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(57) ABSTRACT 

The present invention provides video signal compression 
that ef?ciently groups pictures in a video stream into vari 
ably-sized groups of pictures (GOPs), thereby providing 
loWer achievable output signal bit rates and higher output 
signal quality. The video signal compression maximizes the 
output signal quality by appropriately allocating bits among 
individual pictures and GOPs in the output signal. The video 
signal compression of the present invention also applies 
compression methods that reduce noise in the output signal, 
by utilizing a macroblock-based tunable conditional replen 
ishment technique. The conditional replenishment technique 
exploits the similarities among images in the variably-sized 
GOPs to further minimize output bit rate and maximize the 
output signal quality. An analysis-by-synthesis method is 
also provided to select a best asynchronous sampling 
method among various generated candidate output streams. 
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VIDEO COMPRESSION USING ADAPTIVE 
SELECTION OF GROUPS OF FRAMES, 

ADAPTIVE BIT ALLOCATION, AND ADAPTIVE 
REPLENISHMENT 

PRIORITY AND RELATED APPLICATIONS 

[0001] The present application claims priority to provi 
sional patent application entitled, “Video Processing Method 
With General and Speci?c Applications,” ?led on Jul. 11, 
2000 and assigned US. application Ser. No. 60/217,301. 
The present application is also related to non-provisional 
application entitled, “Adaptive Edge Detection and 
Enhancement for Image Processing,” (attorney docket num 
ber 07816-105003) ?led on Jul. 11, 2001 and assigned US. 
application Ser. No. ; and non-provisional applica 
tion entitled, and non-provisional application entitled, “Sys 
tem and Method for Calculating an Optimum Display SiZe 
for a Visual Object,” (attorney docket number 07816 
105002) ?led on Jul. 11, 2001 and assigned US. application 
Ser. No. . 

FIELD OF THE INVENTION 

[0002] The present invention relates to the processing of a 
video stream and more speci?cally relates to the improve 
ment of video stream compression by adaptively selecting a 
group of pictures based on video stream content, by adap 
tively allocating bits to generate a compressed video stream, 
and by adaptively replenishing macroblocks. 

BACKGROUND OF THE INVENTION 

[0003] Recent advancements in communication technolo 
gies have enabled the Widespread distribution of data over 
communication mediums such as the Internet and broadband 
cable systems. This increased capability has lead to 
increased demand for the distribution of a diverse range of 
content over these communication mediums. Whereas early 
uses of the Internet Were often limited to the distribution of 
raW data, more recent advances include the distribution of 
HTML-based graphics and audio ?les. 

[0004] More recent efforts have been made to distribute 
video media over these communication mediums. HoWever, 
because of the large amount of data needed to represent a 
video presentation, the data is typically compressed prior to 
distribution. Data compression is a Well-knoWn means for 
conserving transmission resources When transmitting large 
amounts of data or conserving storage resources When 
storing large amounts of data. In short, data compression 
involves minimiZing or reducing the siZe of a data signal 
(e.g., a data ?le) in order to yield a more compact digital 
representation of that data signal. Because digital represen 
tations of audio and video data signals tend to be very large, 
data compression is virtually a necessary step in the process 
of Widespread distribution of digital representations of audio 
and video signals. 

[0005] Fortunately, video signals are typically Well suited 
for standard data compression techniques. Most video sig 
nals include signi?cant data redundancy. Within a single 
video frame (image), there typically eXists signi?cant cor 
relation among adjacent portions of the frame, referred to as 
spatial correlation. Similarly, adjacent video frames tend to 
include signi?cant correlation betWeen corresponding image 
portions, referred to as temporal correlation. Moreover, there 
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is typically a considerable amount of data in an uncom 
pressed video signal that is irrelevant. That is, the presence 
or absence of that data Will not perceivably affect the quality 
of the output video signal. Because video signals often 
include large amounts of such redundant and irrelevant data, 
video signals are typically compressed prior to transmission 
and then decompressed again after transmission. 

[0006] Generally, the distribution of a video signal 
includes a transmission unit and a receiving unit. The 
transmission unit Will receive a video signal as input and Will 
compress the video signal and transmit the signal to the 
receiving unit. Compression of a video signal is usually 
performed by an encoder. The encoder typically reduces the 
data rate of the input video signal to a level that is prede 
termined by the capacity of the transmission medium. For 
eXample, for a typical video ?le transfer, the required data 
rate can be reduced from about 30 Megabits per second to 
about 384 kilobits per second. The compression ratio is 
de?ned as the ratio betWeen the siZe of the input video signal 
and the siZe of the compressed video signal. If the trans 
mission medium is capable of a high transmission rate, then 
a loWer compression ration can be used. On the other hand, 
if the transmission medium is capable of a relatively loW 
transmission rate, then a loWer compression ratio can be 
used. 

[0007] After the receiving unit receives the compressed 
video signal, the signal must be decompressed before it can 
be adequately displayed. The decompression process is 
performed by a decoder. In some applications, the decoder 
is used to decompress the compressed video signal so that it 
is identical to the original input video signal. This is referred 
to as lossless compression, because no data is lost in the 
compression and decompression processes. The majority of 
encoding and decoding applications, hoWever, use lossy 
compression, Wherein some prede?ned amount of the origi 
nal data is irretrievably lost in the compression and eXpan 
sion process. In order to decompress the video stream to its 
original (pre-encoding) data siZe, the lost data must be 
replaced by neW data. Unfortunately, lossy compression of 
video signals Will almost alWays result in the degradation of 
the output video signal When displayed after decoding, 
because the neW data is usually not identical to the lost 
original data. Video signal degradation typically manifests 
itself as a perceivable ?aW in a displayed video image. These 
?aWs are typically referred to as noise. Well-knoWn kinds of 
video noise include blockiness, mosquito noise, salt-and 
pepper noise, and fuZZy edges. The data rate (or bit rate) 
often determines the quality of the decoded video stream. A 
video stream that Was encoded With a high bit rate is 
generally a higher quality video stream than one encoded at 
a loWer bit rate. 

[0008] Conventional methods of compressing video sig 
nals include the partitioning of the video signal into groups 
of pictures. Unfortunately, conventional compression tech 
niques utiliZe inef?cient and arbitrarily simple methods of 
grouping pictures that result in higher output signal bit rates 
and/or loWer output signal quality. Moreover, because these 
conventional techniques use arbitrarily simple picture 
groupings, they do not provide the opportunity to maXimiZe 
the output signal quality by appropriately allocating bits 
among pictures and picture groups in the output signal. 
Finally, these compression techniques typically apply com 
pression methods that result in the propagation and ampli 
?cation of noise, especially in background potions of a video 
picture. 
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[0009] Therefore, there is a need in the art for video signal 
compression that ef?ciently groups pictures in a video 
stream and provides for loWer output signal bit rates and 
higher output signal quality. The video signal compression 
also should maximize the output signal quality by appropri 
ately allocating bits among pictures and picture groups in the 
output signal. In addition, the video signal compression also 
should apply compression methods that reduce noise in the 
output signal. Finally, the method should enable the use of 
various sampling techniques and should enable the selection 
of an output stream, based on the sampling technique 
providing the best video stream. 

SUMMARY OF THE INVENTION 

[0010] The present invention provides video signal com 
pression that efficiently groups pictures in a video stream 
into variably-siZed groups of pictures (GOPs) thereby pro 
viding loWer achievable output signal bit rates and higher 
output signal quality. The video signal compression maxi 
miZes the output signal quality by appropriately allocating 
bits among pictures and picture groups in the output signal. 
An adaptive method of bit allocation among picture groups 
and Within the pictures in those picture groups enables the 
ef?cient allocation of bits, according to the relative siZes of 
the picture groups. The video signal compression of the 
present invention also applies compression methods that 
reduce noise in the output signal, by utiliZing a macroblock 
based tunable conditional replenishment technique. The 
conditional replenishment technique exploits the similarities 
among images in the variably-siZed GOPs to further mini 
miZe output bit rate and maximiZe the output signal quality. 
An analysis-by-synthesis method is also provided to select a 
best asynchronous sampling method among candidate sam 
pling procedures. 
[0011] In one aspect of the invention, a method is provided 
for processing an input video stream comprising a series of 
pictures. A ?rst scene change is detected betWeen a ?rst 
scene in the input video stream and a second scene in the 
input video stream. The method classi?es the ?rst picture 
folloWing the ?rst scene change as an intra-picture (I-pic 
ture). 
[0012] In another aspect of the invention, the input stream 
processing method determines Whether there are a predeter 
mined number of pictures betWeen the ?rst I-picture and a 
second scene change. A second picture in the input video 
stream is classi?ed as a second I-picture, Where it is deter 
mined that the predetermined number of pictures exist 
betWeen the ?rst intra-picture and the second scene change, 
Wherein the second picture coincides With the predetermined 
number of pictures. 

[0013] In yet another aspect of the invention, a system is 
provided for organiZing a series of pictures in an input video 
stream into at least one group of pictures (GOP). The system 
includes a picture grouping module for detecting a scene 
change in the series of pictures and for classifying a ?rst 
picture folloWing the scene change as a ?rst intra-picture 
(I-picture). The picture grouping module also can classify at 
least one other picture folloWing the scene change as a 
predicted picture (P-picture) and can classify at least one 
second picture as a bi-directionally predicted picture (B-pic 
ture). The system also includes a bit allocation module for 
determining Whether a ?rst GOP uses less than a predeter 
mined target number of bits and further operative to allocate 
an unneeded bit to a second GOP in response to a determi 
nation that the ?rst GOP uses less than the predetermined 
target number of bits. 
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[0014] The various aspects of the present invention may 
be more clearly understood and appreciated from a revieW of 
the folloWing detailed description of the disclosed embodi 
ments and by reference to the draWings and claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0015] FIG. 1 is a block diagram depicting an exemplary 
video stream comprised of a series of video pictures. 

[0016] FIG. 2 is a ?oWchart depicting an exemplary 
method for coding, transmitting, and decoding a video 
stream. 

[0017] FIG. 3 is a block diagram depicting a system for 
encoding a video stream that is an exemplary embodiment of 
the present invention. 

[0018] FIG. 4 depicts a conventional decoding system for 
receiving an encoded video stream and providing decoded 
video and audio output. 

[0019] FIG. 5 is a block diagram depicting an exemplary 
selection of picture encoding modes in a GOP. 

[0020] FIG. 6 is a block diagram depicting an exemplary 
timeline comparing the occurrence of scene changes in a 
video stream With alternative GOP siZe formats. 

[0021] FIG. 7 is a ?oWchart depicting an exemplary 
method for creating GOPs of varying siZes. 

[0022] FIG. 8 is a graph depicting a typical relationship 
betWeen the bits generated by a conventional compression 
method and a conventional group of pictures. 

[0023] FIG. 9 is a series of block diagrams and graphs 
comparing the generated bit graph of a conventional com 
pression method With a generated bit graph of an exemplary 
embodiment of the present invention. 

[0024] FIG. 10a is a How chart depicting an exemplary 
method for adaptively allocating bits among variable-siZed 
groups of pictures. 

[0025] FIG. 10b is a How chart depicting an exemplary 
method for adaptively allocating bits among pictures Within 
a GOP. 

[0026] FIG. 11 is a simpli?ed illustration depicting suc 
cessive pictures in an exemplary GOP divided into macrob 
locks. 

[0027] FIG. 12 is a ?oWchart depicting an exemplary 
method for performing conditional replenishment on a mac 
roblock-basis. 

[0028] FIG. 13 is a ?oWchart depicting an exemplary 
method for generating and selecting betWeen tWo sampling 
methods. 

DETAILED DESCRIPTION OF THE 
EXEMPLARY EMBODIMENTS 

[0029] The present invention provides video signal com 
pression that ef?ciently groups pictures in a video stream 
into variably-siZed groups of pictures (GOPs) thereby pro 
viding loWer achievable output signal bit rates and higher 
output signal quality. The video signal compression maxi 
miZes the output signal quality by appropriately allocating 
bits among pictures and picture groups in the output signal. 
An adaptive method of bit allocation among picture groups 
and Within the pictures in those picture groups enables the 
ef?cient allocation of bits, according to the relative siZes of 
the picture groups. The video signal compression of the 
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present invention also applies compression methods that 
reduce noise in the output signal, by utilizing a macroblock 
based tunable conditional replenishment technique. The 
conditional replenishment technique exploits the similarities 
among images in the variably-siZed GOPs to further mini 
miZe output bit rate and maximiZe the output signal quality. 
An analysis-by-synthesis method is also provided to select a 
best asynchronous sampling method among multiple non 
uniform and/or uniform sampling procedures. 

[0030] An Exemplary Operating Environment 

[0031] FIG. 1 is a block diagram depicting an exemplary 
video stream comprised of a series of video pictures. Avideo 
stream is simply a collection of related images that have 
been connected in a series to create the perception that 
objects in the image series are moving. Because of the large 
number of separate images that are required to produce a 
video stream, it is common that the series of images Will be 
digitiZed and compressed, so that the entire video stream 
requires less space for transmission or storage. The process 
of compressing such a digitiZed video stream is often 
referred to as “encoding.” Among other things, encoding a 
video stream typically involves removing the irrelevant 
and/or redundant digital data from the digitiZed video 
stream. Once the video stream has been so compressed, a 
video stream must usually be decompressed before it can be 
properly rendered or displayed. 

[0032] The video stream 100 depicted in FIG. 1 includes 
six, separate images or pictures 102-112. Typically, a video 
stream is displayed to a vieWer at about 30 frames per 
second. Therefore, the video stream 100 depicted in FIG. 1 
Would provide about 0.2 seconds of playback at the typical 
display rate. 

[0033] Generally, there is little noticeable change from 
one picture in the series to the next. If a video stream Were 
to be stored or transmitted Without compression, large 
amounts of redundant data Would be stored because of the 
signi?cant video data overlap from one frame to the next. 
For video stream storage, the storage of such redundant data 
is consumptive of memory resources. For video stream 
transmission, the transmission of such redundant data sig 
ni?cantly increases transmission time and may be impos 
sible at certain data transmission rates. 

[0034] Video stream compression is one means for reduc 
ing the siZe of a video stream. In short, video stream 
compression involves the elimination of irrelevant and/or 
redundant video data from the video stream. Moreover, 
many compression methods store only enough video data on 
a frame-by-frame basis to represent the differences betWeen 
one frame to the next. For example, many compression 
methods store an intra-picture (I-Picture) that includes all or 
most of the video data for a particular frame/picture in a 
video stream. Subsequent pictures can be represented by 
predicted pictures (P-pictures) or by bi-directionally pre 
dicted pictures (B-pictures). P-pictures are encoded using 
motion-compensated prediction from a previous I-Picture or 
a previous P-Picture. B-pictures are encoded using motion 
compensation prediction from either previous or subsequent 
I-pictures or P-pictures. B-pictures are not used in the 
prediction of other B-pictures or other P-pictures. Accord 
ingly, I-pictures require the most amount of video data and 
can be compressed the least. P-pictures require less video 
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data than I-pictures and can be signi?cantly compressed. 
B-pictures require the least amount of video data and can be 
compressed the most. 

[0035] In the example of FIG. 1, the ?rst picture 102 is an 
I-Picture. Accordingly, much of the video data of the image 
of the ?rst picture 102 Would be used to represent the ?rst 
picture 102. The second picture 104 may be a B-Picture and, 
thus, may be represented in terms of video data differences 
With the I-Picture 102. Because the B-Picture 104 is bi 
directionally predicted, it may also be presented in terms of 
differences With the P-Picture 106. The P-Picture 106, in 
turn, is predicted in terms of differences With the I-Picture 
102. The P-Picture 106 is not represented in terms of 
differences With the B-Picture 104. 

[0036] Differences betWeen video pictures are often pre 
dicted based on calculated motion vectors. Motion vectors 
are Well-knoWn mathematical representations of the move 
ment and/or expected movement of visual “objects” in a 
series of pictures in a video stream. In order to track and 
predict the motion of objects, pictures are divided into 
picture elements (pels). Pels may be a video pixel or some 
other de?nable division of a picture. In any event, object 
motion can be tracked by reference to corresponding pels in 
a series of related video pictures. 

[0037] Often, a video picture (or other digitiZed picture) is 
encoded as a collection of blocks 116. Each block is typi 
cally an 8-by-8-square of pels. In addition, video pictures 
also are commonly divided into macroblocks that usually 
contain 6 blocks (4 blocks for luminance and 2 blocks for 
chrominance signal). Those skilled in the art Will appreciate 
that the division of video pictures into blocks and macrob 
locks is arbitrary, but helpful to the creation of video 
compression standards. Moreover, the division of pictures 
into such blocks enables the representation of P-pictures and 
B-pictures in terms of other pictures in the video stream. 
This block/macroblock-based representation facilitates pic 
ture comparisons, based on corresponding portions of suc 
cessive pictures. As described above, this representation 
further facilitates the compression of a video stream. 

[0038] FIG. 2 is a ?oWchart depicting an exemplary 
method for coding, transmitting, and decoding a video 
stream. One application for Which the described exemplary 
embodiment of the present invention is particularly suited is 
that of video stream processing. Because of the large number 
of separate images that are required to produce a video 
stream, it is common that the series of images Will be 
digitiZed and compressed (encoded), so that the entire video 
stream requires less space for transmission or storage. Once 
the video stream has been so compressed, the video stream 
must usually be decompressed before it can be properly 
displayed. The How chart of FIG. 2 depicts the steps that are 
generally folloWed to encode, decode, and display a video 
stream. 

[0039] The method of FIG. 2 begins at start block 200 and 
proceeds to step 202. At step 202, the input video stream is 
prepared for encoding. Step 202 may be performed by an 
encoder or prior to sending the video stream to an encoder. 
In any event, the video stream can be modi?ed to facilitate 
encoding. Indeed various exemplary embodiments of the 
present invention are directed to various aspects of perform 
ing this step. The folloWing Figures and accompanying text 
are draWn to describing those embodiments. 
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[0040] The method proceeds from step 202 to step 204. At 
step 204, the input video stream is encoded. As described, 
the encoding process involves, among other things, the 
compression of the digitiZed data making up the input video 
stream. For the purposes of this description, the terms 
“encoding” and “compression” are used interchangeably. 
Once the video stream has been encoded, it can be trans 
mitted or stored in its compressed form. At step 206, the 
encoded video bit stream is transmitted. Often this trans 
mission can be made over conventional broadcast infrastruc 
ture, but could also be over broadband communication 
resources and/or internet-based communication resources. 

[0041] The method proceeds from step 206 to step 208. At 
step 208, the received, encoded video stream is stored. As 
described above, the compressed video stream is signi? 
cantly smaller than the input video stream. Accordingly, the 
storage of the received, encoded video stream requires feWer 
memory resources than storage of the input video stream 
Would require. This storage step may be performed, for 
example, by a computer receiving the encoded video stream 
over the Internet. Those skilled in the art Will appreciate that 
step 208 could be performed a variety of Well-knoWn means 
and could be even be eliminated from the method depicted 
in FIG. 2. For example, in a real-time streaming video 
application, the video stream is typically not stored prior to 
display. 

[0042] The method proceeds from step 208 to step 210. At 
step 210, the video stream is decoded. Decoding a video 
stream includes, among other things, expanding (decom 
pressing) the encoded video stream to its original data siZe. 
That is, the encoded video stream is expanded so that it is the 
same siZe as the input video stream. The irrelevant and/or 
redundant video data that Was removed in the encoding 
process is replaced With neW data. Various, Well-knoWn 
algorithms are available for decoding an encoded video 
stream. Unfortunately, these algorithms are typically unable 
to return the encoded video stream to its original form 
Without some image degradation. Consequently, a decoded 
video stream is typically ?ltered by a post-processing ?lter 
to reduce ?aWs (e.g., noise) in the decoded video stream. 

[0043] Once the video stream has been decoded, it is 
suitable for displaying. The method of FIG. 2 proceeds from 
step 210 to step 212 and the enhanced video stream is 
displayed. The method then proceeds to end block 214 and 
terminates. 

[0044] An Exemplary Encoding System 

[0045] FIG. 3 is a block diagram depicting a system for 
encoding a video stream that is an exemplary embodiment of 
the present invention. The encoding system 300 receives a 
video input signal 302 and an audio input signal 304. The 
video input 302 is typically a series of digitiZed images that 
are linked together in series. The audio input 304 is simply 
the audio signal that is associated With the series of images 
making up the video input 302. 

[0046] The video input 302 is ?rst passed through a 
pre-processing ?lter 306 that, among other things, ?lters 
noise from the video input 302 to prepare the input video 
stream for encoding. The input video stream is then passed 
to the video encoder 310. The video encoder compresses the 
video signal by eliminating irrelevant and/or redundant data 
from the input video signal. The video encoder 310 may 
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reduce the input video signal to a predetermined siZe to 
match the transmission requirements of the encoding system 
300. Alternatively, the video encoder 310 may simply be 
con?gured to minimiZe the siZe of the encoded video signal. 
This con?guration might be used, for example, to maximiZe 
the storage capacity of a storage medium (e.g., hard drive). 

[0047] In a similar fashion, the audio input 304 is com 
pressed by the audio encoder 308. The encoded audio signal 
is then passed With the encoded video signal to the video 
stream multiplexer 312. The video stream multiplexer 312 
combines the encoded audio signal and the encoded video 
signal so that the signals can be separated and played-back 
substantially simultaneously. After the encoded video and 
encoded audio signals have been combined, the encoding 
system outputs the combined signal as an encoded video 
stream 314. The encoded video stream 314 is thus prepared 
for transmission, storage, or other processing as needed by 
a particular application. Often, the encoded video stream 
314 Will be transmitted to a decoding system that Will 
decode the encoding video stream 314 and prepare it for 
subsequent display. 
[0048] In an exemplary embodiment of the present inven 
tion, the video input stream 302 can be further processed 
prior to encoding. In addition to the pre-processing per 
formed by the pre-processing ?lter 306, the exemplary 
encoding system 300 can prepare the input video stream 302 
for encoding by generating a control signal for the input 
video stream to facilitate compression. For example, a rate 
controller 320 can be used to match the output bit rate of the 
encoder to the capacity of transmission channel or storage 
device. Furthermore, The rate controller 320 can be used to 
control the output video quality. For ef?cient rate control, the 
exemplary encoding system 300 includes a picture grouping 
module 316, a bit allocation module 318 and a bit rate 
controller 320. 

[0049] The picture grouping module 316 can process a 
video input stream by selecting and classifying I-pictures in 
the video stream. The picture grouping module 316 can also 
select and classify P-pictures in the video stream. As is 
discussed in more detail beloW, the picture grouping module 
316 can signi?cantly improve the quality of the encoded 
video stream. Conventional encoding systems arbitrarily 
select I-pictures, by adhering to ?xed-siZe picture groups. 
The exemplary coding system 300 can adaptively select 
I-pictures to maximiZe the encoded video stream quality. 

[0050] The bit allocation module 318 can be used to 
enhance the quality of the encoded video bit stream by 
adaptively allocating bits among the groups of pictures 
de?ned by the picture grouping module 316 and by allocat 
ing bits among the pictures Within a given group of pictures. 
Whereas conventional decoding systems often allocate bits 
in an arbitrary manner, the allocation module 318 can 
reallocate bits from the picture groups requiring less video 
data to picture groups requiring more video data. Conse 
quently, the quality of the encoded video bit stream is 
enhanced by improving the quality of the groups of pictures 
requiring more video data for high quality representation. 

[0051] The bit rate controller 320 uses an improved 
method of conditional replenishment to further reduce the 
presence of noise in an encoded video bit stream. Condi 
tional replenishment is a Well-knoWn aspect of video data 
compression. In conventional encoding systems, a picture 
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element or a picture block Will be encoded in a particular 
picture if the picture element or block has changed When 
compared to a previous picture. Where the picture element 
or block has not changed, the encoder Will typically set a ?ag 
or send an instruction to the decoder to simply replenish the 
picture element or block With the corresponding picture 
element or block from the previous picture. The bit rate 
controller 320 of an exemplary embodiment of the present 
invention instead focuses on macroblocks and may condi 
tion the replenishment of a macroblock on the change of one 
or more picture elements and/or blocks Within the macrob 
lock. Alternatively, the bit rate controller 320 may condition 
the replenishment of a macroblock on a quanti?cation of the 
change Within the macroblock (e.g., the average change of 
each block) meeting a certain threshold requirement. In any 
event, the objective of the bit rate controller 320 is to further 
reduce the presence of noise in video data and to simplify the 
encoding of a video stream. 

[0052] A Conventional Decoding System 

[0053] FIG. 4 depicts a conventional decoding system for 
receiving an encoded video stream and providing decoded 
video and audio output. The decoding system 400 receives 
an encoded video stream 402 as input to a video stream 
demultiplexer 404. The video stream demultiplexer sepa 
rates the encoded video signal and the encoded audio signal 
from the encoded video stream 402. The encoded video 
signal is passed from the video stream demultiplexer 404 to 
the video decoder 406. Similarly, the encoded audio signal 
is passed from the video stream demultiplexer 404 to the 
audio decoder 410. The video decoder 406 and a audio 
decoder 410 expand the video signal and the audio signal to 
a siZe that is substantially identical to the siZe of the video 
input and audio input described above in connection With 
FIG. 3. Those skilled in the art Will appreciate that various 
Well-knoWn algorithms and processes exist for decoding an 
encoded video and/or audio signal. It Will also be appreci 
ated that most encoding and decoding processes are lossy, in 
that some of the data in the original input signal is lost. 
Accordingly, the video decoder 406 Will reconstruct the 
video signal With some signal degradation, Which is often 
perceivable as ?aWs in the output image. 

[0054] The post-processing ?lter 408 is used to counteract 
noise found in a decoded video signal that has been encoded 
and/or decoded using a lossy process. Examples of Well 
knoWn noise types include mosquito noise, salt-and-pepper 
noise, and blockiness. The conventional post-processing 
?lter 408 includes Well-knoWn algorithms to detect and 
counteract these and other knoWn noise problems. The 
post-processing ?lter 408 generates a ?ltered, decoded video 
output 412. Similarly, the audio decoder 410 generates a 
decoded audio output 414. The video output 412 and the 
audio output 414 may be fed to appropriate ports on a 
display device, such as a television, or may be provided to 
some other display means such as a softWare-based media 
playback component on a computer. Alternatively, the video 
output 412 and the audio output 414 may be stored for 
subsequent display. 

[0055] As described above, the video decoder 406 decom 
presses or expands the encoded video signal 402. While 
there are various Well-knoWn methods for encoding and 
decoding a video signal, in all of the methods, the decoder 
must be able to interpret the encoded signal. The typical 
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decoder is able to interpret the encoded signal received from 
an encoder, as long as the encoded signal conforms to an 
accepted video signal encoding standard, such as the Well 
knoWn MPEG-1 and MPEG-2 standards. In addition to raW 
video data, the encoder typically encodes instructions to the 
decoder as to hoW the raW video data should be interpreted 
and represented (i.e., displayed). For example, an encoded 
video stream may include instructions that a subsequent 
video picture is identical to a previous picture in a video 
stream. In this case, the encoded video stream can be further 
compressed, because the encoder need not send any raW 
video data for the subsequent video picture. When the 
decoder receives the instruction, the decoder Will simply 
represent the subsequent picture using the same raW video 
data provided for the previous picture. Those skilled in the 
art Will appreciate that such instructions can be provided in 
a variety of Ways, including setting a ?ag or bit Within a data 
stream. 

[0056] FIG. 5 is a block diagram depicting an exemplary 
selection of picture encoding modes in a GOP. As described 
above in connection With FIG. 1, the video stream can be 
described in terms of I-pictures 503, B-pictures 504, and 
P-pictures 506. Avideo stream can be represented by a series 
of groups of pictures (GOPs). Each GOP begins With an 
I-Picture and includes one or more P-pictures and/or B-pic 
tures. As described above, the I-Picture requires the most 
video data and is represented Without reference to any other 
picture in the video stream. The P-Picture 506 can be 
represented in terms of differences With the I-Picture 502. 
Likewise, the B-Picture 504 can be represented in terms of 
differences With the I-Picture 502 and/or the P-Picture 506. 
In conventional encoding methods, the siZe of the GOP 508 
is arbitrarily set to a speci?c number of pictures. Conse 
quently, during the encoding process, the ?rst picture is 
classi?ed as the I-Picture and is folloWed by a collection of 
P-pictures and B-pictures. When the predetermined number 
of pictures have been collected into a GOP, a neW GOP can 
be started. The neW GOP is started by identifying a next 
picture as an I-Picture. 

[0057] In an exemplary embodiment of the present inven 
tion, the siZe of each GOP may be variable. In one embodi 
ment, I-Frames coincide With scene changes in the input 
video stream. As is Well knoWn in the art, a scene change can 
be detected by signi?cant changes and/or structural break 
doWn of motion vectors from one picture to the next. Once 
a scene change has been detected, the picture folloWing the 
scene change (i.e., ?rst picture of the neW scene) may be 
classi?ed as an I-Picture. 

[0058] FIG. 6 is a block diagram depicting an exemplary 
timeline comparing the occurrence of scene changes in a 
video stream With alternative GOP siZe formats. The video 
stream 600 is represented as a series of four scenes. Scene 
changes occur at times 608, 610, and 612. In a conventional 
encoding system, the GOP is set at a constant number of 
frames, as depicted by GOP series 604. Notably, the 
I-Frames in GOP format 604 occur at times 616, 618, 620, 
and 622. None of these times correspond With the times of 
the scene changes in the video stream 600. 

[0059] The variable GOP format 602 is an exemplary 
embodiment of the present invention. Typically, the 
I-Frames of the variable GOP format coincide With the scene 
changes in the video stream 600. HoWever, Where a scene is 














