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METHOD AND APPARATUS FOR CONTINUOUS 
PLAYBACK OF MEDIA 

[0001] This is a continuation of a patent application 
entitled “Method and Apparatus for Continuous Playback of 
Media” having Ser. No. 09/519,487 Which Was ?led on Mar. 
6, 2000, Which patent application Was a continuation-in-part 
of a patent application entitled “Method and Apparatus for 
Continuous Playback of Streaming Media” having Ser. No. 
09/304,761 Which Was ?led on May 4, 1999. 

TECHNICAL FIELD OF THE INVENTION 

[0002] The present invention pertains to the ?eld of play 
back of media such as audio and audio-visual Works Which 
are retrieved from sources having non-deterministic delays 
such as, for eXample, a server such as a ?le server or a 
streaming media server, broadcasting data via the Internet. 
In particular, the present invention pertains to method and 
apparatus for providing playback of an audio or audio-visual 
Work received from sources having non-deterministic 
delays. In further particular, the present invention pertains to 
method and apparatus for providing continuous playback of 
media from sources having non-deterministic delays such 
as, for eXample, a server such as a ?le server or a streaming 
media server, broadcasting data via the Internet, an Intranet, 
or the like. 

BACKGROUND OF THE INVENTION 

[0003] Many digitally encoded audio and audio-visual 
Works are stored as data on servers such as ?le servers or 

streaming media servers that are accessible via the Internet 
for users to doWnload. FIG. 1 shoWs, in schematic form, 
hoW such audio or audio-visual Works are distributed over 
the Internet. As shoWn in FIG. 1, media broadcast server 
2000 accesses data representing the audio or audio-visual 
Work from storage medium 2100 and broadcasts the data to 
multiple recipients 23001 to 2300n across non-deterministic 
delay netWork 2200. In the system shoWn in FIG. 1, there 
are tWo main sources of random delay: (a) delay due to the 
broadcast server’s accessing storage medium 2100 and (b) 
delay due to the congestion, interference, and other delay 
mechanisms Within netWork 2200. In more complex sys 
tems, delays can also arise from decoders, multicasting CPU 
time-slices, and other concurrently operating softWare com 
ponents. 

[0004] One Well knoWn technique for providing playback 
of the audio or audio-visual Work is referred to as batch 
playback. Batch playback entails doWnloading an entire 
Work and initiating playback after the entire Work has been 
received. Another Well knoWn technique for providing play 
back of the audio or audio-visual Work is referred to as 
“streaming.” Streaming entails doWnloading data Which 
represents the audio or audio-visual Work and initiating 
playback before the entire Work has been received. 

[0005] There are several disadvantages inherent in both of 
these techniques. Aprime disadvantage of batch playback is 
that the vieWer/listener must Wait for the entire Work to be 
doWnloaded before any portion of the Work may be played. 
This can be tedious since the vieWer/listener may Wait a long 
time for the transmission to occur, only to discover that the 
Work is of little or no interest soon after playback is initiated. 
The streaming technique alleviates this disadvantage of 
batch playback by initiating playback before the entire Work 
has been received. HoWever, a disadvantage of streaming is 
that playback is often interrupted When the How of data is 
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interrupted due to netWork traf?c, congestion, transmission 
errors, and the like. These interruptions are tedious and 
annoying since they occur randomly and have a random 
duration. In addition, intermittent interruptions often cause 
the conteXt of the playback stream to be lost as a user Waits 
for playback to be resumed When neW data is received. 

[0006] As one can readily appreciate from the above, a 
need eXists in the art for a method and apparatus for 
providing substantially continuous playback of media such 
as audio and audio-visual Works received from sources 
having non-deterministic delays such as a server, for 
eXample, a ?le server or a streaming media server, broad 
casting data via the Internet. 

SUMMARY OF THE INVENTION 

[0007] One or more embodiments of the present invention 
advantageously satisfy one or more of the above-identi?ed 
needs in the art. In particular, one embodiment of the present 
invention is a client apparatus for preparing streaming media 
received over a non-deterministic delay netWork for play 
back or distribution Which comprises: (a) a buffer Which 
stores data corresponding to the streaming media; (b) a 
time-scale modi?cation system that time-scale modi?es data 
output from the buffer at a time-scale modi?cation playback 
rate; (c) a rate determiner that determines the time-scale 
modi?cation playback rate over an interval to control an 
amount of data in the buffer; and (d) a user interface Which 
receives a user requested time-scale modi?cation playback 
rate. 

BRIEF DESCRIPTION OF THE DRAWING 

[0008] FIG. 1 shoWs, in schematic form, hoW audio or 
audio-visual Works are broadcast from a server, for eXample, 
a ?le server or a streaming media server, to recipients over 
a communication medium, such as, for eXample, a netWork 
such as the Internet; 

[0009] FIG. 2 shoWs a block diagram of an embodiment 
of the present invention Which provides substantially con 
tinuous playback of an audio or audio-visual Work received 
from a source having non-deterministic delays such as a 
server, for eXample, a ?le server or a streaming media server, 
broadcasting data via a communication medium, such as, for 
eXample, a netWork such as the Internet; 

[0010] FIG. 3 shoWs, in pictorial form, loW and high 
thresholds used in one embodiment of Capture Buffer 400 in 
the embodiment of the present invention shoWn in FIG. 2; 

[0011] FIG. 4. shoWs a graph of playback rate versus the 
amount of data in Capture Buffer 400 in the embodiment of 
the present invention shoWn in FIG. 2; 

[0012] FIG. 5. shoWs, in graphical form, relative amounts 
of data at an input and an output of TSM Subsystem 800 in 
the embodiment of the present invention shoWn in FIG. 2 
during time-scale expansion, i.e., sloW doWn of the play 
back-rate of the streaming media; 

[0013] FIG. 6. shoWs, in graphical form, relative amounts 
of data at an input and an output of TSM Subsystem 800 in 
the embodiment of the present invention shoWn in FIG. 2 
during time-scale compression, i.e., speed up of the play 
back rate of the streaming media; 
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[0014] FIGS. 7-13 show block diagrams of alternative 
embodiments of the present invention; and 

[0015] FIGS. 14-18 show displays produced by various 
embodiments of a graphical interface used to fabricate at 
least some embodiments of the present invention. 

DETAILED DESCRIPTION 

[0016] FIG. 2 shoWs a block diagram of embodiment 
1000 of the present invention Which provides substantially 
continuous playback of an audio or audio-visual Work 
received from a source having non-deterministic delays such 
as a server, for example, a ?le server or a streaming media 
server, broadcasting via the Internet. As shoWn in FIG. 2, 
Streaming Data Source 100 provides media data represent 
ing an audio or audio-visual Work through netWork 200 to 
User System 300 (US 300), Which media data is received at 
a non-deterministic rate by US 300. Capture Buffer 400 in 
US 300 receives the media data as input. In a preferred 
embodiment of the present invention, Capture Buffer 400 is 
a FIFO (First In First Out) buffer existing, for example, in a 
general purpose memory store. It should be understood that 
Capture Buffer 400 may also be implemented using pointers 
and conventional system memory, circular buffers, and any 
one of a number of apparatus and methods that are Well 
knoWn to those of ordinary skill in the art. 

[0017] In the absence of delays in data arrival at US 300 
from netWork 200, the amount of data in Capture Buffer 400 
ought to remain substantially constant as the data transfer 
rate is typically chosen to be substantially equal to the 
playback rate. HoWever, as is Well knoWn to those of 
ordinary skill in the art, pauses and delays in transmission of 
the media data through netWork 200 to Capture Buffer 400 
cause data depletion therein since data is simultaneously 
being output (for example, at a constant rate) from Capture 
Buffer 400 to satisfy data requirements of Playback System 
500. As is Well knoWn, if the media data transmitted to US 
300 is delayed long enough, a sufficient amount of data in 
Capture Buffer 400 Will be consumed so that Playback 
System 500 must pause until enough media data has arrived 
to enable resumption of playback. Thus, a typical playback 
system must constantly check for arrival of neW data While 
the playback system is paused, and it must initiate playback 
once neW data is received. 

[0018] In accordance With the present invention, data 
input to Capture Buffer 400 of US 300 is buffered for a 
predetermined amount of time Which typically varies, for 
example, from one (1) second to several seconds. Then, 
Time-Scale Modi?cation (TSM) methods are used to sloW 
the playback rate of the audio or audio-visual Work to 
substantially match a data drain rate required by Playback 
System 500 With a streaming data rate of the arriving data 
representing the audio or audio-visual Work. As is Well 
knoWn to those of ordinary skill in the art, presently knoWn 
methods for Time-Scale Modi?cation (“TSM”) enable digi 
tally recorded audio to be modi?ed so that a perceived 
articulation rate of spoken passages, i.e., a speaking rate, can 
be modi?ed dynamically during playback. During Time 
Scale expansion, TSM Subsystem 800 requires less input 
data to generate a ?xed interval of output data. Thus, in 
accordance With the present invention, if a delay occurs 
during transmission of the audio or audio-visual Work from 
netWork 200 to US 300 (of course, it should be clear that 
such delays may result from any number of causes such as 
delays in accessing data from a storage device, delays in 
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transmission of the data from a media server, delays in 
transmission through netWork 200, delays Waiting for CPU 
resources on softWare implementations, and so forth), the 
playback rate is automatically sloWed to reduce the amount 
of data drained from Capture Buffer 400 per unit time. As a 
result, and in accordance With the present invention, more 
time is provided for data to arrive at US 300 before the data 
in Capture Buffer 400 is exhausted. Advantageously, this 
delays the onset of data depletion in Capture Buffer 400 
Which Would cause Playback System 500 to pause. 

[0019] As shoWn in FIG. 2, Capture Buffer 400 receives 
the folloWing as input: (a) media data input from netWork 
200; (b) requests for information about the amount of data 
stored therein from Capture Buffer Monitor 600; and (c) 
media stream data requests from TSM Subsystem 800. In 
response, Capture Buffer 400 produces the folloWing as 
output: (a) a stream of data representing portions of an audio 
or audio-visual Work (this is output to TSM Subsystem 800); 
(b) a stream of location information used to identify the 
position in the stream of data (this is output to TSM 
Subsystem 800); and (c) the amount of data stored therein 
(this is output to Capture Buffer Monitor 600). It should be 
Well knoWn to those of ordinary skill in the art that Capture 
Buffer 400 may include a digital storage device. There are 
many methods Well knoWn to those of ordinary skill in the 
art for utiliZing digital storage devices, for example a “hard 
disk drive,” to store and retrieve general purpose data. There 
exist many commercially available apparatus Which are Well 
knoWn to those of ordinary skill in the art for use as a digital 
storage device such as, for example, a CD-ROM, a digital 
tape, a magnetic disc. 

[0020] It should be understood that the data in Capture 
Buffer 400 may be comprised of samples of a signal Which 
are usable by TSM SubSystem 800, or alternatively, the data 
in Capture Buffer 400 may be comprised of an encoded 
representation Which, When decoded, provides samples of a 
signal that are usable by TSM SubSystem 800. As one can 
readily appreciate, a decoder utiliZed to decode encoded 
representations of signals can be disposed Within Capture 
Buffer 400, or it can be disposed in any logical location 
betWeen Capture Buffer 400 and TSM SubSystem 800. 
There are numerous apparatus and methods that are Well 
knoWn to those of ordinary skill in the art for implementing 
such a decoder, Which decoder is not shoWn in the ?gures for 
ease of understanding the present invention. 

[0021] Capture Buffer Monitor 600 receives, as input, 
information representing (or that can be used to determine) 
the amount of data in Capture Buffer 400. Capture Buffer 
Monitor 600 produces, as output: (a) data requests to Cap 
ture Buffer 400; and (b) information representing (or that can 
be used to determine) the amount of data in Capture Buffer 
400, Which information is output to TSM Rate Determiner 
700. Capture Buffer Monitor 600 utiliZes any one of a 
number of methods that are Well knoWn to those of ordinary 
skill in the art to obtain the information representing (or that 
can be used to determine) the amount of data in Capture 
Buffer 400. For example, and Without limitation, Capture 
Buffer Monitor 600 may periodically poll Capture Buffer 
400 to determine the amount of data in the buffer; Capture 
Buffer Monitor 600 may monitor the arrival and departure of 
data from Capture Buffer 400; and Capture Buffer Monitor 
600 may compute data arrival and departure rates from 
Capture Buffer 400. 
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[0022] As further shown in FIG. 2, and in accordance With 
the present invention, TSM Rate Determiner 700 receives 
the following as input: (a) a signal (from Capture Buffer 
Monitor 600) that represents the amount of data present in 
Capture Buffer 400 and possibly a data arrival rate for 
Capture Buffer 400; (b) a signal (output, for example, from 
Playback System 500 or from another module of US 300 
such as TSM SubSystem 800) that represents a current data 
consumption rate of Playback System 500; and (c) a number 
of parameters (to be described beloW), Which parameters 
may optionally be supplied by User Interface 900. In some 
embodiments of the present invention, the signal that rep 
resents the current data consumption rate may not be nec 
essary since TSM Rate Determiner 700 can calculate the 
data consumption rate because it is generating the playback 
rate used by TSM SubSystem 800. One or more of the 
folloWing parameters are input to TSM Rate Determiner 
700: (a) a loW threshold value parameter (TL Which is 
described in detail beloW) for the amount of data in Capture 
Buffer 400; (b) a high threshold value parameter (TH Which 
is described in detail beloW) for the amount of data in 
Capture Buffer 400; (c) a scale parameter (Scale Which is 
described in detail beloW) Which is used to adjust the 
playback rate; (d) a parameter designated Interval_SiZe; and 
(d) a parameter designated Speed_Change_Resolution. 
These parameters may be input in any one of a number of 
methods that are Well knoWn to those of ordinary skill in the 
art. For example, they may be set as predetermined param 
eters for embodiment 1000 in accordance With methods 
Which are Well knoWn to those of ordinary skill in the art, 
i.e., system constants Which are loaded When the system is 
initialiZed, they can be entered and/or vieWed and varied by 
receiving user input through a user interface, for example 
User Interface 900, in accordance With methods Which are 
Well knoWn to those of ordinary skill in the art, and so forth. 
HoWever, the manner in Which these parameters are set 
and/or varied are not shoWn for ease of understanding the 
present invention. 

[0023] In response to the input, TSM Rate Determiner 700 
produces, as output, a rate signal representing a TSM rate, or 
playback rate, Which can help better balance the data con 
sumption rate of Playback System 500 With an arrival rate of 
data at Capture Buffer 400. 

[0024] It should be understood that some embodiments of 
the present invention can operate in numerous modes. For 
example, one embodiment of the present invention may 
operate in a mode that attempts to balance a data consump 
tion rate With a data arrival rate. In this mode, the embodi 
ment utiliZes changes in playback rate to alter the data 
consumption rate, and as a result, the playback rate of 
material presented by the embodiment is determined by the 
data delivery rate of information from the source, for 
example, a media server. For convenience, this mode is 
referred to as “Rate Determined by Data Arrival” mode. In 
another mode, an embodiment of the present invention: (a) 
monitors various system conditions and user input playback 
presentation rate requests; (b) computes or infers data arrival 
and departure rates; and (c) intervenes Whenever a user 
request Would cause data under?oW or over?oW in Capture 
Buffer 400 or a disruption in playback. For convenience, this 
mode is referred to as “Rate Restricted by Data Arrival” 
mode. 
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[0025] In some embodiments, the playback rate Will be 
altered in a continuous, for example, sloWly varying, fash 
ion. For example, in some embodiments, buffers of time 
scale modi?ed output may be queued for playback in 
Playback System 500. In this case, the queued data may not 
be modi?ed When a user requests a change in playback rate. 
As a result, Whenever a user requests a change in playback 
rate, there may be a delay betWeen the time the request is 
made and the time the change in playback rate is effected. 
This is because, in these embodiments, although time-scale 
modi?cation may begin immediately for data sent to Play 
back System 500 after the request for a change in playback 
rate Was received, there may be a delay until data processed 
With the previous rate (and buffered for output) has been 
played back. For this reason, such embodiments may appear 
to be a bit sluggish. To mitigate this perception, in accor 
dance With one aspect of such embodiments, feedback is 
provided to the user to indicate a Current Playback Rate 
(CPR) and a Requested Playback Rate (RPR). CPR and RPR 
shoW the user that a neWly requested playback rate has been 
received and that the embodiment is initiating a response. 
Advantageously, such feedback mitigates a tendency the 
user might have to “overcorrect” in an effort to elicit a 
salient response from any embodiment in Which it is utiliZed. 
In a preferred embodiment of this aspect of the present 
invention, the playback rate of each buffer of data available 
to Playback System 500 is associated With the buffer (this 
can be done by TSM SubSystem 800 or by other compo 
nents of User System 300). Thus, When such buffers are 
presented (or are expected to be presented), User Interface 
900 is provided an indication of the event of presentation of 
the buffer to the user (or expected event of presentation of 
the buffer to the user). In addition, User Interface 900 is 
presented the playback rate for the associated buffer or 
information that can be used to obtain the playback rate. For 
example, Playback System 500 may report the playback rate 
associated With each buffer as the buffer is played back. 
Alternatively, Playback System 500 may report the event of 
presentation of each buffer, and User Interface 900 or TSM 
Rate Determiner 700 may access a table Which contains 
playback rates for each buffer that Was dispatched to Play 
back System 500. This playback rate information is used to 
determine CPR and report it to the user, if desired. For 
example, in one embodiment, CPR is determined to be the 
playback rate of the most recent buffer played back. In other 
embodiments, CPR may be computed using any of several 
mathematical functions, for example, a mathematical aver 
age, of multiple values of playback rates of a predetermined 
number of the buffers played. Furthermore, in accordance 
With some embodiments that display RPR and CPR, the user 
receives con?rmation of his/her request and is able to 
observe the embodiment’s response. In operation, CPR Will 
folloW or chase RPR as the embodiment responds to user 
playback rate requests. As discussed above, such feedback 
may be useful to avoid overcorrections by users When the 
embodiment’s response to user requests appears sluggish. 

[0026] In a preferred embodiment of the present invention, 
TSM Rate Determiner 700 uses the parameter Interval_SiZe 
to segment the input digital data stream in Capture Buffer 
400 and to determine a single TSM rate for each segment of 
the input digital stream. Note the length of each segment is 
given by the value of the Interval_SiZe parameter. Further, 
TSM Rate Determiner 700 uses the parameter Speed_Chan 
ge_Resolution to determine appropriate TSM rates to pass to 




























