of the present invention. 
0029 FIG. 10 depicts a video pedestal network wherein 
a video pedestal is adapted to incorporate input from a local 
server in accordance with one embodiment of the present 
invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

0030 The present invention provides a system for dis 
tributing digital information from a broadband digital infor 
mation Source to one or more Subscriber units. An exemplary 
digital information distribution system in accordance with 
the present invention includes a plurality of digital informa 
tion servers coupled to a plurality of Subscriber Terminal 
Units (STUS) or subscriber units via a plurality of links. 
0031. A link provides a mechanism for transferring data 
from one entity, called the Source, to another entity, called 
the receiver. A link is capable of transferring data in either 
direction or both directions simultaneously. An entity that is 
a receiver for data travelling along one direction in a link can 
be the source for data travelling along the opposite direction 
in the same link. Likewise, an entity that is a receiver for one 
link can be a source for another link. For example, if data 
passes down one link into a receiver and continues into 
another link, the same entity that was the receiver for the first 
link becomes the source for the second link. 

0032 Multiple receivers may be coupled to a common 
Source via the same link. Similarly, multiple sources may be 
coupled to a common receiver via the same link. An example 
of these two implementations is a bus or loop architecture. 
In another architecture, commonly referred to as the Star 
architecture, one link couples only one receiver to one 
source (of course each entity can be either the receiver or the 
Source or even both at one time since data may travel 
bi-directionally). 

0033 Digital data travels from the information servers, 
which in this context constitute the broadband digital infor 
mation source, to the STUs via two or more links and 
possibly via one or more receivers/sources between the 
links. All receivers/sources through which data travels 
before reaching the STU may be referred to as intermediate 
interfaces or simply interfaces. 
0034. The digital data provided by the information serv 
ers may be in the form of text, graphics, audio or sound, 
Video or still image, or binary computer data. It should be 
noted that the STU can be viewed as a receiver or source as 
well as these as these terms have been used in the discussion 
above. The function of the STU or the subscriber unit is to 
receive the desired data from the network and convert it to 
a form useable by the Subscriber, e.g., a video stream may be 
displayed on a conventional television screen, or a text 
stream may be printed on paper. The information servers 
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may be general purpose media servers, video servers, real 
time audio and video encoders, or any other device from 
which digital data may be extracted. 
0035 Links may be implemented in a variety of physical 
media without restriction. For example, a link may be a 
satellite channel, an optical fiber channel, a coaxial cable, a 
telephone twisted pair, or a microwave channel. 
0036). In accordance with the invention, the subscriber 
unit may select a particular stream of digital information to 
be received from many streams of digital information avail 
able from a source even if the available streams would not 
together fit within the bandwidth of the link connected to the 
subscriber unit. This is done by shifting the selection or 
tuning function away from the Subscriber unit to one or more 
interfaces between the links or between a link and the 
source. The tuning function is directly controlled by the 
subscriber unit. 

0037. The subscriber unit sends a message to a particular 
interface selecting a desired stream of digital information. 
The interface responds to the message by selecting the 
desired stream from a multitude of streams received at that 
interface from the source and relaying that stream toward the 
subscriber unit via one or more links. In a system with 
multiple links and interfaces between them, the interface to 
which the message is directed may not itself currently have 
the desired digital information stream available to it. Such an 
interface would respond by requesting the desired stream 
from another interface closer to the broadband source. The 
tuning function could be distributed over many interfaces in 
this way. 
0038. The digital information distribution system of the 
present invention will be made clearer with reference to a 
particular example, the modification of a conventional pub 
lic telephone network to distribute digital video services 
Such as digital broadcasting of standard definition and High 
Definition TeleVision (HDTV) programs, video-on-demand 
(VOD), near-video-on-demand (NVOD) providing stag 
gered program starting times, interactive video services 
(IVS), and internet services. 
0039 FIG. 1 depicts a typical pedestal-based telephone 
network 100. Telephone network 100 includes a series of 
access lines 102 connected to individual telephone termi 
nals, a hub or pedestal 104, and a fiber trunk 106 to connect 
the pedestal to the central office. It should be noted that the 
pedestal may in fact be within the Central Office itself, i.e., 
it is not a remote unit. In such a situation, fiber trunk 106 is 
the core telephone network. If the pedestals are remote units, 
the connection between the Central Office and the pedestals, 
fiber trunk 106, could either have a star topology, or it could 
have a bus/loop topology. Access lines 102 provide the 
individual customer terminals with private and secure con 
nections to the network. Fiber trunk 106 typically carries 
data at OC1/DS3 (approximately 45 Mb/s) or OC3 (approxi 
mately 155 Mb/s) rates, typically over an optical link. 
0040 Access lines 102 are typically copper twisted pair 
lines having a maximum length less than a mile. The 
function of pedestal 104 in the downstream direction is to 
demultiplex telephone data received from fiber trunk 106 
and route it to appropriate terminals in customer premises. 
For upstream operation, pedestal 104 aggregates incoming 
data received via access lines 102, multiplexes it and sends 
it over trunk 106. 
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0041. In accordance with one embodiment of the present 
invention, pedestal 104 is modified so that digital video and 
other digital services are provided without laying of new 
access lines. A telephone network So-modified is herein 
referred to as a “Video Pedestal Network or “VPN. A 
pedestal so-modified is referred to as a “Video Pedestal' or 
“VP'. 

0042. In an exemplary VPN, MPEG-2 data is delivered to 
the pedestal at a very high rate (e.g., OC3 or higher). Data 
is carried to Subscriber premises via the copper line using 
Asymmetric Digital Subscriber Link (ADSL) technology as 
known to those of skill in the art. However, since the 
bandwidth of the copper line is much less than that of the 
fiber, not all the incoming data can be transmitted over the 
copper line. This bandwidth mismatch is resolved by requir 
ing the pedestal to filter out all MPEG-2 packets that are 
irrelevant to the program selected by a subscriber unit which 
is itself connected to the copper access line. In other words, 
the pedestal sends out over each copper line only those 
MPEG-2 packets that are necessary to enable reception of 
the selected program channel. The subscriber unit receives 
only a single program MPEG-2 transport stream (or alter 
atively, a very small set of MPEG-2 transport streams) at its 
input. 

0043. From the above it is clear that the pedestal must 
Somehow know which packets in the incoming stream are to 
go down through each access line. In accordance with the 
invention, each subscriber unit tells the VP as to which 
MPEG-2 packets it wishes to receive. This is accomplished 
through a special signaling protocol between the Subscriber 
unit and the VP. The VP generally does not need to know 
anything about the content of either the incoming or outgo 
ing MPEG-2 stream. It receives information from each 
subscriber unit as to which packets that subscriber unit 
wishes to receive and merely filters those packets down 
through the access line. As a result, the VP architecture is 
kept very simple. In essence, a part of the channel tuning 
functionality has been shifted from the subscriber unit, 
where it would reside for a conventional cable television 
system or prior art digital VOD and NVOD systems, to the 
network. 

0044) The shifting of tuning intelligence into the VP 
gives the VPN significant advantages over the so-called 
FTTCO (Fiber-to-the-Central Office), FTTB and other simi 
lar schemes of the prior art, wherein the subscriber unit 
selects from among digital video data transmitted over the 
twisted pair line via ADSL. In FTTCO, FTTB and other 
similar schemes, the subscriber unit only “sees” a small 
amount of MPEG-2 data, equal to whatever can be trans 
mitted over the copper line from an optical network unit 
(which couples the fiber to the low bandwidth access line). 
Since FTTCO, FTTB and other similar schemes in their 
current implementation do not perform any tuning in the 
network, their capabilities are limited to point-to-point Ser 
vices. In contrast, the VPN presents the subscriber unit with 
a virtual connection to the core network (fiber trunk), thus 
enabling it to receive Substantially more services, such as 
broadcast and NVOD, than would be available with FTTCO. 

0045. It is stressed that the broadcast and NVOD services 
are in addition to whatever services existing FTTC, FTTB 
and other existing similar schemes provide. This is because 
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the VPN can be architected to have the same switching 
capabilities as these prior art networks for providing point 
to-point connections. 
0046) VPN has several advantages over the HFC network 
architecture as well. While it is true that HFC supports 
broadcast and NVOD services readily, it does not effectively 
Support point-to-point interactive services. This is due to 
extremely low bandwidths available for the return channel. 
The VPN does not suffer from such a disadvantage since it 
is based on a star topology. Security is also Superior in the 
VPN. Once again, since the VPN uses a star topology for the 
access part of the network, each customer has a private 
connection to the network. This is in contrast to the HFC 
architecture, where each coax is shared by several hundred 
users in a loop architecture. As a consequence there is much 
more security and privacy in the VPN. 
0047. Note that in the VPN architecture the ADSL 
latency also adds to the channel acquisition time since part 
of the tuning is performed in the VP. However, the extra few 
tens of milliseconds does not represent a significant impact 
on the typical 500 milliseconds or higher number that 
Subscriber units typically require for locking onto a new 
Video channel. 

0.048 Because VPN as described with reference to FIG. 
1 does not require laying of new cables or wires to every 
individual subscriber's premises, it is possible to launch 
digital broadcast and NVOD services on a large scale 
relatively quickly—much more quickly than for distribution 
systems such as FTTCO, FTTC and FTTB. The important 
modifications to the telephone network to implement the 
VPN are in the pedestals. 
0049. A very significant advantage of the VPN, however, 

is that it seamlessly evolves to a completely interactive 
network once service offerings mature. By ensuring that the 
signaling protocol between the subscriber unit and the VPN 
is very general it is possible to Support all the interactive 
services right from the beginning. This service evolution 
feature, combined with the relatively insignificant cost of 
network construction, makes the VPN architecture of the 
present invention extremely attractive. 
0050. The architecture of the subscriber unit that con 
nects to the VP Network is no different from that of 
subscriber units of the prior art, except, of course, for the 
Support required for the tuning signaling protocol between 
the subscriber unit and the network. As in the case of any 
other network, the subscriber unit connected to the VPN has 
a network interface module appropriate to the characteristics 
of the access line connecting the Subscriber unit to the 
network, e.g., an ADSL network interface module will be 
required for a twisted pair copper access line. 
0051 FIG. 2 depicts a top-level diagram of a VPN 200 of 
one embodiment of the present invention. VPN 200 includes 
a representative subscriber unit 202, an ADSL access net 
work 204 having a star topology, a VP206, a high bandwidth 
core network 208, a series of servers and/or encoders 209, 
and a network manager 210. 
0.052 VP 206 interfaces core network 208 with access 
network 204. Core network 208 is a high bandwidth digital 
network, or series of networks, that interfaces with the 
content servers 209. Core network 208 could be based on 
fiber, satellite, or microwave, or any combination of these 
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technologies. Access network 204 is the final segment of the 
delivery system. To save cost access network 204 is pref 
erably implemented on existing medium Such as telephone 
wires (copper twisted pair). Of course, it is not a requirement 
for the present invention that the access lines be copper 
twisted pair. For example, if no existing access lines are 
available as would be the case if the network provider is an 
entity other than a telephone company, any other physical 
medium that is appropriate to the needs and constraints of 
the network provider may be used, e.g., coaxial cable. 
Subscriber unit 202 interfaces with access network 204 
through a network interface module (not shown). 
0053 As described above VP206 interfaces access net 
work 204 with core network 208. In essence, VP206 shields 
subscriber unit 202 from the core network architecture, thus 
making it possible to use the same Subscriber unit with 
different core delivery systems (satellite, fiber, microwave). 
Of course, the part of VP 206 that interfaces with core 
network 208 will be dependent on the characteristics of the 
latter. The VP also has an interface with network manager 
210 for purposes of control and monitoring. 
0054) The input to VP206 is preferably a high bandwidth 
MPEG-2 stream appropriately adapted to the physical 
medium of core network 208. For example, if core network 
208 is built using optical fiber, MPEG-2 data could be 
carried over ATM cells using AAL5 as known to those of 
skill in the art. Alternatively, if core network 208 is a satellite 
channel, MPEG-2 data would typically be directly modu 
lated using Quadrature Phase Shift Keying (QPSK), again as 
known to those of skill in the art. Any physical layer could 
be used to implement core network 208 in accordance with 
the present invention. 
0055 VP 206 has multiple physical outputs, each of 
which is a twisted pair telephone line. First consider the case 
where only one program is required to be sent down over 
each twisted pair connection. Current ADSL technology 
limits the bandwidth of each telephone line to approximately 
6-8 Mb/s, which is much narrower than the bandwidth of the 
core network. 

0056. The principal function of VP206 is to receive from 
each Subscriber unit information as to which one program 
that subscriber unit wishes to decode, filter from the input 
stream the appropriate MPEG-2 packets corresponding to 
that program, and transmit them to the Subscriber unit. The 
process of filtering MPEG-2 packets and transmitting them 
over the access network is performed without violating any 
MPEG-2 requirements, and without introducing significant 
jitter in the MPEG-2 packets. 
0057 FIG. 3 depicts how a desired program may be 
filtered from a multi-program stream in accordance with the 
invention. The top portion of FIG. 3 depicts a high band 
width MPEG-2 stream 302 coming into VP 206. This 
bitstream contains packets belonging to many different 
programs including a single program whose packets are 
denoted by slant-hatched lines. The bottom portion shows a 
stream 304 of filtered packets belonging to this single 
program. leaving VP 206. The output rate is much lower 
than the input rate which results in “stretching of the 
packets on the time line (since the packets in the input and 
output streams are all of the same size, i.e., 188 bytes as 
specified by MPEG-2). Note that the order of packets in the 
filtered program is not altered. 
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0058. In reality, packets of disparate origin must be 
carried over the access line at the same time. For example, 
in one embodiment that is compliant with the European 
Digital Video Broadcasting (DVB) standard, both program 
data and Service Information (SI) (which carries the elec 
tronic program guide) data will typically be simultaneously 
delivered to the subscriber unit as known to those of skill in 
the art. Furthermore, with future advances in ADSL tech 
nology, it will become feasible to increase the capacity of the 
twisted pair medium to the point that it will become possible 
to support multiple video programs over a single telephone 
line. For example, with 25 Mb/s capacity it should be 
possible to carry 5 or 6 services. This can be used to serve 
multiple subscriber units within one home simultaneously 
over a single twisted pair access line. Alternatively, if the 
access line is implemented using a coaxial cable whose 
bandwidth is higher than that of twisted pair, it may be 
required to carry more than one service over this line in 
order to support multiple subscriber units in the home. 
0059 FIG. 4 depicts filtering of MPEG-2 packets belong 
ing to two different programs. The top portion of FIG. 4 
depicts a high data rate MPEG-2 packet stream 402 entering 
VP206. The bottom portion of FIG. 4 depicts a stream 404 
carrying packets belonging to two different programs. In 
FIG. 4, one program (denoted by shaded packets) has a rate 
equal to one eighth of the total incoming rate, while the other 
program (denoted by Slant-hatched packets) has a rate equal 
to one fourth of the total rate. These ratios are of course only 
examples. The outgoing dual-program rate equals the Sum of 
the rates of the two filtered programs, i.e., it is 3/8 times the 
incoming rate. The packets in the outgoing stream are in the 
same order as they were in the incoming stream. By ensuring 
that the outgoing rate is exactly equal to the sum of all the 
filtered program rates, it is possible to ensure that the 
received packet time stamp values in the Subscriber unit are 
acCurate. 

0060 FIG.5 depicts data flow to the subscriber within VP 
206 in accordance with one embodiment of the present 
invention. VP206 includes a network adapter 502, and then 
for each access line, an ADSL modulator 504, and a line 
buffer 506. There is also an MPEG-2 Packet ID (PID) 
Lookup Table (PLUT) 508 and filter 510 for each outgoing 
access line. The concept of PID is well known to those of 
skill in the art. PLUT 508 contains a list of all PIDs that are 
to be transmitted over the access line and is constructed 
based on information received from the subscriber unit. 
Using PLUT 508, PID Filter 510 selects the appropriate 
PIDs from the multitude of PIDs contained in the entering 
stream and sends them to line buffer 506, which is a simple 
FIFO. Line buffer 506 is allowed to fill up until it is half-full 
before packets are removed. The rate at which buffer 506 is 
emptied equals the Sum of the rates of all the programs being 
transmitted over the access line. For example, if 2 programs 
are filtered, with rates of 3 and 6 Mb/s respectively, line 
buffer 506 is emptied at a rate of 9 Mb/s. The access line data 
rate is preferably adjustable, in real time, up to its maximum 
value. If the access line data rate is fixed and greater than the 
rate of the outgoing MPEG-2 stream then it may be neces 
sary to appropriately “pad' the outgoing stream with “null' 
or “dummy” packets to fill up the total available bandwidth. 

0061 Aside benefit is that VP206 can also be used as a 
"de-jittering device, i.e., it can be used to eliminate any 
jitter introduced by core network 204. This eliminates the 
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need for an extra buffer within the subscriber unit and also 
improves the timing recovery performance of the MPEG-2 
decoder in the subscriber unit. The de-jittering is done in line 
buffer 506. Its size therefore depends on the extent of jitter 
in the incoming stream. If there is no jitter in the incoming 
bitstream, then this buffer need only be a few packets deep. 
However, if core network 204 does introduce jitter (e.g., if 
it is a switched ATM network), then the size of line buffer 
506 can be set equal to twice the maximum jitter times the 
maximum rate on the access line. For example, assume that 
the core network can introduce a maximum delay of +/-2 
milliseconds. If the maximum data rate on the ADSL access 
line is 20 Mb/s, line buffer 506 can be specified to have a size 
of 2*2(milliseconds)*20(Mb/s)=80,000 bits. 
0062) This scheme assumes that VP206 is aware of the 
data rate of the outgoing streams on each access line 204. 
This is ensured by having the subscriber units convey the 
stream rate to the VP in addition to conveying the MPEG-2 
PID information. The subscriber units themselves know the 
rates from the Program Specific Information (PSI) stream 
that is part of the MPEG-2 data stream, as will be easily 
understood by those of skill in the art. The “rate descriptor 
in the PSI stream is specified by MPEG-2 to be an optional 
field. However, it is clear from the above statement that in 
this embodiment, the rate descriptor is mandatory in the PSI. 
In the case of MPEG-2 services that are of variable rate, the 
maximum possible rate of the service is carried in the rate 
descriptor field of the PSI. Such services are relayed by the 
VP to the Subscriber unit at their maximum rate values. 

0063) To cover the most general case, the subscriber unit 
signals not only the PID and rate information to the VP, but 
also all other information that uniquely identifies the 
required stream in the core network. For example, in one 
embodiment that is compliant with the European Standard 
for Digital Video Broadcasting (DVB), certain fields in the 
Service Information (SI) data are available, such as “origi 
nal network ID', “transport stream ID' and “service ID 
that uniquely identify a particular service stream in a mul 
titude of data streams. In Such a system, the Subscriber unit 
could communicate all this information to the VP in order to 
uniquely identify the digital stream. PID Filter 510 in FIG. 
5 would then be a more sophisticated filter since it must 
process all the additional identifier fields in addition to the 
MPEG-2 PID values. 

0064. The SI data stream is of course only one example 
of how program selection data could be distributed to 
subscriber units. Other protocols could be employed using 
the core and/or access networks. Alternatively, program 
selection data could be distributed via another medium such 
as floppy disk or CD-ROM. 
0065. There is however data that VP206 cannot get from 
the subscriber units and must instead obtain from network 
manager 210. Alternatively, this data may be “hard-wired 
into the VP if it can be ensured at start of deployment that 
the data will never or seldom change in the future. As an 
example, in a network following the DVB standard, this data 
includes the list of PIDs that comprise the SI data and the 
stream rate of the SI data. This information is required to 
enable VP 206 to provide the SI stream to any subscriber 
unit whenever the latter requests it. 
0.066 The SI stream may be treated as simply another 
program and sent over the access line whenever any Sub 
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scriber unit requests it. Alternatively, the SI stream may be 
transparently routed over all the access lines. This way, any 
change in the SI data is automatically available to the 
subscriber units. This also simplifies the architecture of VP 
206 since it need not monitor and determine when the SI 
stream has been updated and therefore needs to be routed to 
the subscriber units. The disadvantage of this scheme is that 
some bandwidth over the access lines will always be con 
sumed by the SI data. This is also however a drawback to the 
prior art video distribution schemes. The SI data may be 
structured so as to minimize bandwidth usage. 
0067 Network adaptor 502 recovers MPEG-2 packets 
from the core network delivery medium. For example, if 
core network 208 is based on ATM, network adaptor 502 
would perform the appropriate ATM Segmentation and 
Re-assembly (SAR) functions. Alternatively, if the core 
network were a satellite channel, network adaptor 502 
would include the appropriate channel decoder, e.g. a QPSK 
demodulator and Forward Error Correction (FEC) decoder. 
0068. As discussed above, VP 206 requires rate and 
MPEG-2 PID values for the filtered program from the 
subscriber units. This is accomplished by sending the infor 
mation in the control plane via the return channel on the 
access line as will be understood by those of skill in the art. 
However, the same return channel may carry signaling data 
for a service provider further upstream than VP 206. For 
example, in a VOD application a Subscriber unit may send 
a so-called VCR “trick mode” (pause/fast forward/etc.) 
command to the server. VP206 recognizes which data in the 
upstream channel is addressed to it, and which is to be sent 
upstream. This function is accomplished within the signal 
ing protocol used between VP206 and the subscriber units. 
0069 FIG. 6 depicts return channel data flow within 
video pedestal 206 in accordance with one embodiment of 
the present invention. Each return channel within video 
pedestal 206 includes a check address block 602 coupled to 
a PID filter setup unit 604 that controls the contents of PID 
LUT 508. Return signal data intended for VP 206 is iden 
tified within check address block 602 and forwarded to setup 
unit 604 so that PID LUT 508 required for filtering of 
incoming MPEG-2 packets may be updated appropriately. 
Return signal data intended for upstream components is 
instead directed to an upstream multiplexer 606 that aggre 
gates all the signaling packets to be sent upstream. A 
program selection monitor 608 is optionally provided to log 
Subscriber selections for billing and/or Survey purposes. 
0070. At power-up, subscriber unit 202 requests VP206 
to send SI data (if the SI data is always present on the access 
line, this step is omitted). Subscriber unit 202 then informs 
VP 206 as to which MPEG-2 PIDs to filter in order to 
receive a specific service. 
0071. It will be appreciated that numerous variations of 
and extensions to the basic VPN architecture are possible 
within the scope of the present invention. VPN implemen 
tation details will depend on a number of factors including 
settlement patterns and the nature of the existing infrastruc 
ture. 

0072 One simple variation is obtained by placing the VP 
at the telephone company Central Office (CO), instead of at 
a hub in each neighborhood. An advantage of this configu 
ration is lower cost since core network 208 is now termi 



US 2008/0046938 A9 

nated at the CO. Access network 204 is still twisted pair 
based on ADSL, however, the average length of each access 
line is much longer, of the order of 2 or 3 miles. One 
disadvantage is that current ADSL technology severely 
limits bandwidth available on telephone cables of these 
lengths. 
0073. This configuration works very well in conjunction 
with so-called “scalable' ADSL modems as are envisioned. 
A scalable modem can operate over variable distances and 
support different bandwidths. For example, over a 2 or 3 
mile distance, the supported bandwidth may be limited to 8 
or 9 Mb/s; however, as the line length is dropped, the 
bandwidth increases. Thus, for example, at a distance of 
3000 feet or less, the maximum bandwidth would be 25 
Mb/s or higher with scalable modems. 
0074 The service can be started using the VP in the CO 
and with limited bandwidth to the subscriber unit. However, 
as services proliferate, the VP can be moved closer to 
subscriber premises thus increasing the available bandwidth, 
but without any modifications to the existing subscriber 
units themselves. 

0075) Another group of variations on the basic VPN 
architecture involves interfacing multiple core networks to 
VP206. In one alternative embodiment, multiple OC3 (155 
Mb/sec) or OC12 trunk lines (approximately 622 Mb/sec) 
are fed to the same VP 206. VP 206 is then configured to 
filter any program from any of these incoming feeds. With 
this type of configuration, VP206 can potentially have more 
available bandwidth than an entire coaxial cable used in the 
HFC system. 
0.076 Another similar configuration employs multiple 
satellite feeds to VP206. This configuration is particularly 
useful in the context of apartment buildings with multiple 
satellite receiver antennas, each tuned to a different satellite. 
The sum total of all available transponder bandwidths could 
easily be of the order of 1000 Mb/s, with each satellite 
transponder carrying a bandwidth between 30 and 80 Mb/s. 
0077. In the multi-satellite feed case, VP206 includes a 
network adaptor for each incoming transponder signal. 
There may be feeds from as many as, e.g., 50 different 
transponders each with an average bandwidth of 30 Mb/s. If 
it is desirable to limit the number of feeds coming into VP 
206, the MPEG-2 streams from individual transponders can 
be combined within an MPEG-2 re-multiplexer prior to 
input to VP 206. 
0078 FIG. 7 depicts a multiple-feed VP architecture 
based on a cross-bar Switch in accordance with one embodi 
ment of the present invention. A multi-feed VP 702 is 
implemented using a simple crossbar Switched connection. 
The inputs to multi-feed VP702 are a set of input feeds 704 
corresponding to, e.g., input trunk lines and/or satellite 
receiver outputs. The outputs of multi-feed VP702 are a set 
of access lines 706. Each access line 706 receives its data 
from a filter/modulator 708 which performs the functions 
discussed in reference to FIG. 5. A series of Switches 710 
connects each input feed 704 to an access line 706. Only one 
of the switches 710 is on for any access line 706 at any time. 
The corresponding MPEG-2 stream is filtered and delivered 
to the output filter/modulator 708. 
0079. As previously described, the subscriber unit to VP 
signaling protocol is expanded accordingly to implement 
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“feed-selection” in VP702. The subscriber unit additionally 
informs VP 702 as to which input feed to connect to. It does 
this, for example in the context of a DVB compliant net 
work, by providing VP 702 with the complete set of iden 
tification parameters for the required MPEG-2 stream 
(“original network ID', “transport ID, and “servi 
ce ID'). The subscriber unit receives this information as a 
part of network information within the SI data as is known 
to those of skill in the art. VP702 interprets this information 
to determine which input feed 704 to select for the specific 
Subscriber unit. Again, as mentioned previously, the map 
ping between the information provided by the subscriber 
unit and the input feed may be static, i.e. hard-wired in VP 
702, or it may be under the control of a network manager 
which can change it dynamically. 

0080. The basic concept of shifting tuning into the net 
work in accordance with the present invention may be 
extended to implement a hierarchical VPN architecture, with 
multiple VP's regulating the flow of data through the net 
work. Any component such as a VP or a subscriber unit may 
transmit a signal upstream, i.e., toward the broadband digital 
information Source, to request a specific digital service from 
amongst the multitude of digital services that are available 
in the network. Of course, it is obvious from the discussion 
so far that all such components should have the ability to 
uniquely identify the digital stream they want to receive. In 
one embodiment such information is transmitted in the 
downstream direction, i.e., away from the broadband digital 
information source, by the server or other entity like network 
manager. Specifically, the SI stream in a DVB compliant 
architecture carries this information. Thus, all components 
that are desirous of selecting streams from a location 
upstream in the network should be capable of decoding and 
interpreting the SI stream. 

0081. In the simplest implementation, a signal requesting 
a specific digital service may be allowed to travel upstream 
along all available paths until it reaches the servers wherein 
it is terminated. All VPs traversed by the signal set their 
stream filters to pass the desired stream downstream. Of 
course, if any VP already has its filters appropriately set, it 
need not respond explicitly to the message. 

0082 One potential disadvantage of such an implemen 
tation is the possibility of “flooding in the upstream channel 
since all signals are blindly broadcast along all available 
upstream paths. This problem is eliminated by building 
additional intelligence into the VPs as follows. Each VP 
determines if it is already passing the requested stream 
through to the output. If yes, it terminates the signal. If no. 
the VP sets its stream filters appropriately and then deter 
mines along which upstream path amongst its multiple input 
feeds should the signal be propagated and sends the signal 
along that path. Determination of the Suitable upstream path 
is done by maintaining a list of identifiers for all streams that 
are available in each input feed and comparing this list with 
the stream identifier information in the received signal. For 
example, in a DVB compliant architecture, the list may 
contain the “original network IDs of all the networks that 
are connected to a particular input feed. The “original net 
work ID' of the requested stream is then matched with the 
appropriate input feed. In more complex networks additional 
information like “transport ID' and “service Id’ may also 
be required to be matched. 
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0083. The list of stream identifiers for each input feed 
may be hard-wired into the VP if it known before hand that 
they will not be altered. Alternatively, an external entity like 
a network manager may update the list dynamically. 
0084. In accordance with the invention, bandwidth avail 
able within a hierarchical VPN may be opportunistically 
exploited by supplementary services, video or otherwise by 
employing “statistical multiplexing as herein described. 
FIG. 8 depicts an exemplary two layer VPN 800 suitable for 
implementing statistical multiplexing in accordance with 
one embodiment of the present invention. VPN 800 includes 
a core VP802, an access VP804, a representative subscriber 
unit 806. Feeds 808 are the input to core VP 802. An OC48 
line 810 interconnects core VP 802 and access VP 804. 

0085 Consider the use of VPN 800 to implement an 
NVOD service. For the purposes of this example it is 
assumed that OC48 line 810 can deliver approximately 480 
channels of video programming. (The actual number of 
channels that can be delivered over any band-limited net 
work is a function of the data rate allocated to each channel 
as well as the total capacity of the network.) This is sufficient 
for an NVOD service consisting of 20 movies, each of 2 
hours duration, and with a stagger interval of 5 minutes. Any 
additional service would require more capacity on the con 
nection between the core VP 802 and access VP 804. 

0.086 Statistically speaking, it is improbable that every 
one of the 480 available channels will be viewed by some 
subscriber served by access VP 804 at all times. At any one 
moment. Some of the channels would not have any Sub 
scriber tuned to them, and their bandwidth would essentially 
be wasted. 

0087. In accordance with the statistical multiplexing fea 
ture of the present invention, these channels could instead be 
used to provide additional services. For example, if a 
particular user did not want to watch any of the movies on 
the NVOD service, he/she could be offered some other 
service (e.g., interactive home shopping or VOD or even a 
program from another broadcast/NVOD service) on one of 
the NVOD channels not currently being viewed by anybody. 
These “opportunistic' services directly contribute to the 
revenue stream of the service provider. 
0088 Since the underlying model here is statistical, there 
will be occasions when situations arise so that statistical 
multiplexing could result in degradation of service quality. 
For example, consider the case when a user decides to take 
a break from watching a movie knowing that she/he can 
return to the same-point in the movie by tuning to another 
channel which has the same movie delayed by the appro 
priate time. In the meantime, however, there is a possibility 
that particular channel was not transmitted since nobody 
wanted to watch it, and its slot in the network is occupied by 
an opportunistic service. In the worst case, all such “freed' 
NVOD slots could have been grabbed by opportunistic 
services with the result that this particular user would not be 
able to receive her/his movie at the end of her/his break. 

0089 Preferably, an appropriate scheduling and policing 
mechanism ameliorates this problem. In one embodiment, 
the VPN ensures that there is always a minimum number of 
free channels at any time and does not offer all the available 
channels to opportunistic services. 
0090 Referring again to FIG. 8, the network(s) to the left 
of core VP 802 carry very high bandwidth data. There may 
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be one or more core networks feeding core VP. All the 
NVOD and other broadcast channels are available at the 
input to core VP 802. The SI data for the NVOD and 
broadcast service is always routed through to the subscriber 
units. Using the received SI data (which contains the Elec 
tronic Program Guide EPG), each user selects a desired 
channel for viewing. As in the basic VPN architecture 
depicted in FIG. 3, the appropriate information regarding the 
selected channel (stream ID, rate and PID list, etc.) is 
signaled from the subscriber unit to access VP 804 to enable 
the latter to appropriately tune its filters and route the 
program through to the user. 

0091. In the absence of statistical multiplexing, this is all 
the signaling required between the Subscriber unit and the 
network. Since all the broadcast and NVOD channels are 
available at the input of access VP 804, the latter appropri 
ately sets its filters and subscriber unit 806 receives the 
selected program. However, when statistical multiplexing is 
employed, the requested program may or may not be avail 
able at the input to access VP 804. If it is available at the 
input to access VP 804 (which would be the case if some 
other user had already requested that program), then the 
access VP needs only set the filters appropriately and 
provide the requested program to the user. 

0092. However, if the program is not available at the 
input to access VP 804 (which would be the case if no other 
user had requested that program until that point, or if all the 
sessions with that program had been terminated (e.g., the 
movie had ended) and hence that channel had been offered 
to other opportunistic services), then access VP 804, in 
addition to setting its filters appropriately, also bounces the 
request to core VP 802. Core VP 802 then adjusts its filters 
to select the requested program and multiplexes it down the 
connection to access VP 804. 

0093. In one embodiment, for simplicity of implementa 
tion, the request is always bounced from access VP 804 to 
core VP 802, regardless of whether or not the program is 
already being filtered by the latter for transmission to access 
VP 804. This minimizes the complexity of the software in 
access VP 804, and reduces the latency in acquiring the 
channel. Of course, core VP 802 must then check if it needs 
to respond to the received signal. The general nature of this 
signaling protocol (i.e., when it is terminated and when it is 
propagated upstream) has been described above. 

0094) Core VP802 maintains a list of which channels are 
currently being used and which are not. The list of channels 
not being used is the pool of available slots for the oppor 
tunistic services. These lists are dynamically maintained 
based on information received from the subscriber units. 

0095. In an alternative embodiment, the concept of sta 
tistical multiplexing is generalized to a network with more 
than two layers of VPs. FIG. 9 depicts statistical multiplex 
ing within a four layer VPN 900 in accordance with one 
embodiment of the present invention. VPN 900 includes a 
service provider 902, a subscriber unit 904 and four VPs 
906, 908, 910, and 912 therebetween. Multiple input and 
output connections are shown for each VP. 
0096. In the configuration of FIG. 9, a request from 
subscriber unit 904 for a particular program bounces back 
sequentially from right to left until it reaches a VP which is 
already filtering the requested program through to its output. 
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Each VP to the right of this VP, i.e., downstream from it, 
adjusts its filters appropriately and once this process is 
complete, the Subscriber unit begins receiving the requested 
program. 

0097. Ultimately, the message may bounce from the 
subscriber unit all the way back to the server, which then 
initiates delivery of the program. This situation resembles 
VOD operation in some respects. However, once one sub 
scriber unit has requested a program, another Subscriber unit 
may be offered the same program downstream if it requests 
it. In VOD, the connection between the subscriber unit and 
the server is point-to-point and no other Subscriber unit can 
take advantage of the delivery of the program through this 
connection. 

0098. The VPs in the network can be understood to be 
“pseudo-servers' for the NVOD services. When a user 
requests a program, the signal traverses upstream, i.e., 
toward the broadband digital information source, until it 
reaches the VP where the program is available. That VP then 
is the “pseudo-server” for that request. Note that the pseudo 
server for the next request for the same program from 
another user could be a different VP, depending on the 
location of that user in the network. In the extreme case 
described in the previous paragraph, the pseudoserver is the 
actual server itself. The network designer must consider the 
effects of latency as the number of VPs increases in the 
chain. 

0099. In accordance with the invention, statistical multi 
plexing may be applied to introduce local programming at a 
neighborhood VP. FIG. 10 depicts a VPN 1000 wherein a 
core VP 1002 is adapted to incorporate input from a local 
server 1004 in accordance with one embodiment of the 
present invention. VPN 1000 includes core VP 1002, an 
access VP 1006, a representative subscriber unit 1008, an 
OC48 interconnection 1010 between core VP 1002 and 
access VP 1006, and access lines 1012 representing the 
outputs of access VP 1006. Core VP 1002 includes multiple 
feeds 1014 including a feed from a local server 1004. Server 
1004 could be used, for example, to opportunistically inject 
programming and/or commercials relevant to a neighbor 
hood or community. Any Subscriber unit in the neighbor 
hood can access this server. 

0100. In accordance with the invention, statistical multi 
plexing may also be applied in the context of a shared 
physical medium, e.g., a loop or bus architected access 
network such as an HFC network. This configuration is 
particularly useful to the operators of cable TV systems or 
others who already have such a network in place. 
0101 Every subscriber unit connected to the loop access 
network potentially has access to all the data being trans 
mitted. Typically, encryption is used to protect data from 
unauthorized use. 

0102) The prior art scheme for providing NVOD services 
over HFC is to simply broadcast all the programming over 
the cable, consuming as much bandwidth as is required but 
limited, of course, by the total available bandwidth. Each 
Subscriber unit can access all these programs, however it can 
decode only what it is authorized to. By introducing a VP at 
the headend (which is the source of all the services in the 
HFC cable), access to the data transmitted over the HFC is 
restricted to only those services that have been requested by 
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the subscriber units. Services that have not been requested 
are not transmitted on the cable. In accordance with the 
invention, capacity left unused due to unrequested services 
can then be used for opportunistic services, including 
accessing programs from a local server in the headend. 
0103) In accordance with the present invention, standard 
HFC spectrum allocations may be modified to minimize 
latency when selecting programming. Typical HFC imple 
mentations allocate only a small portion of the spectrum (of 
the order of 25 MHz near the low end) for upstream 
signaling from the subscriber units. Due to the limited 
bandwidth here, which is shared between all the users, the 
signaling latency is typically very large, and would cause 
delays in selecting programming. In accordance with the 
invention, the upstream signaling bandwidth is increased to 
reduce this latency. Since statistical multiplexing increases 
the efficiency of the downstream allocation, the spectrum 
reallocated for upstream signaling does not have an appre 
ciable impact. 
0104. In an alternative embodiment of the present inven 
tion, the VP in an HFC environment implements a logical 
star topology over the existing physical loop topology. 
Assuming that there are at least as many channels (herein a 
channel is defined as the minimum network capacity that is 
needed for delivering any one of the total available services) 
available on the cable as there are subscriber units connected 
to it, a specific channel is dedicated to each Subscriber unit, 
and the Subscriber unit tunes this channel to the appropriate 
service available at the VP in the headend. This architecture 
is structurally similar to the telephone network-based VPN 
discussed in reference to FIGS. 2-8. 

0105. As compared to the telephone network, however, 
the cable implementation has restricted capacity. In a tele 
phone network VPN used for broadcast and/or NVOD, any 
number of subscriber units may be connected to a VP and 
offered services without any drop in quality as long as the 
trunk capacity feeding the VP is sufficient to carry all the 
programming. Of course, the size of the VP will increase 
with the number of users. However, for the logical star HFC 
architecture, once the number of subscriber units connected 
to the cable equals the cable capacity, i.e., the number of 
channels available over the cable, the network cannot add 
any more users, even with the same NVOD service offer 
ings. The logical star HFC architecture, is thus most useful 
in the context of high bandwidth implementations which 
rely heavily on fiber optics for distribution. 
0106 So far the VPN has been described as containing 
VPs that perform filtering of MPEG-2 packets based on their 
unique identifier values (like PID, “service ID', etc.). Those 
of skill in the art will appreciate that the present invention is 
not limited to performing filtering only at the “MPEG-2 
layer. The concept of extending the tuning upstream into 
the network may be implemented in other ways as well. For 
example, in one embodiment in which the MPEG-2 packets 
are transported to the subscriber unit over ATM cells, the 
filtering of digital data in the pedestal may be performed by 
selecting the appropriate ATM cells. Since ATM cells are 
uniquely identifiable by their Virtual Path Identifier (VPI) 
and Virtual Connection Identifier (VCI) values, the VP 
merely selects the ATM cells with the appropriate VPI/VCI 
values from the incoming multitude of ATM cells. 
0.107. In this case the subscriber unit has to signal the 
correct values of the VPI/VCI instead of MPEG-2 Stream 
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identifier values to the VP. Alternatively, the VP may have 
the intelligence to map the MPEG-2 stream identifiers 
values received from the subscriber unit to the correct 
VPI/VCI values. 

0108. In either case, the task is simplified if each 
MPEG-2 service has a unique VPI/VCI value associated 
with it. For example, in one embodiment which is a DVB 
compliant system, the Service Information data Standardized 
by DVB is further extended to also include VPI/VCI values 
for each service. This information is received by the sub 
scriber unit and conveyed to the VP. 
0109) If it is not possible to ensure that each MPEG-2 
service has a unique VPI/VCI then the structure of the VP 
becomes more complex since it now has to monitor the 
MPEG-2 PID values buried inside the incoming ATM cells 
to determine which cells to relay to the subscriber unit. This 
may be even more complicated by the fact that MPEG-2 
packets belonging to different services may be packed 
together inside the same ATM cell. The advantage of such an 
embodiment, of course, is that the entire MPEG-2 layer of 
the transport protocol is independent of the network archi 
tecture. For example, this makes the task of generating 
Service Information independent of network architecture. 
0110. Other embodiments that do not rely on MPEG-2 
can also take advantage of this invention, as can be appre 
ciated by those of skill in the art. Exemplary embodiments 
of the present invention include the appropriate network 
architecture with adequate signaling protocol Support, as 
described above, a mechanism to uniquely identify each 
digital stream available from the source, and a mechanism to 
convey the stream identifier information to the entity that is 
desirous of selecting any specific stream from the network or 
the source. In the specific case of a DVB compliant MPEG-2 
based system, the stream identifier information is carried in 
the SI stream and is made available to all entities that wish 
to select a specific digital stream from the network. A 
non-MPEG-2 system could use other means to convey the 
same information that is contained in the SI stream of a DVB 
system, for example, through a floppy disk. 
0111 While the above is a complete description of the 
preferred embodiments of the invention, various alterna 
tives, modifications, and equivalents may be used. It should 
be evident that the present invention is equally applicable by 
making appropriate modifications to the embodiments 
described above. Therefore, the above description should 
not be taken as limiting the scope of the invention which is 
defined by the metes and bounds of the appended claims. 
What is claimed is: 

1. A system for Supplying desired digital information to a 
receiver unit comprising: 

a broadband digital information source: 
a series of two or more links between said broadband 

digital information Source and said receiver unit, 
wherein digital information Supplied from said broad 
band digital information Source travels via each link in 
said series to said receiver unit; and 

an interface between at least one pair of adjoining links in 
said series; and 

wherein said receiver unit sends a message to said 
interface selecting a desired stream of digital infor 
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mation and said interface responds to said message 
by selecting said desired stream from multiple 
streams of digital information already received at an 
input of said interface from said digital information 
Source via one or more of said series of links and 
relaying said desired stream to said receiver unit via 
a remaining one or more of said series of links. 

2. The system of claim 1 wherein said receiver unit 
comprises a further interface to a further series of links to a 
subscriber unit. 

3. The system of claim 1 wherein said receiver unit 
comprises a Subscriber unit. 

4. The system of claim 1 wherein said broadband digital 
information source comprises an information server. 

5. The system of claim 1 wherein said digital information 
Supplied by said broadband digital information Source com 
prises video information. 

6. The system of claim 1 wherein said digital information 
Supplied by said broadband digital information Source com 
prises audio information. 

7. The system of claim 1 wherein said digital information 
Supplied by said broadband digital information Source com 
prises interactive service information. 

8. The system of claim 1 wherein said digital information 
Supplied by said broadband digital information Source com 
prises textual information. 

9. The system of claim 1 wherein said digital information 
supplied by said broadband digital information source com 
prises graphical information. 

10. The system of claim 1 wherein said digital informa 
tion Supplied by said broadband digital information source 
comprises binary computer data. 

11. The system of claim 1 wherein said receiver unit 
receives information from said broadband information 
Source identifying available streams of digital information 
and corresponding codes to be included within said message 
to identify said desired stream. 

12. The system of claim 2 wherein a first link of said 
series of links that is directly coupled to said subscriber unit 
comprises a twisted pair telephone line and an interface 
between said first link and a next link toward said broadband 
digital information source comprises a pedestal. 

13. A system for broadcasting digital information to a 
plurality of receivers comprising: 

an interface coupled to said plurality of receivers and to 
a broadband communications network, 

said interface comprising: 

means for receiving a first message from a first one of 
said plurality of receivers, said first message includ 
ing a first request for a desired stream of information; 

means for responding to said first message by retrieving 
said desired stream from said broadband communi 
cations network and forwarding said desired stream 
to said first one of said receivers; 

means for receiving a second message from a second 
one of said plurality of receivers, said second mes 
sage including a second request for said desired 
stream of information, said second message being 
received after said first message; and 
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means for responding to said second message by tap 
ping off from said desired stream of information 
within said interface for forwarding to Said-second 
one of said receivers. 

14. The system of claim 13 wherein said means for 
responding to said first message comprises: 

means for determining if said desired stream is available 
on said broadband communication network; 

means for, if said desired stream is unavailable, forward 
ing said first request through said broadband commu 
nication network to an information Source that responds 
by placing said desired stream on said broadband 
communication network. 

15. The system of claim 13 wherein said means for 
responding to said first message comprises: 

means for determining if said desired stream is available 
on said broadband communication network; 

means for, if said desired stream is unavailable, forward 
ing said first request through said broadband commu 
nication network to a further interface that responds by 
retrieving said desired stream from a further broadband 
communication network. 

16. The system of claim 13 wherein said plurality of 
receivers are a plurality of subscriber units. 

17. The system of claim 13 wherein said interface is 
coupled to said receivers via a shared physical medium 
wherein each receiver is allocated a unique channel on the 
shared physical medium. 

18. The system of claim 17 wherein said plurality of 
receivers are a plurality of subscriber units. 

19. The system of claim 16 wherein said interface com 
prises a program selection monitor that monitors and logs 
program request messages received from said Subscriber 
units. 

20. In a system for broadcasting digital information 
comprising a broadband digital information source, a plu 
rality of receivers, a first interface coupled to said plurality 
of receivers, a series of one or more links between said first 
interface and said broadband digital information source, and 
a series of one or more interfaces interconnecting said links, 
a method for providing a receiver with a desired stream of 
digital information from said broadband digital source: 

detecting at said first interface a message from a request 
ing one of said receivers requesting said desired stream 
of digital information; 

checking if said desired stream of digital information is 
currently provided to said first interface via said series 
of links; 
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if said desired stream is currently provided, relaying said 
desired stream from said first interface to said request 
ing receiver; 

if said desired stream is not currently provided, 

a) forwarding a request for said desired stream through 
said series of interfaces toward said broadband 
Source until one of said interfaces has said desired 
stream available at an input and responds to said 
request by forwarding said desired stream to said 
first interface; 

b) relaying said desired stream from said first interface 
to said requesting receiver, and 

c) marking said desired stream as being currently 
provided to said first interface and available for 
relaying to further requesting receivers. 

21. The method of claim 20 wherein said requesting 
receiver comprises an interface to a further series of one or 
more links to a Subscriber unit, said message has been 
originated by said Subscriber unit and transmitted to said 
requesting receiver via said further series of one or more 
links, and said method further comprises the step of: 

relaying said desired stream from said requesting receiver 
to said subscriber unit via a further series of one or 
more links. 

22. In a public telephone network comprising a broadband 
network interconnected to a plurality of subscriber units by 
a plurality of twisted pair lines, a pedestal for interfacing 
between said broadband network and said twisted pair lines, 
said pedestal comprising: 

means for exchanging digital information with said broad 
band network; 

means for exchanging digital information with said Sub 
scriber units via said twisted pair lines: 

means for receiving messages from said Subscriber units, 
said messages identifying streams of digital informa 
tion desired to be received at said subscriber units; and 

means for extracting said desired streams of digital infor 
mation from said broadband network using information 
contained in said messages received from said Sub 
scriber units and relaying said desired streams to said 
Subscriber units. 


