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PROGRAMMING CONTENT PROCESSING 

AND MANAGEMENT SYSTEM AND 

METHOD 

The present application is a divisional application of U.S. 
application Ser. No. 10/860,969, filed on Jun. 2, 2004, which 
will issue on Mar. 5, 2013 bearing U.S. Pat. No. 8,392,952, 
which is a continuation-in-part of U.S. application Ser. No. 
10/428,719, filed on May 1, 2003, which issued on Nov. 13, 
2012 bearing U.S. Pat. No. 8,312,504 B2, which is a 
continuation-in-part of U.S. application Ser. No. 10/263, 
015, filed on Oct. 2, 2002, which issued on Mar. 15, 2011 
bearing U.S. Pat. No. 7,908,626 B2, and claims the benefit 
of U.S. Provisional Application No. 60/377,963, which was 
filed on May 3, 2002, all of which are incorporated by 
reference herein. 

FIELD OF THE INVENTION 

The invention relates to communications systems and 
methods, and more particularly to a system and method for 
processing multimedia content for storage and retrieval in a 
broadband communications network. 

BACKGROUND OF THE INVENTION 

With the advent of interactive programming services­
e.g., video on demand (VOD), electronic program guides 
(EPGs ), and the like-the complexity associated with pro­
cessing and storing programming content so that it can be 
effectively accessed for transmission has increased. For 
example, a VOD service provides a large number of users 
with the ability to access a specific program from among a 
wide array of programming content. In addition, some VOD 
services allow users to manipulate such content by, e.g., 
fast-forwarding, rewinding, etc. such programs. In the 
course of making such VOD programming and options 
available to users, the content must be made available for 
access and viewing by a user at any given time. In addition, 
accommodations must be made such that multiple users­
and at times large numbers of users----can view the same 
programming content at the same time even though the start 
time of such program may vary from user to user. 

In addition, requests are often received to view a given 
program in different presentations. For example, a user at a 
set-top terminal may request that a previously broadcast 
episode of a program be accessed and played. Another ( or 
the same) user may issue a rewind command concerning the 
same program, whereas another user may issue a 3-times 
normal play speed fast-forward command. 

Accordingly, programming content needs to be stored and 
processed in a manner such that a seamless viewing expe­
rience from a user's vantage is created (e.g., minimal delays 
in transmission of content, smooth transitions between con­
tent segments of the same or different programs, etc.)­
regardless of the presentation selected by the user or the 
number of users accessing the same program. 

Moreover, as interactive programming services have 
become more ubiquitous and the availability of such service 
continues to grow, it has and will continue to be more 
challenging for broadband service providers to store and 
maintain programming content in an effective manner such 
that administrators of such systems are capable of easily 
accessing and handling programming content data as 
desired. 

SUMMARY OF THE INVENTION 

Thus, in accordance with aspects of the present invention, 
a technique is implemented to effectively receive streaming 

2 
digital multimedia content by a headend of a broadband 
communications system, parse and segment the received 
content and process the segmented content. Such handling 
of the received programming content provides for effective 

5 storage of the programming content, and effectively pro­
vides for access to such content by administrators of the 
broadband communications system as well as users of such 
systems. 

In accordance with an embodiment of the invention, 

10 
intraframes (also called I-frames) are used as indicators of a 
location within a program stream. As a result segmentation 
messages that are transmitted in the program stream can 
refer to such indicators (or reference frames). A segmenta­
tion message is data incorporated into a program stream 
which provides information relating to the programming 

15 content transmitted in the stream. Through the creation of
additional intraframes, a finer temporal resolution is gener­
ated, thereby creating additional opportunities for the inclu­
sion of reference frames within a given program stream. In 
addition, the creation of additional intraframes also allows 

20 for increased resolution when creating trick files (i.e., files 
that, among other things, allow for content manipulation by 
users). 

In accordance with another aspect of the invention, pro­
gram streams may be subdivided into substream by catego-

25 ries. For example, when the headend of a broadband com­
munications system receives programming content carried 
by a program stream, a processor at the headend is config­
ured, in accordance with an aspect of the invention, to parse 
and categorize the received content. As a result, individual 

30 
substreams may be generated by content provider name, 
program title, subject matter and other categories associated 
with the received programming content. The generated 
substream may be stored in a storage device. 

In accordance with another aspect of the invention, one or 
more processors are monitored for failures or delay condi-

35 tions associated with the receipt, processing or transmission
of programming content by such processors. 

In accordance with yet another embodiment of the inven­
tion, scrambled and descrambled content may be parsed and 
segmented. Insertion of segmentation messages in the 

40 scrambled program stream is facilitated by utilizing a 
descrambled copy of the scrambled content as a guide. The 
captured content may be played back many times without 
further scrambling. 

In accordance with yet another embodiment of the inven-
45 tion, portions of programming content that are lost or whose 

transmission is delayed are compensated for through, for 
example, the insertion of "stuffing" packets or some other 
pre-designated programming content. In another aspect of 
the invention, when the delay in programming content 

50 transmission is less than a predetermined threshold, such 
content is recreated based upon received content. 

In yet another embodiment of the invention, programming 
content is encapsulated ( or repackaged) in a user datagram 
protocol/Internet protocol ("UDP/IP") datagram, thereby 

55 increasing the scalability of the staging processor. Such 
increase in scalability facilitates, for example, load balanc­
ing among a plurality of video servers. 

In another embodiment of the invention, trick files are 
generated in a form such that these files can be transferred 

60 among various video servers-regardless of server manu­
facturer-with little or no additional processing resources. 

65 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. la is a block diagram of certain components of a 
broadband communications system embodying principles of 
an embodiment of the invention; 
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3 
FIG. lb is a block diagram of certain components of the 

headend embodied by the broadband communications sys­

tem of FIG. la, in accordance with an embodiment of the 
invention; 

FIG. le is a block diagram of the staging processor 
embodied by the headend of FIG. lb, in accordance with an 
embodiment of the invention; 

FIG. ld is a block diagram of the schedule manager 
embodied by the headend of FIG. lb, in accordance with an 
embodiment of the invention; 

FIG. 2a is a schematic representation of a program stream 
segmented with segmentation messages in accordance with 
an embodiment of the invention; 

FIG. 2b is an example of a content related segmentation 
message in a program stream; 

FIG. 2c is an example of rights related segmentation in a 
program stream; 

FIG. 3 is a flowchart illustrating the process of creating 
reference frames into programming content, in accordance 5 

with an embodiment of the invention; 
FIG. 4a is a flowchart illustrating the process of associ­

ating programming content with a content provider, in 
accordance with an embodiment of the invention; 

FIG. 4b is a table illustrating the association of data 
concerning programming content, in accordance with an 
embodiment of the invention; 

FIG. 5 is a flowchart illustrating the process of monitoring 
staging processor activity, in accordance with an embodi­
ment of the invention; 

FIG. 6a is a flowchart illustrating the process of segment­
ing scrambled programming content, in accordance with an 
embodiment of the invention; 

FIG. 6b is a flowchart illustrating a program stream 
carrying scrambled content and a program stream carrying 
descrambled content, in accordance with an embodiment of 
the invention; 

FIG. 7 is a flowchart illustrating the process of compen­
sating for missing or delayed programming content, in 
accordance with an aspect of the invention; 

FIG. 8 is a flowchart illustrating the process of encapsu­
lating contents of a program stream as a UDP/IP datagram, 
in accordance with an embodiment of the invention; 

FIG. 9 is a block diagram of certain components of the 
headend embodied by the broadband communications sys­
tem of FIG. la, in accordance with another embodiment of 
the invention; and 

FIG. 10 is a block diagram illustrating the configuration 
of multiple media processors and multiple segmentation 
processors utilized by the broadband communications sys­
tem of FIG. la, in accordance with an embodiment of the 
invention. 

DETAILED DESCRIPTION 

In accordance with aspects of the present invention, a 
technique is implemented to effectively receive streaming 
multimedia content in digital form, parse and segment the 
received program stream and process the segmented content 
for effective storage of such programming content and for 
effectively providing access to such content by administra­
tors of a broadband communication system as well as users 
of such systems. 

The inventive technique enables, among other things: the 
creation of reference frames for, e.g., effective segmentation 
of programming content; encapsulation of programming 
content data as a user datagram protocol/Internet protocol 
("UDP/IP") datagram; associating programming content 

4 
with provider and dedicated resource attributes ( content 

metadata); monitoring staging processor activity; effectively 

segmenting programming content that is scrambled; devel­

oping a unicast and multicast; compensating for missing or 
5 delayed programming content; and propagating video serv­

ers of varying manufacturers. These and other functional­

ities are described below in detail. 

The Broadband Communications System 

FIG. la is a block diagram of a broadband communica-
lO 

tions system 10 embodying principles of the invention. The 

system includes one or more program sources 12, and cable 

system 14 which includes a plurality of service area nodes 

16-1 through 16-P in a neighborhood, where P represents an 

15 
integer. Service area node 16-1, for example, is coupled to

set-top terminals 18-1 through 18-M, where M is an integer,

at customer's TV's. Information and entertainment services

is delivered to set-top terminals 18-1 through 18-M.

Sources 12 create and deliver programming to cable 

20 system 14 through an origination system 20. Sources 12 may 

include analog and digital satellite sources that typically 

provide the traditional forms of television broadcast pro­
grams and information services. Sources 12 may also 
include terrestrial broadcasters, such as broadcast networks 

25 (CBS, NBC, ABC, etc., for example), which typically trans­
mit content from one ground antenna to another ground 
antenna and/or via cable or fiber. Sources 12 may further 
include application servers, which typically provide execut­
able code and data for application specific services such as 

30 database services, network management services, transac­
tional electronic commerce services, system administration 
console services, application specific services (such as stock 
ticker, sports ticker, weather and interactive program guide 
data), resource management service, connection manage-

35 ment services, subscriber cares services, billing services, 
operation system services, and object management services; 
and media servers, which provide time-critical media assets 
such as Moving Pictures Experts Group 2 ("MPEG-2") 
standard encoded video and audio, MPEG-2 encoded still 

40 images, bit-mapped graphic images, PCM digital audio, 
three dimensional graphic objects, application programs, 
application data files, etc. Although specific examples of 
programs and services which may be provided by the 
aforementioned sources are given herein, other programs 

45 and services may also be provided by these or other sources 
without departing from the spirit and scope of the invention. 

Cable system 14 includes headend 22, which processes 
program materials, such as TV program streams, for 
example, from sources 12 in digital and analog forms. 

50 Digital TV program streams may be formatted according to 
Motorola Digicipher System, Scientific Atlanta Powerview 
Systems, the Digital Satellite System (DSS), Digital Broad­
cast Services (DBS), or Advanced Television Standards 
Committee (ATSC) standards, for example. Analog TV 

55 program streams may be formatted according to the National 
Television Standards Committee (NTSC) or Phase Alternat­
ing Line (PAL) broadcast standard. Headend 22 extracts 
program content in the analog and digital TV program 
streams and formats the content, as required, to form one or 

60 more MPEG-2 encoded transport streams for transmission to 
users, e.g., at set-top terminals 18-1 through 18-M. For 
example, other video codecs (coder/decoders) may be 
applied. Such reformatting may be applied to those received 
streams already in an MPEG-2 format. This stems from the 

65 fact that the MPEG-2 formatted digital content in the 
received streams are typically encoded at a variable bit rate 
(VBR). To avoid data burstiness and to allow for simple 
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remultiplexing, headend 22 may re-encode such digital 
content at a constant bit rate (CBR) to form transport streams 
in a conventional manner. 

Typically, the transmission of data to, for example, hub 24 
requires processing at each hub to requantize and convert the 
content to a CBR. By converting the content at headend 22, 
however, the need for a CBR to VBR conversion at hub 24 
is obviated. Because a typical cable system tends to utilize 

6 

stream (which in this case is in MPEG-2 format) processed 
by the staging processor 107. Output from receiver 105 may 
be compliant with one or more standards, including Digital 
Headend Interface (DHEI), Digital Video Broadcasting-

s Asynchronous Serial Interface (DVB-ASI), 10/100 baseT, or 
the like. Staging processor 107 has a plurality of output ports 
(109-1 through 109-N), as shown in FIG. le, for transmis­
sion of received and segmented progranmiing content to 

a larger number of hubs than headends, the processing of the 
content at headend 22, rather than hub 24, reduces the 10 
number of CBR to VBR conversions and therefore reduces 

video servers 190-1 through 190-N (shown in FIG. lb). 
EMI 120 is responsible for performing static configura-

tion and monitoring of staging processor 107. As described 
below, EMI 120, among other things, labels content deliv­
ered by a provider (e.g., "HBO", "NBC," etc.) to staging 
processor 107 from receiver 105. EMI 120 also configures 

the processing resources used by system 10. 
In addition, by converting received content to CBR at the 

headend 22, the storing of such content onto one or more of 
video servers 190-1 through 190-N becomes more predict­
able and therefore manageable. This is accomplished 
because the rate in which content is transmitted to video 
servers 190-1 through 190-N is set at a constant rate (e.g. 
3.75 MB/second). Thus, because the processing rate is 
constant, the time for storing program at a predetermined 
CBR onto one or more of video servers 190-1 through 190-N 
may be calculated in advance of such storage. 

15 mapping of input services to specific output internet protocol 
(IP) addresses and user datagram protocol/Internet protocol 
(UDP/IP) port numbers for use in switched video digital 
broadcasting. An example of such broadcasting is described 
in International Publication Number WO 03/02627 4 A2, and 

20 is incorporated herein by reference. In addition, as described 
below, EMI 120 monitors staging processor 107 and sched­
ule manager 155 to ensure that these components are active 
when such state is desired and that such components are The generated transport streams are typically transmitted 

from headend 22 to hub 24 via Internet Protocol ("IP") 
transport over optical fiber. The transport streams may also 25 
be transmitted as intermediate frequency signals that have 
been amplitude modulated ("AM") or as a digital video 
broadcast (DVB) a synchronous serial interface (ASI) that 

operating properly. 
As illustrated by FIG. le, staging processor 107 includes 

memory 21, central processing unit (CPU) 23 and interface 
25. Staging processor 107 and schedule manager 155 share
a common time reference which allows their communication

has also been AM modulated. Hub 24 includes modulator 
bank 26, among other components. Modulator bank 26 
includes multiple modulators, each of which is used to 
modulate transport streams onto different carriers. Hub 24 is 
connected to hybrid fiber/coax (HFC) cable network 28, 
which is connected to service area nodes 16-1 through 16-P. 
The transport streams may be recorded in headend 22 so that 
the users at the set-top terminals may manipulate (e.g., 
pause, fast-forward or rewind) the programming content in 
the recorded transport streams in a manner described in 
commonly assigned application Ser. No. 10/263,015 ("the 
'015 application"), filed Oct. 2, 2002, which issued on Mar. 
5, 2011 bearing U.S. Pat. No. 7,908,626 B2, for example, 
which is incorporated by reference herein. In addition, in 
accordance with an embodiment of the invention, the trans­
port streams are processed and stored in headend 22 based, 
at least in part, on segmentation messages, as described 
further below and in a manner further described in co­
pending, commonly-assigned application Ser. No. 10/428, 
719, which was filed on May 1, 2003, issued on Nov. 13, 
2012 bearing U.S. Pat. No. 8,312,504 B2, and is incorpo­
rated by reference herewith. 
The Headend 

FIG. lb is a block diagram of certain components of 
headend 22 by the broadband communications system 10 of 
FIG. la, in accordance with an embodiment of the invention. 
Headend 22 includes staging processor 107 which is in 
communication with, among others, receiver 105, element 
management interface (EMI) 120, schedule manager 155, 
video servers 190-1 to 190-N (for example, VOD servers), 
where N is an integer, and asset storage 103, as illustrated in 
FIG. lb. It should be noted that the video servers 190-1 to 
190-N may be the same manufacturer and model, thereby
having the same specification, or may be of different manu­
facturers and specifications. Thus one server may have
different characteristics (such as reliability, processing speed
or output capability) than one or more of the other video
servers. Receiver 105 receives progranmiing content from
origination system 20 and is the source of the transport

to follow a contemporaneous timeline. This may be accom-
30 plished by, for example, the provision of a system clock (not 

shown) residing in headend 22 with which staging processor 
107 and schedule manager 155 are synchronized. 

Schedule manager 155 (which includes memory 74, CPU 
76 and interface 78, as illustrated in FIG. ld) is configured 

35 for determining if a particular program should be extracted 
from a program stream received by staging processor 107 
and for providing instructions to staging processor 107 in 
accordance with one or more business rules relating to 
further processing of parsed programming content. These 

40 business rules, which are described in detail below, are 
stored in business rules module 77 of schedule manager 
memory 74. 

Thus, if a program is to be captured as a content object, 
schedule manager 155 creates a content object which may 

45 then reference a title that may be ultimately stored on a video 
server 190 (such as a VOD server), or some other short term 
or long term storage device. Staging processor 107 segments 
program streams based on the segmentation messages in the 
program stream and externally provided program schedule 

so information, under the control of schedule manager 155. 
Program schedule information may be provided to sched­

ule manager 155 by an electronic program guide ("EPG") 
data server (not shown) in the form of a program guide data 
tables that include a program identification code ("PIC") and 

55 the scheduled program start and end times for each program. 
The transport stream carrying program guide data is typi­
cally provided by a third party that aggregates program 
scheduling information from a plurality of sources. The 
program guide in the data stream may be stored in schedule 

60 manager memory 74 or other such memory in headend 22. 
Segmentation of Video of a Program Stream 

FIG. 2a is a schematic representation of a program stream 
100, carrying video information, segmented with segmen­
tation messages in accordance with an embodiment of the 

65 invention. The program start and program end segmentation 
messages in the transport stream 102 provide more precise 
program start and end times than those provided in the stored 
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program guide data. The transport stream carrying program 
guide data typically does not provide any information about 
program portions, such as chapters or advertisements. 

8 
program 102. If both rights-related segmentation message 
115 and 117 are provided, different types of rights informa­
tion may be provided in each. For example, the right to copy 

Program stream 100 includes a plurality of TV programs, 
including TV program 102. Portions of TV program 104 5 
preceding TV program 102 and TV program 106 following 

program 102 may be included in segmentation message 115, 

so that headend 22 will know prior to the arrival of program 
102 whether or not program 102 may be processed for 

TV program 102 are shown, as well. TV program 102 starts 
at point 107a and ends at point 107b. TV program 102 may 
include chapter 108, such as a monolog, skit, musical 
performance, guest appearance, sports highlight, interview, 10 
weather report, and innings of a baseball game, for example. 
Chapter 108 starts at point 108a and ends at point 108b. A 
network commercial 110 and a local commercial 112 are 

storage. Other types of rights, such as the right to store the 
program for a limited period of time, which is useful 
information to have access to after program 102 is stored, 
may be provided within the expanse of program 102, in 
rights segmentation message 117. Other rights related to the 
use of the stored program may also be more advantageously 
stored within the expanse of program 102 in message 117. 

also included within the expanse of program 102, with 
respective start and end points 110a, 110b, 112a, 112b. 15 
Unscheduled content 132 is indicated, with start and end 
times 132a, 132b, respectively, to represent an overrun of a 
program, such as overtime in a sports event, for example. 
Unscheduled content 132 could also be news bulletin. 

Messages may be transmitted for increased robustness. 
Segmentation message 136, which may be referred to as 

a program end message, indicates that TV program 102 will 
end in B seconds from the appearance of message 136. The 
program identification code, and any other desired informa­
tion, may be included in the message, as well. 

Unscheduled content 132 may or may not be present in a 20 
particular program or program stream. A TV program may 
contain more or fewer chapters 108, network commercials 

Segmentation message 116, which may be referred to as 
a chapter start message, indicates that a chapter will start in 
C seconds from the appearance of message 116. A PIC field 
and a field for an identification code for chapter 108 may be 
included in the message. A rights information field may also 

110 and local commercials 112. Content-related segmenta­
tion messages 114, 116, 118, 120, 122, 124, 126, 128, 134 

and 136 in accordance with an embodiment of the invention 
are also included in stream 100. 

Segmentation message 114, which may be referred to as 
a program start message, indicates that TV program 102 will 
start in A seconds from the time of the appearance of that 
message. The time period may be defined in segmentation 
message 114. Segmentation message 114 may also include 
a PIC that uniquely identifies the program. Other PICs may 
be used to identify other program segments, such as chapters 
or advertising. Other information, such as rights-related 
information, may be provided in segmentation message 114, 

as well. For example, the rights information may indicate 
whether there is a right to copy and store program 102 in 
cable system 14 for later retrieval. FIG. 2b is an example of 
a segmentation message, such as segmentation message 114, 

in program stream 100. Segmentation message 114 includes 
PIC field 152, rights-related information field 154 and time 
until event field 156, which here indicates the time until the 
start of program 102. 

Instead of including rights information in segmentation 
message 114, it may be provided in a separate message 115, 

as shown in FIG. 2c. Rights message 115 may have a similar 
configuration as segmentation message 114 of FIG. 2b, 

except that time to event field 156 is not needed. PIC field 
158, and two rights fields 160, 162 are shown. More or fewer 
rights fields may be provided, depending on the number of 
rights that need to be defined. 

Content and rights-related segmentation messages may be 
formatted in accordance with, for example, the DVS-253 
(ANSI/SCTE 35 2001) cueing standard for, for example, 
digital advertisement insertion. A segmentation message 
may be in the form of a packet delineated by a sync byte, 
which is a byte that is unlikely to be replicated in the 
program stream. The fields discussed above may follow the 
sync byte, separated by commas. Segmentation messages 
may be provided over a single channel for all programs in 
the multiplex. 

Returning to FIG. 2a, another rights-related segmentation 
message 117 is provided after start 107a of program 102. It 
may be useful to provide a rights message within the 
expanse of the program or program portion to which the 
right relates, in addition to or instead of providing rights­
related segmentation message 115 prior to the start of 

25 be incorporated in segmentation message 118 or in a sepa­
rate rights segmentation message 119 within the expanse of 
chapter 108, particularly if chapter 108 has different rights 
associated with it than the rights associated with program 
102. Segmentation message 118, which may be referred to

30 as a chapter end message, indicates that chapter 108 will end 
in D seconds from the appearance of message 118. 

Segmentation message 120, which may be referred to as 
a network advertising start message, indicates that network 
advertising will start in E seconds from the appearance of 

35 message 120. A PIC field and a field for an identification 
code for that segment of advertising may be included in 
segmentation message 120, as well. Rights information, if 
any, which may relate to that advertising segment, may be 
included in segmentation message 120 or in a separate 

40 segmentation message (not shown) associated with adver­
tising segment 110. For example, contractual obligations 
with respect to program 102 may require that the advertising 
segment 110 be included whenever program 102 is broad­
cast. Alternatively, the right to delete or replace advertising 

45 may be granted. Providing such information in segmentation 
message 120 or in a separate segmentation message asso­
ciated with the advertising segment 110, facilitates correct 
processing of program 102 for storage and assists in ensur­
ing that rights obligations are met. Segmentation message 

50 122, which may be referred to as a network advertising end 
message, indicates that the network advertising will end in 
F seconds from the appearance of message 122. 

Segmentation message 124, which may be referred to as 
a local advertising start message, indicates that local adver-

55 tising will occur in G seconds from the appearance of 
message 124. A PIC field and a field for an identification 
code for that segment of local advertising, may be included 
in segmentation message 120, as well. As above, rights 
information relating to that segment of local advertising may 

60 also be provided in segmentation message 124 or in another 
segmentation message associated with local advertising seg­
ment 112. Segmentation message 126, which may be 
referred to as a local advertising end message, indicates that 
that break will end in H seconds from the appearance of 

65 message 126. Advertising is typically included in program 
stream 100 as provided by a source 12 in the expanse 112, 

indicated by the local advertising start and local advertising 

WellcomeMat Exhibit 2019 
Aylo v. WellcomeMat 

IPR2024-00710, Page 17 of 27



US 10,631,026 B2 

9 10 
end messages 124, 126. Cable system 14 may insert local 
advertising into the program stream, replacing the advertis­
ing originally provided by a source 12. Cable system 14 may 
use segmentation messages 124, 126 to determine when to 
start insertion of the local advertising and when to return to 5 
the program stream 100. The advertising may be inserted at 
the headend 22 or at set-top terminals 18-1 through 18-M, as 
discussed further below. 

segmentation message should be positioned prior to the start 
of the respective program or program portion. Both a 
program start segmentation message including a time to end 
or duration of a program and program end segmentation 
message 136 may be provided for redundancy, as well. 

As shown in FIG. 2a, expanses may exist within other 
expanses. For example, together, a program start message 
114 and a program end message 136 define an expanse of the 
entire program 102. Program start and end messages for If program 102 extends beyond its expected end time 

(such as if program 102 is a sporting event going into 
overtime, for example), an unscheduled content start seg­
mentation message 128 may be provided, to indicate the 
start of unscheduled content 132 in I seconds. A PIC field 
and a field for an identification code for the unscheduled 
content may also be included. Rights information may be 
included, as well. 

If the unscheduled content is overtime in a sporting event, 
for example, the unscheduled content ends at the end 107b 
of program 102. Program end segmentation message 136 
may indicate the end of both program 102 and unscheduled 
content 132 or an unscheduled content end segmentation 
message 134 may be provided. 

If the unscheduled content is a news bulletin, for example, 
it may end prior to the end of program 102. An unscheduled 
content end message 134 is then preferably provided to 
indicate the end of that content. 

After the unscheduled content is completed, program 102 
may continue to be broadcast at the point where the program 
was interrupted. In that case, the entire program 102 is 
broadcast. However, program 102 may then run over the 
scheduled end time. The unscheduled content end message 
134 will indicate when the unscheduled content ends. Alter­
natively, if the progress of program 102 continues while the 
unscheduled content is being broadcast, program 102 will 
end on time, but part of program 102 will not be shown to 
the viewer. Cable system 14 may want to warn the viewer 
that a portion of the show is being pre-empted or will run 
over the scheduled end time. In addition, whether a program 
has been pre-empted may affect treatment as a stored asset 
for later retrieval. For example, users may be notified that 
the program was not broadcast in its entirety and the 
requested program will not be complete. If the pre-emption 
is due to a news bulletin, the bulletin may be stored as a 
separate asset, as well. It may therefore be useful to include 
information indicating whether a portion of program 102 is 
pre-empted so that program 102 ends on time or that 
program 102 is not pre-empted and will run over the 
scheduled end time, in unscheduled content segmentation 
message 128 or in another segmentation message. 

10 chapter 108, network advertising 110 and local advertising 
112 define expanses of the respective program portions 
within the expanse of program 102. If any portion of a 
program has a start message without a corresponding end 
message, program end message 136 terminates all segments 

15 without their own end message. If a chapter or advertisement 
portion is the beginning of a program, a corresponding start 
message preferably accompanies the program start message, 
and defines the same boundary time. As mentioned above, a 
program end message 136 can terminate unscheduled con-

20 tent segment 132. 
In accordance with another embodiment, segmentation 

messages may be sent multiple times or periodically, for 
redundancy. Since errors in defining the start 107a and end 
107b of program 102 could result in storage of an incom-

25 plete program or storage of one program including a portion 
of another program, the program start and program end 
messages 114, 128, and other such significant segmentation 
messages, are preferably sent two or more times prior to the 
event boundary. For example, the program start message 114 

30 and the program end message 136 may be sent twice within 
a 5 to 8 second window prior to the respective boundary. 
Advertising segmentation messages, particularly those 
defining an expanse oflocal advertising, where cable system 
14 may insert their own advertising, are also preferably sent 

35 multiple times, because missing an advertising insertion 
point could adversely impact advertising revenue. Messages 
may be sent minutes before the boundary as well. 

Another important segmentation message that may be 
repeated are the unscheduled content start message 128 and 

40 the unscheduled content end message 134. Since the 
unscheduled content may extend beyond the scheduled end 
time of program 102, it is important for the cable company 
to know this as soon as possible. The exact end time of the 
unscheduled content may not be known but the end message 

45 can indicate an expected time to end of content in the 
message. The value of the expected time to end of content 
may become more accurate as the unscheduled content 
progresses towards its conclusion, and the segmentation 
messages may reflect this developing accuracy. 

The A through I time periods referred to above are real 50 
numbers. Time periods A through I each may be 6 seconds, 

For further redundancy, the messages may be sent peri-
odically throughout a program or program portion. For 
example, a segmentation message to indicate an event may 
be sent every minute starting from the start of a prior event. 
As an event is approached, the time period between mes-

for example. Other time periods may be used and different 
time periods may be used for different segmentation mes­
sages. Alternatively, it may be previously defined that all 
segmentation messages, or segmentation messages of cer­
tain types, indicate a predetermined time period until the 
occurrence of the event. 

Both ends of a program or a program portion (such as 
chapter 108), are preferably indicated by separate segmen­
tation messages. Alternatively, both the time until a start of 
a program or program portion and the time until the end of 
that program or program portion may be indicated in the 
same segmentation message. For example, in segmentation 
message 114 in FIG. 2b, where Time to Event field 156 
indicates the time until the start of program 102, an addi­
tional field may be provided to indicate the time until the end 
of program 102 and/or the duration of the program. Such a 

55 sages may become shorter. For example, messages may be 
sent every minute until the boundary is 1 minute away. Then 
the messages may be sent every 10 seconds or more fre­
quently. Segmentation messages may also be provided 
within one or more prior portions to indicate an event in a 

60 subsequent portion. For example, in program stream 100, 
national advertising start messages 120 may appear one or 
more times within chapter 108 or even before the start of 
chapter 108 in the program stream. 

If two segmentation messages received at different times 
65 indicate different event times, the time of the segmentation 

message arriving last is considered to be more accurate. It 
may, for example, reflect an unanticipated change in the end 
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time of a program, such as overtime or postponement of a 
commercial in a sports event. 

Other segmentation messages that may be provided 
include a table of all of the segmentation points in a 
program. A segmentation point is a place in a transport 5 
stream in which a content provider can insert a segmentation 
message. Tables of particular types of segmentation mes­
sages or all of the segmentation messages may also be 
embedded in program stream 100. For example, a table of 
each type of advertising (national and local, for example) in 10 
a program may be provided. Additional information may be 
provided in the segmentation message to identify a com­
mercial sponsor of respective advertising to assist cable 
system 14 in inserting appropriate advertising. For example, 
if the segmentation message includes an indication that a 15 
national ad that must be broadcast is for a soda company 
(Coca Cola, for example), then a cable system 14 can more 
readily avoid placement of an advertisement for a second 
soda company (Pepsi, for example), in a local ad spot in 
proximity to the ad for the first soda company, which may 20 
be a contractual obligation of cable system 14. Receipt of 
such information in a table at the beginning of a program or 
prior to that, allows cable system 14 time to plan for ad 
placement in the program. Providing all segmentation mes­
sages in a table in program stream 100 at the beginning of 25 
a program or prior to that would give cable system 100 more 
time to plan for other events, as well. 

Another segmentation message that may be provided is a 
message to indicate that a scheduled program is being 
replaced by source 12, or may be replaced by cable system 30 
14, by substitute programming. For example, if a sporting 
event is cancelled due to rain, source 12 may provide 
substitute programming and the cable company may have 
the option of providing its own substitute programming. A 
segmentation message may be provided as part of program 35 
start message 114 or prior to it, to indicate that substitute 
programming follows, and to identify the programming. 
Creation of Trick Files 

12 
I-frame identifiers in the trick files are used as indices or
markers for rewinding and fast-forwarding of program 102.
It should be noted that not all of the I-frames associated with
program 102 are selected for the trick files. Rather, the
I-frames are selected periodically along the program stream.
Thus, the shorter the period is, the closer the instants from
which program 102 can be rewound, and to which program
102 can be fast-forwarded, thereby achieving finer adjust­
ments.

It should also be noted that, in accordance with an 
alternative embodiment of the invention, one trick file can 
support both fast-forward and rewind commands that are 
received by a user. In such case, the trick file contains an 
array of identifiers of I-frames in the program stream cor­
responding to program 102 in, for example, a forward 
direction. If a fast-forward command is received, the 
selected identifiers corresponding to periodic display of the 
program stream are accessed in a forward order, thereby 
presenting a fast-forward display to the user. If, however, a 
rewind command is received, the selected identifiers are 
accessed in the reverse order, thereby presenting a rewind 
display to the user. 

In the event that program 102 is pre-staged, the program 
content comes with the corresponding metadata file and trick 
files associated with the program. Processor 107 stores the 
created or pre-staged asset including the metadata file and 
trick files associated with a program according to its pro­
gram designation in asset storage 103. 

The access of such files for manipulation of progrannning 
content is fully described in the '015 application, incorpo­
rated herein by reference. 

As described above, trick files are generated and stored by 
components (i.e., staging processor 107 and asset storage 
103) that are typically accessible to a plurality of video
servers---e.g., video servers 190-1 to 190-N. Thus, if the
trick files comprise I-frames (or other frame types, such as
P-frames) that can be universally processed by each of video
servers 190-1 to 190-N, trick file content need not be 
regenerated or reformatted based upon the formattingProcessor 107 is further configured to create, in real-time, 

trick files associated with, for example, program 102 as part 
of the asset which are used to perform trick mode functions 
(e.g., rewinding and fast-forwarding) on program 102. One 
such trick file in this instance is a "fast-forward" trick file 
which contains an array of identifiers of intra-coded frames 
(or I-frames) in the program stream (MPEG-2 encoded as 
mentioned before) corresponding to program 102 in a for­
ward direction. I-frames, also called intra-frames, are one of 
three types of video frame used in MPEG video compres­
sion. The other two frame types are forward predicted 
frames (P-frames) and bi-directional predicted frames 
(B-frames). 

40 requirements of each different video server. 

An I-frame is encoded as a single image, with no refer­
ence to any past or future frames. The encoding scheme used 

Thus, in accordance with an embodiment of the invention, 
trick files comprise, for example, I-frames that are formatted 
in a universal format-i.e., a format that can be processed by 
various types of servers ( e.g., servers of different manufac-

45 turers or model type). For example, the universal format 
may comprise I-frames having headers which include infor­
mation relating to the type, length and value structure of 
each respective frame. The type field is a unique identifier 
for the I-frame, the length field specifies the length of the 

50 data and the value field contains a variable length of data 
bytes. In addition, the universal format contains pointers into 
key locations of the MPEG-2 program stream. 

Thus, in accordance with an embodiment of the invention, 
a trick-mode file can contain a subset of a received MPEG-2 
stream which is generated by performing temporal decima­
tion of the original video file. As a result, the normal 
playback of such a file simulates trick-mode operations. 

By formatting the I-frames in a universal format, files 
containing these frames may then be stored on one or more 

is similar to JPEG compression. A P-frame is encoded 
relative to the past reference frame. A reference frame is a 55 
P- or I-frame. The past reference frame is the closest
preceding reference frame. Each macroblock in a P-frame
can be encoded either as an I-macroblock or as a P-macro­
block. A B-frame is encoded relative to the past reference
frame, the future reference frame, or both frames. The future
reference frame is the closest following reference frame (I or

60 servers 190-1 through 190-N (in addition to or instead of 
asset storage 103) with further formatting or processing. In 
addition, by generating such trick files in a universal format, 
no additional processing resources are required to reformat 
the trick files when accessed by one or more video servers 

P). The encoding for B-frames is similar to P-frames, except 
that motion vectors may refer to areas in the future reference
frames.

Another trick file is a "rewind" trick file which contains 
an array of identifiers of I-frames in the program stream 
corresponding to program 102 in the reverse direction. The 

65 190-1 through 190-N. Accordingly, the need to reformat 
trick files when accessed by video servers of varying manu­
facturers is obviated. 
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In addition, no additional processing is required when 

trick file programming content is transferred among servers. 
For example, if video server 190-1 is storing programming 
content and is reaching its capacity, a portion of the pro­
gramming content stored by video server 190-1 may be 5 
transferred to video server 190-2 without the need to refor-
mat such content. 

14 
screen for one-half second at let's say the end of program 
102 (FIG. 2a), it is desirable to insert a reference frame such 
that the message can identify the desired point in the stream 
in which the blank screen is to be inserted. 

Placement of a reference frame affects the location within 
the program in which a Segmentation message instruction is 
fulfilled, in this case insertion of a blank screen. Thus, 
increased frequency of such reference frames may be desir­
able to increase the availability of points within the program 

In accordance with an embodiment of the invention, 
staging processor 107 generates trick files for received 
MPEG content, by processing the content at the MPEG 
video stream level (rather than, for example, the elementary 
stream level). At this point, staging processor 107 is able to 
convert the received content from VBR to CBR (as 
described above) and/or generate I-frames associated with 
such content. 

10 stream for effectuating a segmentation message instruction. 

As a result, once such trick files are generated by staging 
processor 107, video servers 190-1 through 190-N do not 
have to perform any formatting itself-these servers only 
pump out the received content. Accordingly, the burden of 
processing these trick files is removed from video servers 
190-1 through 190-N.

Increasing Segmentation Resolution by Creation of Creation
of Reference Frames

As described above, programming content is received and 
temporarily stored as a program stream in MPEG-2 format 
by staging processor memory 21. In accordance with the 
MPEG-2 standard, video data that makes up the program­
ming content is compressed based on a sequence of groups 

Such capability enables the content provider and the cable 
service provider to have effective control over the manage­
ment of the program stream. 

In accordance with an embodiment of the invention, 
15 I-frames (which are also known as intra-coded picture 

frames or intraframes (and are used herein interchangeably)) 
serve as reference frames. As a result, in accordance with an 
embodiment of the invention, staging processor 107 is 
configured with the capability of creating additional intra-

20 frames in received programming content. By creating these 
additional intraframes, staging processor 107 achieves a 
finer temporal resolution. In other words, by including 
intraframes, opportunities increase for utilizing such intra­
frames for managing the program stream at desired locations 

25 within the stream. 
The creation of additional intraframes not only provides 

increased resolution for managing content, but also for 
creating trick files as described above. 

of pictures ("GOPs"), in which each GOP typically begins 
with an intra-coded picture frame (I-frame), which is 30 
obtained by spatially compressing a complete picture using 
discrete cosine transform (DCT). As a result, if an error or 

In accordance with an embodiment of the invention, 
additional I-frames may be generated by staging processor 
CPU 23 to provide a finer temporal resolution. This may be 
accomplished by configuring staging processor CPU 23 to 
process B-frames and P-frames that are received in the 
program stream to further encode the GOP resulting in an 
increase of I-frames. 

a charmel switch occurs, it is possible to resume correct 
decoding at the next I-frame. 

Typically, the GOP may represent up to 15 additional 35 
frames-i.e., P-frames (predicted frames) and B-frames 
(bidirectional frames )-by providing a much smaller block 
of digital data that indicates how small portions of the 
I-frame, referred, to as macroblocks, move over time.

P-frames are coded as differences between the current 40
frame and the last I-frame or P-frame. Each macroblock in 
the two frames is compared and if they match, motion 
vectors are calculated to create a frame that stores only 
significant differences, again compressed using the DCT 
algorithm. 45 

B-frames are similar to P-frames but compare both the
preceding and the subsequent I-frame or P-frame data. The 
B-frames store the average of matching macroblocks or
motion vectors. Because they are encoded based on both
preceding and subsequent data, they are more effective at 50
storing and displaying motion.

I-frames are encoded for spatial redundancy, and 
P-frames and B-frames are encoded for temporal redun­
dancy. There are a number of different structures, but a
common one is 15 frames as: 

IBBPBBPBBPBBPBB. (a) 

55 

Thus, suppose in GOP a provided above, it is desirable to 
create an additional intraframe at the position in between the 
first B-frame and the second B-frame. Accordingly, staging 
processor CPU 23 constructs a new I-frame (e.g., I') imme­
diately after the first B-frame. A high fidelity technique is 
implemented to re-encode the subsequent P-frames and 
B-frames of the GOP in light of new I-frame, I'. As a result, 
a new GOP structure is formed. The resulting GOP structure, 
in this example, may look like this: 

IBI'P'B'P'B'B'P'B'B'P'B'B'P'B'B', 

where B' and P' represent new B-frames and P-frames 
different from those in GOP a subjected to the requantiza­
tion and high fidelity re-encoding described below. 

To create GOP�' the high fidelity technique involves the 
following steps and transient sequences (1) through (4). In 
the first step, I' is constructed from the current B-frame, the 
preceding I-frame and B-frame, and the ensuing P-frame, 
resulting in the following transient sequence: 

!BI'. 

In addition to the I-, B- and P-frames, program streams 
comprise segmentation messages which, as described above, 
are used for providing information relating to the program­
ming content transmitted in the stream. 

In the second step, a new P-frame (P') is generated using 
the new I-frame (I'), resulting in the following transient 

60 sequence: 

In accordance with an embodiment of the invention, an 
I-frame may be used as a "reference frame"-i.e., an indi­
cator to a location in the program stream to which a
segmentation message refers when fulfilling the require­
ments of the message. Thus, for example, if a segmentation
message contains information for the insertion of a blank

IBI'P'. (2) 

In the third step, the new P-frame is used to generate 
another P-frame, resulting in the following transient 

65 sequence: 

IBI'P'P'. (3)
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In the fourth step, two new B-frames (B'B') are generated 
and are located between the two new P-frames (P'P'), 
resulting in the following transient sequence: 

16 

(step 420) and to access a looknp table (e.g., table 400 of 
FIG. 4b) stored by schedule manager 155 for access by EMI 
120 to identify the provider of the transmitted content (e.g., 

IBI'P'B'B'P'. HBO, NBC, CNN, etc.) (step 430). In an embodiment of the 
(4) 5 invention, the information that is stored in table 400 is sent 

by the content providers. These steps of creating new I-, P- and B-frames are 
repeated until the end of the GOP is reached. 

Staging processor CPU 23 then applies a well known 
requantization technique to the subsequent P-frame (P') and 
subsequent B-frames (B') to ensure that the change to the 
GOPs does not overflow a video buffer verifier (VBV). The 
VBV is a model hypothetical decoder buffer that prevents 
overflowing and underflowing when the decoder is fed a 
program stream carrying MPEG-2 formatted content. Thus, 
the VBV is a MPEG standard that helps ensure that the 
program stream does not exceed the buffer on an MPEG 
decoder. 

As is well known in the art, the requantization technique 
achieves bit-rate reduction of encoded video by re-quantiz-

Thus, suppose a data packet is received bearing a PIC 
(field 462) with a value of 001000 , look-up table 400 is 
accessed by EMI 120 and additional information relating to 

10 the identified programming content is accessed. For 
example, as illustrated in table 400, record 461 indicates that 
a data packet having a PIC with the value of00l000 relates 
to programming content having the program title (field 464)
"Friends," provided by content provider (field 466). "NBC," 

15 and relating to a subject matter (field 468) designated a 
"comedy." Thus, in accordance with this aspect of the 
invention, the transport stream carries a category designa­
tion that is associated with the program stream and/or 
substreams carrying programming content. 

ing DCT coefficients with a larger quantization step size. As 20 
a result, more DCT coefficients become zero, in turn requir-

As a result, upon identifying the provider of the trans-
mitted content, staging processor CPU 23 categorizes the 
data packets, in this example, by provider name (step 440)
and a new substream is generated which comprises the 
video, audio, data components of programming content 

ing fewer variable length codes (VLC) to encode the re­
quantized coefficients. 

FIG. 3 illustrates a flowchart for increasing resolution of 
a program stream by creating reference frames. Such a 
procedure may be implemented if, for example, finer reso­
lution for the placement of segmentation boundaries is 
desired or if an increase in trick file resolution is desired. At 
step 310, programming content is received and temporarily 
stored as a program stream in MPEG-2 format by staging 
processor memory 21. Upon receiving programming con­
tent, staging processor CPU 23 determines whether 
increased temporal resolution of the programming content 
received at headend 22 is desired (step 320). If staging 
processor CPU 76 determines that no intraframe resolution 
refinement is desired, then the received content is processed 
without further encoding at the GOP level (step 330).

If, however, increased resolution is desired, then staging 
processor CPU 23 reads the encoded transport stream at the 
GOP level (step 340). Staging processor CPU 23, at step 
350, then processes the preceding B-frames and P-frames 
from the received GOP to create additional I-frames. Staging 
processor CPU 23 also re-encodes subsequent P-frames 
within the GOP based on the current frame and the newly 
created I-frame (e.g., I'). In addition CPU 23 re-encodes 
subsequent B-frames by comparing both the preceding and 
the subsequent I-frame or P-frame data (step 360). These 
steps re-encode, for example, GOP a provided above to 
generate, for example, the resulting GOP � provided above. 
Allocation of Programming Content 

Transport streams carrying content relating to multiple 
programs typically received from, e.g., origination system 
20, comprise large amounts of programming content, includ-

25 relating to that provider (step 450). Such organization may 
be generated to provide ease of use to, for example, an 
administrator of cable system 14. The generated substream 
may be stored in a storage device. 

Transport streams carrying content concerning a single 
30 program may be generated by staging processor CPU 23 in 

accordance with parameters other than content provider 
name (field 466). Rather, program title (field 464), subject 
matter (field 468), or the like may be categories used by 
staging processor 23 to generate respective program streams 

35 and/or substreams with such designated category as 
instructed by schedule manager 155. This designation 
enables an administrator of the cable service provider to 
generate and subsequently identify a desired program stream 
containing content relating to a specific program, program 

40 title, content provider, subject matter, or the like, based on 
the categorization fields 462, 464, 466, 468 shown in FIG. 
4b, or the like. 

In addition to communicating with EMI 120 to categorize 
programming content and generating substreams relating 

45 thereto, staging processor 107 is also configured, in accor­
dance with an embodiment of the invention, to direct pro­
gramming content to one or more of its output ports 109-1
through 109-N via staging processor interface 25 in an 
intelligent manner. Programming content that is categorized 

50 by staging processor 107 is output over, for example, these 
Gigabit Ethernet (GigE) ports 109-1 through 109-N (see 
FIG. le) in streaming form for switching digital broadcast 
delivery and, as described below, is assigned to a specified 
port of staging processor 107 for downstream transmission. 

Thus, in accordance with an embodiment of the invention, 
staging processor 107 is configured to monitor the number 
of output ports that are active and the identity of such ports, 
as well as the volume of programming content that is 
directed to each port. As subsequent programming content is 

ing an audio substream, a video substream, and a data 
substream. To more effectively handle the volume of pro- 55 
gramming content that is carried by such a transport stream 
and received by staging processor 107, EMI 120 is config­
ured, in accordance with an aspect of the invention, to 
categorize the data that makes up a given program stream or 
substreams upon receipt. 60 received by headend 22, staging processor 107 then deter­

mines which output port(s) should receive the streaming 
content based upon certain business rules provided by 
business rule module 77 of scheduling manager memory 7 4.

FIG. 4a is a flowchart illustrating the process of associ­
ating programming content with a content provider, in 
accordance with an embodiment of the invention. Suppose 
a program stream is received at headend 22 (step 410). In 
accordance with an embodiment of the invention, EMI 120
is configured to read the PIC associated with the data packets 
that make up the received program stream or substream(s) 

For example, reducing congestion is one of the business 
65 rules that is stored in business rules module 77 of schedule 

manager memory 74. Thus, staging processor 107 may be 
instructed to reduce congestion among the active output 
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The requests may be issued in response to the subscribers at 
one or more set-top terminals 18-1 through 18-M selecting 
and deselecting the program. For example, a program chan­
nel is considered popular when the number of set-top 

ports 109-1 through 109-N. In accordance with an embodi­
ment of the invention, when this business rule is promul­
gated by the administrator of cable system 14, streaming 
programming content is directed among each of the active 
output ports-e.g., ports 109-1 through 109-N-in a bal­
anced or close to balanced fashion. In such an embodiment, 
streaming content is transmitted through interface 25 of 
staging processor 107, for a predetermined length of time, to 

5 terminals receiving programming content associated with 
the program channel exceeds a predetermined threshold. 
This information may be provided to schedule manager 155 
for tracking which programs are deemed popular or in high 
demand. Additional means may be used to identify high the active output port that least recently received program­

ming content. The amount of data being transmitted to each 
port 109-1 through 109-N is monitored by staging processor 
CPU 23 so that the load handled by these ports can be 
balanced. In accordance with an embodiment of the inven­
tion, schedule manager 155 provides the programming 
schedule to staging processor CPU 23. When programming 
content relating to a given program is transmitted from 
schedule manager 155 to staging processor 107, CPU 23 first 
determines whether any of its ports 109-1 through 109-N are 
free to receive and transmit the content. If no port is 
available, it determines which active port was the last to be 20 
assigned programming content and then forwards the newly 
received content to such port. 

Processing programming content of one or more prede­
termined content providers is one of the business rules that 

10 demand programming content including, for example, heu­
ristics. 

It should be noted that requests received by headend 22 
from set-top terminals 18-1 through 18-M may be commu­
nicated via a reverse passband, e.g., 5-40 MHz band, of a 

15 coaxial cable. The reverse passband comprises reverse data 
channels (RDCs) having a 1 MHz bandwidth in this 
instance, through which quaternary phase shift keying 
(QPSK) signals containing upstream data are transmitted. It 
should be noted that the 1 MHz bandwidth allocated for an 
RDC here is for illustrative purposes only. It will be appre­
ciated that a person skilled in the art may allocate other 
bandwidths therefore depending on the actual implementa­
tions. A set-top terminal utilizes an RDC for sending both 
application data and control messages. For example, the 

is stored in business rules module 77 of scheduling manager 25 
memory 74. Thus, in accordance with another embodiment 

Digital Audio Visual Council (DAVIC), a standard setting 
organization, has defined a contention-based access mecha-

of the invention, staging processor 107 receives instructions 
from schedule manager 155 such that its output ports are 
assigned to handle a predetermined category of program­
ming content provided by the transport stream. For example, 30 
where content is categorized by provider name, content type, 
program ID, etc., each active port may be assigned to handle 
one or more transport streams that make up one or more of 
such categories of content. Thus, for example, one output 
port-e.g., 109-1-may handle programming content pro- 35 
vided by CNN and NBC, and another port-e.g., 109-2-
may handle programming content provided by ABC, FOX 
and TNT. 

nism whereby multiple set-top terminals share an RDC. This 
mechanism enables the set-top terminals to transmit 
upstream messages without a dedicated connection to a 
QPSK demodulator. The mechanism also provides equal 
access to the set-top terminals that share the RDC, and 
enables detection and recovery from reverse path collisions 
that occur when two or more of the terminals transmit an 
upstream message simultaneously. 

In accordance with another embodiment of the invention, 
whether a program is designated as popular or in high 
demand may also be determined by instructing schedule 
manager 155 to read metadata or a segmentation message 
that is transmitted within the downstream program stream as As described above, schedule manager 155 is configured 

to control staging processor 107. In accordance with an 
aspect of the invention, schedule manager memory 74 stores 
instructions relating to which video server(s) 190-1 to 190-N 
should receive a given program, the number of video servers 
that receive the content and where on the server the program 
is stored. 

40 it is sent to staging processor 107. For example, a segmen­
tation message may be associated with a program stream 
indicating that a given program is a prime time show or is 
anticipated to be in high demand because, for example, it is 
being broadcast for its first time. In addition, metadata may 

For example, effective processing of popular or high 
demand programming is a business rule that is stored by 
business rule module 77 of schedule manager memory 74. 
Thus, in accordance with an embodiment of the invention, 
schedule manager 155 is configured to determine which 
programs are presently deemed popular-i.e., in higher 
demand by users. Such configuration may be implemented 
when the business rule relating to storage based upon high 
demand programming ( as stored by module 77) is invoked. 
Depending on the level of popularity of the program, such 
programming content may be stored on multiple video 
servers 190. 

45 be inserted into the program stream indicating that the 
program associated with the metadata is in high demand. 

By providing staging processor 107 with a business rule 
that all programming designated as popular or in high 
demand be sent to a pre-designated video server ( e.g., server 

50 190-1), control over the destination of such content for 
storage is maintained. Thus, for example, it may be desirable 
to send all programming that is designated as popular or in 
high demand to a server that is deemed to be more reliable 
than others. By monitoring which programming content 

55 meets this category and identifying which servers are 
deemed most suitable (in terms of, e.g., speed, storage 
reliability, output capability), scheduling manager 155 can 
instruct staging processor 107 to direct the programming Thus, in accordance with an embodiment of the invention, 

schedule manager 155 is configured to identify which pro­
grams are deemed most popular. Such determination may be 60 
determined, in accordance with an embodiment of the inven­
tion, by the number of requests received by headend 22 
generated by set-top terminals 18-1 through 18-M for the 
same program. In an illustrative embodiment, the popularity 

content to the appropriate server. 
Additionally, a protocol may be defined such that certain 

programming content is to be stored in one or more video 
servers 190 that have a higher output capability. Such 
storage protocol may be implemented when the pertinent 
business rule relating thereto (as stored in module 77) is 

of a program is determined based on viewing statistics, 
which are generated based on data in requests issued from 
the set-top terminals 18-1 through 18-M in a service area. 

65 invoked. Thus, in accordance with an embodiment, schedule 
manager 155 stores information in schedule manager 
memory 74 that, among other things, provides the output 

WellcomeMat Exhibit 2019 
Aylo v. WellcomeMat 

IPR2024-00710, Page 22 of 27



US 10,631,026 B2 

19 

capabilities of the video servers 190-1 through 190-N that 
are in connnunication with staging processor 107 via ports 
109-1 through 109-N. Moreover, the progrannning content
may be stored in the respective video servers 190-1 through
190-N in a manner such that progrannning content can be 5
made more readily available upon the request for a certain 
program. 

20 

at port 109-1. Thus, another business rule stored by business 
rule module 77 of scheduling manager memory 7 4 relates to 
implementing redundancy protocols to increase transmis-
sion reliability. 

By directing the transmission of programming content to 
one or more output ports 109-1 through 109-N as deter­
mined by CPU 23, staging processor 107 can effectively 
handle a large volume of program streams and, in many 
instances, congestion and failure may be reduced by intel-

In addition to program popularity, schedule manager 155 
may be configured to identify other characteristics of pro­
grams received by staging processor 107, such as program 
type or program source (i.e., content provider). This infor­
mation may be ascertained by reading one or more segmen­
tation messages carried in the program stream or by access-

10 ligently sharing the transmission of program streams among 
active output ports. 

In addition to dictating which output port handles pro­
grannning content received by headend 22, EMI 120 may 
also provide staging processor 107 with destination man-ing table 400 stored by schedule manager 155. Such 

configuration may be implemented when the business rule 
relating to storage based upon program type or program 
source (as stored in module 77) is invoked. Schedule man­
ager 155 may then direct files storing progrannning content 

15 agement protocols, such as the Interactive Service Architec­
ture Connnon Object Request Broker Architecture 
(CORBA) model, thereby enabling progrannning content to 
be intelligently distributed among a plurality of video serv­
ers 190-1 to 190-N for ultimate transmission to users. to a video server based upon program type and/or program 

source, thereby enabling video servers 190-1 to 190-N to 20 
store progrannning based upon such characteristic(s). By 
enabling progrannning content to be stored in a logical 
manner, such as by progrannning content, program type, 
content provider, and the like, operation and maintenance of 
cable system 14 is facilitated. Thus, if a system administrator 25 
needs to perform a given operation with respect to system 14 
that relates to the storage of progrannning content on one of 
the system's video servers 190, access to the progrannning 
content by the administrator is facilitated by having the 
progrannning content logically organized. For example, by 30 
having all advertising content stored on a specific server or 
set of servers, an administrator of cable system 14 can more 
easily access and handle such content. 

In accordance with another embodiment of the invention, 
schedule manager 155 may direct progrannning content to 35 
video servers 190-1 through 190-N based upon other char­
acteristics or considerations, including whether the program 
is "premium" content (i.e., content for which additional fees 
may be charged) which may be stored on a server having, for 
example, high reliability, or free TV content which may be 40 
stored on a server of lesser reliability. 

In addition, progrannning content may be logically stored 
in one or more video servers 190-1 through 190-N in a 
manner in which such content may be accessed in an 
efficient manner. Thus, in addition to identifying which of 45 
the available video servers 190-1 through 190-N is to 
receive specified progrannning content, scheduling manager 
155 is also configured to provide instructions to video 
servers 190-1 through 190-N regarding the manner in which 
the content is stored by such server. In addition, each of 50 
these video servers 190-1 through 190-N may be instructed 
to redistribute progrannning content within its respective 
server as progrannning content is added to or removed from 
such server. 

It should be noted that although the examples provided 55 
above relate to circumstances when content is being trans­
mitted to only one output port, staging processor CPU 23 
may be instructed by scheduling manager 155 to send the 
same progrannning content to multiple output ports. Such 
configuration of sending the same progrannning content to 60 
multiple output ports increases content transmission reliabil-
ity by redundancy. For example, if the same progrannning 
content is directed to two output ports (let's say ports 109-1 
and 109-2), and congestion or a failure occurs at one of the 
two ports (e.g., port 109-1), but not the other port (e.g., port 65 
109-2), the transmitted progrannning content will not be
substantially delayed by the congestion or failure condition

The transfer of progrannning content to a video server­
such as video server 190-1-is performed over cable system 
14 in real-time in which staging processor interface 25 uses 
a standard file transfer protocol such as NFS, ftp, I-SCSI, or 
the like. This real-time transfer may be accomplished as 
minimal buffering between staging processor 107 and the 
destination server, such as video server 190-1, resulting from 
the intelligent distribution of progrannning content as 
described herein. Additional buffering may be added to 
support situations of destination video server failure. 

In addition, progrannning content that is processed by 
staging processor 107 ( e.g., formatting, generating trick 
files, etc.) may be converted to files and transferred to one 
or more video servers 190-1 through 190-N on a non-real­
time basis. 
Monitoring by the Staging Processor and EMI 

Staging processor 107 may be configured to monitor for 
failures or delays with respect to the receipt, processing or 
transmission of progrannning content. In an embodiment of 
the invention, staging processor 107 monitors the processing 
of such content and EMI 120 is configured for providing 
data concerning, for example, alerts or instructions, in 
response to the monitoring by staging processor 107. For 
example, referring to FIG. 5, processor 107 may be config­
ured to monitor whether transmission of progrannning con­
tent to staging processor 107----or a given port of staging 
processor 107-is delayed by a predetermined amount of 
time (such as 3-5 seconds) (steps 510 and 520) indicating 
that the staging processor 107 or at least one of its ports has 
become inactive. This may be accomplished, in accordance 
with and embodiment of the invention, by detecting whether 
packets are being received. No packets being received for 
the predetermined period may result from, e.g., the cable to 
staging processor 107 being disconnected or a failure by 
staging processor 107. EMI 120, in accordance with an 
embodiment of the invention, may be configured to poll 
staging processor 107 to ensure that it is properly receiving 
data as described below. 

Thus, if, for example, EMI 120 is informed of a delay in 
transmission of progrannning content, wherein the delay is 
greater than, for example three seconds, an alarm is gener­
ated by EMI 120 (step 530). In an aspect of the invention, 
the alarm informs an administrator of system 14 of the delay 
in transmission by staging processor 107. 

In accordance with another embodiment of the invention, 
CPU 23 of staging processor 107 may instruct EMI 120 to 
generate an alarm if it is expecting staging processor CPU 23 
to generate a subsequent I-frame based upon a previously 
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transmitted I-frame. Staging processor 107 may be config­
ured to monitor for the next I-frame by knowing the prede­
termined frequency in which I-frames are received. With 
such a process, staging processor 107 is configured to expect 
the receipt of I-frames at the predetermined frequency. In 5 

accordance with an embodiment of the invention, if one or 
more I-frames are not received within such predetermined 
frequency, an alarm is generated by EMI 120 indicating that 
a transmission failure may have occurred. 

Staging processor 107 may also be configured to monitor 10

for the receipt of other regularly received MPEG-2 program 
specific information, such as a program map table (PMT) 
reference. Staging processor 107 determines whether such 
information is received at a predetermined frequency (e.g., 15
on the order of every 100 ms, or 200 ms, or the like). Such 
frequency is programmable and may be predefined by the 
administrator of system 14. For example, the PMT lists, for 
each program in a program stream, the currently available 
video, audio and data components. Optional descriptors can 20 
give additional details about a program or a component. If 
staging processor 107 detects that a PMT reference for a 
given program is not received within the designated fre­
quency, an alarm is generated by EMI 120 indicating that a 
transmission failure may have occurred. 25 

In yet another embodiment of the invention, the frequency 
in which MPEG-2 packets are delivered may also be moni­
tored by staging processor 107 to detect possible delay or 
failure of progranmiing content delivery. Because transmis­
sion of packets carrying programming content data is made 30 
using a predetermined standard, such as DVB or DHEI, 
packets are expected at a given rate. Staging processor 107, 
may be configured to monitor for the frequency in which 
such packets are received to determine whether a transmis­
sion failure has occurred. In addition, in an embodiment of 35 
the invention, the packet ID for incoming packets may be 
read by staging processor 107 to determine whether such 
packets are being received sequentially or whether the order 
of receiving such packets have been disturbed. Using one of 
the monitoring methods described above, an alarm is gen- 40 
erated upon detecting a delay or omission with respect to 
frame, packet or PMT reference delivery-apart from 
whether there is a time delay in programming content 
transmission. 

22 
a scrambled format (step 610). A portion of such transport 
stream, denoted 6000, is illustrated in FIG. 6b. 

Program stream 6000' includes a portion of a B-frame 
(frame B

021002), and a portion of another B-frame (frame 
B

023 u) and an I-frame (frame 101019
.) in between the illus­

trated B-frame portions. Each of these frames are made up 
of packets. Thus, for example, I-frame 101019 , comprises 
packets 6100', 6101', 6102', 6103', 6104' 6105', etc. As 
shown with respect to packet 6100', for example, each 
packet comprises a trailer 6100a', a payload 6100b' and a 
header 6100c'. The header contains instructions about the 
data carried by the packet and includes: the length of the 
packet; synchronization data that assists with the matching 
of the packet with system 14; packet number, which iden­
tifies a given packet, e.g. packet 6100", within the sequence 
of packets; the protocol, which defines the type of packet 
that is being transmitted; a destination address, which iden­
tifies the destination of packet 6100"; and an originating 
address, which identifies the origination of packet 6100". 

Trailer 6100a" includes information indicating the end of 
the packet 6100". 

Payload 6100b" comprises the content that is being car­
ried and includes, among other things, a portion of the data 
that makes up I-frame 101019,. 

The scrambled progranmiing content is duplicated and 
corresponding descrambled progranmiing content is gener­
ated by a conventional descrambling technique (step 615). 
Along with the programming content received by staging 
processor 107, the program stream containing such content 
may, in accordance with an embodiment of the invention, 
also include segmentation messages that are to be inserted in 
the scrambled programming content. 

At step 620, staging processor CPU 23 monitors the 
incoming program stream for segmentation points in the 
program stream (i.e., points in the stream to perform the 
insertion). Upon identifying a segmentation message, stag-
ing processor CPU 23 identifies the location, within the 
descrambled programming content, that the received seg­
mentation message is situated (if the segmentation message 
is already inserted in the program stream when the program 
stream is received) or is to be inserted (if the segmentation 
message is received separately from the program stream) 
(step 630). At step 640, staging processor CPU 23 then 
identifies the corresponding location, within the scrambled 

Segmenting Scrambled Content 
Typically, the programming content that is received by 

headend 22 from sources 12 is transmitted in a scrambled 
format. The scrambled content is then stored on one or more 
servers 190-1 through 190-N for further transmission down­
stream to one or more terminals 18-1 through 18-M upon 
request by a user. By storing and transmitting scrambled 
content, security considerations are typically met since inter­
cepting and copying the program material becomes more 
difficult as compared with content that is not scrambled. 

45 programming content, in which the segmentation message 
should be inserted. Thus, in effect, the descrambled pro­
gramming content is used by staging processor 107 as a 
guide to identify the appropriate corresponding location for 
inserting a received segmentation message within the 

Although scrambled programming content tends to be 
more secure, it also tends to be less adaptable. For example, 
applying segmentation messages to scrambled content can 

50 scrambled programming content. 
In accordance with an embodiment of the invention, the 

descrambled progranmiing content having segmentation 
messages inserted therein by CPU 23 may be used as a guide 
for the insertion of segmentation messages in a scrambled 

55 program stream by counting the number of received packets 
respecting the descrambled programming content from a 
predetermined starting point and the number of packets from 
the corresponding starting point of the scrambled program-be more difficult than applying such messages to 

descrambled programming content. In accordance with an 
embodiment of the invention, staging processor 107 may 60 
nevertheless be configured to segment scrambled content. 
This is accomplished by, in one embodiment, utilizing a 
descrambled copy of the scrambled content as a guide to 
facilitate scrambled progranmiing content processing. 

ming content. 
It should be noted that, although the payload portion of a 

packet in the scrambled progranmiing content is scrambled 
(as indicated by the shaded boxes of FIG. 6b), the trailer and 
header are descrambled. Thus, corresponding starting points 
between the descrambled and scrambled programming con-

For example, referring to FIG. 6a, staging processor 107 
of headend 22 receives a transport stream from, for example, 
origination system 20 that contains progranmiing content in 

65 tent may be identified by comparing the header of the 
descrambled content with the header of a corresponding 
packet associated with the descrambled progranmiing con-
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tent. Because each header contains a unique identifier, 
identifying the corresponding header for the duplicate 

stream-that is descrambled-may be effectuated. Thus, 

referring back to FIG. 6b, program stream 6000' illustrates 
a stream of packets (packets 6100', 6101', 6102', 6103', 

6104', 6105', etc.) in which the payload is scrambled (such 

as payload 6100b'), which corresponds and is aligned with 
program stream 6000 (having packets 6100, 6101, 6102, 

6103, 6104, 6105, etc.) wherein, for example, packet 6100 

is completely descrambled, including trailer 6100a, header 
6100c, as well as payload 6100b. By identifying a corre­

spondence between headers 6100 and 6100', for example, 

staging processor CPU 23 can align the program streams for 
segmentation. 

In another embodiment of the invention, the correspon­

dence between scrambled programming and descrambled 
programming content may be determined by CPU 23 uti­

lizing the well known program clock record (PCR) provided 

in a packet's transport header adaptation field within the 
packets' header, as such information within the header is 

maintained descrambled. The PCR is a record that serves as 
a clock for the transmitted program stream. Thus, by iden­
tifying the PCR time value of a predetermined descrambled 
packet within the scrambled programming content, the cor­
responding descrambled programming content may be iden­
tified. 

Once the segmentation point is identified in the scrambled 
program stream, staging processor 107 is able to insert 
segmentation messages into the scrambled content as 
desired. 
Compensation for Delay in Transmission to Staging Proces­
sor 

In accordance with an embodiment of the invention, 
staging processor 107 can compensate for a delay in trans­
mission of programming content to processor 107. A delay 
may arise for several reasons including data missing from a 
transmission due to a temporary transmission failure from 
origination system 20 to headend 22, delay at the input of 
staging processor 107, and the like. 

FIG. 7 is a flowchart illustrating the process of compen­
sating for missing or delayed programming content, in 
accordance with an aspect of the invention. As described 
above, by monitoring the reception of arriving MPEG-2 data 
packets, segmentation messages, etc. (or the lack thereof), 
staging processor 107 itself can monitor for whether there is 
a delay in transmission of programming content (step 710). 
Upon detecting a delay in the delivery of programming 
content, staging processor 107 creates, in an embodiment of 
the invention, stuffing packets to fill in the content that is not 
received in a timely fashion or at all (step 720). Thus, these 
stuffing packets are, in one embodiment, packets that carry 
no useful data but are used to maintain a constant bit rate 
with a variable payload. By carrying stuffing bits, code 
words are inserted in a program stream and are then dis­
carded, thereby maintaining the bit rate of the stream. In 
another embodiment of the invention null packets (i.e., 
packets that have header information but no payload) are 
used to fill in the content that is not received. 

In accordance with an embodiment of the invention, when 
such a feature is activated, staging processor 107 may be 
configured to buffer a predetermined amount of a received 
program stream. If upon monitoring the received segmen­
tation messages, staging processor CPU 23 determines that 

24 
In accordance with one embodiment of the invention, if 

the delay is less than a predetermined amount of time, the 
inserted stuffing packets may be deleted from the program 
stream, prior to further transmission to, for example, video 

5 servers 190-1 through 190-N or set-top terminals 18-1 
through 18-M. Thus, for example, when a small delay occurs 
(e.g., a 500 millisecond delay) (step 730), the stuffing 
packets that were inserted into the stream as a result of the 
detected delay may be deleted and the received program-

10 ming content from both before and after the delay may be 
merged (step 740). In such circumstances, the delay in 
transmission is not noticeable to the user as the delay in 
transmission was sufficiently brief such that the program­
ming content prior to and after the delay were pieced 

15 together prior to downstream transmission from headend 22 
to set-top terminal 18-1. If the delay exceeds the predeter­
mined amount of time, the provision of the stuffing packets 
is effectuated (step 750), which enables a more graceful 
failure of content delivery when a delay in receiving data 

20 that makes up a program stream occurs. 
In another embodiment of the invention, other packets 

(besides, e.g., null packets) may be used to create an image 
that is sent to terminal 18-1, and viewed by users-in the 
form of a blank (or black) screen, a stationary image (such 

25 as a picture), or a pre-packaged audio and/or video clip. In 
yet another embodiment of the invention, when a delay is 
recognized, one of the I-frames that is received before the 
delay may be repeated to compensate for such delay. 
Encapsulating MPEG-2 Formatted Transport Streams into 

30 UDP/IP Datagrams 
As described above, the generated transport streams are 

typically transmitted from headend 22 to hub 24 via IP 
transport over optical fiber. Content received by staging 
processor 107, however, may also be repackaged, or encap-

35 sulated, in a user datagram protocol/Internet protocol 
("UDP/IP") datagram. Employing such datagrams typically 
reduces the processing time to reassemble associated pack­
ets of a given program as compared with using other 

40 
standard protocols, such as the Internet protocol. 

Video and audio data which is compressed in accordance 
with, for example, the well known MPEG-2 standard, and 
which comprises the programming content information 
received and handled by staging processor 107, are carried 
by continuous elementary streams, respectively, which are 

45 packetized, resulting in packetized elementary streams 
(PESs). Staging processor 107 identifies these packets by 
headers that contain time stamps for synchronization, and 
are used to form MPEG-2 formatted transport streams. For 
digital broadcasting, multiple programs and their associated 

50 PESs are multiplexed into a transport stream carrying a 
single program. A transport stream has PES packets further 
subdivided into short fixed-size data packets, in which 
multiple programs encoded with different clocks can be 
carried. A transport stream not only comprises a multiplex of 

55 audio and video PESs, but also other data such as MPEG-2 
program specific information ("PSI") describing the trans­
port stream. The MPEG-2 PSI includes a program associated 
table ("PAT") that lists every program in the transport 
stream. Each entry in the PAT points to a program map table 

60 (PMT) that lists the elementary streams making up each 
program. Some programs are open, but some programs may 
be subject to conditional access (encryption) and this infor­
mation is also carried in the MPEG-2 PSI. 

a portion of the program stream is delayed, interrupted or 65 
skipped, staging processor CPU 23 generates stuffing pack-

The aforementioned fixed-size data packets in a transport 
stream each carry a packet identifier ("PID") code. Packets 
in the same elementary streams all have the same PID, so 
that a decoder can select the elementary stream(s) it needs ets to fill in the missing content. 
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and reject the remainder. Packet-continuity counts are 
implemented to identify discontinuity in the desired stream. 

In accordance with an embodiment of the invention, 
because generated transport streams are transmitted via 
Internet Protocol ("IP")-e.g., from headend 22 to hub 
24-the transmitted data may be encapsulated using a user 
datagram protocol ("UDP"). Such a protocol is transaction
oriented, and delivery and duplicate protection may not be
guaranteed. Nevertheless, such protocol provides a proce­
dure for sending content with a minimum of protocol
mechanisms. It should be noted that TCP/IP can also be used 
to deliver data if content is being distributed across a wired
network.

The user datagram-which in this case carries video 
content and audio content information-is typically made up 
of four fields which reside in a packet header (in addition to 
the data field that stores the transmitted data). A source port 
field is an optional field for storing a port value which 
indicates the port of the sending processor. If this field is not 
used, a value of zero is inserted. A destination port identifies 
the address to which the packet of data should be transmit­
ted. A length field indicates the length in octets of the 
datagram including the header and the data. A checksum 
field provides protection against corrupted datagrams. 

UDP provides a connectionless service that utilizes the IP 
protocol to send the datagram. Unlike certain other protocols 
that deliver IP packets (such as the Transmission Control 
Protocol (TCP)), UDP does not provide sequencing of 
packets, relying on the higher layer protocols to sort infor­
mation. Using UDP often reduces processing time because 
of minimal reassembly time-particularly when the data­
grams are small. 

As described above, when staging processor 107 receives 
programming content, it is typically received in accordance 
with the DVB-ASI or DHEI standards. Such standards 
support serial point-to-point transport of programming 
materials. By encapsulating programming content as a UDP/ 
IP datagram, a multicast IP header may be used, thereby 
directing datagrams to multiple devices, such as any number 

26 

by headend 22, in accordance with an embodiment of the 
invention, is illustrated. At step 810, upon receiving pro­
gramming content in a DVB-ASI format, DHEI format, or 
some other serial point-to point format, staging processor 

5 CPU 23 demultiplexes the program stream into substreams 
by, for example, specific program. This is accomplished as 
a result of CPU 23 reading the program identifier for each 
received packet and assigning packets having common 
program identifiers to their own substream (as described 

10 more fully above). Each packet in each respective substream 
is then encapsulated as a datagram (step 820) by staging 
processor 23 and each UDP datagram is assigned by CPU 23 
an IP multicast address (e.g., Class D address) (step 830). 
The Class D address is read by servers 190-1 through 190-N 

15 for determining which of these servers the packet is 
intended. As a result, a substream is created which is 
carrying content relating to, in this example, a single pro­
gram. 

Thus, one or more of video servers 190-1 through 190-N 
20 reads the data packets for which an IP multicast is estab­

lished and may store such packets for storage. Accordingly, 
transmission of such programming content requires a rela­
tively small amount of processing as the programming 
content is encapsulated in its own substream and supports a 

25 multicast transmission. 
By employing a UDP/IP protocol (as opposed to, for 

example, the TCP/IP protocol), the scalability of staging 
processor 107 increases. In other words, if one of such 
processor 107 goes out of service, system 14 can access 

30 another staging processor that is made available to system 
14. The increased scalability also allows load-balancing
among available staging processors. Accordingly, the imple­
mentation of the UDP/IP protocol obviates the need to
replicate the transmitted content stream when such redun-

35 dancy is required or load balancing is desired. Thus, an 
assigned port value can be used by staging processor 107 to 
forward datagrams to other staging processors (not shown) 
for sharing in the processing of received programming 
content that is repackaged in the datagrams. 

of video servers 190-1 through 190-N. Accordingly, such a 40 
protocol allows simultaneous or almost simultaneous deliv-

The foregoing merely illustrates the principles of the 
invention. It will thus be appreciated that those skilled in the 
art will be able to devise numerous other arrangements 
which embody the principles of the invention and thus 
within the spirit and scope of the invention, which is defined 

ery of received programming content to multiple processing 
devices, thereby creating an IP multicast. 

The IP multicast operates based on a group concept. For 
example, a group of servers, such as video servers 190-1 
through 190-N, may be configured to receive a particular 
data stream or substream using a well known Internet Group 
Management Protocol (IGMP). Such configuration enables 
these servers to be aware of IP multicast packets with a 
particular destination address to which staging processor 
107 can send the data stream. When packets are transmitted 
to the staging processor's output ports 109-1 through 109-N, 
the video servers 190-1 through 190-N read them based on 
their destination address, which is a so-called "Class D 
address." Specifically, each IP packet whose destination 
address starts with a certain value, for example "111 O" is an 
IP multicast packet. The remaining bits of a packet address 
may be used for identifying the group of servers for which 
the packet is intended. 

When one or more of servers 190-1 through 190-N are 
configured to receive IP multicast packets and when IP 
multicast packets are made available to these servers, a 
processor (not shown) in each such server determines 
whether it is configured to read the received packets based 
upon IP multicast packet's address. 

Thus, referring to FIG. 8, the process for formatting 
programming content that is received in a program stream 

45 in the claims, below. 
For example, staging processor 107 is described above as 

affording both media processing and content segmentation 
capabilities. Such a configuration is illustrated in FIG. lB as 
a monolithic device-i.e., such dual functionality is con-

50 tained within a single physical embodiment. In another 
embodiment, the media processing functionality is separated 
from the segmentation control processing, including seg­
mentation message detection and segmentation and file 
transfer. Thus, turning to FIG. 9, headend 22a is illustrated 

55 having the same components and functionality as that of 
headend 22 of FIG. lb, except that staging processor 107 of 
FIG. lb is replaced by media processor 902 and segmenta­
tion processor 904, wherein these components are connected 
to one another and other components of headend 22a by 

60 Ethernet connections. 
In yet an alternate embodiment, multiple media proces­

sors 902-1 through 902-Q, where Q is an integer, and 
multiple segmentation processors 904-1 through 904-R, 
where R is an integer, are utilized, and are interconnected by, 

65 for example, Ethernet connections. Such an arrangement 
allows for effective load-balancing, redundancy and back-up 
arrangements. It should be noted that, although in FIG. 10 
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each of the media processors are connected to each of the 
segmentation processors, a configuration may be imple­
mented wherein each media processor is connected to at 
least one segmentation processor, but not necessarily all of 
them. 

What is claimed is: 
1. A method for processing a program signal stream

carrying respective data packets for a plurality of programs 
by a di�t?butor of program content, the method comprising: 10

rece1vmg program signal streams from a plurality of 
program signal sources by an interface at the distributor 
of program content, the program signal streams con­
taining data packets for a plurality of programs, at least 
some of the data packets being associated with codes 15
having values correlated with a program signal source 
of a respective program signal stream; 

reading the codes in at least some of the data packets 
carried by the received program signal streams, by at 
least one processing device coupled to the interface·, 

based on the read identified codes, generating at least one 
substream containing received data packets for a plu­
rality of programs including read codes having values 
correlated with the same program signal source, by at 
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least one of the at least one processing device; and 25
storing the at least one substream in at least one storage 

device of the distributor of program content. 
2. The method of claim 1, wherein at least some of the

codes have values that are further correlated with program 
subject matter. 

3. The method of claim 1, wherein at least some of the 
codes have values that are further correlated with a program 
rating. 
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4. The method of claim 1, wherein at least some of the
codes have values that are further correlated with a program 35
name. 

5. The method of claim 1, further comprising:
repackaging the at least one substream using a predeter­

mined transmission protocol, wherein the protocol 
enables each of the selected ones of the data packets to 40
be transmitted to a plurality of storage devices. 

6. The method of claim 5, wherein the protocol comprises
a User Datagram Protocol. 

7. The method of claim 1, further comprising:
accessing a table correlating codes to respective sources

to identify the respective source. 
8. The method of claim 1, comprising receiving the

program stream by a head end of a cable television system.
9. The method of claim 1, further comprising:
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providing a respective generated substream to an output 50
port dedicated to the source of the respective sub­
stream, for storage on a respective video server. 

10. The method of claim 9, further comprising broadcast­
ing the respective stored substream. 

11. The method of claim 1, further comprising broadcast- 55
ing the respective stored substream. 

12. The method of claim 1, wherein the data packets
comprise program content for the plurality of programs, the 
method further comprising: 

generating at least one substream comprising program 
content for the plurality of programs. 
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13. The distributor of claim 1, wherein the at least one

processor is further configured to: 
broadcast the respective stored substream. 
14.

_ 
A distributor of program content, comprising: 

an mterface configured to receive program signal streams 
f�om a plurality of program signal sources, the program 
signal streams containing data packets for a plurality of 
programs, at least some of the data packets being 
associated with codes having values correlated with a 
respective program signal source of a respective pro­
gram signal stream; 

at least one processor configured to: 
read the codes in at least some of the data packets 

carried by the received program signal streams; and 
based on the read codes, generate at least one substream 

containing received data packets for a plurality of 
programs including read codes having values corre­
lated with the same program signal source; and 

a storage device configured to store the at least one 
sub stream. 

15. The distributor of claim 14, wherein at least some of
the codes have values that are further correlated with pro­
gram subject matter. 

16. The distributor of claim 14, wherein at least some of
the codes have values that are further correlated with a 
program rating. 

17. The distributor of claim 14, wherein at least some of
the codes have values that are further correlated with a 
program name. 

18. The distributor of claim 14, wherein the at least one
processor is further configured to repackage the at least one 
substream using a predetermined transmission protocol 
enabling each of the selected ones of the data packets to be 
transmitted to a plurality of storage devices. 

19. The distributor of claim 18, wherein the protocol 
comprises a User Datagram Protocol. 

20. The distributor of claim 14, wherein the at least one
processor is further configured to: 

access a table correlating codes to respective sources to 
identify the source. 

21. The distributor of claim 14, wherein the at least one
processor is part of a cable television system. 

22. The distributor of claim 14, wherein the storage device
comprises a plurality of video servers, the system further 
comprising: 

a plurality of output ports dedicated to one or more 
respective sources: 

wherein the at least one processor is further configured to: 
provide a respective generated sub stream to an output port 

dedicated to the one or more sources of the respective 
substream, for storage on a respective video server. 

23. The method of claim 1, wherein the codes comprise
program identification codes. 

24. The distributor of claim 14, wherein the codes com­
prise program identification codes. 

25. The distributor of claim 14, wherein the data packets
comprise program content for the plurality of programs, the 
processor being further configured to: 

generate at least one substream comprising program con­
tent for the plurality of programs. 

* * * * *
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