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(57) ABSTRACT 

Systems and end-to-end methods for delivering digital 
aggregated broadcast television programming from a cen 
tralized aggregation headend to Subscribers in multiple 
markets using an interconnected terrestrial fiber optic net 
work. A centralized aggregation headend receives multiple 
multi-market broadcast television Signals from multiple con 
tent providers. The multiple broadcast television signals are 
aggregated into a digital aggregated content bundle. The 
digital aggregated content bundle is prepared for transport 
over an interconnected long-haul fiber optic network, com 
prising multiple fiber optic networks interconnected by a 
plurality of interconnection points of presence. The digital 
aggregated content bundle is transported over the intercon 
nected long-haul fiber optic network to local/metro PoPs in 
multiple markets. The local/metro PoPs are interconnected 
with central offices and/or other local facilities for last-mile 
delivery of the digital aggregated content bundle to Sub 
Scriber premises. Local programming content and local 
advertising Segments may be added to the digital aggregated 
content bundle at a local integration headend. 
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CENTRALIZED AGGREGATION OF BROADCAST 
TELEVISION PROGRAMMING AND 

MULTI-MARKET DIGITAL DELIVERY THEREOF 
OVER INTERCONNECTED TERRESTRIAL FIBER 

OPTIC NETWORKS 

RELATED APPLICATIONS 

0001) This application claims the benefit of U.S. Provi 
sional Patent Application Ser. No. 60/296,297, filed Jun. 6, 
2001, which is hereby incorporated by reference as if set 
forth fully herein. 

TECHNICAL FIELD 

0002 The present invention relates generally to the digi 
tal delivery of broadcast television programming to multiple 
markets from a centralized headend. More particularly, the 
present invention relates to the collection and aggregation of 
broadcast television programming at a centralized headend, 
and delivery of a digital aggregated content bundle to 
Subscribers in multiple markets via a closed wide area 
network derived from available fiber optic assets of com 
munication network providers. 

BACKGROUND OF THE INVENTION 

0003) A variety of systems have heretofore been used to 
deliver forms of digital broadcast television programming to 
Subscribers. For example, compressed digital Video has been 
delivered to Subscribers using a variety of media, including 
coaxial cable, fiber optic cable and Satellite linkS. Cable 
television systems, digital satellite television Systems (also 
called digital broadcast systems or “DBS”) and telco video 
Services each employ content delivery models that involve 
aggregation of programming content from multiple content 
providers and delivery of the aggregated programming con 
tent to subscriber premises. However, the content delivery 
models of cable television system, DBS and telco video 
Services each Suffers from one or more drawbacks including 
transmission distance or environmental limitations on Signal 
quality, inefficiencies of multiple headends, Vulnerability to 
Security breaches or the inability to insert local content into 
an aggregated national content bundle downstream from a 
Single centralized headend. 
0004. In particular, in cable television systems, content is 
aggregated at a local or regional headend and is retransmit 
ted only to Subscribers within the regional or local market. 
Reasons for these limits are largely based on content licens 
ing, local franchise and System technical engineering restric 
tions. More specifically, typical cable television System 
content licenses historically permit the distribution of origi 
nating content to consumers attached to Multiple System 
Operations (“MSO”) that are designated within individual 
television distribution markets. These Systems contain Small 
Scale, individual downlink aggregation headends for each 
distribution area or market. Additionally for reasons based 
on engineering limits on the physical distribution distances 
and the one-to-many broadcast model, Signal degradation is 
a significant issue for cable television Systems. In order to 
maintain acceptable signal quality, cable television compa 
nies are often forced to construct multiple headends within 
the same distribution market and/or amplify the Signals 
Strength. Further, in order for a single cable company to 
reach multiple markets, it would have to construct additional 
headends within in each of the intended markets for the same 
reasons Stated above. 
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0005. By building multiple headends, costs are increased 
for both the initial capital build as well as any Subsequent 
upgrades or rehabS. Coinciding with the cost of building 
multiple headend Systems are related costs to Staffing and 
maintaining the busineSS operation necessary to keep these 
facilities running. Broadcast technology employed by cable 
television Systems results in all available programming 
content being continually provided to all Subscribers, 
regardless of whether they have paid for all available con 
tent. Filtering and/or Scrambling technology must therefore 
be employed at Subscriber premises to block the unautho 
rized viewing of programming content. Most filtering and/or 
Scrambling technology can be circumvented, leading to an 
insecure System and often causing the content provider to 
add a revenue-loSS factor into cable television pricing mod 
els. 

0006 A Small antenna, or dish, consumer DBS service 
provides the ability to centrally aggregate television pro 
gramming content at a Single headend. The aggregated 
programming content can be rebroadcast from the Single 
headend to Subscribers in multiple markets using multiple 
Satellites and/or Satellite transponders. Programming content 
can be delivered to DBS service subscribers having a small 
Satellite antenna with an uninterrupted direct line of Site to 
the transmitting satellite. However, a drawback of the DBS 
architecture is that local or regional content cannot be 
introduced into the centrally aggregated programming con 
tent downstream from the headend, i.e., at the local or 
regional level. Any local or regional programming content to 
be provided to local or regional Subscribers must be received 
at a remote site in the local market, transmitted from the 
remote Site to the headend for aggregation with the national 
programming content, and then retransmitted back to the 
original local market as part of the aggregated content 
bundle. 

0007 Because all of the available programming is simul 
taneously beamed to all Subscribers, bandwidth allocation, 
and therefore, channel capacity, becomes a critical limitation 
of DBS. For example, during peak usage times or during 
Simultaneous broadcast of multiple channels of high-bit rate 
programming like Special Sports programming packages, 
additional bandwidth must be made available to certain 
channels. Because the amount of available transponder 
bandwidth is fixed by physical limitation, the bandwidth 
available for other channels must be Statistically reduced, 
resulting in loSS of picture quality. Another drawback of 
DBS is that reception quality in general depends on proper 
installation of the Satellite antenna and environmental con 
ditions as previously described. Furthermore, as in cable 
television Systems, or in any System in which all channels 
are delivered to all customers, DBS systems are vulnerable 
to breaches of Security. 
0008. In recent years, telephone companies (Telcos) have 
been encouraged to deploy advanced broadband Systems 
that include competitive Video Services to their traditional 
phone Service customers. Systems have recently been intro 
duced to deliver these broadband video services to Subscrib 
erS over Services commonly referred to in the telco industry 
as “last-mile” technologies, such as xDSL (all DSL). Makers 
of known last-mile Systems have invented or perfected 
technologies that are positioned to receive Services like 
aggregated programming content and to distribute those 
Services to their customers. Content is designed to be 
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received in an acceptable format in its already aggregated 
form and then disseminated to consumers through these 
last-mile technologies. 
0009. However, last-mile systems, as they stand alone, do 
not provide an end-to-end System that includes in its design 
all of the components and methods for providing Video 
content to end users. In particular, last-mile delivery Systems 
do not address the inefficiencies of multiple headend cable 
television Systems or the affects of weather on Signal quality 
in DBS systems. Therefore, these known last-mile transport 
systems fall short in that they do not provide solutions to the 
inefficiencies and drawback of cable television Systems or 
DBS systems. 
0010. Accordingly, there remains a need for a system and 
method for delivering broadcast television programming 
from a centralized headend to Subscribers in multiple mar 
kets, while avoiding the aforementioned drawbacks of cable 
television and DBS systems. There further remains a need 
for an end-to-end content delivery System and method that 
can rely on existing and emerging last-mile transport deliv 
ery Systems employed by Telcos. 

SUMMARY OF THE INVENTION 

0.011 The present invention satisfies the above described 
needs by providing Systems and end-to-end methods for 
delivering broadcast television programming to Subscribers 
in multiple markets using an interconnected terrestrial fiber 
optic networks. A centralized aggregation headend receives 
multiple broadcast television Signals, comprising multi 
market programming content, from multiple content provid 
ers. The centralized aggregation headend aggregates the 
multiple broadcast television Signals into a digital aggre 
gated content bundle. The digital aggregated content bundle 
is prepare for transport over an interconnected long-haul 
fiber optic network, which comprises multiple fiber optic 
networks that are interconnected by a plurality of intercon 
nection points of presence (IPoPS). The digital aggregated 
content bundle is transported over the interconnected long 
haul fiber optic network to a plurality of local or metro PoPs 
(L/M PoPs), each of which is located in a different market. 
0012 Broadcast television signals may be received at the 
centralized aggregation headend as analog signals, digital 
Signals and/or high definition television Signals. Analog 
Signals are converted to digital Signals prior to creation of 
the aggregated content bundle, So that the aggregated con 
tent bundle can be created in a digital format that is widely 
compatible with fiber optic networking technologies. For 
example, the aggregated content bundle may comprise a 
plurality of MPEG-2 digital signals and may have an ATM 
based transport format. This digital aggregated content 
bundle may be passed through a multi-market ad insertion 
loop at the centralized aggregation headend for insertion of 
multi-market advertising Segments and other multi-market 
insertion content into the multi-market programming. 
0013 A plurality of central offices are interconnected 
with at least one of the L/M PoPs via one or more local fiber 
optic Systems. Equipment in each of the central offices is 
configured for receiving the digital aggregated content 
bundle via at least one of the local fiber optic Systems and 
for transporting the digital aggregated content bundle to the 
Subscriber premises via a last-mile transport System. A local 
integration headend may be located in one or more of the 
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central offices or in a facility that is accessible to the local 
fiber optic network via a L/M PoP. The local integration 
headend may be configured for receiving the digital aggre 
gated content bundle prior to transport thereof to the Sub 
Scriber and for adding local programming content to the 
digital aggregated content bundle. The local integration 
headend may also be configured with a local ad insertion 
loop for inserting local advertising and other local insertion 
content into the local programming content and/or the 
multi-market programming content within the digital aggre 
gated content bundle. The local integration headend may 
further be configured for integrating data Services, two-way 
Video Services, and/or telephony Services with the digital 
aggregated content bundle. 
0014 End-to-end customer service is provided by way of 
a network management/customer Service integration Server 
that is in communication with a plurality of network man 
agement Systems. A network management System may be 
located at the centralized aggregation headend, at each of the 
IPoPS, at the plurality of L/M PoPs, at the plurality of central 
offices, at one or more Segments of the interconnected 
long-haul fiber optic network and at one or more Segments 
of each local fiber optic System. The network management 
Systems may communicate with the network management/ 
customer Service integration Server, for example, via the 
Internet or other data network. The network management/ 
customer Service integration Server receives State and Status 
data from each of the network management Systems and 
integrates the States and Status data for presentation to a 
customer Service representative through a user interface. 
The network management/customer Service integration 
Server may host a web-based user interface that is accessible 
by a customer Service terminal executing a browser and 
connected to the data network. 

0015 These and other aspects of the present invention 
will become more readily apparent from the detailed 
description given hereinafter. However, it should be under 
stood that the detailed description and Specific examples, 
while indicating preferred embodiments of the invention, are 
given by way of illustration only, Since various changes and 
modifications within the Spirit and Scope of the invention 
will become apparent to those skilled in the art from a 
reading of this detailed description. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0016 A full and enabling disclosure of the present inven 
tion, including the best mode thereof directed to one of 
ordinary skill in the art, is Set forth in the Specification, 
which makes reference to the appended figures, in which: 
0017 FIG. 1 is a schematic illustration of a network 
System architecture according to exemplary embodiments of 
the present invention; 
0018 FIG. 2 is a functional block diagram illustrating 
the functionality of an exemplary centralized aggregation 
headend of the present invention; 
0019 FIG. 3 is a functional block diagram illustrating 
the functionality of an exemplary local insertion headend of 
the present invention; 
0020 FIG. 4 is a functional block diagram illustrating a 
centralized customer Service platform according to exem 
plary embodiments of the present invention; and 



US 2004/0255333 A1 

0021 FIG. 5 is a flow diagram illustrating an exemplary 
process flow within an exemplary end-to-end content deliv 
ery System of the present invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

0022. The present invention provides systems and overall 
integration methods (end-to-end methods) for centralized 
aggregation of broadcast television programming originated 
by multiple content providers and for delivery of a digital 
aggregated content bundle to Subscribers in multiple markets 
over terrestrial interconnected fiber optic networks. A cen 
tralized aggregation headend is employed to gather and 
aggregate broadcast television programming. The term 
broadcast television programming (also referred to herein as 
“content.”) is intended to mean full-frame consumer receiv 
able television content with audio. Multiple content feeds 
are received at the centralized aggregation headend and are 
decrypted, converted, encoded, rate shaped, formatted and/ 
or re-encrypted, as appropriate, and aggregated into a single 
digital content bundle. 
0023 The digital aggregated content bundle is then dis 
tributed to multiple markets over interconnected long-haul 
fiber optic networks. AS used herein, the terminology "inter 
connected long-haul fiber optic network” is intended to refer 
to multiple fiber optic networks that can be interconnected or 
that are already interconnected at various points, Such as 
Carrier Hotels and other communication network points of 
presence (“PoP) to create a very wide (i.e., long-haul) area 
network. Interconnection points, such as “Carrier Hotels' 
and other communication network PoPs are referred to 
herein collectively as “interconnection PoPs” or “PoPs.” 
PoPS typically house the network termination, interconnec 
tion and/or continuation points for numerous fiber optic 
networks. This interconnecting represents the creation of the 
very wide area network necessary for the long-haul distri 
bution System of the present invention. Stated another way, 
an interconnected long-haul fiber optic network is a closed 
wide area network derived from available fiber optic assets 
from one or more communication network providers. 
0024. By interconnecting existing, emerging or specifi 
cally contracted or constructed fiber optic networks, the 
digital aggregated content bundle can be distributed nation 
wide or even internationally. Content distributed from the 
centralized aggregation headend is multi-market content, 
meaning that it is intended for audiences in multiple markets 
or national or international markets. When introduced into a 
particular regional or local market, regional or local pro 
gramming content may be added into the digital aggregated 
content bundle. In addition, telephony Services, data Services 
and other Video Services, Such as Video-on-demand and 
Video conferencing, may be integrated along with the digital 
aggregated content bundle before it is delivered to Subscrib 
erS using appropriate "last-mile” technologies. AS will be 
appreciated by those of ordinary skill in the art, the term 
“last-mile’ generically refers to telecommunications-based 
access to the Subscriber's premise. 
0.025 Reference is hereinafter made in detail to presently 
preferred embodiments of the invention, one or more 
examples of which are illustrated in the accompanying 
drawings. Repeated use of reference numerals in the present 
Specification and drawings is intended to represent the same 
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or analogous features or elements of the invention. Each 
exemplary embodiment, component and element of the 
present invention is described by way of an explanation of 
the invention, as opposed to a limitation of the invention. In 
fact, it will be apparent to those skilled in the art that 
modifications and variations can be made in the present 
invention without departing from the Scope or Spirit thereof. 
For instance, features illustrated or described as part of one 
embodiment may be used in connection with another 
embodiment to yield still further embodiments. Thus, it is 
intended that the present invention coverS Such modifica 
tions and variations as come within the Scope of the 
appended claims and their equivalents. 
0026. Although not shown in detail in the figures, those 
skilled in the art will recognize that communication net 
WorkS generally comprise hardware and Software for trans 
mitting and receiving propagated Signals. A communication 
network System or device, Such as a headend, router, Switch, 
hub, Set top box, Server, etc. typically includes communi 
cation components for receiving and retransmitting live 
Streams of data, a memory for Storing data and/or computer 
executable instructions, a processor for executing computer 
executable instructions and other internal and/or peripheral 
components that are well known in the art. A memory may 
be any well-known form of computer-readable medium, 
including RAM and/or ROM. A propagated data Signal is 
also considered to be a computer readable medium, in that 
it may contain or be encoded with data Structures represent 
ing data and/or computer-executable instructions. 
0027 FIG. 1 illustrates an exemplary network topology 
of the present invention. AS Shown, a centralized aggrega 
tion headend 102 is configured to receive multiple signals 
containing multi-market content from multiple multi-market 
content providers 104. Each multi-market content provider 
104 transmits multi-market content to the centralized aggre 
gation headend 102 by way of satellites 106 or any other 
Suitable communications link, including fiber optic cable. In 
one embodiment, an array of satellite antennas 108 is 
connected to receivers within the centralized aggregation 
headend 102 in order to receive multi-market content feeds 
from multi-market content providers 104. Multi-market con 
tent providers 104 are herein intended to represent origina 
tors of television programming, such as ESPN, HBO, TNN, 
etc. 

0028. The centralized aggregation headend 102 may 
receive multi-market content from the multi-market content 
providers 104 in analog, digital, high-definition or other as 
yet defined formats. If analog Signals are received, the 
centralized aggregation headend 102 may perform an appro 
priate analog-to-digital conversion. After any analog-to 
digital conversion, all incoming Signals are aggregated in 
order to form a digital aggregated content bundle. Aggre 
gation may be performed through digital multiplexing or 
other similar technology. The digital aggregated content 
bundle is formatted So as to be compatible with existing or 
emerging fiber optic network technologies. For example, the 
digital aggregated content bundle may be formed from 
MPEG-2 encoded digital Signals and may be encapsulated 
into addressable Asynchronous Transfer Mode ("ATM") 
packets. The digital aggregated content bundle is thus 
intended to be universally compatible, either in its original 
ATM-based format or via Subsequent edge integration 
equipment, for distribution over a variety of last-mile 
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deployment technologies such as xDSL, FTTH, FTTC or 
coaxial cable modulation. High-definition signals may be 
aggregated into a separate digital content bundle, if desired, 
for bandwidth utilization considerations. 

0029. The digital aggregated content bundle output from 
the centralized aggregation headend 102 is distributed over 
an interconnected long-haul fiber optic network 110. A 
Switch or other appropriate network device may be used to 
initiate transport of the digital aggregated content bundle 
over the interconnected long-haul fiber optic network 110. 
The digital aggregated content bundle can or will be trans 
ported on multiples of fiber optic circuits and/or fiber 
Strands. The bandwidth used by the digital aggregated 
content bundle will depend on compression and encoding 
technologies used to process the Signal 

0030 The interconnected long-haul fiber optic network 
110 transports the digital aggregated content bundle to 
various local/metro points of presence (“L/M PoPs') 112 
within multiple markets, shown by way of example in the 
figure are “Market A,”“Market B,” and “Market C.” A L/M 
PoP112 may be a central office 114. As stated previously, the 
interconnected long-haul fiber optic network 110 is made up 
of multiple interconnected fiber optic networks 107 from 
one or more communication network providers. The digital 
aggregated content bundle is transported over a fiber optic 
network 107 to a termination point, such as an IPoP 109 
(previously defined as a Carrier Hotel or other PoP). The 
term "fiber optic network 107 is used herein to generically 
describe any fiber optic transport System, including local/ 
metro Systems, long-haul and wide area Systems. Those 
skilled in the art will appreciate that a L/M PoP112 may be 
located in the same facility as an IPoP 109. Within a IPoP 
109, connections can be made to facilitate the distribution of 
the aggregated content into a local fiber System 113 that 
serves the locality where the IPoP 109 is located, or to 
interconnect the digital aggregated content bundle to one or 
more outgoing or continuing fiber optic networks 107. 

0031 When received at an intended L/M PoP 112, the 
digital aggregated content bundle is routed to the locally or 
regionally based subscribers 116 by way of a central office 
114 or another facility that is accessible to the local fiber 
optic system 113 via a L/M PoP112. Those skilled in the art 
will appreciate that fiber can be also extended to a remote 
terminal in Some last mile delivery Systems. For ease of 
reference, the description will hereinafter refer to central 
office 114 only, but such reference is intended to be inter 
changeable with Said other facilities and/or remote termi 
nals. AL/M PoP112 may communicate with a central office 
114 over a local or metro fiber optic system (referred to 
herein as local/metro fiber optic system 113), which may be 
a dedicated communications network. A local/metro fiber 
optic System 113 may utilize multiple transport technologies 
that are capable of transporting the digital aggregated con 
tent bundle over fiber optic networks, such as SONET, 
Synchronous Digital Hierarchy (“SDH'), Gig-E, IP, etc. 
0.032 Central offices 114 can house equipment for han 
dling last-mile delivery and dissemination of the digital 
aggregated content bundle to the Subscribers premises 116. 
Any existing and/or emerging last-mile technology may be 
used to deliver the digital aggregated content bundle. If 
necessary to meet last-mile delivery requirements, the digi 
tal aggregated content bundle may be reformatted, rate 
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shaped, compressed and/or otherwise manipulated by a local 
integration headend 115, which may be housed at the central 
office 114 or another appropriate facility. In addition, the 
local integration headend 115 may be configured to insert 
local or regional content, Such as advertisements, local or 
regional programming, etc., into the digital aggregated con 
tent bundle prior to delivery to the subscriber. 
0033. The last mile delivery system connecting the cen 
tral office 114 to subscribers premises 116 may be any 
communication channel capable of Supporting the commu 
nication of compressed digital Video, with the possible 
addition of bi-directional Internet data, PSTN services and/ 
or POTS. By way of example, communications between a 
central office 114 and subscriber premises 116 may be 
carried over copper wire pair. Another example of a com 
munication link between a central office 114 and a Subscriber 
premise 116 includes, but is not limited to, a wireleSS 
communication link such as a Local Multipoint Distribution 
System (“LDMS”). Subscriber premises 116 may be 
equipped with Specialized hardware and/or Software for 
receiving, Separating and processing the digital aggregated 
content bundle, data and other Services received from a 
central office 114. For example, modems, filters, Set top 
boxes, etc. may be used to receive, Separate and distribute 
the digital aggregated content bundle, data and other Ser 
vices to a television Set, computer, fax machine, telephone, 
etc. Equipment within the Subscriber premise 116 may have 
the capability of receiving and processing high definition 
television or other high bit rate video content that has been 
aggregated at the centralized aggregation headend 102 or 
Subsequently added to the digital aggregated content bundle 
at the local integration headend 115. 
0034 FIG. 2 is a functional block diagram illustrating 
the high-level functionality of a centralized aggregation 
headend 102 in accordance with an exemplary embodiment 
of the present invention. Those skilled in the art will 
appreciate that the functional blocks shown are not intended 
to represent Specific hardware or Software components, 
multiple combinations of which might be used to achieve the 
illustrated functionality. The centralized aggregation head 
end 102 provides centralized content aggregation at a single 
Site, much like a headend in a DBS Service System archi 
tecture. However, whereas a headend in a DBS system 
distributes a digital aggregated content bundle to Subscribers 
Via Satellite uplinks and multiple transponders, the central 
ized aggregation headend 102 of the present invention uses 
advanced interconnected fiber optic networking to integrate 
with telecommunications and telephone company fiber optic 
network infrastructures for potentially nationwide or inter 
national distribution of its digital aggregated content bundle 
to Subscribers. 

0035. The centralized aggregation headend 102 receives 
multi-market content from multiple multi-market content 
providers 104 and aggregates the multi-market content to 
create a digital aggregated content bundle. In one embodi 
ment, the digital aggregated content bundle is an ATM-based 
multiplex that is readily transported via most known fiber 
optic technologies. An ATM-based format allows the digital 
aggregated content bundle to be easily transported, network 
cross-connected, dropped off for local distribution and con 
tinued, and retained in a proven and Stable environment for 
consistent Signal quality in distribution to the telecommu 
nications and telephone company fiber optic network infra 
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Structures, metro area network infrastructures or other 
regionaulocal transport systems accessed via L/M PoPs 112 
along interconnected long-haul fiber optic network 110. The 
ATM-based digital aggregated content bundle is also con 
Vertible at the edge of its distribution for preparation, 
grooming, modification and delivery to Subscriber premises 
116 over various last-mile technologies, including but not 
limited to xDSL. The digital aggregated content bundle can 
be transported long-haul via point to point connections, 
redundant loop connections or via interconnected network 
ing that will support stable cross connections at IPoPs 109 
and L/M PoPs 112. The digital aggregated content bundle 
can also be distributed with and within existing, emerging or 
Specifically constructed Segments or extensions to and from 
the core fiber optic transport System and on a market by 
market basis. Using a centralized headed architecture allows 
for efficient Substitution of transport technology of a single 
location if and when transport technology used in the 
interconnected long-haul fiber optic network 110 are 
changed or upgraded. 

0.036 Television programming feeds are received at the 
centralized aggregation head end 102 by way of an array of 
satellite antenna 108. Alternatively or in addition, television 
programming feeds may be received at the centralized 
aggregation head end 102 by way of off-air antenna 202 
and/or fiber optic networks 107 or connections. 

0037 Within the centralized aggregation head end 102, 
analog television signals are converted to a digital format, 
using, for example, analog-to-MPEG-2 conversion 206. Any 
Suitable analog-to-digital convert may be employed. Those 
skilled in the art will appreciate that other digital compres 
Sion techniques may be used in place of MPEG-2 to generate 
the compressed digital Video signal. Digital programming 
feeds, which are most likely transmitted from the originating 
multi-market content providers 104 in an MPEG-2 format, 
are Supplied to a digital-digital pass through 208 function, 
which function may be performed by a suitable filter. Output 
signals from the analog-to-MPEG-2 conversion 206 and the 
digital-digital pass through 208 may optionally be passed to 
a multi-market ad insertion loop 210. 

0.038. The multi-market ad insertion loop 210 may be 
configured to insert multi-market insertion content, Such as 
advertisements, graphics or other content that is intended for 
Viewing in multiple markets, into a television Signal at 
designated trigger points. Multi-market insertion content 
may be stored, for example, in a multi-market insertion 
content database managed by a Server within or functionally 
connected to the centralized aggregation headend 102. High 
definition television program feeds, which are most likely 
transmitted from the originating content provider 104 in an 
MPEG-2 format are also supplied to digital pass through 
functions and added to the digital aggregated program 
COntent. 

0.039 Post conversion digital content signals, which may 
or may not have multi-market insertion content inserted 
therein, may next be Supplied to a rate Shaping function 212, 
which function may be performed by a rate shaper or other 
Suitable hardware and/or Software, in order to further Step 
down their bit rates. In one embodiment, the output from the 
centralized aggregation headend 102 is provided at a bit rate 
of between 2 Mbps and 6 Mbps per channel for standard 
television content broadcasts, and between 15.3 mbps and 
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19.3 mbps for high definition television broadcasts. After 
rate shaping, the individual digital content Signals are aggre 
gated into a single content bundle through a multiplexer, 
such as MPEG-2 multiplexing function 214. The digital 
aggregated content bundle may then be Supplied to an ATM 
encapsulation/addressing function 216 to be formatted in an 
ATM-based transmission format. The ATM encapsulation/ 
addressing function 216 prepares the digital aggregated 
content bundle for transport and initiates transport of the 
digital aggregated content bundle over the interconnected 
long-haul fiber optic network 110. The ATM encapsulation/ 
addressing function 216 may be performed by a Switch, Such 
as an ATM Switch, and/or a multiplexer, such as an SONET 
add/drop multiplexer, and/or by any other appropriate hard 
ware and/or Software. 

0040 Those skilled in the art will appreciate that an 
ATM-based format for the digital aggregated content bundle 
may be chosen due to its reliability and wide compatibility 
with existing fiber optic networking technologies. In alter 
nate embodiment, other formats may be chosen for the 
digital aggregated content bundle. Furthermore, the present 
invention contemplates that multiple instances of the digital 
aggregated content bundle can be created, each having a 
different transport format. In this manner, differently for 
matted instances of the digital aggregated content bundle 
may be transported to different markets employing different 
last-mile technologies, thereby possibly reducing the need 
for reformatting or conversion of the digital aggregated 
content bundle within each market. Alternate formats for the 
digital aggregated content bundle include, but are not lim 
ited to, IP, IP wrapped ATM, ATM wrapped IP, GigE, etc. 
0041 FIG. 3 is a functional block diagram illustrating 
the high-level functionality of a local integration headend 
115 in accordance with exemplary embodiments of the 
present invention. Those skilled in the art will appreciate 
that the functional blockS shown are not intended to repre 
Sent Specific hardware or Software components, multiple 
combinations of which might be used to achieve the illus 
trated functionality. The local integration headend 115 may 
be located, for example at a central office 114. The local 
integration headend 115 provides functionality for option 
ally and efficiently integrating the digital aggregated content 
bundle with regional or local programming content, local or 
regional advertising or other insertion content, telephony 
Services, data Services, and/or other Video Services, Such as 
Video-on-demand and Video conferencing. Importantly, the 
local integration headend 115 provides the ability to add 
local or regional programming content into the digital aggre 
gated content bundle downstream from the centralized 
aggregation headend 102. Local or regional programming 
content (referred to hereinafter as local programming con 
tent) may include local or regional affiliate television pro 
gramming channels, local or regional advertising Segments, 
or other locally or regionally generated content. A local 
integration headend 115 is preferably designed for minimal 
local maintenance and may be remotely accessible, main 
tainable and provisionable using web-based interfaces via 
the Internet or a closed network. 

0042. As shown in FIG. 3, a local integration headend 
115 ultimately receives the digital aggregated content bundle 
(comprising multi-market content) from a L/M PoP112 via 
a local/metro fiber optic system 113. Alternatively, and 
possibly more efficiently, the local integration headend 115 
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may be located at a L/M PoP 112. The digital aggregated 
content bundle may then be reformatted from its original 
ATM-based format to an appropriate local delivery format, 
if necessary. The reformatting function 304 may be per 
formed prior to or after processing of the digital aggregated 
content bundle by the local integration headend 115, 
depending on the last-mile distribution technologies utilized 
by each central office 114 connected to the local/metro fiber 
optic System 113. When the digital aggregated content 
bundle is received at the local integration headend 115, it 
may be provided to a rate shaping function 306, which 
function may be performed by a rate shaper or other Suitable 
hardware and/or Software, for any necessary Step-down of 
bit rate. After rate Shaping is complete, the digital aggre 
gated content bundle is provided to an integration function 
308, where it is to be integrated with local programming 
content, data Services, other Video Services and telephony 
Services. Those skilled in the art will recognize that inte 
gration function 308 may be performed by a Switch and/or 
multiplexer and/or other Suitable hardware and/or Software. 
0.043 Local television programming content may be 
received at the local integration headend 115 from local 
content providers via off-air antennas 202, fiber optic net 
works 107 or other fiber optic connection and/or satellite 
antennas 108. Local programming content may be received 
as analog Signals or digital Signals. Analog signals of local 
programming content are converted to a digital format using 
an analog-to-digital converter, for example, an analog 
MPEG-2 conversion function 314. Digital signals of local 
programming content, which are most likely transmitted 
from the local content providers in an MPEG-2 format, are 
Supplied to a digital-digital pass through function 316, 
which may be a Suitable filter. The digital-digital pass 
through function 316 may also perform certain multiplexing 
or insertion functions, if need be. Output signals from the 
analog-to-MPEG-2 conversion 314 and the digital-digital 
pass through 316 may next be Supplied to local ad insertion 
loop 322 for insertion of local advertising or other local 
insertion content. After local ad insertion, if any, the Signals 
may be passed to a rate Shaping function 318, in order to 
Step-down their bit rate. Again, a rate shaper or other Suitable 
hardware/Software may be used. After rate Shaping, the 
digital Signals of local programming content are provided to 
a multiplexing function 320, such as an MPEG-2 multiplex 
ing function performed by a Suitable multiplexer. The mul 
tiplexed local content Signal is then provided to the integra 
tion function 308. 

0044 Video output from the integration function 308 
may be fed to another local ad insertion loop 322, where 
local insertion content may be digitally Spliced into the local 
programming content and/or multi-market programming 
content. Local insertion content may include local or 
regional advertising Segments, graphics and other content 
that is intended for Viewing by only the local or regional 
subscribers. Those skilled in the art will recognize that the 
video output from the integration function 308 may need to 
be de-multiplexed and re-multiplexed in order to accomplish 
the insertion of local insertion content. 

004.5 The local integration headend 115 may also send 
and receive data to and from the Internet backbone 324 via 
a data router 326. Although reference is made to the Internet 
backbone 324, those skilled in the art will appreciate that 
and data network may be employed, Such as a virtual private 
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network, a private network, etc. Data received from the data 
router is also provided to the integration function 308. In this 
manner, the local integration headend 115 may connect the 
subscriber premises 116 to an Internet Service Provider 
("ISP") accessed through appropriate last-mile delivery sys 
tems. Additionally, ISP traffic may be transported along with 
the digital aggregated content bundle over the intercon 
nected long-haul fiber optic network 110. Similarly, the local 
integration headend 115 may be in communication with a 
video-on-demand server 328, which may be located locally, 
regionally or at the central aggregation headend 102. Output 
from the Video-on-demand Server may be Supplied to the 
integration function 308 for integration with the other con 
tent and Services to be provided to the Subscriber premises 
116. After all Video, data and telephony content and Services 
are integrated by the integration function 308, the integrated 
output undergoes final preparation for input into last mile 
delivery system employed by the central office 114 (shown 
by functional block 330.) 
0046 Most telephony architectures support some use of 
last-mile access to Subscriber premises 116 through multiple 
DSL technologies (“xDSL). xDSL methods utilize twisted 
pair copper wiring infrastructures that have been croSS 
connected to DSLAMs or nodes in central offices 114 that 
are fiber optically connected to a local/metro fiber optice 
system 113. xDSL has become a widely available telephony 
solution for distributing broadband products to subscriber 
premises 116 largely due to the fact that it was designed to 
exploit the use of the existing telephony infrastructure 
already built on a distribution by twisted pair copper access 
to Subscriber premises 116. However, telephone companies 
continue to advance their deployment of fiber optics, reach 
ing closer to their Subscriber's premises with fiber optic and 
fiber Strands; thus, paving the way for more robust, non 
copper distribution to homes or businesses. AS an example, 
a last-mile delivery System may include Passive Optical 
Networking (“PON”) in Fiber-to-the-home (“FTTH) or 
Fiber-to-the-curb (FTTC) delivery systems. In another 
embodiment, the digital aggregated content bundle may be 
converted at the local integration headend 115 to Supply 
aggregated content to certain advanced digital coaxial cable 
distribution methods that employ Quadrature Amplitude 
Modulation (“QAM”). 
0047. In certain embodiments, the present invention also 
provides a centralized customer Service platform. Central 
ized customer Service capabilities may be necessitated by 
the potentially national or international distribution capabil 
ity of the above described systems and method of the present 
invention. AS shown in FIG. 4, unique network management 
Systems 402 may be provided at various points in the System 
architecture. Each network management System 402 may be 
a computer or other processor-driven device that is config 
ured to monitor a particular network System, device or 
Segment and to gather the network's State and Status data, 
with respect to network devices, Segments or other Systems. 
For example, network management Systems 402 may be 
employed at the centralized aggregation headend 102, at 
each L/M PoP 112, at each central office 114 and at one or 
more points within each interconnected long-haul fiber optic 
network 110 and local fiber optic system 113. The network 
management System 402 at the central office may further 
provide back-office Services, Such as provisioning, billing, 
etc. 
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0.048. Each network monitoring system 402 may com 
municate State and Status data to a network management/ 
customer Service integration Server 404, located locally or at 
points between or extending back to the System and the 
centralized head end, for example via the Internet backbone 
324. Different network management systems 402 may report 
State and Status data in different formats. For example, a 
network management systems 402 at a UM PoP 112 or at a 
central office 114 may report different types of data, using 
different Standards or protocols, than a network management 
System 402 monitoring a Segment of an interconnected 
long-haul fiber optic network 110. Accordingly, the network 
management/customer Service integration Server 404 may 
be configured to convert and/or interpret all State and Status 
data into a common format that is easily understood in real 
time by a customer Service representative. 
0049. The network management/customer service inte 
gration Server 404 may provide a graphical user interface 
that allows a customer Service representative to determine 
characteristics of the System on an end-to-end basis. In a 
preferred embodiment, the network management/customer 
service integration server 404 provides a web-based inter 
face that can be acceSS using a customer Service terminal 406 
executing a web browser from any location with an Internet 
connection. State and Status data can accessed by a customer 
Service representative in real-time or near real-time to deter 
mine the characteristics of a network System, device or 
Segment. The network management/customer Service inte 
gration server 404 may also store state and status data in a 
database for later analysis and reporting. 
0050 FIG. 5 is a flow diagram illustrating an exemplary 
process flow within an exemplary end-to-end content deliv 
ery System of the present invention. The exemplary method 
begins at start step 501 and progresses to step 502, where 
multiple multi-market content feeds of live broadcast tele 
Vision programming are received and aggregated into an 
digital aggregated content bundle. Next at Step 504, multi 
market insertion content, Such as national advertising Seg 
ments, may optionally be inserted into the television pro 
gramming within the digital aggregated content bundle. At 
Step 506 the digital aggregated content bundle is transported 
over an interconnected long-haul fiber optic network 110 
that may be connected by a series of IPoPs 107 and further 
addressed to LIM PoPs 112 in multiple markets. In this 
manner, the digital aggregated content bundle can be trans 
ported potentially nationwide or internationally over a 
closed, terrestrial, Very wide area network that is derived 
from readily available fiber optic assets. 
0051 When the digital aggregated content bundle 
reaches a LUM PoP112 at step 508, it is transported around 
(or throughout) a metro market over a local fiber optic 
System 113 and is addressed to the appropriate central offices 
114. AS Shown in Step 510, the digital aggregated content 
bundle may be reformatted to an appropriate local transport 
format, if necessary. Alternatively, reformatting may be 
performed after the completion of step 514, below. The 
digital aggregated content bundle is received at a local 
integration headend 112 at step 512, where it can be inte 
grated with local programming content, data, other video 
Services and telephony Services. At Step 514, local insertion 
content may be inserted (e.g., digitally spliced) into the local 
and/or multi-market television programming content within 
the integrated content bundle. The digital integrated aggre 
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gated content bundle is then transported over a last-mile 
delivery system to subscriber premises 116 at step 516. The 
exemplary method 500 then ends at step 518. AS-mentioned 
above, State and Status data regarding any and all network 
Systems, devices and Segments may be collected and 
reported to a network management/customer Service inte 
gration Server 404 during processing of the exemplary 
method 500. Accordingly, the quality of service delivered to 
the subscriber through the exemplary method 500 may be 
monitored in real-time or near real-time. 

0052. In view of the foregoing, it may be seen that the 
present invention provides Systems and Overall integration 
methods (end-to-end methods) for centralized aggregation 
of broadcast television programming originated by multiple 
content providers and for delivery of a digital aggregated 
content bundle to Subscribers in multiple markets over 
terrestrial interconnected long haul fiber optic networkS. 
Although various exemplary embodiments of the present 
invention have been described, many other modifications 
and additional features will become evident to those of skill 
in the art. It should be understood, therefore, that the 
foregoing relates only to certain embodiments of the inven 
tion, and that numerous changes may be made therein 
without departing from the Spirit and Scope of the invention 
as defined by the following claims. 

1. A System for delivering broadcast television program 
ming to Subscribers in multiple markets comprising: 

a centralized aggregation headend for receiving multiple 
broadcast television Signals, comprising multi-market 
programming content, from multiple content providers 
and for aggregating Said multiple broadcast television 
Signals into a digital aggregated content bundle; 

an interconnected long-haul fiber optic network, compris 
ing multiple fiber optic networks that are intercon 
nected by a plurality of interconnection points of pres 
ence (IPoPS), for transporting the digital aggregated 
content bundle from the centralized aggregation head 
end to a plurality of local/metro points of presence 
(L/M PoPs), each L/M PoP being located in a different 
market; 

a plurality of central offices interconnected with at least 
one of the L/M PoPs via one or more local fiber optic 
Systems, each of the central offices configured for 
receiving the digital aggregated content bundle via at 
least one of the local fiber optic Systems and for 
transporting the digital aggregated content bundle to 
the Subscriber premises over a last-mile delivery Sys 
tems and 

a network management/customer Service integration 
Server in communication with a plurality with network 
management Systems, the network management Sys 
tems be located at one or more of the centralized 
aggregation lead end at the plurality of IPoPS, the 
plurality of L/M PoPs, the plurality of central offices, 
one or more Segments of the interconnected long-haul 
fiber optic network, and one or more Segments of each 
local fiber optic System. 

2. The system of claim 1, wherein at least one of the 
multiple broadcast television Signals is received at the 
centralized aggregation headend as an analog Signal; and 
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wherein the centralized aggregation headend is config 
ured to convert the analog signal to a digital Signal prior 
to aggregating Said multiple broadcast television Sig 
nals into the digital aggregated content bundle. 

3. The System of claim 1, wherein the digital aggregated 
content bundle comprises a plurality of MPEG-2 digital 
Signals. 

4. The System of claim 1, wherein the centralized aggre 
gation headend aggregates Said multiple broadcast television 
Signals into the digital aggregated content bundle using 
digital multiplexing. 

5. The System of claim 1, wherein the centralized aggre 
gation headend is further configured to insert multi-market 
insertion content into the multi-market programming con 
tent within the digital aggregated content bundle. 

6. The System of claim 1, wherein the digital aggregated 
content bundle is created in an ATM-based format. 

7. The System of claim 1, further comprising a local 
integration headend configured for receiving the digital 
aggregated content bundle prior to transport thereof to the 
Subscriber and for adding local programming content to the 
digital aggregated content bundle. 

8. The system of claim 7, wherein the local integration 
headend is located in one of the central offices. 

9. The system of claim 7, wherein the local integration 
headend is located in a facility that is accessible to the local 
fiber optic network via at least one of the L/M PoPs. 
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10. The system of claim 7, wherein the local integration 
headend is further configured for inserting local insertion 
content into the local programming content. 

11. The system of claim 7, wherein the local integration 
headend is further configured for inserting local insertion 
content into the multi-market programming content. 

12. The system of claim 7, wherein the local integration 
headend is further configured for integrating data Services 
with the digital aggregated content bundle. 

13. The system of claim 7, wherein the local integration 
headend is further configured for integrating two-way Video 
Services with the digital aggregated content bundle. 

14. The system of claim 7, wherein the local integration 
headend is further configured for integrating video on 
demand Services with the digital aggregated content bundle. 

15-47. (Canceled) 
48. The system of claim 1, wherein the network manage 

ment/customer Service integration Server receives State and 
Status data from one or more of the network management 
Systems. 

49. The system of claim 48, wherein the network man 
agement/customer Service integration Server integrates the 
State and Status data for use by a customer Service repre 
Sentative. 


