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STREAMING MEDIA BUFFERING SYSTEM 

BACKGROUND OF THE INVENTION 

0001) 1. Field of the Invention 
0002 The present invention relates to multimedia com 
puter communication Systems, and more particularly, to a 
buffering System for Streaming media, Such as audio/video, 
on the Internet. 

0003 2. Description of the Prior Art 
0004 Prior to the development of Internet streaming 
media technologies, audio and Video were formatted into 
files, which users needed to download to their computer 
before the files could be heard or viewed. Real time, 
continuous media, as from a radio Station, was not Suitable 
for this arrangement in that a file of finite size must be 
created So it could be downloaded. The advent of Streaming 
media technologies allowed users to listen or view the files 
as they were being downloaded, and allowed users to 
“tune-in' to a continuous media broadcast, or “stream', Such 
as from a radio Station. 

0005 Since audio and video media must play out over a 
period of time it is more appropriate to think of bandwidth 
requirements than file size. The bandwidth requirement of an 
audio or Video media refers to the data rate in bits per Second 
that must be transmitted and received in order to listen or 
View the material uninterrupted. Transmitting the audio or 
video material over a connection slower than the bandwidth 
requirement results in unsatisfactory Viewing or listening, if 
Viewing or listening is possible at all. The connection 
available to most Internet users is by dial-up modem, which 
has a maximum receive data rate of 56,000 bits per second. 
Most audio and video available on the Internet has been 
compressed to be listenable or viewable within the 56,000 
bits per second modem bandwidth. Requirements for 
achieving adequate audio and Video over the Internet gen 
erally consume a considerable portion of the available 
bandwidth. 

0006 Internet connection quality can vary rapidly over 
time, with two primary factorS responsible for degradation 
of the instantaneous bandwidth actually available to the user. 
These factors are the quality of the user's modem connection 
over telephone lines, which can have periods of interference 
causing reduced available bandwidth, and momentary Inter 
net congestion at various points along the route over which 
the user's data flows. Each of these factors can cause delayS 
and interruptions in the transmission of data to the user. 
Internet data communications devices Such as routers are 
designed to drop data “packets' if they get Overloaded. For 
material that is not time Sensitive, these dropped packets will 
usually be resent, and the user will eventually be presented 
with the material. However, Since Streaming media is time 
Sensitive, dropped packets can have a significant impact on 
the receipt and playback of an audio or Video Stream. These 
degradations in the receipt of Internet data are very common, 
and prevent most users from being able to listen to or view 
Streaming media without interruption unless Some special 
provisions have been incorporated into the user's computer 
Software to accommodate data transmission interruptions. 
0007. These interruptions are commonly referred to as 
“dropouts', meaning that the data flow to the user has been 
interrupted (i.e., the audio “drops out”). Dropouts can be 
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extremely annoying-for example, while listening to music. 
The current State-of-the-art Solution to the problem uses a 
pre-buffering technique to Store up enough audio or Video 
data in the user's computer So that it can play the audio or 
Video with a minimum of dropouts. This process requires the 
user to wait until enough of the media file is buffered in 
memory before listening or viewing can begin. The media 
data is delivered by a server computer which has available 
to it the Source of the media data, Such as by a connection 
to a radio station. When the user connects to the server via 
the Internet, audio/video output at the user's System is 
delayed while the user's buffer is filled to a predetermined 
level. Typical pre-buffering wait times range from 10 to 20 
Seconds or more, determined by the vendor providing the 
audio or Video media. Even with this pre-buffering process, 
interruptions in playback Still occur. 
0008. In this process, the user has a software application 
on the computer commonly called a "media player”. Using 
the features built into the media player, the user Starts the 
audio or Video Stream, typically by clicking on a “start 
button, and waits 10-20 seconds or so before the material 
Starts playing. During this time data is being received from 
the source and filling the media player's buffer. The audio or 
video data is delivered from the Source at the rate it is to be 
played out. If, for example, the user is listening to an audio 
stream encoded to be played-out at 24,000 bits per second, 
the source sends the audio data at the rate of 24,000 bits per 
Second. Provided that the user waits 10 seconds, and the 
receipt of the buffering data has not been interrupted, there 
is enough media data stored in the buffer to play for 10 
Seconds. 

0009 Gaps in the receipt of audio/video data, due to 
Internet slowdowns, cause the buffer to deplete. Because 
transmission of audio/video media data to the user takes 
place at the rate it is played out, the user's buffer level can 
never be increased or replenished while it is playing. Thus, 
gaps in the receipt of audio/video media data inexorably 
cause the buffer level to decrease from its initial level. In 
time, extended or repeated occurrences of these gaps empty 
the user's buffer. The audio/video material Stops playing, 
and the buffer must be refilled to its original predetermined 
level before playing of the media resumes. 
0010) By way of illustration in a 10 second pre-buffering 
Scenario, if the data reception Stopped the instant that the 
media Started playing, it would play for exactly 10 Seconds. 
Once it starts playing, the media data playS out of the buffer 
as new media data replenishes the buffer. The incoming data 
rate equals the rate at which the data is played out of the 
user's buffer, assuming the receipt of data acroSS the Internet 
is unimpeded. If there are no interruptions in the receipt of 
the media data for the duration of the time the user listens to 
or watches the material, the buffer level remains constant 
and there will still be 10 seconds of data stored in the media 
player's buffer when the user stops the player. On the other 
hand, if the media player encounters interruptions totaling 6 
Seconds while playing the material, there would only be 4 
Seconds of media data remaining in the buffer when the user 
Stopped it. If data reception interruptions at any time during 
the playing exceed 10 Seconds, the user's media player 
buffer becomes exhausted. There is no media data to play, 
and the audio or Video stops-a dropout has occurred. At 
this point a Software mechanism in the media player Stops 
attempting to play any more of the material, and Starts the 
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buffering process again. The media player remains Silent 
until the buffer refills, at which time the media player will 
once again Start playing the material. 

0.011 There are two fundamental types of streaming 
media: (i) material that originates from a Source having a 
real-time nature, Such as a radio or TV broadcast, and (ii) 
material that originates from a non-real-time Source Such as 
from a disk file. An example of non-real-time material might 
be a piece of music Stored as a disk file, or a portion of a 
broadcast that originally was real-time, perhaps yesterday's 
TV evening news, and was recorded into a disk file. For 
purposes of clarity within this document, Streaming media of 
type (i) will be referred to as “broadcast” media, and 
streaming media of type (ii) will be referred to as “file 
based' media. 

0012. Both streaming media types are handled similarly 
in conventional Systems, and both are handled similarly by 
the Streaming media buffering System of the present inven 
tion. The two Streaming media types are readily distin 
guished. Broadcast Streaming media has as its Source a 
System or arrangement that by definition can only be trans 
mitted to users as fast as the material is generated; for 
example, a disk jockey Speaking into a microphone. File 
based media, on the other hand, can be transmitted to users 
at any data rate, Since there is no inherent time element to a 
file residing on a computer disk. With conventional Internet 
Streaming media Systems for Streaming media of either type, 
media data is transmitted from the Server to the user at the 
rate at which it will be played out, regardless of the data rate 
capabilities of the connection between the Server and the 
USC. 

0013 Conventional streaming media systems may buffer 
media data at the Server for the purpose of packet assembly/ 
disassembly. Media data may also be buffered at the server 
to permit programming conveniences Such as dealing with 
chunks of data of a Specific size. Server buffering of media 
data is not used by conventional Streaming media Systems to 
mitigate long term Internet performance degradation as 
described hereinafter. 

0.014. The sending of audio or video files via a network 
is known in the art. U.S. Pat. No. 6,029,194 to Tilt describes 
a media server for the distribution of audio/video over 
networks, in which retrieved media frames are transferred to 
a FIFO buffer. A clock rate for a local clock is adjusted 
according to the fullness of the buffer. The media frames 
from the buffer are sent in the form of data packets over the 
networks in response to interrupts generated by the local 
clock. In this manner, the timing for the media frames is 
controlled by the user to assure a continuous Stream of Video 
during editing. U.S. Pat. No. 6,014,706 to Cannon, et al. 
discloses an apparatus and method for displaying Streamed 
digital video data on a client computer. The client computer 
is configured to receive the Streamed digital Video data from 
a Server computer via a computer network. The Streamed 
digital Video data is transmitted from the Server computer to 
the client computer as a stream of video frames. U.S. Pat. 
No. 6,002,720, to Yurt, et al. discloses a system of distrib 
uting video and/or audio information wherein digital Signal 
processing is employed to achieve high rates of data com 
pression. U.S. Pat. No. 5,923,655, to Veschi et al. discloses 
a System and method for communicating audio/video data in 
a packet-based computer network wherein transmission of 
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data packets through the computer network requires variable 
periods of transmission time. U.S. Pat. No. 5,922,048 to 
Emura discloses a Video Server apparatus having a stream 
control Section which determines a keyframe readout inter 
Val and a keyframe playback interval that Satisfy a playback 
Speed designated by a terminal apparatus. Finally, U.S. Pat. 
No. 6,014,694 to Aharoni, et al. discloses a system and 
method for adaptively transporting video over networks, 
including the Internet, wherein the available bandwidth 
varies with time. 

0015 There remains a need in the art for a method and 
System that afford immediate and uninterrupted listening/ 
Viewing of Streaming media by the user. 

SUMMARY OF THE INVENTION 

0016. The present invention provides a system and 
method for Sending Streaming media, Such as audio or video 
files, via the Internet. Immediate playing of the media on a 
user's computer is afforded while reducing interruptions in 
playback due to Internet congestion and temporary modem 
delays due to noisy lines. Nearly instantaneous playback is 
achieved, while maintaining protection against playback 
interruption. Delayed Starts, heretofore required to provide 
protection against interruption, are avoided. Data loSS due to 
interruptions in the receipt of media data by the media player 
can be recovered while the player continues to play out the 
audio or Video material. If the interruptions are So Severe as 
to deplete the user's buffer and Stop the play out, the media 
player will begin to play out again as Soon as the media 
player begins to receive media data without waiting to first 
build up the buffer. 
0017 Generally stated, the invention provides a system 
for distributing via the Internet Streaming media composed 
of a plurality of time-Sequenced data elements. The System 
has a Server connected to the Internet for transmitting the 
data elements. ASSociated with the Server are a buffer 
manager and a FIFO buffer for storing at least one of the data 
elements for transmission. The buffer manager comprises 
means for: receiving the media data; Supplying media data 
in order to the FIFO buffer; supplying the FIFO buffer with 
a predetermined number of data elements at a constant 
time-Sequenced fill rate; maintaining a pointer into the buffer 
for each user computer indicating the last media data ele 
ment that has been Sent to that user, thus indicating the next 
element or elements to be sent; and, once the FIFO buffer is 
full, deleting the oldest data element in the buffer as each 
new data element is received, said means arranged to 
maintain the pre-determined number of data elements in the 
FIFO buffer. At least one user computer is connected to the 
Server via the Internet or other data communications 
medium. 

0018. This invention presumes the existence of a data 
communications transport mechanism, Such as the TCP 
protocol, for the reliable delivery of data in an ordered 
Sequence from the Source of the media data to the Server, or 
from the server to the media player software of the user 
computer. Thus, the delivery of data in the proper Sequence 
is outside the Scope of this invention. 
0019. The user computer is associated with a media 
player Software incorporating a user buffer and comprises 
means for receiving and Storing a predetermined number of 
media data elements which are received Sequentially by the 
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media player, playing the data out Sequentially as audio 
and/or Video, and deleting media data elements from the 
buffer as they are played out. AS data is played out, the next 
Sequential data elements are received from the Server in Such 
a fashion as to approximately maintain the predetermined 
number of data elements in the user's buffer. 

0020. The server stores a predetermined amount of media 
data in a First-In First-Out (FIFO) buffer in an arrangement 
that receives media data at a fixed rate. Once the buffer is 
full, for each new data element received into the buffer the 
oldest data element is deleted from the buffer. Requests from 
user computers to connect are not accepted until the Server 
buffer is full. Once a connection is made to a user's 
computer, the Server Sends the media data to the user 
computer as buffer in the following manner. First, media 
data is Sent to the user at the highest rate that the data 
connection between the Server and the user computer will 
Support until the predetermined amount of data that had been 
stored in the server buffer has been transferred to the user's 
computer. Once the buffer has been transferred a steady State 
condition is reached wherein as each media data element 
arrives at the Server, it is immediately Sent out to the user 
computer. In this steady State condition, the media data is 
Sent at a rate that matches the constant fill rate of the Server 
buffer, and is received at the same rate by the user computer 
if there are no interruptions in the transmission of media data 
between the Server and the user's computer. If interruptions 
have interfered with the arrival of sent media data to the 
user's computer, that data may have been “dropped' by 
routers in the Internet and needs to be resent. This causes 
data to “back up' into the server FIFO for that user. 
0021. The resending of missing data is the responsibility 
of the reliable transport mechanism, such as TCP. The server 
buffer “sends' data by delivering it to the transport mecha 
nism. The transport mechanism actually "sends' the data 
acroSS the communications medium, and has processes 
which determine if all the data that has been sent has been 
received by the destination. If not, missing pieces of data are 
automatically resent to the destination, and are arranged to 
be delivered to the target Software on the destination System 
in an ordered fashion. In the circumstance of this invention, 
the destination is the user computer, and the target Software 
on the destination System is the media player. If the transport 
mechanism determines that data is missing, it retransmits 
that data to the destination as fast as the connection between 
the server and destination will allow. The net effect of this 
invention is that all media data to be delivered to a user 
computer is always Sent as fast as the communications 
medium will Support, either by the Server buffer passing 
media data to the transport mechanism, or by the transport 
mechanism delivering or redelivering the media data to the 
user computer. This is enabled by buffering data at the 
server, and is distinctly different from prior art in which 
media data is only Sent from the Server to the user computer 
at the rate at which it is to be played out. 
0022 Routinely, once a steady state has been achieved, 
the next data element to be sent is the next Sequential data 
element from that which has already been received by the 
user's computer buffer. However, if there is more data to be 
Sent than at the routine constant fill rate, Such as in the 
condition where Some media data has been resent by the 
reliable transport layer, the Server transport mechanism will 
again Send the buffered media data as fast as the connection 
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between the Server and the user's computer will Support. 
This allows for rebuilding the user's computer buffer under 
circumstances wherein Internet interruptions have blocked 
the normal flow of data. When compared to conventional 
Systems, which provide no capability to rebuild the user's 
computer buffer when data is lost, the Streaming media 
buffering System of the present invention provides for recov 
ery of lost data elements and the restoration of the user's 
buffer, even while the user media player continues to play. 
0023. Under conditions in which interruptions have inter 
fered with the arrival of sent media data to the user's 
computer, data loSS exceeding certain levels will cause the 
transport mechanism Software to Stop accepting data for 
transmission from the application Software, namely the 
Streaming media Server Software. The Streaming media 
Server Software keeps track of the last data element in the 
FIFO buffer that has been “sent” to each user using a 
Software pointer. An interruption in the ability to Send media 
data to a user results in this pointer “backing up” in the FIFO 
in Such a way that the Server knows from what point in the 
buffer to restart Sending data when the transport mechanism 
again requests data to Send. When the Server Software 
receives that notification, it will begin Sending data to the 
user Starting from the next data element to Send as indicated 
by the pointer, and Sending as much data as the transport 
mechanism will accept. The transport mechanism will again 
Send this data as fast as it can to the user. This process 
continues until the Steady State condition is again reached 
wherein each data element is sent to the user as Soon as it 
arrives from the media Source. 

0024. In another embodiment, the server is connected to 
the Internet, and to a broadcast media Source, Such as a radio 
Station. A radio Station computer is provided with a means 
for receiving media data elements as they are generated by 
the audio and/or Video Source, and for transmitting those 
media data elements to the Server at a constant time 
Sequenced rate, using a reliable transport mechanism Such as 
TCP. As before, the server provides a buffer manager and a 
FIFO buffer, and provides a means for receiving the sequen 
tially arranged media data elements from the broadcast 
media source and storing those data elements in the FIFO 
buffer. The buffer manager comprises means for: Supplying 
the FIFO buffer with a predetermined number of data 
elements at a constant time-Sequenced fill rate; maintaining 
a pointer into the buffer for each user computer indicating 
the last media data element that has been Sent to that user, 
thus indicating the next element or elements to be Sent; and, 
once the FIFO buffer is full, deleting the oldest data element 
in the buffer as each new data element is received. Impor 
tantly, the buffer manager is arranged to maintain the pre 
determined number of data elements in the FIFO buffer. At 
least one user computer is connected to the Server via the 
Internet or other data communications medium. 

0025 The user computer is associated with a media 
player Software incorporating a user buffer and comprises 
means for receiving and Storing a predetermined number of 
media data elements which are received Sequentially by the 
media player, playing the data out Sequentially as audio 
and/or Video, and deleting media data elements from the 
buffer as they are played out. AS data is played out, the next 
Sequential data elements are received from the Server in Such 
a fashion as to approximately maintain the predetermined 
number of data elements in the user's buffer. 
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0026. In another embodiment, the server is connected to 
the Internet and provisioned as initially described, and has 
available to it file based media data as the Source material. 
The file based media data can be read by the server which 
can deliver media data elements to the server FIFO buffer at 
a constant time-Sequenced rate, as if the data were arriving 
from a broadcast media Source. AS before, the Server pro 
vides a buffer manager and a FIFO buffer, and provides a 
means for receiving the Sequentially arranged media data 
elements from the file based media Source and Storing those 
data elements in the FIFO buffer. The buffer manager 
comprises means for: receiving the media data; Supplying 
media data in order to the FIFO buffer; supplying the FIFO 
buffer with a predetermined number of data elements at a 
constant time-Sequenced fill rate; maintaining a pointer into 
the buffer for each user computer indicating the last media 
data element that has been Sent to that user, thus indicating 
the next element or elements to be sent; and, once the FIFO 
buffer is full, deleting the oldest data element in the buffer 
as each new data element is received, Said means arranged 
to maintain the pre-determined number of data elements in 
the FIFO buffer. The server buffer manager, or a separate 
proceSS on the Server, or a proceSS on another computer 
having access to the file based media data, provides for 
reading the media data file and making available to the FIFO 
buffer Sequentially arranged media data elements. At least 
one user computer is connected to the Server via the Internet. 
0027. The user computer is associated with a media 
player Software incorporating a user buffer and comprises 
means for receiving and Storing a predetermined number of 
media data elements which are received Sequentially by the 
media player, playing the data out Sequentially as audio 
and/or Video, and deleting media data elements from the 
buffer as they are played out. AS data is played out, the next 
Sequential data elements are received from the Server in Such 
a fashion as to approximately maintain the predetermined 
number of data elements in the user's buffer. 

0028. In another embodiment, the server is connected to 
the Internet and provisioned as initially described. The 
Server buffer manager, or the media Source, provides for 
Sequentially numbering the media data elements. The Server 
buffer manager does not maintain a pointer into the Server 
buffer for each user. Instead, the media player buffer man 
ager in the user computer maintains a record of the Serial 
number of the last data element that has been received. Via 
the use of Standard data communications protocol tech 
niques Such as TCP, the user computer transmits a request to 
the Server to Send one or more data elements, Specifying the 
serial numbers of the data elements. The server responds by 
Sending the requested data elements, and depends upon the 
reliable transmission protocol to assure delivery. The user 
computer then continues with additional data requests for 
the duration of playing the audio/video material. In this 
manner, the user computer, not the Server, maintains the 
record of the highest data element number Stored in the user 
computer buffer. The media data will be transmitted to the 
user computer as fast as the data connection between the 
user computer and the server will allow. As before, the 
server provides a buffer manager and a FIFO buffer, and 
provides a means for receiving the Sequentially numbered 
media data elements from a broadcast media Source or a file 
based media Source, and Storing those data elements in the 
FIFO buffer. The buffer manager comprises means for: 
receiving the media data; Supplying media data in order to 
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the FIFO buffer; supplying the FIFO buffer with a prede 
termined number of data elements at a constant time 
sequenced fill rate; and, once the FIFO buffer is full, deleting 
the oldest data element in the buffer as each new data 
element is received. Such means is arranged to maintain the 
pre-determined number of data elements in the FIFO buffer. 
At least one user computer is connected to the Server via the 
Internet. 

0029. The user computer is associated with a media 
player Software incorporating a user buffer and comprises 
means for receiving and Storing a predetermined number of 
media data elements which are received Sequentially by the 
media player, playing the data out Sequentially as audio 
and/or Video, and deleting media data elements from the 
buffer as they are played out. AS data is played out, the next 
Sequential data elements are requested from the Server in 
Such a fashion as to approximately maintain the predeter 
mined number of data elements in the user's buffer. 

0030. In yet another embodiment, the invention provides 
a method for distributing from a server via the Internet 
Streaming media composed of a plurality of time-Sequenced 
data elements. A predetermined number of the data elements 
are sequentially loaded into a FIFO buffer. Additional data 
elements continue to be received on a constant time basis. AS 
each new data element is input to the buffer, the oldest data 
element is deleted from the buffer, maintaining in the buffer 
the Same predetermined number of data elements. At the 
request of a user computer for connection to a media Stream, 
a group of the data elements is sequentially sent via the 
Internet from the FIFO buffer to the user computer con 
nected to the Internet. Upon being received by the user 
computer, the Sent group of data elements is loaded into a 
user's buffer associated with the user computer. The users 
computer immediately begins to play the audio/video 
Streaming media material. The Server continues to Send the 
next data elements in sequence until the contents of the FIFO 
buffer have been sent. The data elements are sent by the 
Server as fast as the connection between the Server and user 
computer will allow. Once the contents of the FIFO buffer 
have been Sent to a user computer, as each new data element 
is received into the FIFO buffer it is immediately sent to the 
user computer in Such a manner as to keep the user computer 
buffer full. The process repeats for substantially the entire 
time that the audio/video material is played. 

0031. Unlike conventional buffering systems, audio 
begins to play on the user System as Soon as the user 
connection to the audio Server is effected and a Small amount 
of data has been transferred-conventional Systems required 
many Seconds of data. Audio/video media data is initially 
transmitted from the Server more rapidly than it is played out 
by the user system, until the server buffer has been trans 
ferred to the user computer. The user's buffer is built up 
while the audio is playing, and can be restored if it is 
diminished by data transmission interruptions. Advanta 
geously, the System and method of this invention afford 
faster data transmissions than the playback data rate of the 
media data. Audio/video data is transmitted from the Server 
more rapidly than it is played out by the user System under 
conditions wherein the user's computer buffer is not full. 
The audio/video data in the user buffer accumulates, inter 
ruptions in playback due to temporary Internet and modem 
delays are avoided. 
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0032. Although the preferred embodiment utilizes a reli 
able transport mechanism to move data between the Server 
and the user, alternative embodiments could incorporate this 
invention's buffering System in combination with an unre 
liable datagram-based transport mechanism Hybrid Systems, 
where a combination of this invention's buffering System, 
and unreliable datagram based transport mechanisms can 
also be used. 

BRIEF DESCRIPTION OF DRAWINGS 

0033. The invention will be more fully understood and 
further advantages will become apparent when reference is 
had to the following detailed description and the accompa 
nying drawings, in which: 
0034 FIG. 1 is a schematic diagram illustrating the 
elements of a Streaming media buffering System in accor 
dance with the present invention; 
0.035 FIG. 2 is a schematic diagram of an alternative 
embodiment of the system shown by FIG. 1; and 
0.036 FIG. 3 is a block diagram illustrating the method 
of the present invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

0037. The present invention relates to a buffering system 
for Streaming media, Such as audio/video, on the Internet. 
0.038. In one embodiment, the invention provides a sys 
tem for distributing via the Internet streaming media com 
posed of a plurality of time-Sequenced data elements. AS 
shown in FIG. 1, the system is provided with a server 12 
connected to the Internet 10 for transmitting the Streaming 
media data elements. ASSociated with the server 12 is a FIFO 
buffer 14 for storing at least one of the data elements for 
transmission, and a buffer manager 16. Buffer 14 is a 
conventional computer Storage mechanism Such as a hard 
disk, as shown for convenience of illustration, or, preferably, 
an electronic Storage arrangement Such as Random AcceSS 
Memory (RAM). The buffer manager 16 is in the form of 
Software or firmware that provides means for: receiving the 
media data; Supplying media data in order to the FIFO 
buffer; Supplying the buffer 14 with a predetermined number 
of data elements at a constant time-Sequenced fill rate; 
maintaining a pointer 24a through 24n into the buffer, one 
for each user computer indicating the last media data ele 
ment that has been Sent to that user, thus indicating the next 
element or elements to be sent; and, once the FIFO buffer is 
full, deleting the oldest data element in the buffer as each 
new data element is received, Said means arranged to 
maintain the pre-determined number of data elements in the 
FIFO buffer. Buffer Manager 16 may also comprise means 
for: formatting media data according to the requirements of 
buffer 14, and for digitizing, encoding, and packetizing the 
media data. 

0.039 There is at least one user computer 18 connected to 
the server 12 via the Internet 10. A user buffer 20 is 
associated with the user computer 18. The user buffer 20 is 
provided with means for Storing a predetermined number of 
the data elements. User buffer 20 is a conventional computer 
Storage mechanism Such as a hard disk, or, preferably, an 
electronic Storage arrangement Such as Random AcceSS 
Memory (RAM) as suggested by the illustration. A buffer 

Oct. 3, 2002 

manager 22 is associated with the user computer 18. The 
buffer manager 22, having the form of Software or firmware, 
is provided with means for receiving and Storing a prede 
termined number of media data elements which are received 
Sequentially by the media player, playing the data out 
Sequentially as audio and/or Video, and deleting media data 
elements from the buffer as they are played out. 

0040. The media may come from a live source, shown as 
26 in FIG. 1, or from a stored file on the server 12, or 
another Storage device, Such as a hard drive. For broadcast 
media, as the term is used herein, Such as an announcer 
Speaking into a microphone, or playing a CD, the media 
Source 26 can only transmit audio/video data as fast as it is 
generated. If the media Source is file based, Such as a music 
clip Stored as a disk file, and if that disk file is Stored on the 
Server or an associated Server computer, this connection 
could be considered to be near instantaneous. In this case, 
rather than audio/video data filling and depleting the buffer 
14, an amount of audio/video data equivalent to the desired 
buffer size is logically constituted as a FIFO buffer. Such a 
construct is commonly called a data window. The data 
window moves on a time-Sequenced basis through the media 
data file, thus defining the contents of the buffer on a 
moment-by-moment basis and performing the equivalent 
functions to receiving a new data element and deleting the 
oldest data element. 

0041. The server 12 maintains a buffer of audio/video 
data comprising an amount adequate to bridge gaps typical 
of Internet and modem delays to the user. Preferably, this 
buffer holds enough data elements for about one minute of 
play. The server buffer 14 is filled the first time the media 
Source connection is established or a disk file is read, and 
before any users are allowed to connect to the Server 12. 

0042 Connections from the server 12 through the Inter 
net 10 commonly are much faster than the data rate required 
for audio or Video playback. This fact is insignificant for 
conventional servers because, not having a FIFO buffer or a 
buffer pointer for each user, audio/video data can only be 
Sent as fast as it becomes available, or as fast as the pace at 
which it must be delivered to the user in order to be properly 
replayed. The user, typically interacting with “media player” 
Software on their computer, Selects an audio Source requiring 
a data rate slower than that available by the user's connec 
tion to the Internet. For example, if the user's connection to 
the Internet is made via a 56,000 bits per second modem, the 
user might Select a media Source encoded for playback at 
24,000 bits per second. 

0043. With the present invention, as soon as a user 
connects to the Server 12, the Server 12 transmits audio/ 
Video data as Sequential data elements from its buffer 14 to 
the buffer 20 of the user as fast as the data connection will 
allow. Unlike the prior art, media begins to play on the user 
computer 18 as Soon as the user connection is made to the 
audio Server 12 and a minimal amount of data elements have 
been received and stored in the user's buffer 20. The user's 
buffer 20 is built up while the media is playing. As each data 
element is played, it is deleted from the user's buffer 20. 
Initially, the user buffer manager 22 requests the Server 12 to 
Send media data elements to Start the playback Stream, Such 
as by Selecting a radio Station from a list. The Server 12 
responds by Sending data elements to the user computer 18 
as fast as it can, until the entire FIFO buffer 14 has been sent 
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to the user computer. Upon receipt of the initial data 
elements, the user buffer manager 22 begins playback. 
Because this is a Synchronous System with the Source, 
Server, and user computer operating by the same playback 
clock rate as determined by the encoding rate of the media, 
as each data element is played out and is deleted from the 
user buffer 20, another data element has been deposited into 
the server buffer 14 and is available to be sent to the user 
computer. Server 12 Sends the newly available data elements 
as fast as the data rate of the connection between Server 12 
and user computer 18 will allow. 
0044 Since the connection from the Internet to the user 
is faster than that required for media playback, audio/video 
data is transmitted from the Server faster than it is played out 
by the user System, thus building up audio/video data in the 
user buffer. For example, if the user's connection to the 
Internet is at 56,000 bits per second, and the data rate 
encoded for the media to be played is 24,000 bits per second, 
the buffer level of the user buffer 20 will fill at the rate of 
32,000 bits per second (56,000 bits per second receive rate, 
minus 24,000 bits per second playout depletion rate). 
0045. If, for example, the server buffer 14 held one 
minute of audio/video data, eventually the user buffer 20 
will hold one minute of audio/video data. The effect is that, 
over a brief period of time, the server buffer 14, or a 
designated portion of it, is transferred to the user buffer 20. 
The number of data elements in the server buffer 14 actually 
never changes, it always maintains one minute of audio/ 
Video data. However, for the particular user under discus 
sion, a copy of all the data held in the buffer has been sent 
to the user. Since the user buffer 20 now holds one minute 
of audio/video data, it can play continuously despite data 
reception interruptions of less than a minute, and as Soon as 
the interruption ceases the user buffer 20 can begin to 
rebuild, which will take place as fast as the connection 
between the user computer 18 and the server 12 will allow. 
The media player can continue to play out the audio/video 
material while the user buffer 20 rebuilds. 

0046) The predetermined buffer level in the user buffer 20 
may be set at less than the predetermined buffer level of the 
server buffer 14 if desired. For example, the server buffer 14 
might be set to hold one minute of media data, and the user 
buffer 20 might be set to hold thirty seconds of media data. 
0047 Alternatively, the user computer is replaced by an 
Internet radio or Internet Appliance, which is comprised of 
a dedicated processor for receiving Internet radio or audio/ 
Video material. Examples of Such devices might range from 
familiar computing devices Such as palmtops, PDAS (Por 
table Digital ASSistants), and wireless phones, to devices that 
appear and operate Similarly to conventional consumer 
electronic devices Such as radioS and televisions, but with 
the additional capability of Internet access. 
0.048. In another embodiment, as shown in FIG. 2, the 
media Source may be remote from the Server 12, Such as a 
computer System 28 in a radio Station Studio. This computer 
includes a Source manager 30 which may be implemented in 
Software or firmware. The Source manager 30 comprises 
means for: formatting media data according to the require 
ments of server 12, buffer 14, and buffer manager 16; and, 
for transmitting that media data to Server 12. Source man 
ager 30 may further include means for digitizing, encoding, 
and packetizing the media data. Media data typically is 
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generated in real time Such as by a Speaker talking into a 
microphone or by playing a CD. Generally, computer System 
28 transmits media data to server 12 in real time as the media 
data is generated. Buffering of media data might occur at 
computer System 28 for convenience of programming, but 
Such buffering is incidental to the operation of the end-to 
end System being described. Computer System 28 connects 
via the Internet 10, or other Suitable data communications 
medium, to a server 12, wherein Server buffer manager 16 
receives the media data for input into the FIFO buffer 14 as 
described previously. Server 12, in turn, transmits the media 
data to one or more user computers 18, also as previously 
described. 

0049. In another embodiment, shown in FIG. 3, the 
invention provides a method for distributing from a server 
via the Internet Streaming media composed of a plurality of 
time-Sequenced data elements. Time-Sequenced data ele 
ments are generated or received 32. Next, a predetermined 
number of the data elements is sequentially loaded 34 into 
a server buffer, which process of 32 and 34 continues 
indefinitely as long as there is media data available. Next, a 
group of the data elements is Sequentially Sent 36 via the 
Internet from the Server buffer to a user computer connected 
to the Internet. Upon receipt by the user computer, the Sent 
group of data elements is loaded 38 into a user buffer 
asSociated with the user computer. The user computer imme 
diately plays 40 the received portion of the media on the user 
computer. At 42, if the user buffer is not full, then additional 
data elements are Sent to the user computer 36. And also at 
42, if the user buffer is full, the system waits until new media 
data is delivered to the server buffer 34. This process is 
repeated until the entire media file is played at the user 
computer. 

0050. Unlike conventional buffer arrangements, audio 
begins to play on the user System as Soon as the user 
connection is made to the audio server. The user's buffer is 
built up while the audio is playing. Advantageously, the 
System and method of this invention create a faster than real 
time connection. That is to Say, audio/video data is trans 
mitted from the server faster than it is played out by the user 
System, thus building up audio/video data in the user buffer. 
0051 Having thus described the invention in rather full 
detail, it will be understood that such detail need not be 
Strictly adhered to, but that additional changes and modifi 
cations may Suggest themselves to one skilled in the art, all 
falling within the scope of the invention as defined by the 
Subjoined claims. 

What is claimed is: 
1. A System, for distributing Streaming media via a data 

communications medium Such as the Internet, Said Stream 
ing media composed of a plurality of time-Sequenced data 
elements, comprising: 

(a) a server connected to said data communications 
medium for transmitting Said data elements, 

(b) a server buffer for storing at least one of Said data 
elements for transmission; 

(c) means for receiving said data elements sequentially; 
(d) a server buffer manager comprising means for Sup 

plying Said Server buffer with a predetermined number 
of data elements at a constant time-Sequenced fill rate, 
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and when said server buffer is full, for each new data 
element to be received into the buffer, deleting the 
oldest data element from the buffer; 

(e) at least one user computer connected to said server via 
Said data communications medium; 

(f) a user buffer associated with said user computer and 
being provided with means for Storing a predetermined 
number of Said data elements, which predetermined 
number may be different from the predetermined num 
ber of data elements to be stored in the server buffer; 
and 

(g) a user buffer manager associated with said user 
computer and being provided with means for receiving 
data elements into the buffer, and playing out audio/ 
Video material from Said user buffer at a constant 
time-Sequenced depletion rate; 

(h) a means for maintaining a record for each user of the 
last data element that had been sent, and for causing 
additional media data to be sent until all the data 
elements in the server buffer have been sent to said user 
computer, Said means arranged in Such a way as to 
maintain the pre-determined number of data elements 
in the user buffer, 

whereby said Server Sends Said Sequential data elements 
at a data rate as fast as the data connection between 
the Server and the user computer will Support. 

2. A System as recited by claim 1, wherein Said user 
computer is an Internet radio. 

3. A System for distributing Streaming media via a data 
communications medium Such as the Internet, Said Stream 
ing media composed of a plurality of time-Sequenced data 
elements, comprising: 

(a) a Source computer System being provided with media 
Source material data elements, and being connected to 
Said data communications medium for transmitting Said 
data elements to a Server computer; 

(b) a server connected to said data communications 
medium for receiving Said data elements from Said 
Source computer System, and for transmitting Said data 
elements to user computers, 

(c) a server buffer for storing at least one of Said data 
element for transmission; 

(d) a means for receiving said data elements sequentially; 
(e) a server buffer manager comprising means for receiv 

ing Said data elements that have been transmitted by the 
Source computer System, Supplying Said Server buffer 
with a predetermined number of data elements at a 
constant time-Sequenced fill rate, and when Said Server 
buffer is full, for each new data element to be received 
into the buffer, deleting the oldest data element from the 
buffer; 

(f) at least one user computer connected to said distribu 
tion Server via Said data communications medium; 

(g) a user buffer associated with said user computer and 
being provided with means for Storing a predetermined 
number of Said data elements, which predetermined 
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number may be different from the predetermined num 
ber of data elements to be stored in the server buffer; 
and 

(h) a user buffer manager associated with said user 
computer and being provided with means for receiving 
data elements into the buffer, and playing out audio/ 
Video material from Said user buffer at a constant 
time-Sequenced depletion rate; 

(i) a means for maintaining a record for each user of the 
last data element that had been sent, and for causing 
additional media data to be sent until all the data 
elements in the server buffer have been sent to said user 
computer, Said means arranged in Such a way as to 
maintain the pre-determined number of data elements 
in the user buffer; 
whereby said Server Sends Said Sequential data elements 

at a data rate as fast as the data connection between 
the Server and the user computer will Support. 

4. A System as recited by claim 3, wherein Said user 
computer is an Internet radio. 

5. A method for distributing Streaming media via a data 
communications medium Such as the Internet from a Server, 
Said streaming media composed of a plurality of time 
Sequenced data elements, comprising the Steps of 

(a) providing a plurality of time-Sequenced data elements; 
(b) loading a predetermined number of Said data elements 

Sequentially into a Server buffer, which process contin 
ues indefinitely as long as there is media data available; 

(c) when said server buffer is full with said predetermined 
number of Said data elements, deleting from Said Server 
buffer the oldest data element each time a new data 
element is loaded into the buffer, the loading arrange 
ment being adapted to maintain the predetermined 
number of data elements in the buffer; 

(d) Sending via said data communications medium a 
group of Said data elements Sequentially from Said 
Server buffer to a user computer connected to Said 
Internet as fast as the connection between the Server 
and the user computer will allow; 

(e) loading said sent group of data elements into a user's 
buffer associated with Said user computer; 

(f) playing said media on said user computer as Soon as 
Said data elements first arrive, Said played data ele 
ments being deleted from said user buffer; 

(g) maintaining a record of the last data element having 
been Sent to a user; 

(h) if said user buffer is not full, sending the next 
Sequential data elements to Said user computer in Such 
a manner that fills the user buffer to a predetermined 
number of data elements, and maintains that predeter 
mined number of data elements in the buffer; and 

(i) repeating steps "(b)” through"(h)” until all of said data 
elements of the Streaming media are played by Said user 
computer. 

6. A method as recited by claim 5, wherein said user 
computer is an Internet radio. 
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