
WO 2008/052007 PCT/US2007/082291  1 SIGNALLING OF
MAXIMUM DYNAMIC RANGE OF  INVERSE DISCRETE COSINE
TRANSFORM [0001] This application claims the benefit
of U.S. Provisional Application No.  60/862,591, filed
October 23, 2006, the entire content of which is
hereby  incorporated by reference. TECHNICAL FIELD
[0002] This disclosure relates to computer graphics,
and particularly to compression of  graphics data.
BACKGROUND  [0003] Many existing image and video
coding standards employ compression  techniques in
order to allow high-resolution images and video to be
stored or  transmitted as relatively compact files or
data streams. Such coding standards include  Joint
Photographic Experts Group ("JPEG"), Moving Pictures
Experts Group  ("MPEG")-l, MPEG-2, MPEG-4 part 2,
H.261, H.263, H.264/Advanced Video Coding
("H.264/AVC") and other image or video coding
standards. [0004] In accordance with many of these
standards, video frames are compressed using
"spatial" encoding. These frames may be original
frames (i.e., i-frames) or may be  residual frames
generated by a temporal encoding process that uses
motion  compensation. During spatial encoding, frames
are broken into equal sized blocks of  pixels. For
example, an uncompressed frame may be broken into a
set of 8x8 blocks of  pixels. For each block of
pixels, pixel components are separated into matrixes
of pixel  component values. For example, each block of
pixels may be divided into a matrix of Y  pixel
component values, a matrix of U pixel component
values, and a matrix of V pixel  component values. In
this example, Y pixel component values indicate
luminance  values and U and V pixel component values
represent chrominance values. [0005] Furthermore,
during spatial encoding, a forward discrete cosine
transform  ("FDCT") is applied to each matrix of pixel
component values in a frame that is being  encoded. An
ideal one-dimensional FDCT is defined by: WO
2008/052007 PCT/US2007/082291  2 N-i Tc 2n+1)k)  t(k)
= c(k)~ s(n)cos 2N 



where s is the array of N original values, t is the
array of N transformed values, and the  coefficients c
are given by: c(0)= I 1 7 , c(k)= 2/N  for 1 <k<N- 1.
[0006] An ideal two-dimensional FDCT is defined by the
formula: N-1 N-1 r(2m + 1)l Tc(2n + 1) j t(i, j) =
c(i, j)Y Y s(m, n) cos 2N cos 2N  n=1 m=0 where s is
the array of N original values, t is the array of N
transformed values, and c(i j)  is given by c(ij) =
c(i)c(j), and with c(k) defined as in the
one-dimensional case. [0007] A matrix of coefficients
is produced when a block of pixel component values is
transformed using the FDCT. This matrix of
coefficients may then be quantized and  encoded using,
for example, Huffman or arithmetic codes. A video
bitstream represents  the combined result of
performing this process on all blocks of pixel
component values  in video frames in an uncompressed
series of video frames. [0008] An uncompressed video
frame may be derived from a video bitstream by
reversing this process. In particular, each matrix of
coefficients in the bitstream video is  decompressed
and the decompressed values are inverse quantized in
order to derive  matrixes of inverse quantized
coefficients. An inverse discrete cosine transform
("IDCT") is then applied to each matrix of inverse
quantized coefficients in order to  derive matrixes of
pixel component values. An ideal one-dimensional IDCT
is defined  by: s(n) _ Y c(k)t(k)cos Tc(2n + 1)k  k=o
2N where s is the array of N original values, t is the
array of N transformed values, and the  coefficients c
are given by c(0)= I 1 7 , c(k)= 2/N  for 1 <k<N- 1.
An ideal two-dimensional IDCT is defined by the
formula: N-1 N-1 ;r(2m+1}i ;r(2n+1)j  s(m,n)- II c(i,
j)t(i, j)cos cos 2N 2N  i=o l=o WO 2008/052007
PCT/US2007/082291  



3 The resulting matrixes of pixel component values are
then reassembled into blocks of  pixels and these
blocks of pixels are reassembled to form a decoded
video frame. If the  decoded video frame is an
intra-coded frame, the video frame is now completely
decoded. However, if the decoded video frame is an
inter-coded frame, the decoded  video frame is merely
a decoded residual frame. A completed frame is
generated by  constructing a predicted frame using
motion vectors associated with the decoded video
frame and then adding the predicted frame to the
decoded residual frame. SUMMARY  [0009] Techniques are
described to signal a maximum dynamic range of inverse
discrete cosine transform ("IDCT") output values that
may be produced when a set of  encoded media data is
decoded. In accordance with these techniques, an
encoding  device may generate a media file that
includes encoded media data associated with a set  of
one or more video frames. The media file may also
include a range indication  element that indicates the
maximum dynamic range of IDCT output values produced
when the encoded media data is decoded. A decoding
device that receives the media  file may, prior to
decoding the encoded media data, use the range
indication element to  determine whether to decode the
encoded media data. For instance, the decoding device
may not decode the encoded media data when the
decoding device is not capable of  producing IDCT
output values in the indicated range of IDCT output
values. [0010] In one aspect, a method comprises
receiving, with a decoding module, a media  object
that includes encoded media data that represents a set
of one or more video  frames and a range indication
element that indicates a maximum dynamic range of
IDCT output values associated with the encoded media
data. The method also  comprises determining whether
the maximum dynamic range of IDCT output values
associated with the encoded media data includes an
IDCT output value that is outside a  given range.
Furthermore, the method comprises using a first
operation to generate a set  of IDCT output values
based on the encoded media data when the maximum
dynamic  range of IDCT output values associated with
the encoded media data does not include an IDCT output
value that is outside the given range. In addition,
the method comprises  using the set of IDCT output
values to generate reconstructed video frames
associated  with video frames in the set of video
frames. The method also comprises causing a  media
presentation module to present the reconstructed video
frames. WO 2008/052007 PCT/US2007/082291  



4 [0011] In another aspect, a method comprises
receiving, from a decoding device, a  message that
indicates a maximum dynamic range of IDCT output
values. In addition,  the method comprises generating,
in response to receiving the message, a first set of
encoded media data that represents a set of one or
more video frames, wherein IDCT  output values
associated with the first set of encoded media data do
not include an IDCT  output value that is outside the
indicated range. The method also comprises outputting
the first set of encoded media data to the decoding
device. [0012] In another aspect, a device comprises a
communications interface that receives a  media object
that includes encoded media data that represents a set
of one or more video  frames and a range indication
element that indicates a maximum dynamic range of
IDCT output values associated with the encoded media
data. The device also comprises  a range checking
module that determines whether the maximum dynamic
range of  IDCT output values associated with the
encoded media data includes an IDCT output  value that
is outside a given range. In addition, the device
comprises a first inverse  transform module that uses
a first operation to generate a set of IDCT output
values  based on the encoded media data when the
maximum dynamic range of IDCT output  values
associated with the encoded media data does not
include an IDCT output value  that is outside the
given range. The device also comprises a picture
reconstruction  module that uses the set of IDCT
output values to generate reconstructed video frames
associated with video frames in the set of video
frames. Furthermore, the device  comprises a
presentation driver that causes a media presentation
module to present the  reconstructed video frames.
[0013] In another aspect, a device comprises a
communications interface that receives,  from a
decoding device, a message that indicates a maximum
dynamic range of IDCT  output values. The device also
comprises an encoding module that generates, in
response to receiving the message, a first set of
encoded media data that represents a set  of one or
more video frames, wherein IDCT output values
associated with the first set of  encoded media data
do not include an IDCT output value that is outside
the indicated  range. The communications interface
outputs the first set of encoded media data to the
decoding device. [0014] In another aspect, a device
comprises means for receiving a media object that
includes encoded media data that represents a set of
one or more video frames and a  range indication
element that indicates a maximum dynamic range of IDCT
output 



WO 2008/052007 PCT/US2007/082291  5 values associated
with the encoded media data. The device also comprises
means for  determining whether the maximum dynamic
range of IDCT output values associated  with the
encoded media data includes an IDCT output value that
is outside a given  range. In addition, the device
comprises means for using a first operation to
generate a  set of IDCT output values based on the
encoded media data when the maximum  dynamic range of
IDCT output values associated with the encoded media
data does not  include an IDCT output value that is
outside the given range. Furthermore, the device
comprises means for using the set of IDCT output
values to generate reconstructed  video frames
associated with video frames in the set of video
frames. The device also  comprises means for causing a
media presentation module to present the reconstructed
video frames. [0015] In another aspect, a device
comprises means for receiving, from a decoding
device, a message that indicates a maximum dynamic
range of IDCT output values. The device also comprises
means for generating, in response to receiving the
message, a  first set of encoded media data that
represents a set of one or more video frames,  wherein
IDCT output values associated with the first set of
encoded media data do not  include an IDCT output
value that is outside the indicated range. The device
also  comprises means for outputting the first set of
encoded media data to the decoding  device. [0016] In
another aspect, an integrated circuit comprises
circuitry that receives a media  object that includes
encoded media data that represents a set of one or
more video  frames and a range indication element that
indicates a maximum dynamic range of  IDCT output
values associated with the encoded media data. The
integrated circuit also  comprises circuitry that
determines whether the maximum dynamic range of IDCT
output values associated with the encoded media data
includes an IDCT output value  that is outside a given
range. Furthermore, the integrated circuit comprises
circuitry that  uses a first operation to generate a
set of IDCT output values based on the encoded  media
data when the maximum dynamic range of IDCT output
values associated with  the encoded media data does
not include an IDCT output value that is outside the
given  range. In addition, the integrated circuit
comprises circuitry that uses the set of IDCT  output
values to generate reconstructed video frames
associated with video frames in the  set of video
frames. The integrated circuit also comprises
circuitry that causes a media  



presentation module to present the reconstructed video
frames. WO 2008/052007 PCT/US2007/082291  6 [0017] In
another aspect, an integrated circuit comprises
circuitry that receives, from a  decoding device, a
message that indicates a maximum dynamic range of IDCT
output  values. In addition, the integrated circuit
comprises circuitry that generates, in response  to
receiving the message, a first set of encoded media
data that represents a set of one or  more video
frames. IDCT output values associated with the first
set of encoded media  data do not include an IDCT
output value that is outside the indicated range. The
integrated circuit also comprises circuitry that
outputs the encoded media data to the  decoding
device. [0018] In another aspect, a system comprises
an encoding device and a decoding  device. The
decoding device comprises a first communications
interface that receives  from the encoding device a
media object that includes a first set of encoded
media data  that represents a set of one or more video
frames and a range indication element that  indicates
a maximum dynamic range of IDCT output values
associated with the first set  of encoded media data.
The decoding device also comprises a range checking
module  that determines whether the maximum dynamic
range of IDCT output values associated  with the first
set of encoded media data includes an IDCT output
value that is outside a  given range. In addition, the
decoding device comprises a range negotiation module
that causes the first communication interface to
output to the encoding device a message  that
indicates the maximum dynamic range of IDCT output
values when the maximum  dynamic range of IDCT output
values associated with the encoded media data includes
an IDCT output value that is outside the given range.
Furthermore, the decoding device  comprises a first
inverse transform module that uses a first operation
to generate a set of  IDCT output values based on the
first set of encoded media data when the maximum
dynamic range of IDCT output values associated with
the first set of encoded media  data does not include
an IDCT output value that is outside the given range.
In addition,  the decoding device comprises a picture
reconstruction module that uses the set of IDCT
output values to generate reconstructed video frames
associated with video frames in the  set of video
frames. The decoding device also comprises a
presentation driver that  causes a media presentation
unit to present the reconstructed video frames. The
encoding device comprises a second communications
interface that receives, from the  decoding device,
the message that indicates the given range. The
encoding device also  



comprises an encoding module that generates, in
response to receiving the message, a  second set of
encoded media data that represents the set of one or
more video frames. WO 2008/052007 PCT/US2007/082291  7
IDCT output values associated with the second set of
encoded media data do not include  an IDCT output
value that is outside the given range. The second
communications  interface outputs the second set of
encoded media data to the decoding device. [0019] The
techniques described in this disclosure may be
implemented in hardware,  software, firmware, or any
combination thereof. If implemented in software, the
software may be executed using one or more processors,
such as microprocessors,  application specific
integrated circuits ("ASICs"), field programmable gate
arrays  ("FPGAs"), or digital signal processors
("DSPs"). The software that executes the  techniques
may be initially stored in a computer-readable medium
and loaded and  executed using the one or more
processors. [0020] Accordingly, this disclosure also
contemplates a computer-readable medium that
comprises executable instructions. When executed by
one or more processors, the  instructions cause the
one or more processors to receive a media object that
includes  encoded media data that represents a set of
one or more video frames and a range  indication
element that indicates a maximum dynamic range of IDCT
output values  associated with the encoded media data.
In addition, the instructions cause the one or  more
processors to determine whether the maximum dynamic
range of IDCT output  values associated with the
encoded media data includes an IDCT output value that
is  outside a given range. The instructions also cause
the one or more processors to use a  first operation
to generate a set of IDCT output values based on the
encoded media data  when the maximum dynamic range of
IDCT output values associated with the encoded  media
data does not include an IDCT output value that is
outside the given range. In  addition, the
instructions cause the one or more processors to use
the set of IDCT output  values to generate
reconstructed video frames associated with video
frames in the set of  video frames. The instructions
further cause the one or more processors to cause a
media presentation module to present the reconstructed
video frames. [0021] In another example, a
computer-readable medium comprises instructions that,
when executed by one or more processors, cause the one
or more processors to receive,  from a decoding
device, a message that indicates a maximum dynamic
range of IDCT  output values. The instructions also
cause the one or more processors to generate, in  



response to receiving the message, a first set of
encoded media data that represents a set  of one or
more video frames. IDCT output values associated with
the first set of  encoded media data do not include an
IDCT output value that is outside the indicated WO
2008/052007 PCT/US2007/082291  8 range. In addition,
the instructions cause the one or more processors to
output the  encoded media data to the decoding device.
[0022] In some cases, the computer-readable medium may
form part of a computer  program product, which may be
sold to manufacturers and/or used in a device. The
computer program product may include the
computer-readable medium, and in some  cases, may also
include packaging materials. [0023] The details of one
or more examples are set forth in the accompanying
drawings  and the description below. Other features,
objects, and advantages will be apparent  from the
description and drawings, and from the claims. BRIEF
DESCRIPTION OF DRAWINGS [0024] FIG. 1 is a block
diagram illustrating an exemplary system that includes
an  encoding device and a decoding device. [0025] FIG
2 is a block diagram illustrating exemplary details of
an encoding module.  [0026] FIG 3 is a block diagram
illustrating exemplary details of a decoding module.
[0027] FIG 4 is a flowchart illustrating an exemplary
operation of the exemplary  encoded module illustrated
in FIG 2. [0028] FIG 5 is a flowchart illustrating an
exemplary operation of the exemplary  decoding module
illustrated in FIG 3. [0029] FIG 6 is a flowchart
illustrating an additional exemplary operation of the
exemplary encoding module illustrated in FIG 2. [0030]
FIG 7 is a flowchart illustrating an alternate
exemplary operation of the  exemplary decoding module
illustrated in FIG 3. DETAILED DESCRIPTION [0031] FIG.
1 is a block diagram illustrating an exemplary system
2 that includes an  encoding device 4 and a decoding
device 6. It should be appreciated that system 2 is an
exemplary system and that many other arrangements and
implementations are possible.  [0032] Encoding device
4 and decoding device 6 may comprise personal
computers,  mobile radiotelephones, servers, network
appliances, computers integrated into vehicles,  video
gaming platforms, portable video game devices,
computer workstations, computer  



kiosks, digital signage, mainframe computers,
television set-top boxes, network WO 2008/052007
PCT/US2007/082291  9 telephones, personal digital
assistants, mobile media players, home media players,
digital video projectors, or another types of
electronic devices. [0033] Encoding device 4 may
include a media source 8 to generate media data. Media
source 8 may comprise a digital video or still photo
camera that captures image data.  Media source 8 may
be built into encoding device 4 or may be attached to
encoding  device 4 as a peripheral device or a network
device. [0034] In the example of FIG. 1, encoding
device 4 also includes a processor 10.  Processor 10
may be a digital signal processor ("DSP"), a
microprocessor, an  application-specific integrated
circuit ("ASIC"), or some other type of integrated
circuit.  An encoding module 12 in encoding device 4
may encode media data generated by  media source 8.
Encoding module 12 may be implemented in a variety of
ways. For  example, encoding module 12 may comprise
instructions that cause processor 10 to  encode the
media data from media source 8. In another example,
encoding module 12  may be implemented as an
integrated circuit that encodes the media data
generated by  media source 8. In yet another example,
encoding module 12 may be a combination of  one or
more hardware and software units. [0035] In the
example of FIG. 1, encoding device 4 also includes a
communications  interface 14. Communications interface
14 enables encoding device 4 to send data to  and
receive data from one or more other devices, including
decoding device 6. Communications interface 14 may be
any of a wide variety of interface types. For
example, communications interface 14 may be a type of
network interface. Types of  wireless interfaces
include Ethernet interfaces, token-ring interfaces,
Wi-Fi interfaces,  WiMax interfaces, Wireless
Broadband interfaces, Asynchronous Transfer Mode
("ATM") interfaces, Bluetooth interfaces, or other
types of wired or wireless network  interfaces. In
another example, communications interface 14 may be a
device interface  bus such as a Universal Serial Bus
("USB") interface, a FireWire interface, a serial
cable interface, or another type of device interface.
[0036] Decoding device 6 may include a communications
interface 16. Like  communications interface 14,
communications interface 16 may be any of a wide
variety of interface types. For instance,
communications interface 16 may be a network
interface, a device interface bus, or another type of
interface. Communications interface  



16 may send and receive many different kinds of data.
For example, communications  interface 16 may receive
a media object. As used in this disclosure, a "media
object" is WO 2008/052007 PCT/US2007/082291  10 a set
of data from which audible and/or visible signals may
be derived and played back.  For instance, a "media
object" may be a video bitstream, an audio or video
file, or  another type of data from which audible
and/or visible signals may be derived and  played
back. [0037] When communications interface 16 receives
a media object, a decoding module  18 in decoding
device 6 may decode encoded media data in the media
object. Decoding  module 18 may be implemented in a
variety of ways. For example, decoding module 18 may
comprise an integrated circuit that decodes the
encoded media data in the media  object. In another
example, decoding module 18 may be implemented as a
series of  instructions that, when executed by a
processor 20 in decoding device 6, cause  processor 20
to decode the encoded media data in the media object.
Processor 20 may  be a microprocessor, a digital
signal processor, an ASIC, or other type of integrated
circuit. Processor 20 may use fixed-point arithmetic
to perform numerical calculations,  as is common in
smaller devices, such as mobile telephones. For
example, processor 20  may use 16-bit registers to
store values for numerical calculations. [0038] A
presentation driver 22 in decoding device 6 causes a
media presentation  module 24 to present media data
decoded by decoding module 18. In other words,
presentation driver 22 may cause media presentation
module 24 to output audible and/or  visible signals
that represent the decoded media data. For example,
media presentation  module 24 may comprise a computer
monitor that presents video data. Media  presentation
module 24 may be integrated into decoding device 6 or
may be connected  to decoding device 6 as a peripheral
device via one or more wired or wireless links.
Presentation driver 22 may comprise a device driver or
other software that executes on  processor 20, a
hardware or firmware unit, or some other mechanism
that causes media  presentation module 24 to present
media data. [0039] When encoding module 12 encodes a
set of one or more video frames included  in the media
data generated by media source 8, encoding module 12
may generate  matrixes of coefficients by performing a
forward discrete cosine transform ("FDCT") on  blocks
of pixel component values in video frames in the set
of video frames. After  generating a matrix of
coefficients, encoding module 12 may generate a matrix
of  



quantized coefficients by quantizing the coefficients
in the matrix of coefficients.  Quantizing the
coefficients in the matrix of coefficients may reduce
the amount of  information associated with
high-frequency coefficients in the matrix of
coefficients. WO 2008/052007 PCT/US2007/082291  11
[0040] After encoding module 12 generates the set of
matrixes of quantized coefficients  for video frames
in the set of video frames, encoding module 12 may
determine a  maximum dynamic range of inverse discrete
cosine transform ("IDCT") output values  associated
with the matrixes of quantized coefficients. The IDCT
output values  associated with a matrix of quantized
coefficients represent IDCT output values in a  matrix
of IDCT output values that would result from
generating a matrix of inverse  quantized coefficients
by inverse quantizing the matrix of quantized
coefficients and  then generating the matrix of IDCT
output values by performing an IDCT on the matrix  of
inverse quantized coefficients. For example, encoding
module 12 may determine that  IDCT output values
associated with the set of matrixes of quantized
coefficients are  within a range from -1805 to 1805.
[0041] After encoding module 12 identifies the maximum
dynamic range of IDCT  output values associated with
the set of matrixes of quantized coefficients,
encoding  module 12 may generate a media object that
includes entropy-encoded versions of the  matrixes of
quantized coefficients associated with the set of
video frames, motion data  associated with the set of
video frames, and a range indication element. For
example,  encoding module 12 may generate an MPEG-2
transport stream that includes the  entropy-encoded
versions of the matrixes of quantized coefficients
associated with the  set of video frames and a
bitstream header element that indicates the maximum
dynamic  range of IDCT output values associated with
the matrixes of quantized coefficients. The  range
indication element indicates a maximum dynamic range
of IDCT output values in  the matrixes of quantized
coefficients associated with the set of video frames.
[0042] The range indication element may indicate the
range of IDCT output values in a  variety of ways. In
a first example, the range indication element may
explicitly specify  or otherwise indicate a maximum
number of bits required to represent any IDCT output
value in the matrixes of quantized coefficients
associated with the set of video frames.  In a second
example, the range indication element may explicitly
specify or otherwise  indicate a maximum IDCT output
value and a minimum IDCT output value in the  matrixes
of quantized coefficients associated with the set of
video frames. 



[0043] Encoding module 12 may perform a variety of
actions after generating the media  object. For
example, encoding module 12 may cause communications
interface 14 to  output the media object to decoding
device 6 or another device. In another example, WO
2008/052007 PCT/US2007/082291  12 encoding module 12
may store the media object in a computer-readable
medium (not  shown) for later use. [0044]
Communications interface 16 may receive a media object
that includes a set of  encoded media data associated
with a set of video frames, a set of motion data
associated with the set of video frames, and a range
indication element. When  communications interface 16
receives such a media object, decoding module 18 may
extract the range indication element from the media
object. After extracting the range  indication
element, decoding module 18 may determine whether the
range indicated by  the range indication element
includes an IDCT output value that is outside a given
range. This given range may be the range of IDCT
output values that decoding module  18 is capable of
producing. For example, the range indication element
may indicate that  IDCT output values associated with
the encoded media data are in a range [-1024, 1023]
and decoding module 18 may only be capable of
producing IDCT output values in a  range [-256, 255].
Hence, in this example, decoding module 18 may
determine that the  range indicated by the range
indication element includes an IDCT output value that
is  outside the range of IDCT output values that
decoding module 18 is capable of  producing. [0045] If
decoding module 18 determines that the range indicated
by the range  indication element is not greater than
the given range, decoding module 18 may then  perform
an entropy decoding process on the set of encoded
media data in the media  object, thereby generating a
set of matrixes of quantized coefficients associated
with the  set of video frames. In addition, decoding
module 18 may perform an entropy decoding  process on
the motion data in the media object. Decoding module
18 may then generate  matrixes of inverse quantized
coefficients by performing an inverse quantization
operation on each of the matrixes of quantized
coefficients associated with the set of  video frames.
Next, decoding module 18 may apply an IDCT to each of
the matrixes of  inverse quantized coefficients to
derive matrixes of IDCT output values. Decoding
module 18 may generate reconstructed residual pictures
associated with the set of video  frames by
reassembling the matrixes of IDCT output values. After
generating the  



reconstructed residual pictures, decoding module 18
may generate reconstructed  versions of the original
video frames using the reconstructed residual pictures
and  predicted pictures generated with the sets of
motion data associated with the set of video WO
2008/052007 PCT/US2007/082291  13 frames. Presentation
driver 22 may then cause media presentation module 24
to output  visible signals that present the
reconstructed versions of the original set of video
frames.  [0046] The techniques described in this
disclosure may provide several advantages. For
example, if a decoding device attempts to apply an
IDCT to a matrix of coefficients that  should produce
IDCT output values that the decoding device is not
capable of producing, serious differences between the
original media data and the decoded media  data may
result. Such differences may significantly diminish
the quality of the decoded  media data. The techniques
described in this disclosure may prevent the decoding
device from decoding media data when the decoding
device is unable to produce the  IDCT output values
associated with the encoded version of the media data.
[0047] The following example illustrates this point. A
typical pixel component value in  a residual picture
may range from -256 to 255. Thus, a pixel component
value may be  one of 511 different possible values.
For this reason, nine bits are required to represent
each of these 511 possible values (i.e., 29 = 512). In
an ideal case, an IDCT should, in  this example,
produce IDCT output values (i.e., pixel component
values in a residual  picture) that range from -256 to
255. However, due to errors caused by quantizing the
coefficients, an IDCT may produce IDCT output values
that range from -1805 to 1805.  Thus, an IDCT output
value maybe one of 3610 different possible values.
Twelve bits  would be required to represent each of
these 3610 possible values (i.e., 211 = 2048 is
insufficient, so 212 = 4096 may be required). In order
to minimize cost and complexity,  processor 20 might
use 16-bit registers to store numerical values.
Moreover, a last stage  of an algorithm used by
decoding module 18 to apply an IDCT may require a
right shift  by seven positions. For this reason, when
decoding module 18 executes on processor  20, there
are only nine bits remaining to represent the IDCT
output values (i.e., 16 - 7 =  9). Because there are
only nine bits to represent the IDCT output values,
the IDCT  output values may be no greater than 255 and
no less than -256. Consequently, when  processor 20
executes the instructions of decoding module 18 to
perform an inverse  discrete cosine transform,
processor 20 might produce significant errors when
processing values that are less than -256 or greater
than 255. 



[0048] FIG 2 is a block diagram illustrating example
details of encoding module 12.  Encoding module 12 may
comprise a set of "modules." These modules may
comprise  subsets of the software instructions of
encoding module 12. Alternatively, these WO
2008/052007 PCT/US2007/082291  14 modules may comprise
ASICs. In another alternative, these modules may
comprise  software instructions and ASICs. [0049] As
illustrated in the example of FIG 2, encoding module
12 may receive a set of  one or more unencoded video
frames from media source 8. The set of video frames
may include a single video frame, one or more "groups
of pictures", or other numbers of  video frames. Each
video frame received from media source 8 may include
one or more  slices. The slices of a video frame are
discrete portions of the video frame that together
include the entire video frame. For instance, the
Advanced Video Coding ("AVC")/H.264 standard specifies
that there may be one or more slices for each video
frame. However, the Motion Pictures Experts Group
("MPEG")-2 standard does not  include the concept of a
slice. Rather, in the MPEG-2 standard, only complete
video  frames are considered. In order to maintain
generality, this disclosure uses the term  "picture"
to refer to an area of a video frame that may or may
not include the entire  video frame. [0050] When
encoding module 12 receives a picture (i.e., a
"current picture")  associated with a video frame in a
set of video frames generated by media source 8, an
intra-prediction module 28 in encoding module 12 may
divide the current picture into a  set of partitions.
These partitions may be of equal or unequal size. For
example, if  encoding module 12 is encoding the
pictures in the set of video frames in accordance
with the MPEG-2 standard, intra-prediction module 28
may divide the current picture in  partitions that are
16 pixels wide and 16 pixels high. In the context of
the MPEG-2  standard, these partitions are referred to
as "macroblocks." In another example, if  encoding
module 12 is encoding the pictures in the set of video
frames in accordance  with the AVC/H.264 standard,
intra-prediction module 28 may divide the current
picture  into partitions that may have the dimensions
of 16x16, 16x8, 8x16, 8x8, 4x8, 8x4, and  4x4.
Furthermore, if encoding module 12 is encoding the
pictures in the set of video  frames in accordance
with the AVC/H.264 standard, intra-prediction module
28 may  identify an intra-coding mode for each of the
identified partitions of the current picture.  For
instance, the AVC/H.264 standard specifies four
different intra-coding modes for  



partitions that are sixteen pixels wide and sixteen
pixels high. In addition, the  AVC/H.264 standard
specifies nine different intra-coding modes for
partitions that are  four pixels wide by four pixels
high. After identifying the partitions of the current
picture, intra-prediction module 28 may provide the
partitions of the current picture to a WO 2008/052007
PCT/US2007/082291  15 forward transform module 44. In
addition, if encoding module 12 is encoding the set of
pictures in accordance with the AVC/H.264 standard,
intra-prediction module 28 may  provide to forward
transform module 44 information that specifies the
intra-coding  mode of each of the partitions of the
current picture. [0051] Furthermore, when encoding
module 12 receives the current picture from media
source 8, a motion estimation module 32 in encoding
module 12 performs motion  estimation on the current
picture. In order to perform motion estimation on the
current  picture, motion estimation module 32 may
first determine whether the current picture is  to be
encoded as an intra-coded picture or an inter-coded
picture. If motion estimation  module 32 determines
that the current picture is to be encoded as an
intra-coded picture,  motion estimation module 32 may
not perform any further action. However, if motion
estimation module 32 determines that the current
picture is to be encoded as an inter- coded picture,
motion estimation module 32 may divide the current
picture into a set of  partitions. Motion estimation
module 32 may then generate motion data for each
partition of the current picture. The type of motion
data may depend on whether the  current picture is to
be encoded as a predictive picture ("P-picture") or as
a bi-predictive  picture (B-picture"). Accordingly,
motion estimation module 32 may determine  whether the
current picture is to be encoded as a P-picture or as
a B-picture. [0052] If motion estimation module 32
determines that the current picture is to be  encoded
as a P-picture, motion estimation module 32 may, for
each partition of the  current picture, attempt to
identify a corresponding area of a preceding picture
in a  reference buffer 36. If motion estimation module
32 successfully identifies an area of a  picture in
reference buffer 36 that corresponds to a partition in
the current picture,  motion estimation module 32 may
generate a motion vector that indicates a vertical
displacement and a horizontal displacement between the
identified area and the  partition. For example,
motion estimation module 32 may generate a motion
vector that  indicates that the identified area is 10
pixels below the partition of the current picture  and
2.5 pixels to the right of the partition of the
current picture. 



[0053] If motion estimation module 32 determines that
the current picture is to be  encoded as a B-picture,
motion estimation module 32 may, for each partition of
the  current picture, attempt to identify a
corresponding area of a first picture in reference
buffer 36 and a corresponding area of a second picture
in reference buffer 36. If  encoding module 12 is
encoding the set of video frames in accordance with
the MPEG WO 2008/052007 PCT/US2007/082291  16 2
standard, the first picture precedes the video frame
associated with the current picture  and the second
picture follows the video frame associated with the
current picture.  Motion estimation module 32 may then
generate motion data for the partition that  specifies
two motion vectors. The first of these motion vectors
may indicate a  displacement from an identified area
in a preceding picture and the second of these  motion
vectors may indicate a displacement from an identified
area of a subsequent  picture. If motion estimation
module 32 does not successfully identify an area of a
picture in reference buffer 36 that corresponds to a
partition of the current picture,  motion estimation
module 32 may generate motion data that indicates that
there is no  displacement between the partition and
the equivalently located area of a preceding  picture.
If encoding module 12 is encoding the set of video
frames in accordance with  the AVC/H.264 standard,
both the first picture and the second picture may
precede or  follow the video frame associated with the
current picture or the first picture may  precede the
video frame associated with the current picture and
the second picture may  follow the video frame
associated with the current picture. Motion estimation
module  32 may then, depending on an encoding type of
the partition, generate motion data that  indicates
the identified areas in the reference frames. [0054]
After motion estimation module 32 generates motion
data for each partition of  the current picture,
motion estimation module 32 may provide the motion
data to a  motion compensation module 34 ("MOTION
COMP. MODULE") in encoding module  12. Motion
compensation module 34 may use the motion data for the
partitions of the  current picture to generate a
predicted picture for the current picture. In order to
generate the predictive picture for the current
picture, motion compensation module 34  may determine
whether encoding module 12 is encoding the current
picture as a P- picture or as a B-picture. [0055] If
encoding module 12 is encoding the current picture as
a P-picture, the motion  data associated with the
current picture may specify one or more motion vectors
and one  



or more pictures in reference buffer 30 for each
partition of the current picture. Motion  compensation
module 34 may retrieve from reference buffer 36 each
reference picture  indicated by the motion data
associated with the current picture. After retrieving
the  reference pictures from reference buffer 36,
motion compensation module 34 may, for  each partition
of the current picture, use the motion vectors of the
partition to identify  corresponding areas in one or
more of the retrieved reference pictures and then copy
the WO 2008/052007 PCT/US2007/082291  17 identified
areas into the partition of the current picture. In
this way, motion  compensation module 34 "moves" areas
from the reference pictures into appropriate
locations in the predictive picture associated with
the current picture. [0056] If encoding module 12 is
encoding the current picture as a B-picture, the
content  of the motion data associated with the
current picture may depend on the video coding
standard used to encode the current picture. For
example, the MPEG-2 standard  specifies that the
motion data associated with a "macroblock" of the
current picture  specifies an area of a reference
picture that precedes the video frame associated with
the  current picture and specifies an area of a
reference picture follows the video frame  associated
with the current picture. In a second example, the
AVC/H.264 standard  specifies that the motion data
associated with a partition of the current picture may
specify two or more reference pictures that occur
either before or after the video frame  associated
with the current picture. In either example, motion
compensation module 76  may, for each partition of the
predicted picture, interpolate the pixel component
values  of the partition based on areas of the
reference pictures indicated by the motion data
associated with the partition. [0057] After motion
compensation module 34 generates the predictive
picture  associated with the current picture, a
residual picture construction module 38 in  encoding
module 12 may use the current picture generated by
media source 8 and the predictive picture generated by
motion compensation module 34 to generate a residual
picture associated with the current picture. For
instance, residual picture construction  module 38 may
generate the residual picture by adding a negative
version of the predictive picture with the current
picture. The residual picture may contain less
information than the current picture and,
consequently, may be encoded using fewer bits  than
the current picture. After residual picture
construction module 38 generates the  residual picture
for the current picture, residual picture construction
module 38 may  



provide the residual picture to a forward transform
module 30. [0058] When forward transform module 30
receives the residual picture from residual  picture
construction module 38 or receives the original
version of the current picture  with intra-coding
instructions from intra-prediction module 28, forward
transform  module 30 may separate the picture into
blocks of pixels. For example, forward  transform
module 30 may split the picture into blocks of pixels,
each of which may  constitute 64 pixels in an 8x8
block. Forward transform module 30 may then, for each
WO 2008/052007 PCT/US2007/082291  18 of the blocks of
pixels, separate the color components of the pixels in
the block into  matrixes of pixel component values.
For example, forward transform module 30 may  extract
a matrix of Y values, a matrix of Cr values, and a
matrix of Cb values from the  block of pixels. The Y
values may specify the brightness of pixels, Cr values
may  specify red chrominance of pixels minus the Y
values, and the Cb values may specify  blue
chrominance of pixels minus the Y values. [0059] When
forward transform module 30 has extracted the matrixes
of pixel  component values, forward transform module
30 may, for each of the matrixes of pixel  component
values, generate a matrix of coefficients by applying
a two-dimensional  forward discrete cosine transform
to the matrix of pixel component values. Forward
transform module 30 may generate the matrix of
coefficients in a variety of ways. For  instance,
forward transform module 30 may utilize a floating
point module in processor  20 to generate the matrix
of coefficients. Forward transform module 30 may begin
a  process of applying a discrete cosine transform by
left-shifting each of the pixel  component values. For
instance, forward transform module 30 may left-shift
each of  the pixel component values by a number of
bits of precision removed by applying  discrete cosine
transforms and a number of bits of precision removed
by dividing by  scale factors after applying the
discrete cosine transform. Forward transform module 30
may perform a discrete cosine transform on each of the
row vectors of the matrix of  coefficients. Performing
a discrete cosine transform on each of the row vectors
of the  matrix of coefficients generates a matrix of
intermediate values. Next, forward  transform module
30 may perform a discrete cosine transform on each of
the column  vectors of the matrix of intermediate
values. Performing a discrete cosine transform on
each of the column vectors of the matrix of
intermediate values results in a matrix of
coefficient values. 



[0060] When forward transform module 30 generates a
matrix of coefficients, a  quantization module 40 in
encoding module 12 may generate a matrix of quantized
coefficients by quantizing the coefficients in the
matrix of coefficients. Quantization  module 46 may
quantize the coefficients in the matrix of
coefficients by dividing each  coefficient in the
matrix of coefficients by a number at an equivalent
position in a  custom or a standard quantization
matrix and then rounding the resulting quotients to
generate quantized coefficients. For example,
quantization module 40 may divide each  coefficient by
following standard quantization matrix: WO 2008/052007
PCT/US2007/082291  19 1.6 11. 10 16 2.1: 40 51 61- 12
12 14 19 26 58 601  14 13 16 21 40 57 69 i  14 17 22
29 51 880 62  1. IS 22 3 f 56 68 109 103 77  24 35 55
64 81 104 113 92  49 64 78 S 7 103 121. 120 111.  _'72
2 9a 118 11`2. 100 103 991 After quantization module
40 quantizes a matrix of quantized coefficients,
quantization  module 40 may provide the matrix of
quantized coefficients to an entropy encoding  module
42 in encoding module 12 and an inverse quantization
module 44 in encoding  module 12. [0061] Upon
receiving a matrix of quantized coefficients from
quantization module 40,  entropy encoding module 42
may generate a set of encoded media data by applying
an  entropy encoding scheme to the matrix of quantized
coefficients. For instance, entropy  encoding module
42 may apply a Huffman or a context-adaptive
arithmetic coding  scheme to the matrix of quantized
coefficients. To apply an entropy encoding scheme  to
a matrix of quantized coefficients, entropy encoding
module 42 may generate a  vector of the quantized
coefficients in the matrix of quantized coefficients
by  performing a zigzag scan of the quantized
coefficients in the matrix of quantized  coefficients.
In other words, entropy encoding module 42 may arrange
all of the  quantized coefficients in the two
dimensional matrix of quantized coefficients into a
one-dimensional vector of quantized coefficients.
Entropy encoding module 42 may  then apply a
run-length encoding scheme, such as Huffman coding or
arithmetic coding,  



to the vector of quantized coefficients. [0062] In
addition to applying an entropy encoding scheme to
matrixes of quantized  coefficients, entropy encoding
module 42 may apply an entropy encoding scheme to
motion data associated with partitions of video frames
in the sequence of video frames.  For example, entropy
encoding module 42 may apply a Huffman or a
context-adaptive  arithmetic coding to the motion
data. [0063] When inverse quantization module 44
receives a matrix of quantized coefficients  from
quantization module 40, inverse quantization module 44
generates a matrix of  inverse quantized coefficients
by performing an inverse quantization operation on the
matrix of quantized coefficients. For instance,
inverse quantization module 44 may  generate the
matrix of inverse quantized coefficients by
multiplying each coefficient in WO 2008/052007
PCT/US2007/082291  20 the matrix of quantized
coefficients by a number at an equivalent position of
a  quantization matrix used by quantization module 40.
Because quantization module 40  rounds the
coefficients after dividing the coefficients in the
matrix of coefficients by the  numbers in the
quantization matrix, the matrix of inverse quantized
coefficients may not  be identical to the original
matrix of coefficients. When inverse quantization
module 44  generates a matrix of inverse quantized
coefficients, inverse quantization module 44  may
provide the matrix of inverse quantized coefficients
to an inverse transform module  46 in encoding module
12. [0064] When inverse transform module 46 receives a
matrix of inverse quantized  coefficients, inverse
transform module 46 generates a matrix of IDCT output
values by  performing an IDCT on the matrix of inverse
quantized coefficients. When inverse  transform module
46 has generated a matrix of IDCT output values for
each pixel  component value of a block of pixels,
inverse transform module 46 may use the  matrixes of
IDCT output values to generate a block of pixels in a
reconstructed residual  picture associated with the
current picture. When inverse transform module 46 has
reconstructed each block of pixels in the
reconstructed residual picture associated with  the
current picture, inverse transform module 46 may
reconstruct the residual picture by  combining the
reconstructed blocks of pixels. Next, inverse
transform module 46 may  provide the reconstructed
residual picture to a picture reconstruction module 48
and a  range detection module 54. [0065] When picture
reconstruction module 48 receives the reconstructed
residual  



picture from inverse transform module 46, picture
reconstruction module 48 may use  the reconstructed
residual picture generated by inverse transform module
46 and the  predicted picture generated by motion
compensation module 34 to generate a  reconstructed
version of the current picture. Picture reconstruction
module 48 may  generate the reconstructed version of
the current picture by adding the reconstructed
residual picture to the predicted picture. After
generating the reconstructed version of  the current
picture, picture reconstruction module 48 may store
the reconstructed  version of the current picture into
reference buffer 36. In this way, motion  compensation
module 34 may use the reconstructed version of the
current picture as a  reference picture for other
frames in the set of video frames. Using reconstructed
versions of pictures rather than original versions of
pictures as reference pictures may  result in more
accurate predictive pictures. WO 2008/052007
PCT/US2007/082291  21 [0066] Range detection module 50
may identify a maximum dynamic range of IDCT  output
values in the reconstructed residual pictures
associated with video frames in the  set of video
frames. For ease of explanation, this disclosure may
refer to IDCT output  values in the reconstructed
residual pictures associated with video frames in the
set of  video frames as "IDCT output values in the
reconstructed residual pictures." For example, in the
absence of quantization error, IDCT output values
associated with the  reconstructed residual pictures
may fall within the range [-256, 255]. However, due to
quantization error, IDCT output values in the
reconstructed residual pictures may fall  within the
range [-1805, 1805]. In this example, range detection
module 50 may identify the range [-1805, 1805] as the
maximum dynamic range of IDCT output values  in the
reconstructed residual pictures. Additional
information regarding the effect of  quantization
error on maximum dynamic ranges of IDCT output values
can be found in [1] Zhou M. and De Lameillieure J.,
"IDCT output range in MPEG video coding",  Signal
Processing: IMAGE COMMUNICATION, Vol. 11, No. 2, pp.
137- 145, Dec. 1997 the entire content of which is
hereby incorporated by  reference, and [2] Y. Reznik,
"On clipping and dynamic range of variables in IDCT
designs",  ISO/IEC JTC1/SC29 WG11 input document
MPEG2006/M14004, October  2006, Hangzhou, China, the
entire content of which is hereby incorporated by
reference. 



Range detection module 50 may identify the maximum
dynamic range of IDCT output  values in the
reconstructed residual pictures in a variety of ways.
[0067] In a first example of how range detection
module 50 may identify the maximum  dynamic range of
IDCT output values in the reconstructed residual
pictures, range  detection module 50 may, upon
receiving a reconstructed residual picture associated
with the current picture from inverse transform module
46, identify a greatest IDCT  output value in the
reconstructed residual picture and a lowest IDCT
output value in the  residual picture. Range detection
module 50 may then determine whether the greatest
IDCT output value in the reconstructed residual
picture is greater than a previously  observed
greatest IDCT output value in a reconstructed residual
picture associated with  the set of video frames. If
range detection module 50 determines that the greatest
IDCT  output value in the reconstructed residual
picture is greater than the previously observed
greatest IDCT output value in a reconstructed residual
picture associated with the set of WO 2008/052007
PCT/US2007/082291  22 video frames, range detection
module 50 may set the greatest IDCT output value in
the  set of video frames to the greatest IDCT output
value in the reconstructed residual  picture.
Similarly, range detection module 50 may determine
whether the lowest IDCT  output value in the
reconstructed residual picture is less than a
previously observed  lowest IDCT output value in a
reconstructed residual picture associated with the set
of  video frames. If range detection module 50
determines that the lowest IDCT output  value in the
reconstructed residual picture is less than the
previously observed lowest  IDCT output value in the
set of video frames, range detection module 50 may set
the  lowest IDCT output value in a reconstructed
residual picture associated with the set of  video
frames to the lowest IDCT value in the reconstructed
residual picture. In this  way, range detection module
50 may identify a greatest IDCT output value
associated  with the set of video frames and a lowest
IDCT output value associated with the set of  video
frames. [0068] In a second example of how range
detection module 50 may identify the  maximum dynamic
range of IDCT output values associated with the
reconstructed  residual pictures, range detection
module 50 may receive each reconstructed residual
picture associated with the set of video frames. After
receiving each reconstructed  residual picture
associated with the set of video frames, range
detection module 50 may  generate a temporary value by
performing a bitwise "OR" operation on all of the IDCT



output values in each of the reconstructed residual
pictures associated with the set of  video frames.
Range detection module 50 may then determine a number
of bits that are  less significant than the most
significant bit in this temporary value that is set to
one.  This number, plus one, is equal to the number of
bits required to represent all IDCT  output values in
the reconstructed residual pictures associated with
the set of video  frames. The maximum number of bits
required to represent any IDCT output value in  the
reconstructed residual pictures associated with the
set of video frames may serve as  an indicator of the
maximum dynamic range of IDCT values in the
reconstructed  residual pictures associated with the
set of video frames. [0069] In a third example of how
range detection module 50 may identify the maximum
dynamic range of IDCT output values in the
reconstructed residual pictures associated  with the
set of video frames, range detection module 50 may use
the following formula  to calculate a maximum dynamic
range of IDCT output values associated with the
reconstructed residual pictures associated with the
set of video frames: WO 2008/052007 PCT/US2007/082291
23 a--a+b +Nb-a nmax b+ a+b +Nb-a nmax  2 2 2 2 2 2
This formula is applicable to an N x N input block
vector g with its elements in the  interval [a, b] (b
> a) and the matrix of quantized coefficients was
quantized and inverse  quantized with the quantization
factor in the range [0, umax], where ulmax is the
maximum  quantization factor. [0070] After range
detection module 50 identifies a maximum dynamic range
of IDCT  output values in the reconstructed residual
pictures associated with the set of video  frames,
range detection module 50 may provide the identified
range to an object  generation module 52. Object
generation module 52 may use the encoded sets of media
data generated by entropy encoding module 42, the
encoded sets of motion data  generated by entropy
encoding module 42, and the maximum dynamic range of
IDCT  output values identified by range detection
module 50 to generate a media object. For  instance,
object generation module 52 may generate an MPEG-2
transport stream that  specifies the encoded sets of
media data, the encoded sets of motion data, and a
bitstream element that indicates the maximum dynamic
range of IDCT output values  associated with the set
of video frames. [0071] In the example of FIG. 2,
encoding module 12 also comprises a range  



configuration module 54 ("RANGE CONFIG. MODULE").
Range configuration  module 54 configures encoding
module 12 to encode the set of video frames such that
IDCT output values in reconstructed residual pictures
associated with the set of video  frames fall within a
given range of IDCT output values. For example,
decoding device  6 may receive a media object
generated by encoding device 4 that includes encoded
media data associated with a set of video frames. In
this example, decoding device 6  may determine whether
the range indication element in the media object
indicates that  IDCT output values associated with the
encoded media data fall outside the given range.  For
instance, in this example, the given range may be a
range of IDCT output values  that decoding device 6
may produce using a 16-bit digital signal processor
("DSP").  Furthermore, in this example, if decoding
device 6 determines that the range indication  element
indicates that one or more IDCT output values
associated with the encoded  media data fall outside
the given range, decoding device 6 may send one or
more  messages to encoding device 4 indicating that
one or more IDCT output values WO 2008/052007
PCT/US2007/082291  24 associated with the encoded
media data fall outside the given range. When
communications interface 14 in encoding device 4
receives such messages, range  configuration module 54
may reconfigure encoding module 12 to encode the set
of  video frames such that encoding module 12 produces
an alternative media object that  includes an
alternate set of media data associated with the same
set of video frames.  The IDCT output values
associated with the alternate set of media data fall
within the  given range of IDCT output values
indicated by decoding device 6. [0072] Range
configuration module 54 may reconfigure encoding
module 12 in a  variety of ways. For example, range
configuration module 54 may cause encoding  module 12
to generate a new media object that does not cause
decoding device 6 to  produce IDCT output values that
are outside the given range. For example, range
configuration module 54 may cause quantization module
40 to generate alternate  matrixes of quantized
coefficients by using an alternate quantization matrix
to quantize  coefficients in matrixes of coefficients
generated by forward transform module 30.  After
quantization module 40 generates the alternate
matrixes of quantized coefficients,  inverse
quantization module 44 may generate alternate matrixes
of inverse quantized  coefficients by using the
alternate quantization matrix to inverse quantize the
quantized  coefficients in the alternate matrixes of
quantized coefficients. Next, inverse transform  



module 46 may generate alternate residual pictures by
performing an IDCT on the  alternate matrixes of
inverse quantized coefficients. Range detection module
50 may  calculate a new maximum dynamic range for IDCT
output values in the alternate  residual pictures
generated by inverse transform module 50. Entropy
encoding module  42 may then perform an entropy
encoding operation on the alternate set of matrixes of
quantized coefficients. Object generation module 52
may then generate an alternate  media object that
specifies the alternate set of matrixes of quantized
coefficients and a  bitstream element that indicates
the new maximum dynamic range of IDCT output  values
associated with the set of video frames. Encoding
device 4 may then send the  alternate media object to
decoding device 6. [0073] FIG. 3 is a block diagram
illustrating exemplary details of decoding module 18.
Decoding module 18 may comprise an entropy decoding
module 70, a range checking  module 72, a range
negotiation module 74, a motion compensation module
76, an  inverse quantization module 78, a primary
inverse transform module 80, a secondary  inverse
transform module 82, a residual reconstruction module
84, and a picture WO 2008/052007 PCT/US2007/082291  25
reconstruction module 86. These modules may comprise
subsets of the software  instructions of decoding
module 18. Alternatively, these modules may comprise
ASICs  within processor 20. In another alternative,
these modules may comprise software  instructions and
ASICs. [0074] Decoding module 18 may receive a media
object that includes a set of encoded  media data, a
set of encoded motion data, and a range indication
element. The set of  encoded media data in the media
object is associated with a set of video frames. The
set  of encoded motion data in the media object is
associated with the set of encoded media  data. The
range indication element in the media object indicates
a maximum dynamic  range of pixel component values in
reconstructed residual pictures associated with video
frames in the set of video frames. As described above,
this disclosure refers to pixel  component values in
reconstructed residual pictures based on encoded media
data  associated with the set of video frames as "IDCT
output values associated with the set  of encoded
media data". [0075] When decoding module 18 receives
the media object, range checking module 72  may
determine whether the range of IDCT output values
indicated by the range  indication element is within a
given range. In the example of FIG. 3, this given
range  



may be the range of IDCT output values that primary
inverse transform module 80 is  capable of producing.
For instance, the range indication element may
indicate that  IDCT output values associated with the
set of encoded media data range from -256 to  255.
Primary inverse transform 80 uses a first operation to
apply an IDCT to a matrix  of inverse quantized
coefficients. If primary inverse transform module 80
is capable of  producing IDCT output values that range
from -256 to 255, then range checking module  72 may
determine that primary inverse transform module 80 is
capable of producing any  IDCT output value in the
range of IDCT output values indicated by the range
indication  element. However, if the range indication
element indicates that IDCT output values  associated
with the set of encoded media data range from -1805 to
1805, range checking  module 72 may determine that
primary inverse transform module 80 is not capable of
producing one or more IDCT output values in the range
of IDCT output values indicated by the range
indication element. [0076] There may be a variety of
reasons why primary inverse transform module 80 is
only capable of producing a limited range of IDCT
output values when performing the  first operation.
For instance, primary inverse transform module 80 may
implement an WO 2008/052007 PCT/US2007/082291  26 IDCT
algorithm that is only capable of generating IDCT
output values that may be  represented using a nine
bit two's-complement format. Such an IDCT algorithm
may  be advantageous because the IDCT algorithm may be
implemented on 16-bit platforms.  Many modem mobile
handsets and other wireless communication devices
include 16-bit  DSPs that may be able to implement
this IDCT algorithm. Research has shown that  MPEG-1
and MPEG-2 may produce IDCT output values in the range
of [-1805, 1805].  IDCT output values in the range of
[-1805, 1805] cannot be represented in nine bit
two's-complement format. Rather, IDCT output values in
the range of [-1805, 1805]  may be required to be
represented in a twelve bit two's complement format.
It might  not be possible to implement an IDCT
algorithm that generates twelve bit two's  complement
IDCT output values on a 16-bit platform. [0077] If
range checking module 72 determines that primary
inverse transform module  80 is not capable of
producing one or more IDCT output values in the range
of IDCT  output values indicated by the range
indication element, range checking module 72 may
perform a variety of different actions. [0078] In a
first example, when range checking module 72
determines that primary  



inverse transform module 80 is not capable of
producing one or more IDCT output  values in the range
of IDCT output values indicated by the range
indication element,  range checking module 72 may
cause a range negotiation module 74 in decoding
module 18 to attempt to obtain an alternative version
of the media object.  Reconstructed residual pictures
based on encoded media data associated with video
frames in the alternate version of the media object do
not contain an IDCT output value  that is greater than
or less than the greatest or the lowest IDCT output
value that primary  inverse transform module 80 is
capable of producing. In order to attempt to obtain
the  alternative version of the media object, range
negotiation module 74 may use  communications
interface 16 to communicate with encoding device 4. In
response to  this communication, encoding device 4 may
generate the alternative version of the  media object.
Encoding device 4 may use a variety of techniques to
generate the  alternative version of the media object.
For instance, in the example of FIG. 2,  quantization
module 40 may use a different quantization matrix when
quantizing  matrixes of coefficients generated by
forward transform module 30. [0079] In a second
example, when range checking module 72 determines that
primary  inverse transform module 80 is not capable of
producing one or more IDCT output WO 2008/052007
PCT/US2007/082291  27 values in the range of IDCT
output values indicated by the range indication
element,  range checking module 72 may cause secondary
inverse transform module 82 to  generate the IDCT
output values rather than primary inverse transform
module 80.  Secondary inverse transform module 82
performs a second operation to apply an IDCT  to a
matrix of inverse quantized coefficients. In this
second example, secondary inverse  transform module 82
is capable of producing all of the IDCT output values
in the range  of IDCT output values indicated by the
range indication element. However, secondary  inverse
transform module 80 may take a longer time and/or
consume more electrical  power to generate the IDCT
output values than primary inverse transform module
80.  [0080] When range checking module 72 determines
that primary inverse transform  module 80 is capable
of producing all of the IDCT output values in the
range of IDCT  output values indicated by the range
indication element, entropy decoding module 70  may
apply an entropy decoding scheme to the set of encoded
media data in the media  object. As a result of
applying the entropy decoding scheme to the set of
encoded media  data, entropy decoding module 70
generates a set of matrixes of quantized coefficients



associated with one or more pictures. Furthermore,
entropy decoding module 70 may  apply an entropy
decoding scheme to the set of encoded motion data in
the media object. As a result of applying the entropy
decoding scheme to the set of encoded  motion data,
entropy decoding module 70 generates motion data for
each partition of  one or more pictures associated
with the set of video frames. After entropy decoding
module 70 generates a set of matrixes of quantized
coefficients associated with a  picture, entropy
decoding module 70 may provide the set of matrixes of
quantized  coefficients associated with the picture to
primary inverse transform module 80 and may  provide
the motion data associated with the picture to a
motion compensation module  76. [0081] When motion
compensation module 76 receives the set of motion data
associated with the current picture, motion
compensation module 76 determines whether  the current
picture is encoded as an I-picture, a P-picture, or a
B-picture. If the current  picture is encoded as an
I-picture, motion compensation module 76 may generate
a  "reconstructed predicted picture" in which each
pixel component value is equal to zero.  [0082] If the
current picture is encoded as a P-picture, the motion
data associated with  the current picture may include
a motion vector for each partition of the current
picture.  As discussed above, a motion vector
associated with a partition of the current picture WO
2008/052007 PCT/US2007/082291  28 may indicate a
reference picture and a displacement between an area
in the indicated  reference picture and the partition
of the current picture. When motion compensation
module 76 determines that the current picture is
encoded a P-picture, motion  compensation module 76
may retrieve from a reference buffer 90 each of the
pictures  indicated by the motion vectors in the set
of motion data associated with the current  picture.
After retrieving the reference pictures, motion
compensation module 76 may  use the reference pictures
and the motion vectors to generate a predicted picture
associated with the current picture. The predicted
picture has partitions that are the  same as the
partitions of the current picture. In order to
generate the predicted picture  associated with the
current picture, motion compensation module 76 may,
for each  partition of the predicted picture, copy the
area of a reference picture indicated by the  motion
vector associated with a corresponding partition of
the current picture to the  partition of the predicted
picture. [0083] If the current picture is encoded as a
B-picture, the content of the motion data  



associated with the current picture may depend on the
video coding standard used to  encode the current
picture. For example, the MPEG-2 standard specifies
that the motion  data associated with a "macroblock"
of the current picture specifies an area of a
reference picture that precedes the video frame
associated with the current picture and  specifies an
area of a reference picture that follows the video
frame associated with the  current picture. In a
second example, the AVC/H.264 standard specifies that
the motion  data associated with a partition of the
current picture may specify two or more reference
pictures that occur either before or after the video
frame associated with the current  picture. In either
example, motion compensation module 76 may, for each
partition of  the predicted picture, interpolate the
pixel component values of the partition based on
areas of the reference frames indicated by the motion
data associated with the partition.  [0084] When
inverse quantization module 78 receives matrixes of
quantized  coefficients from entropy decoding module
70, inverse quantization module 78 may  generate a set
of matrixes of inverse quantized coefficients
associated with the current  picture by performing an
inverse quantization operation on each of the matrixes
of  quantized coefficients associated with the current
picture. Inverse quantization module  78 may perform
the inverse quantization operation on the coefficients
in a matrix of  quantized coefficients by multiplying
each of the coefficients in the matrix of quantized
coefficients by values at equivalent positions in a
quantization matrix. WO 2008/052007 PCT/US2007/082291
29 [0085] Primary inverse transform module 80 may
apply an IDCT to each of the  matrixes in order to
generate matrixes of pixel component values. Primary
inverse  transform module 80 may use a variety of
different algorithms to apply the IDCT to a  matrix of
inverse quantized coefficients. For instance, if the
matrix of inverse quantized  coefficients is an 8x8
matrix, primary inverse transform module 80 may
generate a  matrix of intermediate coefficients by
applying an 8-point one-dimensional IDCT to  each row
vector of the matrix of inverse quantized
coefficients. In this instance,  primary inverse
transform module 80 may then generate a matrix of IDCT
output values  by applying the 8-point one-dimensional
IDCT to each column vector of the matrix of
intermediate coefficients. In another instance,
primary inverse transform module 80  may generate a
matrix of IDCT output values by applying a
two-dimensional IDCT to  the matrix of inverse
quantized coefficients. [0086] After primary inverse
transform module 80 or secondary inverse transform  



module 82 generates a matrix of IDCT output values
associated with the current picture,  residual
reconstruction module 84 may use the matrix of IDCT
output values to generate  a reconstructed residual
picture associated with the current picture. Residual
reconstructed module 84 may generate the reconstructed
residual picture in a variety of  ways. For example,
residual reconstruction module 84 may generate a block
of pixels  by combining the matrix of IDCT output
values with other matrixes of IDCT output  values
associated with equivalent positions of the current
picture. In this example,  residual reconstruction
module 84 may receive a matrix of IDCT output values
that  represent luma values, a matrix of IDCT output
values that represent Cb chrominance  values, and a
matrix of IDCT output values that represents Cr
chrominance values. In  this example, residual
reconstruction module 84 may combine these matrixes of
IDCT  output values to create a block of pixels. When
residual reconstruction module 84  finishes generating
the block of pixels associated with the current
picture, residual  reconstruction module 84 may buffer
the block of pixels until residual reconstruction
module 84 has generated each block of pixels
associated with the current picture. After  residual
reconstruction module 84 has generated each block of
pixels associated with the current picture, residual
reconstruction module 84 may combine the blocks of
pixels  associated with the current picture to form a
reconstructed residual picture associated  with the
current picture. WO 2008/052007 PCT/US2007/082291  30
[0087] A picture reconstruction module 86 in decoding
module 18 uses the  reconstructed residual picture
associated with the current picture and the predicted
picture associated with the current picture to
generate a reconstructed version of the  current
picture. Picture reconstruction module 86 may use the
reconstructed residual  picture associated with the
current picture and the predicted picture associated
with the  current picture to generate the
reconstructed version of the current picture in a
variety of  ways. For instance, picture reconstruction
module 86 may generate the reconstructed  version of
the current picture by adding each pixel component
value in the reconstructed  residual picture to an
equivalently positioned pixel component value in the
predicted  picture. After picture reconstruction
module 86 generates the reconstructed version of  the
current picture, picture reconstruction module 86 may
store the reconstructed  version of the current
picture in reference buffer 90 so that motion
compensation  module 76 may use the reconstructed
version of the current picture as a reference  



picture when performing motion compensation for other
pictures associated with the set  of video frames.
[0088] FIG 4 is a flowchart illustrating an example
operation of encoding module 12  (FIG 2). Initially,
encoding module 12 receives a current picture
associated with an  unencoded video frame in a set of
video frames from media source 8 (100). When  encoding
module 12 receives the current picture, motion
estimation module 32 may  generate motion data for the
current picture by performing a motion estimation
operation (102). For example, if encoding module 12 is
encoding the current picture as  a P-picture, motion
estimation module 32 may generate a motion vector for
each  partition of the current picture. After motion
estimation module 32 generates the motion  data for
the current picture, motion compensation module 34 may
use the motion data to  perform a motion compensation
operation that generates a predicted picture
associated  with current picture (104). Next, residual
picture construction module 38 may use the  predicted
picture generated by motion compensation module 34 and
the original current  picture to generate a residual
picture associated with the current picture (106).
[0089] Forward transform module 30 may then generate a
set of matrixes of  transformed coefficients
associated with the current picture (108). Forward
transform  module 30 may generate the set of matrixes
of transformed coefficients associated with  the
current picture in a variety of ways depending on
whether encoding module 12 is  encoding the current
picture as an intra-coded picture or as an inter-coded
picture. For WO 2008/052007 PCT/US2007/082291  31
instance, if encoding module 12 is encoding the
current picture as an intra-coded  picture, forward
transform module 30 may apply a forward DCT to each
partition of the  original current picture. If
encoding module 12 is encoding the current picture as
an  inter-coded picture, forward transform module 30
may apply a forward DCT to each  partition of the
residual picture associated with the current picture.
[0090] After forward transform module 30 generates the
matrixes of transformed  coefficients associated with
the current picture, quantization module 40 generates
a set  of matrixes of quantized coefficients
associated with the current picture by quantizing  the
coefficients in the matrixes of transformed
coefficients associated with the current  picture
(110). Entropy encoding module 42 may then perform an
entropy encoding  operation on the set of matrixes of
quantized coefficients associated with the current
picture and the set of motion data associated with the
current picture (112). Next,  



inverse quantization module 44 generates a set of
matrixes of inverse quantized  coefficients associated
with the current picture by inverse quantizing the
quantized  coefficients in the matrixes of quantized
coefficients associated with the current picture
(114). After generating the matrixes of inverse
quantized coefficients, inverse transform  module 46
generates matrixes of IDCT output values associated
with the current picture  by applying an IDCT to the
inverse quantized coefficients in the matrixes of
inverse  quantized coefficients associated with the
current picture (116). [0091] After inverse transform
module 46 generates the matrixes of IDCT output
values, range detection module 50 may determine
whether the current picture is the last  picture
associated with the set of video frames (118). If
range detection module 50  determines that the current
picture is not the last picture associated with the
set of video  frames ("NO" of 118), encoding module 12
may receive another picture associated with  the set
of video frames (100). Otherwise, if range detection
module 50 determines that  the current picture is the
last picture associated with the set of video frames
("YES" of  118), range detection module 50 may
calculate a maximum dynamic range of IDCT  output
values associated with the set of video frames (120).
After range detection  module 50 calculates the
maximum dynamic range of IDCT output values associated
with the set of video frames, object generation module
52 may generate a media object  that includes the
entropy encoded matrixes of quantized coefficients
associated with the  set of video frames, the entropy
encoded sets of motion data associated with the set of
video frames, and a range indication element that
indicates the maximum dynamic range WO 2008/052007
PCT/US2007/082291  32 of IDCT output values associated
with the set of video frames (122). Communications
interface 14 may then output the media object (124).
[0092] FIG. 5 is a flowchart illustrating an exemplary
operation of decoding module 18.  Initially, decoding
module 18 receives a media object that includes a set
of encoded  media data associated with a set of video
frames, sets of encoded motion data associated  with
the set of video frames, and a range indication
element (130). After decoding  module 18 receives the
media object, range checking module 72 extracts the
range  indication element from the media object (132).
Range checking module 72 may then  determine whether
the range of IDCT output values indicated by the range
indication  element includes an IDCT output value that
is outside a given range (134). For  instance, range
checking module 72 may determine whether the range of
IDCT output  



values indicated by the range indication element is
greater than the range of IDCT  output values that
primary inverse transform module 80 is capable of
producing. If  range checking module 72 determines
that the range of IDCT output values indicated by  the
range indication element includes an IDCT output value
that is outside the given  range ("YES" of 134), range
negotiation module 74 may, in one exemplary
implementation, send a request for an alternate
version of the media object to encoding  device 4
(136). When range negotiation module 74 requests the
alternate version of the  media object, range
negotiation module 74 may generate a range indication
element that  indicates the maximum dynamic range of
IDCT output values that primary inverse  transform
module 80 is capable of producing. After sending the
requesting for the  alternate version of the media
object, communications interface 16 may receive the
alternate version of the media object (137). [0093] On
the other hand, if range checking module 72 determines
that the range of  IDCT output values indicated by the
range indication element does not include an IDCT
output value that is outside the given range ("NO" of
134), entropy decoding module 70  in decoding module
18 may perform an entropy decoding process on the set
of encoded  media data and the set of motion data in
the media object (138). Entropy decoding  module 70
may perform an entropy decoding process that is
equivalent to the entropy  encoding process used to
encode the media data. For example, if entropy
encoding  module 42 uses Huffman encoding to encode
the media data, entropy decoding module  70 uses
Huffman decoding to decode the image. As a result of
applying the entropy  decoding process to each set of
encoded media data, entropy decoding module 70 has WO
2008/052007 PCT/US2007/082291  33 produced a set of
matrixes of quantized coefficients associated with
pictures associated  with video frames in the set of
video frames. [0094] After entropy decoding module 70
performs the entropy decoding operation on  the motion
data, motion compensation module 76 in decoding module
18 may use the  motion data to perform a motion
compensation operation, thereby generating a
predicted picture associated with the current picture
(140). [0095] Subsequently or in parallel with motion
compensation module 76, inverse  quantization module
78 in decoding module 18 may generate a set of
matrixes of  inverse quantized coefficients associated
with a current picture associated with the set of
video frames by applying an inverse quantization
operation to matrixes of quantized  



coefficients associated with the current picture
(142). Inverse quantization module 78  may inverse
quantize a matrix of quantized coefficients by
multiplying the quantized  coefficients by numbers
associated with corresponding positions of the
quantization  matrix. For example, if a quantized
coefficient at position (0,0) of a matrix of quantized
coefficients is -26 and the number at position (0,0)
of a quantization matrix is 16, the  inverse quantized
coefficient at position (0,0) of a matrix of inverse
quantized  coefficients is -416 (i.e., -26 * 16 =
-416). Notice in this example, the difference  between
the original coefficient of -415 (i.e., round(-415/16)
= -26) and the resulting  coefficient of -416. This
difference is "quantization error." [0096] After
inverse quantization module 78 generates the matrixes
of inverse  quantized coefficients associated with the
current picture, primary inverse transform  module 80
generates a set of matrixes of IDCT output values
associated with the current  picture by applying an
IDCT to the set of matrixes of inverse quantized
coefficients  (144). Next, residual reconstruction
module 84 uses the set of matrixes of IDCT output
values associated with the current picture to generate
a reconstructed residual picture  associated with the
current picture (146). After residual reconstruction
module 84  generates the reconstructed residual
picture associated with the current picture, picture
reconstruction module 86 uses the reconstructed
residual picture and the predicted  picture associated
with the current picture to generate a reconstructed
version of the  current picture (148). Once picture
reconstruction module 86 generates the  reconstructed
version of the current picture, presentation driver 22
may cause media  presentation unit 24 to display the
reconstructed version of the current picture (150). WO
2008/052007 PCT/US2007/082291  34 [0097] If the
current picture is not the last picture associated
with the set of video  frames ("YES" of 152), motion
compensation module 76 perform a motion  compensation
operation on a picture associated with the set of
video frames that follows  the current picture, and so
on (140). On the other hand, if the current picture is
the last  picture associated with the set of video
frames ("NO" of 152), decoding module 18 has
completed decoding the set of video frames (154).
[0098] FIG. 6 is a flowchart illustrating an
additional exemplary operation of encoding  module 12.
Initially, communications interface 14 in encoding
device 4 receives a  request for a media object from
decoding device 6 (170). Communications interface 14
may receive this request in conjunction with a range
indication element that indicates a  



given range. For instance, communications interface 14
may receive a range indication  element from decoding
device 6 that indicates a maximum dynamic range of
IDCT  output values that a decoding module in decoding
device 6 is capable of producing.  [0099] When
communications interface 14 receives the request for
the media object,  range configuration module 54 may
configure encoding module 12 to produce the  requested
media object (172). For instance, if communications
interface 14 has  received a range indication element
from decoding device 6, range configuration  module 54
may configure encoding module 12 to produce a media
object in which  IDCT output values associated with
encoded media data in the media object do not fall
outside the range indicated by the range indication
element received from decoding  device 6. As discussed
above, range configuration module 54 may configure
encoding  module 12 in a variety of ways, including
the configuration of quantization matrixes  used by
quantization module 40 and inverse quantization module
44. [00100] After range configuration module 54
configures encoding module 12,  encoding module 12 may
generate the requested media object. As illustrated in
the  example operation of FIG. 6, encoding module 12
may generate the requested media  object by using
motion estimation module 32 to generate motion data
for a current  picture associated with the set of
video frames of the requested media object (174).
Motion compensation module 34 may then generate a
predicted picture associated with  the current picture
(176). Next, residual picture construction module 38
may use the  predicted picture and the current picture
to generate a residual picture associated with  the
current picture (178). After residual picture
construction module 38 generates the  residual
picture, forward transform module 30 generates
matrixes of transformed WO 2008/052007
PCT/US2007/082291  35 coefficients associated with the
set of video frames at least in part by performing a
forward discrete cosine transform on pixel component
values in the residual pictures  (179). Quantization
module 40 may then generate a set of matrixes of
quantized  coefficients associated with the current
picture (180). Quantization module 40 may  generate
the set of matrixes of quantized coefficients
associated with the current picture  by using a
quantization matrix to quantize coefficients in the
matrixes of transformed  coefficients associated with
the current picture that were previously generated by
forward transform module 30. Entropy encoding module
42 may then perform an  entropy encoding operation on
the matrixes of quantized coefficients (182). 



[00101] In addition, inverse quantization module 44
may generate a set of  matrixes of inverse quantized
coefficients associated with the current picture
(184).  Inverse transform module 46 may then generate
a set of IDCT output values associated  with the
current picture by applying an IDCT to the set of
matrixes of inverse quantized  coefficients associated
with the current picture (186). [00102] After inverse
transform module 46 generates the alternate set of
matrixes  of quantized coefficients associated with
the current picture, range detection module 50  may
determine whether the current picture is the last
picture associated with the set of  video frames
(188). If the current picture is not the last picture
associated with the set  of video frames ("NO" of
188), quantization module 40 may generate motion data
for  another picture associated with the set of video
frames in the requested media object,  and so on
(174). On the other hand, if the current picture is
the last picture associated  with the set of video
frames ("YES" of 188), range detection module 50 may
calculate  the range of IDCT output values generated
by inverse transform module 46 for the set of  video
frames (190). Object generation module 52 may then
generate a media object that  includes the
entropy-encoded sets of quantized coefficients
associated with the set of  video frames,
entropy-encoded sets of motion data associated with
the set of video  frames, and a range indication
element that indicates the maximum dynamic range of
the alternate sets of IDCT output values associated
with the set of video frames (192).  Subsequently,
communications interface 14 may output the media
object (194). [00103] FIG 7 is a flowchart
illustrating an alternate exemplary operation of the
exemplary decoding module illustrated in FIG 3.
Initially, decoding module 18  receives a media object
that includes a set of encoded media data associated
with a set  of video frames, sets of encoded motion
data associated with the set of video frames, WO
2008/052007 PCT/US2007/082291  36 and a range
indication element (200). After decoding module 18
receives the media  object, range checking module 72
extracts the range indication element from the media
object (202). Next, entropy decoding module 70 in
decoding module 18 may perform  an entropy decoding
process on the set of encoded media data and the set
of motion data  in the media object (204). Entropy
decoding module 70 may perform an entropy  decoding
process that is equivalent to the entropy encoding
process used to encode the  media data. For example,
if entropy encoding module 42 uses Huffman encoding to
encode the media data, entropy decoding module 70 uses
Huffman decoding to decode  



the image. As a result of applying the entropy
decoding process to each set of encoded  media data,
entropy decoding module 70 has produced a set of
matrixes of quantized  coefficients associated with
pictures associated with video frames in the set of
video  frames. [00104] After entropy decoding module
70 performs the entropy decoding  operation on the
encoded media data and the motion data, motion
compensation module  76 in decoding module 18 may use
the motion data to perform a motion compensation
operation, thereby generating a predicted picture
associated with the current picture  (206).
Subsequently or in parallel with motion compensation
module 76, inverse  quantization module 78 in decoding
module 18 may generate a set of matrixes of  inverse
quantized coefficients associated with a current
picture associated with the set of  video frames by
applying an inverse quantization operation to matrixes
of quantized  coefficients associated with the current
picture (208). [00105] After inverse quantization
module 78 generates the matrixes of inverse  quantized
coefficients associated with the current picture,
range checking module 72  may determine whether the
range of IDCT output values indicated by the range
indication element includes an IDCT output value that
is outside a given range (210). If  range checking
module 72 determines that the range of IDCT output
values indicated by  the range indication element does
not include an IDCT output value that is outside the
given range ("NO" of 210), primary inverse transform
module 80 may use a first  operation to generate a set
of matrixes of IDCT output values associated with the
current picture by applying an IDCT to the set of
matrixes of inverse quantized  coefficients (212).
Otherwise, if range checking module 72 determines that
the range of  IDCT output values indicated by the
range indication element includes an IDCT output
value that is outside the given range ("YES" of 210),
secondary inverse transform WO 2008/052007
PCT/US2007/082291  37 module 82 may use a second
operation to generate a set of matrixes of IDCT output
values associated with the current picture by applying
an IDCT to the set of matrixes of  inverse quantized
coefficients (214). [00106] After either primary
inverse transform module 80 or secondary inverse
transform module 82 generates the set of matrixes of
IDCT output values, residual  reconstruction module 84
uses the set of matrixes of IDCT output values
associated  with the current picture to generate a
reconstructed residual picture associated with the  



current picture (216). After residual reconstruction
module 84 generates the  reconstructed residual
picture associated with the current picture, picture
reconstruction  module 86 uses the reconstructed
residual picture and the predicted picture associated
with the current picture to generate a reconstructed
version of the current picture (218).  Once picture
reconstruction module 86 generates the reconstructed
version of the  current picture, presentation driver
22 may cause media presentation unit 24 to display
the reconstructed version of the current picture
(220). [00107] If the current picture is not the last
picture associated with the set of  video frames
("YES" of 222), motion compensation module 76 perform
a motion  compensation operation on a picture
associated with the set of video frames that follows
the current picture, and so on (206). On the other
hand, if the current picture is the last  picture
associated with the set of video frames ("NO" of 222),
decoding module 18 has  completed decoding the set of
video frames (224). [00108] The techniques described
herein may be implemented in hardware,  software,
firmware, or any combination thereof. Any features
described as modules or  components may be implemented
together in an integrated circuit or an integrated
logic  device, or separately as discrete but
interoperable logic devices. If implemented in
software, the techniques may be realized at least in
part by a computer-readable medium  comprising
instructions that, when executed, performs one or more
of the methods  described above. The computer-readable
medium may form part of a computer program  product,
which may include packaging materials. The
computer-readable medium may  comprise random access
memory (RAM) such as synchronous dynamic random access
memory (SDRAM), read-only memory (ROM), non-volatile
random access memory  (NVRAM), electrically erasable
programmable read-only memory (EEPROM), FLASH  memory,
magnetic or optical data storage media, and the like.
The techniques  additionally, or alternatively, may be
realized at least in part by a computer-readable WO
2008/052007 PCT/US2007/082291  38 communication medium
that carries or communicates code in the form of
instructions or  data structures and that can be
accessed, read, and/or executed by a computer. [00109]
The code may be executed by one or more processors,
such as one or  more digital signal processors (DSPs),
general purpose microprocessors, application  specific
integrated circuits (ASICs), field programmable logic
arrays (FPGAs), or other  equivalent integrated or
discrete logic circuitry. Accordingly, the term
"processor," as  



used herein may refer to any of the foregoing
structure or any other structure suitable for
implementation of the techniques described herein. In
addition, in some aspects, the  functionality
described herein may be provided within dedicated
software modules or  hardware modules configured for
encoding and decoding, or incorporated in a combined
video encoder-decoder (CODEC). [00110] Various
examples have been described. These and other examples
are  within the scope of the following claims. WO
2008/052007 PCT/US2007/082291  39  CLAIMS: 1. A method
comprising: receiving, with a decoding module, a media
object that includes encoded media  data that
represents a set of one or more video frames and a
range indication element  that indicates a maximum
dynamic range of inverse discrete cosine transform
("IDCT")  output values associated with the encoded
media data; determining whether the maximum dynamic
range of IDCT output values  associated with the
encoded media data includes an IDCT output value that
is outside a  given range; using a first operation to
generate a set of IDCT output values based on the
encoded media data when the maximum dynamic range of
IDCT output values  associated with the encoded media
data does not include an IDCT output value that is
outside the given range; using the set of IDCT output
values to generate reconstructed video frames
associated with video frames in the set of video
frames; and causing a media presentation unit to
present the reconstructed video frames.  2. The method
of claim 1, further comprising: requesting an
alternate media object when the maximum dynamic range
of IDCT  output values associated with the encoded
media data includes an IDCT output value  that is
outside the given range; and receiving the alternate
media object, wherein the alternate media object
includes alternate encoded media data that  represents
the set of video frames, wherein a maximum dynamic
range of IDCT output values associated with the
alternate encoded media data does include an IDCT
output value that is outside the  



given range. 3. The method of claim 1, further
comprising using a second operation to generate  the
set of IDCT output values based on the encoded media
data when the maximum  dynamic range of IDCT output
values associated with the encoded media data includes
an IDCT output value that is outside the given range.
WO 2008/052007 PCT/US2007/082291  40  4. The method of
claim 1, wherein the method further comprises:
performing an entropy decoding operation on the
encoded media data to  generate a set of matrixes of
quantized coefficients associated with the set of
video frames; and generating matrixes of inverse
quantized coefficients associated with the  set of
video frames at least in part by inverse quantizing
quantized coefficients in  the set of matrixes of
quantized coefficients; and wherein using the first
operation to generate the set of IDCT output values
comprises generating the set of IDCT output values by
applying an IDCT to the  matrixes of inverse quantized
coefficients. 5. The method of claim 1, wherein using
the set of IDCT output values to generate
reconstructed video frames comprises: generating
reconstructed residual pictures that include the IDCT
output values;  generating predicted pictures
associated with the set of video frames by  performing
a motion compensation operation using motion data
associated with the set  of video frames; and
generating reconstructed pictures using the
reconstructed residual pictures and  the predicted
pictures. 6. A device comprising: a communications
interface that receives a media object that includes
encoded  media data that represents a set of one or
more video frames and a range indication  element that
indicates a maximum dynamic range of inverse discrete
cosine transform  ("IDCT") output values associated
with the encoded media data; a range checking module
that determines whether the maximum dynamic range  of
IDCT output values associated with the encoded media
data includes an IDCT output  value that is outside a
given range; 



a first inverse transform module that uses a first
operation to generate a set of  IDCT output values
based on the encoded media data when the maximum
dynamic WO 2008/052007 PCT/US2007/082291  41 range of
IDCT output values associated with the encoded media
data does not include  an IDCT output value that is
outside the given range; a picture reconstruction
module that uses the set of IDCT output values to
generate reconstructed video frames associated with
video frames in the set of video  frames; and a
presentation driver that causes a media presentation
unit to present the  reconstructed video frames. 7.
The device of claim 6, further comprising: a range
negotiation module that requests an alternate media
object when the  maximum dynamic range of IDCT output
values associated with the encoded media  data
includes an IDCT output value that is outside the
given range; and wherein the communications interface
receives the alternate media object,  wherein the
alternate media object includes alternate encoded
media data that  represents the set of video frames,
wherein a maximum dynamic range of IDCT output values
associated with the  alternate encoded media data does
not include an IDCT output value that is outside the
given range. 8. The device of claim 6, further
comprising a second inverse transform module82  that
uses a second operation to generate the set of IDCT
output values based on the  encoded media data when
the maximum dynamic range of IDCT output values
associated with the encoded media data includes an
IDCT output value that is outside  the given range. 9.
The device of claim 6, wherein the device further
comprises: an entropy decoding module that performs an
entropy decoding  operation on the encoded media data
to generate a set of matrixes of quantized
coefficients associated with the set of video frames;
and an inverse quantization module that generates a
set of inverse quantized  coefficients associated with
the set of video frames at least in part by inverse WO
2008/052007 PCT/US2007/082291  



42 quantizing quantized coefficients in the set of
matrixes of quantized coefficients;  and wherein the
first inverse transform module generates the set of
IDCT output  values by applying an IDCT to the set of
matrixes of inverse quantized coefficients.  10. The
device of claim 6, wherein the device further
comprises: a residual reconstruction module that
generates reconstructed residual  pictures that
include the IDCT output values; and a motion
compensation module that generates predicted pictures
associated with the set of video frames by performing
a motion compensation  operation using motion data
associated with the set of video frames; and  wherein
the picture reconstruction module uses the
reconstructed residual pictures and the predicted
pictures to generate the reconstructed video frames.
11. The device of claim 6, wherein the communications
interface is a wireless  communication interface. 12.
A method comprising: receiving, from a decoding
device, a message that indicates a maximum dynamic
range of inverse discrete cosine transform ("IDCT")
output values; generating, in response to receiving
the message, a first set of encoded media  data that
represents a set of one or more video frames, wherein
IDCT output values  associated with the first set of
encoded media data do not include an IDCT output value
that is outside the indicated maximum dynamic range of
IDCT output values; and outputting the first set of
encoded media data to the decoding device.  13. The
method of claim 12, wherein the method further
comprises: generating a second set of encoded media
data that represents the set of video  frames;
calculating a maximum dynamic range of IDCT output
values associated with  the second set of encoded
media data; WO 2008/052007 PCT/US2007/082291  43
generating a media object that includes the second set
of encoded media data and  a range indication element
that indicates the maximum dynamic range of IDCT
output  values associated with the second set of
encoded media data; and 



outputting the media object to the decoding device.
14. The method of claim 12, wherein generating the
first set of encoded media data  comprises: generating
residual pictures associated with video frames in the
set of video  frames; generating matrixes of
transformed coefficients associated with the set of
video  frames at least in part by performing a forward
discrete cosine transform on pixel  component values
in the residual pictures; generating matrixes of
quantized coefficients associated with the set of
video  frames at least in part by quantizing
transformed coefficients in the matrixes of
transformed coefficients; and performing an entropy
encoding operation on the matrixes of quantized
coefficients, thereby creating the first set of
encoded media data. 15. The method of claim 12,
wherein the method further comprises receiving a
request from the decoding  device for a media object
that includes the set of video frames; and wherein
receiving the message comprises receiving the message
in conjunction  with the request. 16. A device
comprising: a communications interface that receives,
from a decoding device, a message  that indicates a
maximum dynamic range of inverse discrete cosine
transform ("IDCT")  output values; an encoding module
that generates, in response to receiving the message,
a first  set of encoded media data that represents a
set of one or more video frames, wherein  IDCT output
values associated with the first set of encoded media
data do not include an  IDCT output value that is
outside the indicated maximum dynamic range of IDCT
output values; and WO 2008/052007 PCT/US2007/082291
44 wherein the communications interface outputs the
first set of encoded media data  to the decoding
device. 17. The device of claim 16, wherein the
encoding module generates a second set of encoded
media data that  represents the set of video frames; 



wherein the encoding module comprises: a range
detection module that calculates a maximum dynamic
range of  IDCT output values associated with the
second set of encoded media data; an object generation
module that generates a media object that includes
the second set of encoded media data and a range
indication element that  indicates the maximum dynamic
range of IDCT output values associated with  the
second set of encoded media data; and wherein the
communications interface outputs the media object to
the decoding  device. 18. The device of claim 17,
wherein the message is received from the decoding
device when the decoding device determines that the
maximum dynamic range of IDCT  output values
associated with the second set of encoded media data
includes a value that  is outside the maximum dynamic
range indicated in the message. 19. The device of
claim 16, wherein the encoding module comprises: a
residual picture construction module that generates
residual pictures associated  with video frames in the
set of video frames; a forward transform module that
generates matrixes of transformed coefficients
associated with the set of video frames at least in
part by performing a forward discrete  cosine
transform on pixel component values in the residual
pictures; a quantization module that generates
matrixes of quantized coefficients  associated with
the set of video frames at least in part by quantizing
coefficients in the  matrixes of transformed
coefficients; and an entropy encoding module that
performs an entropy encoding operation on the
matrixes of quantized coefficients, thereby creating
the first set of encoded media data. WO 2008/052007
PCT/US2007/082291  45 20. The device of claim 16,
wherein the communications interface receives a
request  from the decoding device for a media object
that includes the set of video frames,  wherein the
communications interface receives the message in
conjunction with the  request. 21. A system
comprising:  an encoding device; and  a decoding
device; wherein the decoding device comprises: 



a first communications interface that receives from
the encoding  device a media object that includes a
first set of encoded media data that  represents a set
of one or more video frames and a range indication
element that indicates a maximum dynamic range of
inverse discrete  cosine transform ("IDCT") output
values associated with the first set of  encoded media
data; a range checking module that determines whether
the maximum  dynamic range of IDCT output values
associated with the first set of  encoded media data
includes an IDCT output value that is outside a  given
range; a range negotiation module that causes the
first communication  interface to output to the
encoding device a message that indicates the  maximum
dynamic range of IDCT output values when the maximum
dynamic range of IDCT output values associated with
the encoded media  data includes an IDCT output value
that is outside the given range; a first inverse
transform module that uses a first operation to
generate a set of IDCT output values based on the
first set of encoded  media data when the maximum
dynamic range of IDCT output values  associated with
the first set of encoded media data does not include
an  IDCT output value that is outside the given range;
a picture reconstruction module that uses the set of
IDCT output  values to generate reconstructed video
frames associated with video  frames in the set of
video frames; and WO 2008/052007 PCT/US2007/082291  46
a presentation driver that causes a media presentation
unit to  present the reconstructed video frames; and
wherein the encoding device comprises: a second
communications interface that receives, from the
decoding device, the message that indicates the given
range; an encoding module that generates, in response
to receiving the  message, a second set of encoded
media data that represents the set of  one or more
video frames, wherein IDCT output values associated
with  the second set of encoded media data do not
include an IDCT output  



value that is outside the given range; and wherein the
second communications interface outputs the second
set of encoded media data to the decoding device. 22.
The system of claim 21, wherein the encoding module
comprises: a range detection module that calculates a
maximum dynamic range of IDCT  output values
associated with the second set of encoded media data;
an object generation module that generates a second
media object that includes  the second set of encoded
media data and a second range indication element that
indicates the maximum dynamic range of IDCT output
values associated with the  second set of encoded
media data; and wherein the second communications
interface outputs the media object to the  decoding
device. 23. The system of claim 21, wherein the
encoding module further comprises: a residual picture
construction module that generates residual pictures
associated  with video frames in the set of video
frames; a forward transform module that generates
matrixes of transformed coefficients  associated with
the set of video frames at least in part by performing
a forward discrete  cosine transform on pixel
component values in the residual pictures; a
quantization module that generates matrixes of
quantized coefficients  associated with the set of
video frames at least in part by quantizing
coefficients in the  matrixes of transformed
coefficients; and WO 2008/052007 PCT/US2007/082291  47
an entropy encoding module that performs an entropy
encoding operation on the  matrixes of quantized
coefficients, thereby creating the second set of
encoded media  data. 24. The system of claim 21,
wherein the decoding device further comprises: an
entropy decoding module that performs an entropy
decoding operation on the  first set of encoded media
data to generate a set of matrixes of quantized
coefficients  associated with the set of video frames;
and an inverse quantization module that generates a
set of inverse quantized  coefficients associated with
the set of video frames at least in part by inverse
quantizing  quantized coefficients in the set of
matrixes of quantized coefficients; and wherein the
first inverse transform module generates the set of
IDCT output  



values by applying an IDCT to the set of matrixes of
inverse quantized coefficients. 25. The system of
claim 21, wherein the decoding device further
comprises a second  inverse transform module that uses
a second operation to generate the set of IDCT  output
values based on the first set of encoded media data
when the maximum dynamic  range of IDCT output values
associated with the first set of encoded media data
includes  an IDCT output value that is outside the
given range. 


