
(19) United States 
US 2003004.88.08A1 

(12) Patent Application Publication (10) Pub. No.: US 2003/0048808A1 
Stahl et al. (43) Pub. Date: Mar. 13, 2003 

(54) METHOD AND APPARATUS FOR 
CHANGING RECEIVED STREAMING 
CONTENT CHANNELS 

(76) Inventors: Thomas Anthony Stahl, Indianapolis, 
IN (US); John William Richardson, 
Hamilton, NJ (US) 

Correspondence Address: 
JOSEPH S. TRIPOLI 
THOMSON MULTIMEDIA LCENSING INC. 
2 INDEPENDENCE WAY 
P.O. BOX 5312 
PRINCETON, NJ 08543-5312 (US) 

(21) Appl. No.: 09/950,863 

(22) Filed: Sep. 12, 2001 

INTERNET 

MULTIPLE 
1 TELEPHONY 

ATMSWITCH 

CENTRA 
OFFICE 

109 

CABLE NETWORK 

SERVIC 
CONTROL 
PROCESSOR 

Publication Classification 

(51) Int. Cl." .................................................... H04Q 11/00 
(52) U.S. Cl. ............................................ 370/487; 370/386 

(57) ABSTRACT 

An apparatus and method is disclosed in which a buffer 
receives a first content Stream carrying a content channel 
Signal. The first content Stream carries the content channel 
Signal at a rate Substantially greater than the Streaming 
content playout rate, for initially loading the buffer. The 
buffer Switches its reception of the content channel Signal 
from the first content Stream to a Second content Stream. The 
Second content Stream is at a rate Substantially the same as 
the Streaming content playout rate. Generally, this Switch 
occurs when Some predefined threshold of the content 
channel Signal is buffered. 
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METHOD AND APPARATUS FOR CHANGING 
RECEIVED STREAMING CONTENT CHANNELS 

FIELD OF THE INVENTION 

0001. The present invention relates to the downloading of 
Streaming content. 

BACKGROUND OF THE INVENTION 

0002 Proposed methods for carrying digital video pro 
gramming from a Head End (HE) to a Set Top Box (STB), 
over a Digital Subscriber Line (DSL) connection, now exist 
within the industry. In many cases, the digital Video is in the 
form of compressed digital Video Such as Moving Pictures 
Experts Group (MPEG) 2 or MPEG 4. Many of these 
systems utilize video multicast within the HE equipment for 
efficient distribution of the video to the edge of the network. 
An important limitation of these systems is that a DSL link 
has only enough bandwidth to handle one or two video 
Streams (programs) simultaneously. 
0.003 Because of the bandwidth limitation, one problem 
that these Systems experience is jitter. Jitter is a deviation in, 
or displacement of, the bit arrival times of a digital Signal. 
Some of the principle causes of jitter include, inter alia, 
queues in network Switches and packet collisions requiring 
Subsequent retransmission. Jitter may also be added to the 
Video Stream as the result of the asynchronous transfer mode 
(ATM) switching or Internet Protocol (IP) routing. Further 
more, jitter may occur as a result of adding to a Video Stream 
as the video is distributed within the home from the DSL 
modem to the STB over, for example, an Ethernet. 
0004 Proposed methods for correcting jitter include, for 
example, the use of a large de-jittering buffer in the front end 
of the decoder in the STB. However, de-jittering buffers add 
a significant and undesirable time delay to the Signal. For 
example, for a de-jittering buffer designed to hold five 
seconds of video, there would be a five-second delay from 
the time the video is received by the STB to the time that the 
Video is displayed. 
0005 Buffering creates additional problems. For 
example, if a user changes channels and the System merely 
connects the STB to a real time video stream, the user will 
have to wait five seconds for the buffer to fill before a picture 
will be displayed. This would spoil the channel changing 
experience that many people expect. For example, many 
people like to "Surf channels to examine what is on a 
Several particular television channels before Settling on a 
program. Having a long delay each time a new channel is 
selected would be at odds with the ability to rapidly Surf 
through the various offered channels, and these viewers 
would find Such a delay particularly Vexing. 

SUMMARY OF THE INVENTION 

0006 Therefore, the present invention is a system and 
method for providing de-jittered Streaming content while 
providing a Substantially instantaneous channel changing 
experience. In accordance with the principles of the present 
invention, a buffer receives a first content Stream carrying a 
content channel Signal. The first content Stream carries the 
content channel Signal at a rate Substantially greater than the 
Streaming content playout rate. The buffer Switches its 
reception of the content channel Signal from the first content 
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Stream to a Second content Stream. The Second content 
Stream is at a rate Substantially the same as the Streaming 
content playout rate. Generally, this Switch occurs when 
Some predefined threshold of the content channel Signal is 
buffered. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0007. The present invention will be described below in 
more detail, with reference to the accompanying drawings: 
0008 FIG. 1 illustrates a network capable of delivering 
DSL video in accordance with the principles of the present 
invention; 

0009 FIG. 2 shows a flow diagram of a channel change 
mechanism in accordance with the principles of the present 
invention; and 

0010 FIG. 3 shows a data transfer from a source buffer 
to a de-jitter buffer during initial viewing in accordance with 
the principles of the present invention. 

DETAILED DESCRIPTION 

0011. The present invention delivers video data to a STB 
at a rate Substantially greater than a display rate for an initial 
period of time after a new channel has been Selected. During 
this initial time period, a STB buffer is loaded to a desired 
level. Upon loading the STB buffer, the video connection 
can be Switched to a Video multicast connection wherein the 
STB video decoder receives buffered video from the STB 
buffer at Substantially the same rate as the Video display rate. 
Further, although described in terms of Video, the concept 
and principles of the present invention apply to any form of 
Streaming digital, whether it is Video, audio, data, or a 
combination thereof. 

0012. It is to be understood that the present invention 
may be implemented in various forms of hardware, Soft 
ware, firmware, Special purpose processors, or a combina 
tion thereof. It is also understood that the present invention 
may be implemented in Software as an application program 
tangibly embodied on a program Storage device. The appli 
cation program may be uploaded to, and executed by, a 
machine comprising any Suitable architecture. In an exem 
plary embodiment, the machine is implemented on a com 
puter platform having hardware Such as one or more central 
processing units (CPU), a random access memory (RAM), 
and input/output (I/O) interface(s). The computer platform 
also includes an operating System and micro instruction 
code. The various processes and functions described herein 
may either be part of the micro instruction code or part of the 
application program (or a combination thereof) which is 
executed via the operating System. In addition, various other 
peripheral devices may be connected to the computer plat 
form Such as an additional data Storage device and a printing 
device. 

0013. It is to be further understood that, because some of 
the constituent System components and method steps 
depicted in the accompanying description and figures may 
be implemented in Software, the actual connections between 
the System components (or the process steps) may differ 
depending upon the manner in which the present invention 
is programmed. Given the teachings of the present invention 
provided herein, one of ordinary skill in the related art will 
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be able to contemplate these and Similar implementations or 
configurations of the present invention. 

0.014. According to an embodiment of the present inven 
tion, in Systems in which the quantity and Severity of jitter 
is frequently a problem, Such as in distribution across the 
Internet, larger de-jittering buffers can be provided on the 
front end of the decoder which would thereby decrease the 
instances and Severity of jitter by increasing the amount of 
available buffered video. 

0.015 Additionally, the present invention can apply to 
any System distributing video over the Internet from a Video 
server. The final distribution can be via DSL, dial up, cable 
modem, Integrated Services Digital Network (ISDN), or any 
other means of connecting to the Internet. The present 
invention also applies to Systems or network connections 
that use multicast Signals for efficient distribution or simply 
duplicate the Stream and Send out individual Streams. 
0016 Referring to FIG. 1, an illustrative example of a 
network for delivering DSL video is shown including, inter 
alia, a video server 101, and ATM Switch 102, a Service 
Control Processor (SCP) 103. The network includes a DSL 
Access Multiplexor (DSLAM) 104, for connecting multiple 
DSL users to the network. The DSLAM 104 connects to the 
ATM switch 102. The DSLAM 104 demultiplexes the 
Signals and forwards them to appropriate individual DSL 
connections. The network further includes a DSL Terminator 
105, router 106, customer premise equipment (CPE) 107, a 
STB 108. The video server 101 includes a buffer for each 
video channel that may be chosen. These buffers can be 
sized to handle a worstcase jitter Scenario that may be 
displayed at the STB 108, including jitter contributed by the 
ATM distribution and jitter caused by distribution within a 
local area network Such as Ethernet. 

0017 Jitter can range from a few milliseconds to several 
Seconds depending on the distribution channel used. A 
communication channel for channel changing commands 
exists between the STB 108 and the HE equipment 109. 
When a customer turns on a channel or changes channels, a 
command is sent from the STB 108 to the HE 109. The SCP 
103 sets up a connection between the video server 101 and 
the STB 108. The video server 101 provides video from a 
HE buffer to the STB buffer 108 at a substantially higher 
Speed (e.g., double-speed) than a normal video viewing 
Speed (e.g., thirty frames per Second). 
0.018. In one exemplary embodiment of the invention, 
during the transitory period, the connection is Set up logi 
cally as a point-to-point connection. No other STB will 
receive the Same higher Speed Stream at exactly the same 
time. The STB receives the higher speed video stream and 
Starts to display the Stream immediately. However, it dis 
plays the video at the normal viewing Speed. Thus, the Video 
arrives at the STB at a rate faster than it is being displayed 
or consumed. Accordingly, the de-jittering buffer in the front 
end of the STB is loaded with video. Once the STB buffer 
has been filled to a desirable level, the SCP Switches the 
Video Source to a Video Stream that can be shared among one 
or more STBs (e.g., multicast). 
0019 Referring to FIG. 2, for live broadcasts, the HE 
will maintain a buffer that is at least as large as the buffer 
used for de-jittering in the STB. For example, for a five 
second STB de-jittering buffer, the HE buffer would store 
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five Seconds or more of Video. When the customer changes 
channels, the HE will supply delayed video from the HE 
buffer at a rate 201 higher, e.g., Sixty frames per Second, than 
the Video rate for normal viewing 202, e.g., thirty frames per 
Second. 

0020. In an exemplary embodiment of the invention, the 
HE buffer is a circular buffer or queue that maintains a level 
of information. The HE's transmitter will be merely pulling 
the data from a progressively later time in the buffer. The 
buffer remains full at all times, and can therefore handle 
multiple clients simultaneously by pulling data from differ 
ent times in the buffer. Data is transferred out of the buffer 
at a 1xrate, even though data is being sent to the STB buffer 
at a higher rate, e.g., 3x. However, from the perspective of 
the STB, it appears that the HE buffer empties. 
0021. Since the video is being displayed at the normal 
Speed, but the Stream is arriving at the higher speed, the 
de-jittering buffer in the front end of the decoder will fill to 
a desirable level. According to the example, once this buffer 
has filled with five-seconds of video, the HE ceases sending 
video to the STBs at the higher speed and begins to send 
Video at the normal viewing Speed. This can happen in a 
one-to-one relationship, but can also happen by merely 
Switching the input of the STB to a multicast or broadcast 
Video Stream. The Multicast Stream is Sent in real-time. 
During the initial Stage, the five Second delay is due to five 
seconds of old data being sent from the HE buffer. After 
Switching to multicast, all of the delay is due to five Seconds 
of video stored in the STB buffer. 

0022. The switch from the HE buffered signal to the 
video stream can be controlled from the HE, because the HE 
knows at what point the STB has received all of the delayed 
video from the HE delay buffer and the only video left to 
send is the real-time video that is being used to fill the delay 
buffer. 

0023 Referring to FIG. 3, during the transitory channel 
changing period 301-303, data is transferred from a HE 
buffer 304-307 to the STB buffer 308-311 until the desired 
delay is established before Switching to the buffered broad 
cast stream 312. Note that this method can apply to real-time 
broadcasts Such as Sports programs, movies, or any other 
type of Video programming. 

0024. It is also possible that some video data may arrive 
late during the initial few moments after the Second change. 
But the packet delay associated with most Video packets is 
expected to be less than the maximum delay, So this is not 
expected to be objectionable. Additionally, the likelihood of 
encountering a late packet will decrease as the decoding 
buffer fills. 

0025 Having described embodiments for a system and 
method of de-jittering a DSL video distribution system 
connection, it is noted that modifications and variations can 
be made by persons skilled in the art in light of the above 
teachings. It is therefore to be understood that changes may 
be made in the particular embodiments of the invention 
disclosed which are within the Scope and Spirit of the 
invention as defined by the appended claims. Having thus 
described the invention with the details and particularity 
required by the patent laws, what is claimed and desired 
protected by Letters Patent is set forth in the appended 
claims. 
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What is claimed is: 
1. A method for transferring a digital Signal comprising 

the Steps of: 
receiving, at a buffer and at a rate Substantially greater 

than a streaming content playout rate, a first content 
Stream carrying a content channel Signal; and 

Switching from the first content Stream to a Second content 
Stream carrying the content channel Signal, wherein the 
Second content stream is transferred to the buffer Sub 
Stantially at the display rate. 

2. The method of claim 1, wherein the content channel 
Signal is comprised of Streaming video. 

3. The method of claim 1, wherein the content channel 
Signal is comprised of Streaming audio data. 

4. The method of claim 1, wherein the step of Switching 
from the first content Stream to the Second content Stream 
further comprises the Step of: 

determining that the buffer is substantially full prior to 
Switching. 

5. The method of claim 1, wherein the step of Switching 
from the first content Stream to the Second content Stream 
further comprises the Step of: 

determining that the buffer contains a predefined amount 
of channel content data prior to Switching. 

6. The method of claim 1, wherein the second content 
Stream is of the type Selected from the group consisting of 
multicast, broadcast, and asynchronous-transfer-mode 
point-multipoint. 

7. An apparatus for transferring a digital signal compris 
Ing: 

means for receiving at a buffer, and at a rate Substantially 
greater than a streaming content playout rate, a first 
content Stream carrying a content channel Signal; and 

means for Switching from the first content Stream to a 
Second content Stream carrying the content channel 
Signal, wherein the Second content Stream is transferred 
to the buffer substantially at the display rate. 

8. A method for changing from a first digital Video 
channel to a Second digital video channel comprising the 
Steps of: 

receiving a channel change command; 
transferring a first Video Stream carrying the Second 

digital video channel from a first buffer to at least a 
Second buffer at a rate greater than a display rate; 

changing from the first digital Video channel to the Second 
digital Video channel upon receiving the Second digital 
Video channel; and 

Switching from the first Video stream to a Second Video 
Stream carrying the Second digital Video channel, 
wherein the Second Video stream is transferred to the 
Second buffer at the display rate. 
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9. The method of claim 8, wherein the first and second 
Video Streams comprise a digital Subscriber line Signal. 

10. The method of claim 8, wherein the step of Switching 
from the first video stream to the second video stream further 
comprises the Step determining that the Second buffer has 
been filled to a desirable level prior to switching. 

11. The method of claim 8, further comprises the step of 
loading the first buffer with the first video stream at about the 
display rate. 

12. The method of claim 8, wherein the step of receiving 
a channel change command further comprises the Step of 
establishing a one-to-one connection between the first buffer 
and the second buffer. 

13. The method of claim 8, wherein the second video 
Stream is one of multicast, broadcast, and asynchronous 
transfer-mode point-multipoint. 

14. The method of claim 8, wherein the digital video 
channel is distributed to the second buffer by one of a digital 
Subscriber line, a cable modem and an integrated Services 
digital network. 

15. A program Storage device readable by machine, tan 
gibly embodying a program of instructions executable by the 
machine to perform method steps for changing from a first 
digital Video channel to a Second digital video channel, the 
method steps comprising: 

receiving a channel change command; 
transferring a first video stream carrying the Second 

digital video channel from a first buffer to at least a 
Second buffer at a rate greater than a display rate; 

changing from the first digital Video channel to the Second 
digital Video channel upon receiving the Second digital 
Video channel; and 

Switching from the first Video Stream to a Second Video 
Stream carrying the Second digital Video channel, 
wherein the Second Video stream is transferred to the 
Second buffer at the display rate. 

16. An apparatus for changing from a first digital Video 
channel to a Second digital video channel comprising: 
means for receiving a channel change command; 
means for transferring a first Video Stream carrying the 

second digital video channel from a first buffer to at 
least a Second buffer at a rate greater than a display rate; 

means for changing from the first digital Video channel to 
the Second digital Video channel upon receiving the 
Second digital Video channel; and 

means for Switching from the first video Stream to a 
Second video Stream carrying the Second digital Video 
channel, wherein the Second Video Stream is transferred 
to the second buffer at the display rate. 


