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SYSTEM AND METHOD FOR AUTOMATIC ADJUSTMENT
OF STREAMING VIDEO BIT RATE

Claim of Priority

This application claims the benefit of priority, under 35 U.S.C. § 119(e), of U.S.
Provisional Application No. 60/714,118, filed September 2, 2005, and U.S. Patent
Application No. 11/234,674, filed September 22, 2005 titled “System and Method for
Automatic Adjustment of Streaming Video Bit Rate,” which is hereby incorporated by

reference in its entirety.

Field of Invention

The present invention relates to adjusting the encoding bit-rate for transfer of video
digital content across a network, and in particular to automatically setting the optimum bit-

rate across a network when a varying throughput is presented.
{

Background of the Invention

When streaming across a network, the quality of the received video is dependent on a
continuous flow of data from the source to the destination. Several approaches have been
used to resolve this issue. Cirrus Logic proposed a solution under the commercial name
Whitecap, and others have proposed similar hardware solutions for a guaranteed bit-rate.
These solutions typically provide prioritization and quality of service layers on top of the

standard hardware for the network.
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Real Audio and others ask the users whether they have a “high bandwidth”
connectioh and then employ very large buffers to control the streaming to overcome the
unreliable nature of network streaming,

An approach is needed that does not require user interaction, or specialized hardware,
and can provide an acceptable video and audio stream even in low bandwidth situations such

as when using a wireless network or across the internet.

Summary of the Invention

The present inventi‘on relates to a system for automatically setting the optimum
encoding bit-rate for transfer across a network.

In one aspect of the invention, a method for transmitting a media stream over a
network includes the steps of encoding, with an encoder portion of a transmitter, an original
media stream with an encoding bit rate that has an adjustable rate, transmitting the encoded
media stream to a receiver connected to the network, monitoring a throughput of the encoded
média stream, computing an adjustment to the encoding bit rate using a result of the
monitoring step, and adjusting the encoder’s encoding bit rate so as to encode the encoded
media stream at an adjusted bit rate.

In another aspect of the invention a device for implementing this method includes a
transmitter and a receiver in communication over the network. The transmitter contains a
central processing unit, a network interface, and an encoder, the encoder being operable to
encode an original media stream, with an encoding bit rate, into an encoded media stream.
The receiver contains a central processing unit, a network interface, and a decoder, the
receiver being operable to receive the encoded media stream from the transmitter. A
throughput monitor associated with the network, which can be freestanding, part of the

transmitter, or part of the receiver, is operable to monitor the encoded media stream, wherein
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the transmitter is operable to adjust the encoding bit rate using a result of the monitored
throughput.

In another aspect of the invention, the transmitter and receiver both contain a buffer,
and respective buffer monitors. Conditions (e.g., overflow, full, empty) at the transmitter or
receiver buffer are detected by the respective transmitter or receiver buffer monitor, where
upon a repeated condition the encoded bit rate is adjusted higher or lower, depending on
whether the condition exists at the receiver or the transmitter and on what is the status of the
detected condition.

These and other aspects, features, steps and advantages can be further appreciated

from the accompanying drawing Figures and description of certain illustrative embodiments.

Brief Description of the Drawing Figures

Figure 1 shows a schematic diagram of a system for an embodiment of the invention;
Figure 2 illustrates a flow chart for determining the bit rate adjustment as monitored
by the transmitting system; and

Figure 3 illustrates a flow chart for determining the bit rate adjustment as monitored

" by the receiving system.
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Definition of Terms

The terms used in this specification generally have their ordinary meanings in the art,
within the context of the invention, and in the specific context where each term is used.
Certain terms are discussed below, or elsewhere in the specification, to provide additional
guidance to the practitioner in describing the devices and methods of the invention and how
to make and use them. It will be appreciated that the same thing can be said in more than one
way.

Consequently, alternative language and synonyms may be used for any one or more of
the terms discussed herein, nor is any special significance to be placed upon whether or not a
term is elaborated or discussed herein. Synonyms for certain terms are provided. A recital of
one or more synonyms does not exclude the use of other synonyms. The use of examples
anywhere in this specification, including examples of any terms discussed herein, is
illustrative only, and in no way limits the scope and meaning of the invention or of any

exemplified term. Likewise, the invention is not limited to the preferred embodiments.

11 3 <

“Audio,” “video,” “audiovisual data,” “audiovisual media,” “media content,” mean
any information in any analog or digital format which can be displayed, rendered or
perceived in sight and/or sound, with or without any other accompanying information that is
“hidden,” ie., not displayed, rendered or perceived. For example, “audiovisual data”
includes both digital and/or analog media. Likewise, “content” also refers to the audiovisual
data, with or without additional “hidden” information.

“Streaming Video”, “data stream”, and “data” mean any information any analog or

digital format that has been processed in any manner (such as being encoded), contain

audiovisual data content, and are capable of being transmitted over a network.
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“Instantaneous bit rate” is defined as the bit rate computed over a fixed number of
data samples or for a small fixed period of time. These rates can be calculated or read from
the data directly.

“Throughput” and “throughput of the transmission” refer to the amount of data that

has been transmitted over a network in a given period of time.

Detailed Description of Illustrative Embodiments

By way of overview and introduction, presented and described are embodiments of a
system for automatically measuring the bandwidth across a network by monitoring the audio
video stream. The system automatically adjusts the picture “and/or video bit rate and
compression in order to accommodate available bandwidth with the best possible picture.

With reference to Fig. 1, illustrated is a schematic diagram of an embodiment of the
invention. The embodiment includes a transmitter 100 and receiver 200 capable of
transmitting audiovisual data over a network. The transmitter includes an encoder 101, a
central processing unit 102, and a network interface 103. The receiver includes a decoder
201, a central processing unit 202, and a network interface 203.

The transmitter establishes a session with the receiver (or vice versa) by sending a
transmission request. An initial bit rate is established, either at a fixed rate, a manually set
rate (as in Real Audio), a highest possible rate, or an instantaneous rate as measured by the
system. In order to obtain an instantaneous rate, the system can send a small amount of data
across the session to measure a starting rate. Once the session is initiated, the audiovisual
data is transmitted by the transmitter 100 at the initial rate. The transmission stream is
monitored by a throughput monitor, which is associated with the network, and can be located

at the receiver, the transmitter, or at both the receiver and the transmitter.
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Figure 2 depicts a process 2000 for monitoring the transmission by the transmitter.
As shown in step 2010, the encodér 101 encodes the data at the initial rate. The data
generated by the transmitter encoder 101 can be an audiovisual, audio, or a video-only stream
encoded at a certain bit rate. As the encoder 101 encodes more data, the already-encoded data
stream is transmitted to the receiver 200, as shown in step 2020. If the encoder 101 is
generating more data than can be transmitted (step 2030), then the data is placed into buffer
system 104 (step 2040). If the buffers 104 repeatedly overflow such that there are no
available buffers for newly encoded data (step 2050), then the transmitter CPU 102
determines that the encoder bit rate is too high. The CPU 102 reduces the encoding bit rate
and/or reduces the sample of the incoming video stream 50 to prevent the buffer overflows
(step 2060).

The reduced encoding bit rate can represent a predefined reduction from the prior
encoding rate, e.g. 75% of the prior encoding bit rate. Alternatively, the transmitter CPU 102
can automatically adjust to an encoding bit rate that is instantaneously calculated from the
rate at which the filled buffers 104 are transmitted and cleared.

If necessary, the transmitter 100 then notifies the receiver 200 that the bit rate has
changed (step 2070 need to reflect that this is an optional step in the figure), and the
transmission continues at the new lower bit rate (step 2080). Such a notification can be
needed in the event that the receiver’s decoding capability requires a re-start or re-
programming in order to handle a new bit rate.

If the buffers 104 are regularly empty (step 2096) such that the data stream 300 is
being transmitted as fast, or faster than the rate at which the encoder 101 generates encoded
data, the transmitter 100 can automatically attempt to adjust by detecting whether the bit rate
can be safely raised, and' compute a new increased bit rate. The increased bit rate can be

defined by a small fixed increment in the current bit rate; by a factor multiplied by the current
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bit rate; or by computing a “best-fit” bit rate based on the instantaneous rate computation
(step 3000). Preferably, changing the encoding bit rate requires the encoder to be restarted
using a different set of encoding parameters. The decoder also may need to be restarted to
adjust for the new parameters. Both cases may result in a discontinuity being perceived
during playback.

To prevent a discontinuity in the event that bandwidth is insufficient to accommodate
an increased bit rate, the transmitter tests whether available spare bandwidth exists prior to
adjusting the actual encoding bit rate. To test for spare bandwidth existence, the transmitter
100 inserts padding blocks, which are discarded by the receiver 200, into the transmission
data corresponding with the newly computed increased bit rate. If the buffers 104 remain
regularly empty for a given period while the padding blocks are being sent, then the
transmitter 100 permanently increases the encoding bit rate to the computed value. If
however the buffers 104 begin to fill while the padding blocks are being sent, the transmitter
100 aborts the attempt to increase the bit rate. Alternatively, the transmitter 100 can elect to
increase the encoding bit rate in this manner following a bit rate reduction from the initial
instantaneous bit rate after some period has elapsed, so as to recover from temporary
reductions in the network bandwidth. The transmitter can also elect not to try to increase the
bit rate if there was no reduction from the initial instantaneous bit rate, or after a previous
failed attempt within a given period.

Alternatively, the transmitter 100 can monitor the mean bit rate of the data stream
being transmitted. If-the measured instantaneous bit rate reflects a significant drop
(determined by either a manual setting or a predetermined constant, e.g., 50%) from the mean
bit rate, then the transmitter 100 automatically attempts to raise the bit rate to the original

mean bit rate. The transmitter 100 can also perform this comparison on a periodic basis.
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Figure 3 depicts process 4000 where the receiver 200 monitors the transmitter 100.
The receiver can perform the process 4000 separately or simultaneously with the transmitter
100. The throughput monitor determines, step 4005, the initial encoding rate (as described
above) and passes the initial coding rate to the transmitter 100 as the current rate. The
transmitter encoder 101 encodes the date at the current rate and transmits the data to the
receiver 200, step 4010. The received data is placed into a receiving buffer 204, step 4020, if
a buffer is present. Under control of the receiver CPU 202, data is removed from the receiver
buffer and sent to the receiver decoder 201 for decoding and subsequent playback. If the
receiver CPU 202 detects that the receiver buffers 204 are constantly empty ,step 4030, and
all received data has been decoded by the decoder 201, then the receiver 200 determines that
the transmitter 100 is not transmitting the encoded data fast enough. If the network
bandwidth is sufficient for the bit rate, then the receiver 1b‘uffers’ content is consumed at the
same rate as they are filled, since the encoding and decoding rates are the same. By allowing
the receiver buffers to fill prior to starting the decoding process, the receiver detects potential
insufficient bandwidth any time a buffer is needed for playback and all buffers are empty. A
consecutive series of such detections results in a positive determination of insufficient
bandwidth.

Upon a positive determination of insufficient bandwidth, the receiver 200 sends a
request to the transmitter 100 to lower the encoding bit rate so that more encoded data can be
transmitted, step 4060. However, if the receiver buffers 204 are constantly full for a given
period, then spare network bandwidth may exist and the receiver 200 can elect to try to
increase the encoding rate. To determine whether the encoding bit rate can be increased, the
receiver 200 sends a request to the transmitter 100 to simulate higher bit rate transmission by
inserting padding blocks into the bit stream, which are thrown away by the receiver 200 upon

reception. If the receiver buffers 204 remain constantly full, step 4040 a transmission of
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paaaing ourters are sent t0 measure instantaneous bandwidth, step 4045 If the receiver
buffers remain full for a given period of time while the padding blocks are being sent, step
4046, the receiver 200 sends a request to the transmitter 100 to increase the encoding rate for
faster data stream transmission, step 4050. At step 4070 the transmitter sets the new current
rate, and p'rocess 4000 returns to step 4010.

If however the receiver buffers begin to drain while the padding blocks of step 4045
are being sent, then the attempt is aborted and process 4000 returns to step 4010.
Altematively, the receiver 200 can elect to increase the encoding bit rate in this manner after
a bit rate reduction from the initial instantaneous bit rate after some period of time has
elapsed, so as to recover from temporary reductions in the network bandwidth. The receiver
can elect not to try to increase the bit rate if there was no reduction from the initial
instantaneous bit rate, or after a previous failed attempt within a given period.

In another embodiment (not depicted), the receiver 200 monitors and compares the bit
rate of the data stream received against .the Aactual data transmission bit rate (equivalent to the
encoding bit rate). The receiver 200 determines the received data bit rate by measuring the
time required to receive a small fixed number of data samples, or by measuring the number of
data samples that arrive within a small fixed time frame. The actual data transmission bit rate
can be obtained from the transmitter 100 independently, or computed from time stamps
placed by the transmitter 100 in each transmitted encoded data sample 300 using the same
computational method described previously for determining the received data bit rate. If the
received data bit rate is lower than the actual transmission data bit rate, the receiver 200 sends
a request to the transmitter 100 requesting that the encoding data bit rate be lowered. If the
received data bit rate is equal to the actual data transmission bit rate, the receiver 200 can
request that the transmitter increase the transmission bit rate by including padding blocks in

the transmission, as described above.
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The encoding data bit rate can be adjusted in a variety of ways. These adjustments can
including changing thé video and/or audio encoding bit rates, sampling size, sampling
resolution or frame size, and/or other encoder characteristics, as are available on a common
encoder 101.

In another embodiment of the invention, the transmitter transmits an encoded data
stream over a network to more than one receiver. The transmitter uses a common set of
buffers from which to transmit the data stream, the data stream being encoded with an initial
bit rate by the encoder. The initial bit rate can be selected in several ways, such as based on
an estimate of the properties of the data stream or the properties of the transmitter, the
previous throughput or bit rates used by the transmitter, or based on data requested or
gathered from the receivers receiving the data stream. Preferably, the initial bit rate is
selected from the lowest common bit rate in a set composed of each receiver’s acceptable bit
rate. In the event the lowest common bit rate is not acceptable to one or more receivers, then
a new lowest common bit rate is taken as the lowest bit rate acceptable to the largest number
of receivers. If any receivers do mot accept this new lowest common bit rate, any such
receivers are dropped from the set.

A throughput monitor associated with the network can monitor the throughput at
which the transmitter transmits data to all the recei{zers. Additionally, the throughput monitor
can monitor the throughput at each receiver. Each receiver can request that the transmitter
decrease the encoder bit rate if the throughput at the receiver is insufficient to render the data
stream. Each receiver can request that the transmitter increase the transmission bit rate by
including padding blocks in the transmission.

Thus, while there have been shown, described, and pointed out fundamental novel
features of the invention as applied to several embodiments, it will be understood that various

omissions, substitutions, and changes in the form and details of the devices illustrated, and in

10
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thelr ;p;raf.ion, may be made by those skilled in the art without departing from the spirit and
scope of the invention. Substitutions of elements from one embodiment to another are also
fully intended and contemplated. It is also to be understood that the drawings are not
necessarily drawn to scale, but that they are merely conceptual in nature. The invention is
defined solely with regard to the claims appended hereto, and equivalents of the recitations

therein.
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I Claim:

1. A method for transmitting a media stream over a network comprising the steps of:

providing a transmitter and a receiver connected through the network, wherein
the transmitter includes an encoder having an adjustable bit rate;

encoding, by the encoder, with an encoding bit rate an original media stream
into an encoded media stream,;

transmitting the encoded media stream to the receiver;

monitoring a throughput of the encoded media stream;

computing an adjustment to the encoding bit rate using a result of the
monitoring step; and

adjusting the encoding bit rate so as to encode the encoded media stream at an

adjusted bit rate.

2. The method of claim 1, wherein the monitoring step includes monitoring the

throughput of the encoded media stream at the transmitter.

3. The method of claim 1, wherein the monitoring step includes monitoring the

throughput of the encoded media stream at the receiver.

4. The method of claim 1, wherein the step of adjusting is executed as a result of an

internal computation by the transmitter.

5. The method of claim 1, wherein the step of adjusting is executed after receiving,

from the receiver, a request for a change in the encoding bit rate.

12
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6. The method of claim 1, further including, after the adjusting step, the step of

notifying the receiver that an adjustment to the encoding bit rate has been made.

7. The method of claim 1, wherein the providing step further includes providing a
plurality of receivers comnected to the transmitter through the network, and the
transmitting step further includes transmitting the encoded media stream to the

plurality of receivers.

8. The method of claim 7, wherein the monitoring step includes monitoring the

throughput of the encoded media stream at each of the plurality of receivers.

9. The method of claim 7, wherein the step of adjusting is executed after receiving,

from one of the plurality of receivers, a request for a change in the encoding bit rate.

10. The method of claim 7, wherein the encoding step’s encoding bit rate is a

minimum acceptable bit rate common to each of the plurality of receivers.

11. A device for transmitting data over a network comprising:

a transmitter and a receiver in communication over the network;

the transmitter containing a central processing unit, a network interface, and
an encoder, the encoder being opefable‘to encode an original media stream, with an
encoding bit rate, into an encoded media stream;
the receiver containing a central processing unit, a network interface, and a decoder,

the receiver being operable to receive the encoded media stream from the transmitter;

13
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a throughput monitor associated with the network and operable to monitor the
encoded media stream, wherein the transmitter is operable to adjust the encoding bit

rate using a result of the monitored throughput.

12. The device of claim 11, wherein the throughput monitor is located within the
transmitter and monitors the throughput of the encoded media stream at an output of

the transmitter network interface.
13. The device of claim 11, wherein the throughput monitor is located within the
receiver and monitors the throughput of the received encoded media stream at an

input of the receiver network interface.

14. The device of claim 11, wherein the transmitter is further operable to initiate the

encoder adjustment in response to an internal computation at the transmitter.

15. The device of claim 11, wherein the receiver is operable to send a request to the

transmitter to initiate the encoder adjustment.

16. The device of claim 11, wherein the transmitter is further operable to notify the

receiver of the adjustment to the encoding bit rate.

17. The device of claim 11, further comprising a plurality of receivers in

communication with the transmitter over the network.

14
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18. The device of claim 17, wherein the throughput monitor is further operable to

monitor the throughput at each of the plurality of receivers.

19. The device of claim 17, wherein each of the plurality of receivers is further

operable to send a request to the transmitter to initiate the encoder adjustment.

20. The device of claim 17, wherein the encoding step’s encoding bit rate is a

minimum acceptable bit rate common to each of the plurality of receivers.

21. A device for transmitting data over a network comprising:

a transrﬁitter and a receiver in communication over the network;

the transmitter containing a central processing unit, a transmitter buffer, a
transmitter buffer monitor, a network interface, and an encoder, the encoder being
operable to encode an original media stream, with an encoding bit rate, into an
encoded media stream;

the receiver containing a central processing unit, a receiver buffer, a receiver
buffer monitor, a network interface, and a decoder, the receiver being operable to
receive the encoded media stream from the transmitter; and

wherein the transmitter being operable to adjust the encoding bit rate in
response to at least one of a predetermined capacity condition detected by at least one

of the receiver buffer monitor and the transmitter buffer monitor.

22. The device of claim 21, wherein if the transmitter buffer monitor detects that the
transmitter buffer repeatédly overflows, then the adjusted bit rate is lower than the

encoding bit rate.

15
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73. The device of claim 21, wherein if the transmitter buffer monitor detects that the
transmitter buffer is repeatedly empty, then the adjusted bit rate is higher than the

encoding bit rate.

24. The device of claim 21, wherein if the receiver buffer detects that the receiver
buffer is not full for a given period, then the adjusted bit rate is higher than the

encoding bit rate.

95. The device of claim 21, wherein if the receiver buffer monitor detects that the
receiver buffer is repeatedly empty, then the adjusted bit rate is lower than the

encoding bit rate.

26. The device of claim 21, wherein the transmitter is further operable to notify the

receiver of an adjustment to the encoding bit rate.

27. A method for transmitting a media stream over a network comprising the steps
of:

providing a transmitter and a receiver connected through the network, wherein
the transmitter includes a transmitter buffer and an encoder having an adjustable bit
rate, and the receiver includes a receiver buffer;

encoding an original media stream by the encoder having an encoding bit rate;

transmitting the encoded media stream to a receiver;

monitoring at least one of the transmitter buffer and the receiver buffer for a

predetermined capacity condition;

16
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computing an adjustment to the encoding bit rate whea the monitoring step
detects the predetermined capacity condition; and
adjusting the encoding bit rate so as to encode the original media stream at an

adjusted bit rate.

28. The method of claim 27, wherein the monitoring step further includes monitoring
the transmitter buffer, and further includes the step of ;
increasing the encoding bit rate, by the transmitter, if the detected

predetermined capacity condition includes the transmitter buffer being repeatedly

empty.

29. The method of claim 27, wherein the monitoring step includes monitoring the
transmitter buffer, and further includes the step of ;
decreasing the encoding bit rate, by the transmitter, if the detected

predetermined capacity condition is the transmitter buffer is repeatedly full.

30. The method of claim 27, wherein the monitoring step includes monitoring the
receiver buffer, and further includes the step of ;
decreasing the encoding bit rate, by the transmitter, if the detected

predetermined capacity condition is the receiver buffer is repeatedly empty.

31. The method of claim 27, wherein the monitoring step includes monitoring the

receiver buffer, and further includes the step of ;
increasing the encoding bit rate, by the transmitter, if the detected

predetermined capacity condition is the receiver buffer is not repeatedly full.

17
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32. The method of claim 27, further including, after the step of adjusting, the step of

notifying the receiver of an adjustment to the encoding bit rate.

18
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