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(7) ABSTRACT

Adaptive compensation for requantization. A reference pic-
ture is decoded. Another copy of the reference picture is then
requantized and then decoded. Next, an error picture is
calculated and stored. The error picture represents the dif-
ference between the reference picture as decoded without
requantization and the reference picture as decoded with
requantization. The error picture and the requantized refer-
ence picture are used to generate a predictive picture that at
least partially compensates for generational error introduced
by requantization. This compensation for error may be
adaptively performed based on system conditions.
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METHODS AND SYSTEMS FOR REDUCING
REQUANTIZATION-ORIGINATED
GENERATIONAL ERROR IN PREDICTIVE VIDEO
STREAMS USING MOTION COMPENSATION

BACKGROUND OF THE INVENTION

[0001] 1. The Field of the Invention

[0002] The present invention relates to the field of video
processing. In particular, the present invention relates to the
field of reducing generational error caused by requantization
of a predictive video stream using motion compensation.

[0003] 2. Background and Relevant Art

[0004] Video constitutes a series of images that, when
displayed above a certain rate, gives the illusion to a human
viewer that the image is moving. Video is now a widespread
medium for communicating information whether it be a
television broadcast, a taped program, or the like. More
recently, digital video has become popular.

[0005] An uncompressed digital video stream has high
bandwidth and storage requirements. For example, the raw
storage requirement for uncompressed CCIR-601 resolution
4:2:2: serial digital video is approximately 20 megabytes per
second. In addition, associated audio and data channels also
require bandwidth and storage. From a transmission band-
width perspective, 20 megabytes per second is much faster
than conventional transmission techniques can practicably
support. In addition, from a storage perspective, a two-hour
movie would occupy approximately 144 Gigabytes of
memory, well above the capabilities of a conventional
Digital Versatile Disk (DVD). Therefore, what were desired
were systems and methods for compressing (or coding)
digital video in a way that maintains a relatively high degree
of fidelity with the original video once uncompressed (or
decoded).

[0006] One conventional high-quality compression stan-
dard is called MPEG-2, which is based on the principle that
there is a large degree of visual redundancy in video streams.
By removing much of the redundant information, the video
storage and bandwidth requirements are significantly
reduced.

[0007] FIG. 1A illustrates a display order 100A of a
sequence of pictures. If the video stream represents progres-
sive video, the pictures represent individual progressive
frames. If the video steam represents interlaced video, the
pictures represent individual interlaced frames containing
two fields each.

[0008] Under the MPEG-2 standard, there are three
classes of pictures, I-pictures, P-pictures and B-pictures.
While MPEG-2 allows for a number of display orders, the
display order illustrated in FIG. 1A is commonly used. In
this common display order, there are a series of [-pictures.
For clarity, only I-pictures I, and I, are shown in FIG. 1A.
Each consecutive I-picture pair has four P-pictures inter-
spersed there between. For example, P-pictures P, P, P,
and P,; are interspersed between consecutive I-pictures I,
and I, .. In addition, two B-pictures are interspersed between
each I-picture and each of its neighboring P-pictures. Two
B-pictures are also interspersed between each consecutive
P-picture pair. For example, B-pictures B, and B are inter-
spersed between I-picture I, and P-picture B,, B-pictures By
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and By are interspersed between P-pictures P, and P,
B-pictures Bg and B, are interspersed between P-pictures P,
and P,,, B-pictures B;;, and B,, are interspersed between
P-pictures P,, and P,;, and B-pictures B,, and B, are
interspersed between P-picture P, 5 and I-picture 1.

[0009] The I-pictures are “intra-coded” meaning that they
can be restructured without reference to any other picture in
the video stream.

[0010] The P-pictures are “inter-coded” meaning that they
may only be restructured with reference to another reference
picture. Typically, the P-picture may include motion vectors
that represent estimated motion with respect to the reference
picture. The P-picture may be reconstructed using the imme-
diately preceding I-picture or P-picture as a reference. In
FIG. 1A, arrows illustrate the predictive relationship
between pictures wherein the picture at the head of the arrow
indicates the predictive picture, and the picture at the tail of
the arrow indicates the reference picture used to reconstruct
the predictive picture. For example, the reconstruction of
P-picture P, uses P-picture P, as a reference.

[0011] B-pictures are also inter-coded. The B-picture is
typically reconstructed using the immediately preceding
I-picture or P-picture as a reference, and the immediately
subsequent I-picture or P-picture as a reference. For
example, the reconstruction of B-picture B, , uses P-picture
P,; and I-picture I, as references.

[0012] FIG. 1B illustrates the decode order 100B of the
pictures. The decode order is similar to the display order
except that reference frames are decoded prior to any
predictive pictures that rely on the reference picture, even if
the reference picture is displayed after the predictive picture.
Thus, the arrows in FIG. 1B are all rightward facing.

[0013] FIG. 2A illustrates the general process involved
with encoding a digital picture 201 using an encoder 200A
that is compatible with the MPEG-2 standard. If the digital
picture is to be an I-picture, the digital picture bypasses the
motion estimator 202 and is provided to the discrete cosine
transformation unit (DCT) 203, which transforms the digital
picture, on a block-by-block basis, from a spatial represen-
tation of an image to a frequency representation of the
image. The frequency representation is then passed to a
quantization unit 204, which quantizes each frequency, on a
macroblock-by-macroblock basis, into definable ranges. A
“macroblock” is a 16-pixel by 16-pixel array within the
picture. The quantized image is then passed to a variable
length coder 205 which performs, for example, variable
length Huffman coding on the resulting quantized image.
The reduced sized I-picture is then stored or transmitted for
subsequent decoding.

[0014] If the digital picture 201 is to be a P-picture, the
encoding process is similar as for I-pictures with several
notable exceptions. If a P-picture, the digital picture is
passed first to the motion estimator 202. For each macrob-
lock (i.e., 16x16 pixel array) in the P-picture, the motion
estimator 202 finds a close visual match to the macroblock
in the reference picture. The motion estimator 202 then
represents the macroblock in the P-picture as a motion
vector representing the motion between the macroblock in
the P-picture and the close visual match 16x16 pixel array
in the reference picture. In addition to the motion vector, a
difference macroblock is calculated representing the differ-
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ence between the macroblock in the P-picture and the close
match 16x16 pixel array in the reference frame. A macrob-
lock represented as a difference with corresponding motion
vectors is typically smaller than a macroblock represented
without motion vectors. Discrete cosine transformation and
quantization are then performed on just the difference rep-
resentation of the P-picture. Then, the difference information
is combined with the motion vectors before variable length
coding is performed.

[0015] B-pictures are encoded similar to how P-pictures
are encoded, except that motion may be estimated with
reference to a prior reference picture and a subsequent
reference picture.

[0016] FIG. 2B illustrates a conventional decoder 200B in
conformance with the MPEG-2 standard. First, a variable
length decoder 215 performs, for example, variable length
decoding on the picture. The picture (or the difference data
of the picture if a P-picture or a B-picture) is passed to the
inverse quantizor 214 for inverse quantization on a macrob-
lock-by-macroblock basis. Next, an inverse discrete cosine
transformer 213 performs inverse discrete cosine transfor-
mation on the frequency representation of the picture, on a
block-by-block basis, to reconstruct the spatial representa-
tion of the picture. The spatial representation of the picture
is passed to the motion compensator 212 where the spatial
representation is combined with the motion vectors (if a
P-picture or B-picture) to thereby reconstruct the digital
picture 201". The reconstructed digital picture 201" is labeled
differently than the original picture 201 to represent that
there may be some loss in the encoding process.

[0017] In this manner, MPEG-2 combines the functional-
ity of motion compensation, discrete cosine transformation,
quantization, and variable length coding to significantly
reduce the size of a video stream with some generally
acceptable reduction in video quality. Despite conventional
standards such as MPEG-2 that provide significant com-
pression to a video stream, it is desirable to reduce the
bandwidth requirements of the video stream even more to
maximize network and storage performance.

[0018] One known method for reducing the bandwidth
requirements even further is to perform wvariable length
decoding on the video stream, perform inverse quantization,
then perform requantization at a coarser scale, and then
perform variable length encoding. The requantized values
require fewer bits to represent than the originally quantized
values. Thus, the video stream bandwidth requirements are
reduced.

[0019] While requantization results in decreased band-
width requirements, requantization also results in some lost
data thereby decreasing the quality of the corresponding
picture to some extent. This loss in quality is compounded
in predictive video streams since a predictive picture may
rely on a chain of reference pictures, each subject to requan-
tization error. For example, P-picture P, 5 is predicted from
P-picture P,,. If P-picture P,  has inaccuracies, these inac-
curacies will be propagated to P-picture P, ;. In addition,
P-picture P, is predicted from P-picture P,, P-picture P, is
predicted from P-picture P,, and P-picture P, is predicted
from I-picture I,. Error introduced to any of these pictures
will propagate down the entire predictive chain. Thus,
P-picture P, may include error propagated from I-picture I,
and P-pictures P, P, and P,,. This propagated error is called
“generational” error.
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[0020] While the incremental error introduced by a single
requantization to a single picture may be unperceivable to a
human viewer, when the requantization error is compounded
due to these generational effects, there can be a significant
loss in quality. Therefore, what are desired are systems and
methods for reducing generational error caused by requan-
tization of a predictive video stream.

BRIEF SUMMARY OF THE INVENTION

[0021] The present invention extends to both methods and
systems for at least partially avoiding generational error due
to requantization of video streams that use predictive inter-
picture motion compensation. For example, as described
above, the MPEG-2 standard developed by the Moving
Pictures Experts Group defines three classes of pictures;
I-pictures, P-pictures, and B-pictures. The I-pictures may be
decoded without reference to any other pictures. P-pictures
use a previous I-picture or P-picture as a reference frame
during decoding. B-pictures may use a previous and possi-
bly a subsequent I-picture or P-picture during decoding. The
requantization may be adaptively performed based on a
variety of factors such as the type of picture (e.g., I, P or B),
the current network traffic of the network over which the
potentially requantized picture is to traverse, and the storage
availability for storing error pictures used to compensate for
requantization error.

[0022] First, a reference picture that has been previously
quantized is accessed and decoded. The reference picture is
requantized using, for any given macroblock, a coarser
quantization scale than what was used during the original
encode process. Then, the requantized reference picture is
decoded. Next, an error picture is calculated and stored. The
error picture represents the difference between the reference
picture as decoded without requantization and the reference
picture as decoded with requantization.

[0023] Next, a predictive picture is accessed that is pre-
dicted from the reference picture. The predictive picture
includes a number of components such as 16-pixel by
16-pixel macroblocks. Each macroblock includes one or
more motion vectors representing estimated motion between
the macroblock and a visually similar component piece in
the reference picture. Each macroblock also includes a
motion compensated residual component representing the
difference between the macroblock in the predictive picture
and the visually similar component piece in the reference
picture.

[0024] For each motion compensated residual component,
the motion vectors are used to extract the portion of the
stored error reference picture that corresponds to the visually
similar component in the reference picture. Then, the motion
compensated residual component is added to the extracted
portion of the stored error picture to thereby form an altered
predictive picture that represents a closer approximation of
the predictive picture as it would appear after decoding if the
reference picture had not been requantized. Thus, the altered
predictive picture has a reduced level of requantization-
induced generational error.

[0025] This compensation for error may be adaptively
performed. If it is determined that the storage available is
less than that required for allocating a buffer that can store
an error picture, then the error picture is compressed and
stored, or not stored at all. In addition, whether requantiza-
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tion is performed, and at what level, may also be adaptively
determined. Thus, the principles of the present invention
allow for adaptive compensation for requantization error to
thereby maximize system performance.

[0026] Additional features and advantages of the inven-
tion will be set forth in the description which follows, and
in part will be obvious from the description, or may be
learned by the practice of the invention. The features and
advantages of the invention may be realized and obtained by
means of the instruments and combinations particularly
pointed out in the appended claims. These and other features
of the present invention will become more fully apparent
from the following description and appended claims, or may
be learned by the practice of the invention as set forth
hereinafter.

BRIEF DESCRIPTION OF THE DRAWINGS

[0027] In order to describe the manner in which the
above-recited and other advantages and features of the
invention can be obtained, a more particular description of
the invention briefly described above will be rendered by
reference to specific embodiments thereof which are illus-
trated in the appended drawings. Understanding that these
drawings depict only typical embodiments of the invention
and are not therefore to be considered to be limiting of its
scope, the invention will be described and explained with
additional specificity and detail through the use of the
accompanying drawings in which:

[0028] FIG. 1A illustrates a display order of an MPEG-2
video stream in accordance with the prior art;

[0029] FIG. 1B illustrates a decode order of an MPEG-2
video stream in accordance with the prior art;

[0030] FIG. 2A illustrates an encode sequence in accor-
dance with MPEG-2 and in accordance with the prior art;

[0031] FIG. 2B illustrates a decode sequence in accor-
dance with MPEG-2 and in accordance with the prior art;

[0032] FIG. 3 schematically illustrates a video network in
which the principles of the present invention may operate;

[0033] FIG. 4 is a flowchart of a method for at least
partially avoiding generational error due to requantization in
accordance with the present invention;

[0034] FIG. 5 is a flowchart of a method for processing an
I-picture in accordance with the present invention;

[0035] FIG. 6 is a flowchart of a method for processing a
P-picture in accordance with the present invention;

[0036] FIG. 7 is a flowchart of a method for processing a
B-picture in accordance with the present invention; and

[0037] FIG. 8 illustrates the time-dependent state of sev-
eral buffers and illustrates how the error buffers may be
time-shared if the B-pictures have only one reference pic-
ture.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0038] The present invention extends to both methods and
systems for at least partially avoiding generational error due
to requantization of video streams, such as MPEG-2, that
use predictive inter-picture motion compensation. After
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accessing a reference picture, inverse quantization is per-
formed on the reference picture. Then, the reference picture
is requantized at a coarser scale than was originally used
when encoding the reference picture. This results in a
reduction of the number of bits needed to represent the
reference picture. Then, information representing the error
due to the requantization is stored. Next, after accessing a
predictive picture that depends on the reference picture, an
altered predictive picture is calculated using the error infor-
mation, the altered predictive picture at least partially com-
pensating for the error generated by the requantization of the
reference picture.

[0039] The embodiments of the present invention may
comprise a special purpose or general-purpose computer
including various computer hardware, as discussed in
greater detail below.

[0040] Embodiments within the scope of the present
invention also include computer-readable media for carrying
or having computer-executable instructions or data struc-
tures stored thereon. Such computer-readable media can be
any available media that can be accessed by a general
purpose or special purpose computer. By way of example,
and not limitation, such computer-readable media can com-
prise RAM, ROM, EEPROM, CD-ROM or other optical
disk storage, magnetic disk storage or other magnetic stor-
age devices, or any other medium which can be used to carry
or store desired program code means in the form of com-
puter-executable instructions or data structures and which
can be accessed by a general purpose or special purpose
computer.

[0041] When information is transferred or provided over a
network or another communications connection (either
hardwired, wireless, or a combination of hardwired or
wireless) to a computer, the computer properly views the
connection as a computer-readable medium. Thus, any such
connection is properly termed a computer-readable medium.
Combinations of the above should also be included within
the scope of computer-readable media. Computer-execut-
able instructions comprise, for example, instructions and
data which cause a general purpose computer, special pur-
pose computer, or special purpose processing device to
perform a certain function or group of functions.

[0042] The precise operating environment in which the
principles of the present invention are implemented is not
important to the present invention. The principles of the
present invention may be implemented in any operating
environment that is able to implement the principles of the
present invention. For example, given suitable software
and/or adaptation, general-purpose computers, special-pur-
pose computers or special purpose processing devices
(whether now developed or to be developed in the future)
might implement the principles of the present invention. In
addition, the principles of the present invention may be
implemented by software, hardware, firmware or any com-
bination thereof.

[0043] FIG. 3 and the corresponding discussion provide a
general description of a network 300 in which the present
invention may operate. The network 300 includes a video
source 301 that provides video 302 to video management
system 310 for further processing. The video management
system 310 includes a memory 311 that may store the
computer-executable instructions described above, and a
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processor 312 that is coupled to the memory 311 through, for
example, a bus 313 so as to be able to execute the computer-
executable instructions.

[0044] The video management system 310 also includes a
video decoder 314 that decodes video in accordance with a
video decoding standard such as, for example, MPEG. A
transcoder 315 operates to reduce the memory and band-
width requirements of the video 302 and may do such by
implementing the principles of the present invention
described herein. If the video decoder 314 and the transcoder
315 are implemented at least partially in hardware, the video
decoder 314 and the transcoder 315 would be coupled to the
bus 313 as shown in FIG. 3. However, as will be apparent
to those of ordinary skill in the art, the principles of the
present invention may be implemented by hardware, soft-
ware, or a combination of hardware and software.

[0045] While FIG. 3 and the corresponding discussion
above provide a general description of a suitable environ-
ment in which the invention may be implemented, it will be
appreciated that the features of the present invention dis-
closed herein may be practiced in association with a variety
of different system configurations.

[0046] In accordance with the principles of the present
invention, requantization is performed in a manner that
reduces generational error caused by dependencies on ref-
erence pictures that themselves were requantized. In addi-
tion, the reduction in generational error may be performed in
a flexible manner. For example, perhaps the requantization
occurs at a coarser scale for B-pictures in an MPEG-2 video
stream since B-pictures do not act as reference pictures and
thus do not introduce error into other predictive pictures. In
addition, perhaps requantization is performs at a coarser
scale for those P-pictures that are furthest temporally after
the last I-picture, while P-pictures that are temporally just
after the last I-picture have little, if any, requantization
performed on them. In this manner, the degree of requanti-
zation may be customized depending on the position of the
picture within the group of pictures.

[0047] Furthermore, requantization may be adjusted
depending on the conditions of the network over which the
requantized data is to traverse. For example, if network 300
is more congested, requantization may be performed at a
maximum permissible level. On the other hand, if there is
less network congestion on the network 300, a lower level
of requantization may be performed. For example, if the
management system 310 were to delivery the requantized
video to a video node over network 300, the management
system 310 may monitor network traffic levels of the net-
work 300 in determining how to perform requantization in
light of current network conditions.

[0048] FIG. 4 illustrates a method 400 of at least partially
avoiding generational error at the decoder in accordance
with the present invention. The method 400 will be
described with frequent reference to FIG. 5, FIG. 6 and
FIG. 7, which respectively illustrate methods of the man-
agement system 310 processing I-pictures, P-pictures and
B-pictures to compensate for generational requantization
error.

[0049] In order to perform requantization on a particular
video stream, the management system 310 accesses a ref-
erence picture (act 401) in the video stream. For example,
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FIG. 5 illustrates a method 500 for decoding an I-picture,
which is often used as a reference picture under the MPEG-2
standard. The access of the reference picture (act 401) is
represented in FIG. § by the encoded I-picture 501 being
provided to the rest of the functional flow illustrated in FIG.
5.

[0050] The management system 310 may then perform a
requantization algorithm (act 402) by default or in response
to particular instructions received from a decision-making
component in the management system 310. It may also be
that the management system 310 does not perform requan-
tization on the reference picture at all due to, for example,
transient conditions resulting in abundant network band-
width availability.

[0051] Referring to FIG. 5, in order to perform such
requantization on the reference picture, the management
system 310 performs variable length decoding on the I-pic-
ture 501 as in accordance with the MPEG-2 standard (act
502). Then, for each macroblock, the I-picture 501 is inverse
quantized using the same scale that was used to quantize the
macroblock (act 503). The quantization scale information
for each macroblock in a given picture is included in any
picture that is encoded using the MPEG-2 standard.

[0052] After being inverse quantized (act 503), a copy of
the inverse quantized I-picture is then requantized (act 504).
More specifically, each macroblock in the I-picture is
requantized using a scale as coarse as or coarser than was
originally used to quantize the macroblock. Although
requantization is described herein as occurring to all the
macroblocks in a picture, benefit may also be derived by
requantizing only a portion of the picture (e.g., by requan-
tizing only some of the macroblocks). As used herein,
requantization of a picture refers to the requantization of at
least a portion of the picture. This requantization reduces the
size of the [-picture with some sacrifice in image quality. The
level of requantization may be adjusted. For example, if
there is a high level of transient network congestion, the
requantization may be at a coarser level than if there is a low
level of transient network congestion. Note that, in some
cases, it may be possible to requantize the I-picture without
separately performing inverse quantization. However, in
most cases, it is more computationally efficient to inverse
quantize and requantize as separate processing steps
although this is not required.

[0053] Referring to FIG. 4, after performing requantiza-
tion on the reference picture (act 402), the management
system 310 stores information representing the error gener-
ated due to the requantization of the reference picture (act
403). Referring to FIG. 5, this may be accomplished for the
I-picture by inverse quantizing the I-picture for each mac-
roblock using the same quantization scale that was used to
requantize the macroblock (act 505). Then, the I-picture is
subjected on a block-by-block basis to Inverse Discrete
Cosine Transformation (IDCT) (act 506) to convert the
I-picture from a frequency representation to a spatial repre-
sentation. Note that the output from the IDCT (act 506)
represents the spatial representation of the requantized I-pic-
ture after decoding.

[0054] In order to calculate information representing the
requantization error, the management system 310 also gen-
erates a spatial representation of the I-picture in which there
is no requantization performed. Specifically, the manage-
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ment system 310 takes a copy of the inverse quantized
I-picture generated by act 503, and performs block-by-block
IDCT (act 507) on the I-picture to generate a version of the
I-picture as it would be decoded without requantization.
Note that the path represented by act 501, act 502, act 503
and act 507 may be, for example, the normal MPEG-2
decoding path illustrated in FIG. 1B. An error picture is then
calculated by taking the difference between the spatial
representation of the I-picture as it would be decoded after
requantization and the spatial representation of the I-picture
as it would be decoded without requantization, thus resulting
in the stored error I-picture 508. Optionally, the error I-pic-
ture may be compressed prior to being stored. The com-
pression may be lossy or lossless.

[0055] The management system 310 is now prepared to at
least partially compensate for the error introduced by
requantizing the I-picture for subsequent P-pictures or
B-pictures that are predicted from the I-picture. The man-
agement system 310 transmits the requantized I-picture to
the appropriate decoder that may be present in, for example,
one of video nodes 320 through 323. Thus, the management
system 310 performs variable length coding (act 509) on the
requantized I-picture to form a compressed I-picture 510
that is compressed beyond the original compression that
occurred during encoding. Thus, valuable memory and
network bandwidth resources are conserved in storing and
transmitting the I-picture.

[0056] Referring again to FIG. 4, the management system
310 also accesses a predictive picture (act 404) that is
predicted from the reference picture. For example, FIG. 6
illustrates a method 600 of decoding of a P-picture, which is
often predicted from the immediately preceding I-picture or
P-picture under the MPEG-2 standard. The access of the
reference picture (act 404) is represented in FIG. 6 by the
encoded P-picture 601 being provided to the rest of the
functional flow illustrated in FIG. 6.

[0057] Referring to FIG. 4, the management system 310
then calculates an altered predictive picture that would at
least partially compensate for the error generated due to the
requantization of the reference picture using the error picture
of the reference picture (act 505). In FIG. 6, the elements
within and above the dashed box operate together to calcu-
lating an altered predictive P-picture.

[0058] Specifically, referring to FIG. 6, the management
system 310 performs variable length decoding on the P-pic-
ture 601 as in accordance with the MPEG-2 standard (act
602). The predictive P-picture is divided into component
pieces that each correspond to a macroblock (a 16-pixel by
16-pixel block array). For each macroblock, there are one or
more motion vectors representing motion between the mac-
roblock in the P-picture 601 and a visually similar 16-pixel
by 16-pixel block array in the reference picture. The mac-
roblock in the predictive P-picture 601 also includes a
motion compensated residual component representing the
difference between the macroblock in the P-picture and the
visual similar pixel block array in the reference picture.

[0059] By reducing the macroblock to motion vectors and
motion compensated residual components using motion
estimation, the encoder significantly reduced the size of the
video stream. The video stream is assumed to arrive at the
management system 310 with its predictive pictures already
motion estimated. After variable length decoding, the
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motion vector components (labeled as “macroblock motion
vectors” in FIG. 6) and the motion compensated residual
components (labeled as “difference macroblocks” in FIG. 6)
are then parsable and are separated to different portions of
the requantization method 600.

[0060] Act 603, act 604, act 605 and act 606 are then
performed for each macroblock. Specifically, for each mac-
roblock, the corresponding difference macroblock is inverse
quantized (act 603) using whatever inverse quantization
scale was provided in the P-picture 601. Then inverse DCT
is performed on the inverse quantized difference macroblock
(act 604) to convert the difference block from a frequency
domain representation of the difference macroblock to a
spatial domain representation of the difference macroblock.
This conversion is performed on a block-by-block basis
where a block is an 8-pixel by 8-pixel block array. Of course,
four different inverse DCT operations will occur to perform
inverse DCT on the luma components of the macroblock,
plus some more inverse DCT operations for the chroma
components, the number depending on the color format.
YUV 4:2:0 has 2 chroma blocks per macroblock, and YUV
4:2:2 has 4 chroma blocks per macroblock.

[0061] In addition, in order to provide suitable correction
for the requantization error introduced into the reference
picture, the motion vectors for the corresponding macrob-
lock are used in order to extract the portion of the error
representation of the reference frame (e.g., stored error
I-picture 508) that corresponds to the visual similar 16-pixel
by 16-pixel block array in the reference picture (act 605).
Then, this error portion from the reference picture is added
to the spatial representation of the difference macroblock
generated by act 604 to form an error compensated mac-
roblock (act 606). Repeating act 603, act 604, act 605 and act
606 for each macroblock results in an altered predictive
picture that will at least partially compensate for requanti-
zation error introduced into the reference picture. Thus,
decoding of the altered predictive picture will result in a
predictive picture that appears more like it would had the
reference picture not be requantized at all.

[0062] Referring to FIG. 4, the error compensated predic-
tive picture is then stored or sent to the decoder (act 406).
Referring to FIG. 6, this process includes performing DCT
on the error compensated predictive picture (more specifi-
cally, on the motion compensated residual component of the
error compensated predictive picture) (act 607). Then, the
motion compensated residual component and its corre-
sponding motion vectors are variable length coded (act 608)
to generate the encoded version of the error compensated
predictive picture.

[0063] If the video management system 310 determines
that requantization of the P-picture is to occur, the manage-
ment system 310 would also requantize the frequency rep-
resentation of the motion compensated residual component
of the error compensated predictive picture (act 609). In this
case, the resulting encoded version of the error compensated
predictive picture would be compressed as illustrated by the
compressed P-picture 610.

[0064] If the management system 310 determines that
requantization is to be performed, and if the predictive
picture is to be used as a reference picture for other predic-
tive pictures, and if the video management system 310
determines that the requantization error introduced into the
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current predictive picture is to be compensated for when
generating the predictive picture that relies on the current
predictive picture, then an error picture (e.g., stored error
P-picture 611) is generated for use when processing the
subsequent predictive picture.

[0065] In order to generate the stored error P-picture 611,
the requantized version of the motion compensated residual
component of the error compensated predictive picture is
inverse quantized using the same quantization scales that
were used to requantize (act 612). Then, the inverse quan-
tized picture is subject to inverse DCT (act 613) to generate
the spatial representation of the residual component that
would be decoded without compensation for requantization
error. The difference between the version of the residual
component from act 606 that was not requantized and the
version of the residual component from act 613 that was
requantized is then calculated to be the stored error P-picture
611.

[0066] FIG. 7 illustrates a method 700 of the management
system 310 decoding a B-picture 701. If the video manage-
ment system 310 determines that error correction is to occur
for the B-picture 701 and if the requantization error for the
reference pictures is stored, then the method 700 of FIG. 7
is performed. Otherwise, the conventional MPEG-2 decod-
ing methods may be employed.

[0067] The method of decoding a B-picture illustrated in
FIG. 7 is similar to the method of decoding a P-picture as
illustrated in FIG. 6, except that there is no equivalent to act
612 and act 613 shown in FIG. 7 since it is not useful to
calculate an error picture of the B-picture since the B-picture
does not act as a reference picture.

[0068] The management system 310 calculates an altered
predictive picture that would compensate for the error
generated due to the requantization of the reference pic-
ture(s) using the error picture of the reference picture(s).
Specifically, referring to FIG. 7, the management system
310 performs variable length decoding (act 702) on the
B-picture 701 to generate the motion compensated residual
components and the motion vectors. Unlike P-pictures how-
ever, a macroblock for a B-picture may include a set of
motion vectors for more than one reference picture.

[0069] Act 703, act 704, act 705 and act 706 are then
performed for each macroblock. Specifically, for each mac-
roblock, the corresponding difference macroblock is inverse
quantized (act 703). Then, inverse DCT is performed on the
inverse quantized difference macroblock (act 704). In addi-
tion, the motion vectors for the corresponding macroblock
are used in order to extract the portion of the error repre-
sentation of each reference frame (e.g., stored error I-picture
508 and stored error P-picture 611) that corresponds to the
visually similar 16-pixel by 16-pixel block arrays in the
reference pictures (act 705). Then, these error portions from
the reference pictures are added to the spatial representation
of the difference macroblock generated by act 704 to form
an error compensated macroblock (act 706). Repeating act
703, act 704, act 705 and act 706 for each macroblock results
in an altered predictive frame that will at least partially
compensate for requantization error introduced into the
reference picture. Thus, decoding of the altered predictive
picture will result in a predictive picture that appears closer
to what it would had the reference picture not be requantized
at all.
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[0070] The error compensated predictive picture is then
stored or sent to the decoder. The process includes perform-
ing DCT on the error compensated predictive picture (more
specifically, on the motion compensated residual component
of the error compensated predictive picture) (act 707). Then,
the motion compensated residual component and its corre-
sponding motion vectors are variable length coded (act 708)
to generate the encoded version of the error compensated
predictive picture.

[0071] If the management system 310 determines that
requantization of the B-picture is to occur, the management
system 310 would also requantize the frequency represen-
tation of the motion compensated residual component of the
error compensated predictive picture (act 709). In this case,
the resulting encoded version of the error compensated
predictive picture would be compressed as illustrated by the
compressed B-picture 710.

[0072] In this manner, requantization may be performed
on video stream to reduce the size and bandwidth require-
ments of the video stream while reducing generational error
caused by requantization. Also, the video management sys-
tem may intelligently determine what level of requantization
is to occur and whether to store error pictures based on
network and storage conditions, thus providing a significant
improvement over the prior state of the art.

[0073] If N streams are being transcoded simultaneously,
and the number of available buffers is less than 2N, these
buffers may be time-shared between the streams by reducing
the extent of compensation in the streams. Reduction in
compensation can be achieved by occasionally (or always)
using 1-directional compensation for B frames, and occa-
sionally using no compensation for either P frames or B
frames or both. An illustrative but non-limiting example of
this technique follows. FIG. 8 illustrates that the buffers that
store the error picture may be time-shared if the B-picture is
compensated using only one reference frame (i.e. 1-direc-
tional compensation). For instance, FIG. 8 illustrates how
three video streams may be decoded using only four buffers.
The state of the four buffers (identified as buffers 1 through
4) is illustrates at 15 different time segments ranging from
time 0 to time 14. A “-” symbol indicates that at the
corresponding time, there is no operation occurring at the
corresponding buffer. An “r” symbol indicates that at the
corresponding time, the buffer is read. An “I” symbol
indicates that an I-picture is being written to the correspond-
ing buffer. A “P” symbol indicates that a P-picture is being
written to the corresponding buffer. The superscript of the
“I” symbol and “P” symbol identifies the video stream that
includes the picture.

[0074] To decode the first video stream, an error I-picture
is written to buffer 1 at time 0. At time 1, the I-picture is read
so that an error predictive P-picture for the first video stream
may be written to buffer 2 at time 1. At time 2 and 3, the
P-picture from buffer 2 is read to construct a B-picture at
time 2 and time 3, respectively. At time 4, the P-picture is
read from buffer 2 to construct the next P-picture in the first
video stream. The resulting P-picture is written to the buffer
3 also at time 4. At time 5 and 6, the P-picture from buffer
3 is read to construct a B-picture at time 5 and time 6,
respectively. At time 7, the P-picture is read from buffer 3 to
construct the next P-picture in the first video stream. The
resulting P-picture is written to the buffer 4 also at time 7.
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At time 8 and 9, the P-picture from buffer 4 is read to
construct B-pictures at time 8 and time 9, respectively. At
time 10, the P-picture is read from buffer 4 to construct the
next P-picture in the first video stream. The resulting P-pic-
ture is written to the buffer 1 also at time 10. At time 11 and
12, the P-picture from buffer 1 is read to construct a
B-picture at time 11 and time 12, respectively. At time 13,
the P-picture is read from buffer 1 to construct the next
P-picture in the first video stream. The resulting P-picture is
written to the buffer 4 also at time 13. At time 14, the
P-picture from buffer 2 is read to construct a B-picture at
time 14. Error I-frames and P-frames for a second and third
video stream may also be stored in these same four buffers
as illustrated in FIG. 8.

[0075] The present invention may be embodied in other
specific forms without departing from its spirit or essential
characteristics. The described embodiments are to be con-
sidered in all respects only as illustrative and not restrictive.
The scope of the invention is, therefore, indicated by the
appended claims rather than by the foregoing description.
All changes which come within the meaning and range of
equivalency of the claims are to be embraced within their
scope.

What is claimed and desired to be secured by United States

Letters Patent is:

1. In a video management system that has access to a
video stream that is generated using quantization and inter-
picture motion compensation, the video management system
further compressing the video stream by requantizing pic-
tures within the video stream, the video management system
providing the further compressed video stream to a decoder,
a method of at least partially avoiding generational error at
the decoder introduced by the requantization, the method
comprising the following:

accessing a reference picture that has been previously
quantized,;

performing requantization on the reference picture using
a coarser quantization scale than the quantization scale
originally used to perform quantization on the reference
picture;

storing information representing the error generated due
to the requantization of the reference picture;

accessing a predictive picture that depends on the refer-
ence picture; and

calculating an altered predictive picture that would com-
pensate for the error generated due to the requantization
of the reference picture using the information repre-
senting the error.
2. Amethod in accordance with claim 1, further compris-
ing:

making the altered predictive picture available to the
decoder.

3. Amethod in accordance with claim 1, further compris-
ing the following:

providing the requantized reference picture to the
decoder; and

decoding the requantized reference picture.
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4. A method in accordance with claim 3, further compris-
ing the following:

performing variable length coding of the requantized
reference picture prior to providing the requantized
reference picture to the decoder.
5. Amethod in accordance with claim 1, further compris-
ing the following:

performing variable length decoding of the reference
picture prior to performing inverse quantization on the
reference picture.

6. A method in accordance with claim 1, wherein the act
of storing information representing the error generated due
to the requantization of the reference picture comprises the
following:

after performing inverse quantization on the reference
picture, performing inverse discrete cosine transforma-
tion on a copy of the reference picture that is not subject
to the act of performing requantization to generate a
spatial representation of the reference picture for which
requantization was not performed;

after performing requantization on the reference picture
using a coarser quantization scale, performing inverse
quantization on the requantized reference picture;

after performing inverse quantization on the requantized
reference picture, performing inverse discrete cosine
transformation of the inverse quantized requantized
reference picture to generate a spatial representation of
the reference picture for which requantization was
performed; and

calculating an error picture representing the difference
between the spatial representation of the reference
picture for which requantization was not performed and
the spatial representation of the reference picture for
which requantization was performed.

7. A method in accordance with claim 6, wherein the
information representing the error comprises the error pic-
ture.

8. A method in accordance with claim 6, further compris-
ing the following:

compressing the error picture, wherein the information
representing the error comprises the compressed error
picture.

9. A method in accordance with claim 1, wherein the
reference picture comprises a picture that was compressed as
an I-picture in accordance with a Moving Pictures Experts
Group (MPEG) standard.

10. A method in accordance with claim 1, wherein the
reference picture comprises a picture that was compressed as
a P-picture in accordance with a Moving Pictures Experts
Group (MPEG) standard.

11. A method in accordance with claim 1, wherein the
predictive picture is a first predicative picture and the altered
predictive picture is a first altered predictive picture, the
method further comprising the following:

performing requantization on the first altered predictive
picture using a coarser quantization scale than the
quantization scale originally used to perform quantiza-
tion on the first predictive picture;

storing information representing the error generated due
to the requantization of the first altered predictive
picture;
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accessing a second predictive picture that depends on the
first predictive picture; and

calculating a second altered predictive picture that would
compensate for the error generated due to the requan-
tization of the first altered predictive picture using the
information representing the error generated due to the
requantization of the first altered predictive picture.
12. A method in accordance with claim 11, further com-
prising the following

providing the second altered predictive frame to the

decoder.

13. A method in accordance with claim 11, wherein the
reference picture comprises a picture that was compressed as
an I-picture in accordance with a Moving Pictures Experts
Group (MPEG) standard.

14. A method in accordance with claim 13, wherein the
first predictive picture comprises a picture that was com-
pressed as a P-picture in accordance with a Moving Pictures
Experts Group (MPEG) standard.

15. A method in accordance with claim 14, wherein the
second predictive picture comprises a picture that was
compressed as a B-picture in accordance with a Moving
Pictures Experts Group (MPEG) standard.

16. A method in accordance with claim 11, wherein the
error picture is a first error picture, wherein the first predic-
tive picture is divided into one or more component blocks,
each block having one or more associated motion vectors
representing estimated movement in the block in the first
predictive picture as compared to a similar block in the
reference picture, each block also having difference data
representing the difference between the block in the first
predictive picture and the similar block in the reference
picture, wherein the first altered predictive picture comprises
a spatial representation of the difference data of the first
altered predictive picture,

wherein the act of performing requantization on the first
altered predictive picture comprises the following:

performing discrete cosine transformation on the spa-
tial representation of the difference data of the first
altered predictive picture to generate a frequency
representation of the difference data of the first
altered predictive picture; and

performing requantization on the frequency represen-
tation of the difference data of the first altered
predictive picture;

wherein storing information representing the error gener-
ated due to the requantization of the first altered pre-
dictive picture comprises the following:

performing inverse quantization on the requantized
frequency representation of the difference data of the
first altered predictive picture; and

performing inverse discrete cosine transformation on
the inverse quantized frequency representation of the
difference data to generate a spatial representation of
the requantized difference data; and

calculating a second error picture representing the
difference between the spatial representation of the
difference data of the first altered predictive picture
and the spatial representation of the requantized
difference data.
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17. A method in accordance with claim 11, further com-
prising the following:

requantizing the second altered predictive picture;

providing the requantized second altered predictive pic-
ture to the decoder.

18. In a video management system that has access to a
video stream that is generated using quantization and inter-
picture motion compensation, the video management system
further compressing the video stream by requantizing pic-
tures within the video stream, the video management system
providing the further compressed video stream to a decoder,
a computer program product for implementing a method of
at least partially avoiding generational error at the decoder
introduced by the requantization, the computer program
product comprising a computer-readable medium having
stored thereon computer-executable instructions for imple-
menting the following to be performed by the video man-
agement system:

accessing a reference picture;
performing inverse quantization on the reference picture;

performing requantization on the reference picture using
a coarser quantization scale than the quantization scale
originally used to perform quantization on the reference
picture;

storing information representing the error generated due
to the requantization of the reference picture;

accessing a predictive picture that depends on the refer-
ence picture; and

calculating an altered predictive picture that would com-
pensate for the error generated due to the requantization
of the reference picture using the information repre-
senting the error.

19. A computer program product in accordance with claim
18, wherein the computer-readable medium further has
stored thereon computer-executable instructions for imple-
menting the following:

making the altered predictive picture available to the

decoder.

20. In a video management system that has access to a
video stream that is generated using quantization and inter-
picture motion compensation, the video management system
further compressing the video stream by requantizing pic-
tures within the video stream, the video management system
providing the further compressed video stream to a decoder,
a method of at least partially avoiding generational error at
the decoder introduced by the requantization, the method
comprising the following:

accessing a reference picture that has been previously
quantized,;

decoding the reference picture without requantization;

performing requantization on the reference picture using
a coarser quantization scale than the quantization scale
originally used to perform quantization on the reference
picture;

decoding the requantized reference picture;
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calculating an error picture that represents the difference
between the reference picture as decoded without quan-
tization and the reference picture as decoded with
quantization;

storing the error picture;

accessing a predictive picture that is predicted from the
reference picture, the predictive picture including a
plurality of component pieces, the predictive picture
including for each component piece one or more
motion vectors representing estimated motion between
the component piece and a visually similar component
piece in the reference picture, the predictive picture
also including for each component piece, a motion
compensated residual component representing the dif-
ference between the component piece and the corre-
sponding visually similar component piece in the ref-
erence picture;

for each component piece, performing the following:

obtaining the motion compensated residual component
corresponding to the component piece;

accessing the one or more motion vectors correspond-
ing to the component piece;

accessing a portion of the stored error picture that is
offset from the position of the component piece as
defined by the one or more motion vectors corre-
sponding to the component piece; and

adding the motion compensated residual component
corresponding to the component piece to the portion
of the stored error picture that is offset from the
position of the component piece as defined by the
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one or more motion vectors corresponding to the
component piece to thereby form an altered predic-
tive picture that represents the predictive picture as it
would appear if the reference picture had not been
requantized.
21. A method in accordance with claim 20, further com-
prising the following:

providing the altered predictive picture to a decoder.
22. A method in accordance with claim 20, further com-
prising:

determining at what level to perform requantization
before the act of performing requantization.
23. A method in accordance with claim 21, further com-
prising the following:

monitoring traffic levels of a network over which the
reference picture is to traverse, wherein the determina-
tion of what level to perform requantization is based on
the monitored traffic level.
24. A method in accordance with claim 20, further com-
prising:

determining whether to calculate the error picture prior to
the act of calculating the error picture.
25. A method in accordance with claim 24, further com-
prising the following:

monitoring traffic levels of a network over which the
reference picture is to traverse, wherein the determina-
tion of what level to perform requantization is based on
the monitored traffic level.





