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Description

SUMMARY

[0001] In summary, the detailed description is directed to aspects of encoding and decoding digital media data, and
in particular, encoding and decoding digital media data in digital media encoders and decoders.
[0002] For example, rules for the signaling and interpretation of chroma position are described. One rule, called the
short rule, defines fifteen discrete chroma centering positions and a corresponding four-bit syntax element. Another rule,
called the extended rule, defines 81 discrete chroma centering positions and corresponding seven-bit syntax elements.
Variations on these rules and other aspects also are described.
[0003] In one aspect, a method comprises receiving digital media data at a digital media encoder; determining chroma
position information for the received digital media data; representing the chroma position information with one or more
syntax elements in an encoded bitstream, wherein the syntax element is operable to communicate the chroma position
information to a digital media decoder, and wherein the chroma position information facilitates an image rotation or flip;
and outputting the encoded bitstream. In another aspect, the chroma position information is decoded.
[0004] US 2004/0008790 A1 describes a system for processing of color information in a video signal wherein chroma
information specifying locations of chroma samples relative to luma samples is used to reduce the loss of picture quality
during conversion of chroma.
[0005] The HD Photo feature specification describes a still image format, which uses a very high performance reversible
color space conversion, a reversible lapped biorthogonal transform and an advanced enthropy coding scheme. Further-
more, file transformation operations can be performed without the need to decode compressed data.
[0006] This summary is provided to introduce a selection of concepts in a simplified form that are further described
below in the detailed description. This summary is not intended to identify key features or essential features of the
claimed subject matter, nor is it intended to be used to limit the scope of the claimed subject matter.
[0007] The foregoing and other objects, features, and advantages will become more apparent from the following
detailed description, which proceeds with reference to the accompanying figures.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008]

Figure 1 is a block diagram of a suitable computing environment for implementing techniques and tools for signaling
and use of chroma position information in one or more described implementations.
Figure 2 is a diagram showing a first example chroma sample position rule.
Figure 3 is a diagram showing a second example chroma sample position rule.
Figure 4 is a diagram showing chroma downsampling of interlace data.
Figure 5 is a block diagram of a block transform-based codec.
Figure 6 is a flow diagram of a representative encoder.
Figure 7 is a flow diagram of a representative decoder.

DETAILED DESCRIPTION

[0009] The present application relates to techniques and tools for efficient compression and decompression of digital
media data. In various described embodiments, a still image encoder and/or decoder incorporate techniques for com-
pressing and/or decompressing image data.
[0010] Various alternatives to the implementations described herein are possible. For example, techniques described
with reference to flowchart diagrams can be altered by changing the ordering of stages shown in the flowcharts, by
repeating or omitting certain stages, etc. As another example, although some implementations are described with ref-
erence to specific digital media formats, other formats also can be used.
[0011] The various techniques and tools can be used in combination or independently. Different embodiments imple-
ment one or more of the described techniques and tools. Some techniques and tools described herein can be used in
a still image encoder or decoder, or in some other system not specifically limited to still image encoding or decoding.

I. Computing Environment

[0012] Figure 1 illustrates a generalized example of a suitable computing environment 100 in which several of the
described embodiments may be implemented. The computing environment 100 is not intended to suggest any limitation
as to scope of use or functionality, as the techniques and tools may be implemented in diverse general-purpose or
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special-purpose computing environments.
[0013] With reference to Figure 1, the computing environment 100 includes at least one processing unit 110 and
memory 120. In Figure 1, this most basic configuration 130 is included within a dashed line. The processing unit 110
executes computer-executable instructions and may be a real or a virtual processor. In a multi-processing system,
multiple processing units execute computer-executable instructions to increase processing power. The memory 120
may be volatile memory (e.g., registers, cache, RAM), nonvolatile memory (e.g., ROM, EEPROM, flash memory, etc.),
or some combination of the two. The memory 120 stores software 180 implementing a digital media encoder or decoder
with one or more of the described techniques and tools.
[0014] A computing environment may have additional features. For example, the computing environment 100 includes
storage 140, one or more input devices 150, one or more output devices 160, and one or more communication connections
170. An interconnection mechanism (not shown) such as a bus, controller, or network interconnects the components of
the computing environment 100. Typically, operating system software (not shown) provides an operating environment
for other software executing in the computing environment 100, and coordinates activities of the components of the
computing environment 100.
[0015] The storage 140 may be removable or non-removable, and includes magnetic disks, magnetic tapes or cas-
settes, CD-ROMs, DVDs (including high-definition DVDs), or any other medium which can be used to store information
and which can be accessed within the computing environment 100. The storage 140 stores instructions for the software
180 implementing the digital media encoder or decoder.
[0016] The input device(s) 150 may be a touch input device such as a keyboard, mouse, pen, or trackball, a voice
input device, a scanning device, still image capture device (e.g., digital camera), or another device that provides input
to the computing environment 100. For audio or video encoding, the input device(s) 150 may be a sound card, video
card, TV tuner card, or similar device that accepts audio or video input in analog or digital form, or a CD-ROM or CD-
RW that reads audio or video samples into the computing environment 100. The output device(s) 160 may be a display,
printer, speaker, CD- or DVD-writer, or another device that provides output from the computing environment 100.
[0017] The communication connection(s) 170 enable communication over a communication medium to another com-
puting entity. The communication medium conveys information such as computer-executable instructions, digital media
input or output, or other data in a modulated data signal. A modulated data signal is a signal that has one or more of its
characteristics set or changed in such a manner as to encode information in the signal. By way of example, and not
limitation, communication media include wired or wireless techniques implemented with an electrical, optical, RF, infrared,
acoustic, or other carrier.
[0018] The techniques and tools can be described in the general context of computer-readable media. Computer-
readable media are any available media that can be accessed within a computing environment. By way of example, and
not limitation, with the computing environment 100, computer-readable media include memory 120, storage 140, com-
munication media, and combinations of any of the above.
[0019] The techniques and tools can be described in the general context of computer-executable instructions, such
as those included in program modules, being executed in a computing environment on a target real or virtual processor.
Generally, program modules include routines, programs, libraries, objects, classes, components, data structures, etc.,
that perform particular tasks or implement particular abstract data types. The functionality of the program modules may
be combined or split between program modules as desired in various embodiments. Computer-executable instructions
for program modules may be executed within a local or distributed computing environment.
[0020] For the sake of presentation, the detailed description uses terms like "select" and "receive" to describe computer
operations in a computing environment. These terms are high-level abstractions for operations performed by a computer,
and should not be confused with acts performed by a human being. The actual computer operations corresponding to
these terms vary depending on implementation.

II. Signaling and Use of Chroma Sample Position Information

[0021] Described embodiments provide advanced still image codec bitstream features, including the ability to perform
cardinal rotations and mirror flips on an image without a full decode and re-encode. This feature can be supported by
multiple design techniques, including:

1. Lapped Biorthogonal Transform (LBT) -

a. The symmetry of basis functions of the LBT allows a mirror flip of spatial data within the transform block by
merely negating the sign of odd-symmetric transform coefficients. This is true for both spatial orientations, X
and Y.
b. The isotropic nature of basis functions of the LBT allows the spatial data within the transform block to be
transposed by merely transposing the transform coefficients. Cardinal rotations can be implemented as com-
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binations of transpose and mirror flips.

2. Block, macroblock and tile spatial hierarchies

a. In order to realize a mirror flip within a macroblock of data, the modified transform blocks are scanned in the
laterally inversed sequence (in X and/or Y depending on the requirement). Likewise, within a tile the modified
macroblocks are scanned in the laterally inversed order, and within an image the modified tiles are scanned in
the laterally inversed order.
b. In order to realize a transpose, the modified blocks, macroblocks and tiles are transposed. Cardinal rotations
can be implemented as combinations of transpose and mirror flips.

3. Signaling of an inscribed area within an extended crop area - this allows for non-macroblock aligned images to
be mirror flipped or rotated freely and the non-zero offset of the image from the macroblock grid to be allowed in
any direction, not merely the right and bottom.
4. Signaling of position of chroma sample - This allows chroma sub-sampled color formats such as YUV4:2:0 and
YUV4:2:2 to be rotated by permitting the independent specification of the location of the chroma sample. It also
allows the relative alignments of luma/chroma sample positions to be signaled to the decoder, so an upsampling
filter with the appropriate phase can be chosen.

Signaling of positions of chroma samples is covered in detail below. Described signaling techniques allow images to be
rotated within the compressed domain with no loss of information and no significant change in compressed size. This
is a desirable bitstream feature and has complexity benefits.

A. Chroma Centering

[0022] An image consists of multiple planes of data. In the primary space, an image is typically made up of 3 color
planes corresponding respectively to the Red, Green and Blue (R,G and B) channels. In the internal color space used
in most popular codecs, an image is made up of 3 converted color planes often referred to as Y, U and V. The Y
component is called the luminance or luma plane, which roughly corresponds to a grayscale rendering of the image.
The U and V components are referred to as chroma, chrominance or color difference planes. The nomenclature Y,U,V
is used here in a generic sense with the understanding that described techniques and tools are applicable to a variety
of "YUV type" color formats such as YCbCr, YCoCg, etc. A color format called YUV 4:4:4 has one U and one V sample
for each Y sample.
[0023] The human eye is very sensitive to the intensity variation and resolution of the luminance channel. It is relatively
less sensitive to chroma. This allows for a simple means of reducing pixel count in the data by sub-sampling or dropping
the resolution of the chroma (U and V) components.
[0024] Two chroma sub-sampling techniques are popular:

1. YUV 4:2:2 - here, the spatial resolution of U and V in the X direction is reduced by a factor of 2 (usually with some
anti-aliasing filter).
2. YUV 4:2:0 - here, the spatial resolution of U and V in both X and Y directions is reduced by a factor of 2.

[0025] For the YUV 4:2:2 case, each chroma sample corresponds to two luma samples. Likewise, for the YUV 4:2:0
case, each chroma sample corresponds to four luma samples. The chroma subsampling is usually performed after
filtering the samples with an anti-aliasing filter.
[0026] The phase of this filter determines the relative position of the chroma and luma samples.
[0027] When converting back from either of these formats to YUV 4:4:4 for the purpose of display or printing, the
knowledge of the relative sample positions must be available so that the proper upsampling filter can be used.
[0028] One approach to this problem is to either mandate or signal the exact upsampling filter that should be used.
However, this approach imposes additional requirements on the system and may not compatible with the rest of the
industry.
[0029] A simpler and more flexible solution of indicating how to reconstruct full resolution data from a sub-sampled
version is by signaling "position" information regarding alignment of luma and chroma samples. This approach allows
the decoder to use any upsampling filter whose phase is matched to the position information.
[0030] While this approach does not specify a unique reconstruction rule (i.e. unique upsampling filter), it has a suffi-
ciently good performance and has widespread acceptance.
[0031] The "position" of a sub-sampled data point is the location or phase of this value within a full-resolution grid.
The position information is used to pick between upsampling filters that are compliant with the phase constraint. The
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position information is two dimensional in general - a shift is specified in both the horizontal and vertical directions.
Figures 2 and 3 show examples of two common chroma position rules used for YUV 4:2:0. In Figure 2, phase = (0,0),
and in Figure 3, phase = (0.5, 0.5) in luma pixel units.

B. Chroma centering with image rotation/flips

[0032] The two examples shown in Figures 2 and 3 are the most common cases for YUV 4:2:0 sub-sampling of chroma.
These two centering rules are usually sufficient for video data but usually insufficient for image data. A difference between
video and images is that video is seldom rotated or mirror flipped, whereas images are very often rotated and/or mirror
flipped.
[0033] To see why the two centering rules are usually insufficient for image data, consider the following cases.

Case 1: Consider a mirror flip along the horizontal direction for the centering example 1. Now the chroma sample
is co-located not with the top left luma sample but with the top right luma sample. The corresponding phase of
chroma is (1,0) in luma pixel units, which is not defined by the rules shown in Figures 2 and 3.
Case 2: Likewise, a mirror flip along the vertical direction of an image with chroma position shown in example 1
results in a chroma position with (0,1) phase in luma pixel units which is not defined by the rules shown in Figures
2 and 3.

[0034] The above cases show the usefulness of defining additional chroma centering rules as side information to a
bitstream to aid the process of correct reconstruction when the image is subject to the basic operations of cardinal
rotations and mirror flips.

C. Chroma centering with interlace data

[0035] Another complication is introduced by interlaced video. A frame of interlaced video contains two fields - the top
field and the bottom field. A field of video may be stored at its full resolution with no chroma downsampling. More
commonly, it is carried in a chroma downsampled form such as YUV 4:2:2 where the chroma is downsampled in the X
direction by a factor of 2, and matches the luma resolution in the Y direction. In the recent video codecs, however, a
field of interlaced video is defined in the YUV 4:2:0 space so its chroma is downsampled by a factor of 2 in both X and
Y directions.
[0036] This operation often results in a chroma centering with a phase shift of 0.25 or 0.75 (in luma pixel units) in the
vertical direction depending on whether it is top or bottom field data, respectively. Such a centering can be used to
ensure the following:

1. Alternating lines of chroma in the frame are produced by alternating fields.

[0037] Chroma centering is uniform across successive lines of the frame.
[0038] The chroma downsampling of interlace data is shown in Figure 4. The X axis downsampling may have any
phase and is not relevant to this discussion. Therefore, the figure only shows the Y axis centering and displacements.

D. Chroma Positions

[0039] With the above in mind, we define two rules for chroma position. The first rule, referred to as the short rule
defines 15 chroma centering phases. This rule is signaled using a 4 bit word within an image bitstream. Table 1 enumerates
the values and corresponding phases of the syntax element CHROMA_CENTERING_SHORT in one implementation.
In the example shown in Table 1, CHROMA_CENTERING_SHORT can take on values between 0 and 15, but the value
14 is reserved and not used. CHROMA_CENTERING_SHORT can be signaled, for example, in an image header or an
image plane header.

Table 1: Enumeration of values of CHROMA_CENTERING _SHORT and corresponding phases.

CHROMA CENTERING SHORT X Phase = 0 X Phase = 0.5 X Phase = 1

Y Phase = 0 0 10 1

Y Phase = 0.25 6 12 7

Y Phase = 0.5 4 15 5
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[0040] A second and more comprehensive chroma centering rule, referred to as extended rule, is also described. This
rule has the advantage of allowing an image to be translated, without loss of data, by any integer number of pixels. This
is in addition to rotates and mirror flips.
In one implementation, the extended rule is signaled with a seven-bit word (CHROMA_CENTERING_LONG) within the
image bitstream, and the enumeration of phases corresponding to the syntax element CHROMA_CENTERING_LONG
is as follows. CHROMA_CENTERING_LONG = CHROMA_CENTERING_X + CHROMA_CENTERING_Y * 9, where
CHROMA_CENTERlNG_X and CHROMA_CENTERING_Y are syntax elements defining the phase in the X and Y
directions, as shown below in Table 2. CHROMA_CENTERlNG_X and CHROMA_CENTERING_Y take values between
0 and 8. Therefore, CHROMA_CENTERING_LONG can take on values between 0 and 80. Values outside this range
are reserved. CHROMA_CENTERING_LONG, CHROMA_CENTERING_X and/or CHROMA_CENTERING_Y can be
signaled, for example, in an image header or an image plane header.

[0041] It is possible to use other mappings in place of Tables 1 and 2. It is also possible to use other encodings of the
CHROMA_CENTERING elements such as variable length codes.

III. Block Transform-Based Coding

[0042] Transform coding is a compression technique used in many digital media (e.g., audio, image and video) com-
pression systems. Uncompressed digital image and video is typically represented or captured as samples of picture
elements or colors at locations in an image or video frame arranged in a two-dimensional (2D) grid. This is referred to
as a spatial-domain representation of the image or video. For example, a typical format for images consists of a stream
of 24-bit color picture element samples arranged as a grid. Each sample is a number representing color components at
a pixel location in the grid within a color space, such as RGB, or YIQ, among others. Various image and video systems
may use various different color, spatial and time resolutions of sampling. Similarly, digital audio is typically represented
as time-sampled audio signal stream. For example, a typical audio format consists of a stream of 16-bit amplitude
samples of an audio signal taken at regular time intervals.
[0043] Uncompressed digital audio, image and video signals can consume considerable storage and transmission
capacity. Transform coding reduces the size of digital audio, images and video by transforming the spatial-domain
representation of the signal into a frequency-domain (or other like transform domain) representation, and then reducing
resolution of certain generally less perceptible frequency components of the transform-domain representation. This
generally produces much less perceptible degradation of the digital signal compared to reducing color or spatial resolution
of images or video in the spatial domain, or of audio in the time domain.
[0044] More specifically, a typical block transform-based encoder/decoder system 500 (also called a "codec") shown

(continued)

CHROMA CENTERING SHORT X Phase = 0 X Phase = 0.5 X Phase = 1

Y Phase = 0.75 8 13 9

Y Phase = 1 2 11 3

Table 2: Enumeration of values of CHROMA_CENTERlNG_X and CHROMA_CENTERING_Y and corresponding 
phase

CHROMA_CENTERING_X or Y Phase X or Y

8 -0.5

7 -0.25

0 0

1 0.25

2 0.5

3 0.75

4 1.0

5 1.25

6 1.5
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in Figure 5 divides the uncompressed digital image’s pixels into fixed-size two dimensional blocks (X1, ... Xn), each block
possibly overlapping with other blocks. At an encoder 510, a linear transform 520-521 that does spatial-frequency analysis
is applied to each block, which converts the spaced samples within the block to a set of frequency (or transform)
coefficients generally representing the strength of the digital signal in corresponding frequency bands over the block
interval. For compression, the transform coefficients may be selectively quantized 530 (i.e., reduced in resolution, such
as by dropping least significant bits of the coefficient values or otherwise mapping values in a higher resolution number
set to a lower resolution), and also entropy or variable-length coded 530 into a compressed data stream. At decoding,
the transform coefficients will inversely transform 570-571 to nearly reconstruct the original color/spatial sampled im-
age/video signal (reconstructed blocks X1, ... Xn).
[0045] The block transform 520-521 can be defined as a mathematical operation on a vector x of size N. Most often,
the operation is a linear multiplication, producing the transform domain output y = Mx, M being the transform matrix.
When the input data is arbitrarily long, it is segmented into N sized vectors and a block transform is applied to each
segment. For the purpose of data compression, reversible block transforms are chosen. In other words, the matrix M is
invertible. In multiple dimensions (e.g., for image and video), block transforms are typically implemented as separable
operations. The matrix multiplication is applied separably along each dimension of the data (i.e., both rows and columns).
[0046] For compression, the transform coefficients (components of vector y) may be selectively quantized (i.e., reduced
in resolution, such as by dropping least significant bits of the coefficient values or otherwise mapping values in a higher
resolution number set to a lower resolution), and also entropy or variable-length coded into a compressed data stream.
[0047] At decoding in the decoder 550, the inverse of these operations (dequantization/entropy decoding 560 and
inverse block transform 570-571) are applied on the decoder 550 side, as shown in Figure 5. While reconstructing the
data, the inverse matrix M-1 (inverse transform 570-571) is applied as a multiplier to the transform domain data. When
applied to the transform domain data, the inverse transform nearly reconstructs the original time-domain or spatial-
domain digital media.
[0048] In many block transform-based coding applications, the transform is desirably reversible to support both lossy
and lossless compression depending on the quantization factor. With no quantization (generally represented as a quan-
tization factor of 1) for example, a codec utilizing a reversible transform can exactly reproduce the input data at decoding.
However, the requirement of reversibility in these applications constrains the choice of transforms upon which the codec
can be designed.
[0049] Many image and video compression systems, such as MPEG and Windows Media, among others, utilize
transforms based on the Discrete Cosine Transform (DCT). The DCT is known to have favorable energy compaction
properties that result in near-optimal data compression. In these compression systems, the inverse DCT (IDCT) is
employed in the reconstruction loops in both the encoder and the decoder of the compression system for reconstructing
individual image blocks.

IV. Exemplary Encoder/Decoder Implementation

[0050] Figures 6 and 7 are a generalized diagram of the processes employed in a representative 2-dimensional (2D)
data encoder 600 and decoder 700. The diagrams present a generalized or simplified illustration of a compression/de-
compression system that can be used to implement described techniques and tools. In alternative compression/decom-
pression systems, additional or fewer processes than those illustrated in this representative encoder and decoder can
be used for the 2D data compression. For example, some encoders/decoders may also include color conversion, color
formats, scalable coding, lossless coding, macroblock modes, etc. The compression system (encoder and decoder) can
provide lossless and/or lossy compression of the 2D data, depending on the quantization which may be based on a
quantization parameter varying from lossless to lossy.
[0051] The 2D data encoder 600 produces a compressed bitstream 620 that is a more compact representation (for
typical input) of 2D data 610 presented as input to the encoder. For example, the 2D data input can be an image, a
frame of a video sequence, or other data having two dimensions. The 2D data encoder divides a frame of the input data
into blocks (illustrated generally in Figure 6 as partitioning 630), which in the illustrated implementation are non-over-
lapping 4x4 pixel blocks that form a regular pattern across the plane of the frame. These blocks are grouped in clusters,
called macroblocks, which are 16316 pixels in size in this representative encoder. In turn, the macroblocks are grouped
into regular structures called tiles. The tiles also form a regular pattern over the image, such that tiles in a horizontal row
are of uniform height and aligned, and tiles in a vertical column are of uniform width and aligned. In the representative
encoder, the tiles can be any arbitrary size that is a multiple of 16 in the horizontal and/or vertical direction. Alternative
encoder implementations can divide the image into block, macroblock, tiles, or other units of other size and structure.
[0052] A "forward overlap" operator 640 is applied to each edge between blocks, after which each 434 block is
transformed using a block transform 650. This block transform 650 can be the reversible, scale-free 2D transform
described by Srinivasan, U.S. Patent Application No. 11/015,707, entitled, "Reversible Transform For Lossy And Lossless
2-D Data Compression," filed December 17, 2004. The overlap operator 640 can be the reversible overlap operator



EP 2 123 057 B1

9

5

10

15

20

25

30

35

40

45

50

55

described by Tu et al., U.S. Patent Application No. 11/015,148, entitled, "Reversible Overlap Operator for Efficient
Lossless Data Compression," filed December 17, 2004; and by Tu et al., U.S. Patent Application No. 11/035,991, entitled,
"Reversible 2-Dimensional Pre-/Post-Filtering For Lapped Biorthogonal Transform," filed January 14, 2005. Alternatively,
the discrete cosine transform or other block transforms and overlap operators can be used. Subsequent to the transform,
the DC coefficient 660 of each 434 transform block is subject to a similar processing chain (tiling, forward overlap,
followed by 434 block transform). The resulting DC transform coefficients and the AC transform coefficients 662 are
quantized 670, entropy coded 680 and packetized 690.
[0053] The decoder performs the reverse process. On the decoder side, the transform coefficient bits are extracted
710 from their respective packets, from which the coefficients are themselves decoded 720 and dequantized 730. The
DC coefficients 740 are regenerated by applying an inverse transform, and the plane of DC coefficients is "inverse
overlapped" using a suitable smoothing operator applied across the DC block edges. Subsequently, the entire data is
regenerated by applying the 434 inverse transform 750 to the DC coefficients, and the AC coefficients 742 decoded
from the bitstream. Finally, the block edges in the resulting image planes are inverse overlap filtered 760. This produces
a reconstructed 2D data output 790.
[0054] In an exemplary implementation, the encoder 600 (Figure 6) compresses an input image into the compressed
bitstream 620 (e.g., a file), and the decoder 700 (Figure 7) reconstructs the original input or an approximation thereof,
based on whether lossless or lossy coding is employed. The process of encoding involves the application of a forward
lapped transform (LT) discussed below, which is implemented with reversible 2-dimensional pre-/post-filtering also
described more fully below. The decoding process involves the application of the inverse lapped transform (ILT) using
the reversible 2-dimensional pre-/post-filtering.
[0055] The illustrated LT and the ILT are inverses of each other, in an exact sense, and therefore can be collectively
referred to as a reversible lapped transform. As a reversible transform, the LT/ILT pair can be used for lossless image
compression.
[0056] The input data 610 compressed by the illustrated encoder 600/decoder 700 can be images of various color
formats (e.g., RGB/YUV4:4:4, YUV4:2:2 or YUV4:2:0 color image formats). Typically, the input image always has a
luminance (Y) component. If it is a RGB/YUV4:4:4, YUV4:2:2 or YUV4:2:0 image, the image also has chrominance
components, such as a U component and a V component. The separate color planes or components of the image can
have different spatial resolutions. In case of an input image in the YUV 4:2:0 color format for example, the U and V
components have half of the width and height of the Y component.
[0057] As discussed above, the encoder 600 tiles the input image or picture into macroblocks. In an exemplary im-
plementation, the encoder 600 tiles the input image into 16x16 pixel areas (called "macroblocks") in the Y channel (which
may be 16x16, 16x8 or 8x8 areas in the U and V channels depending on the color format). Each macroblock color plane
is tiled into 4x4 pixel regions or blocks. Therefore, a macroblock is composed for the various color formats in the following
manner for this exemplary encoder implementation:

• For a grayscale image, each macroblock contains 16 4x4 luminance (Y) blocks.
• For a YUV4:2:0 format color image, each macroblock contains 16 4x4 Y blocks, and 4 each 4x4 chrominance (U

and V) blocks.
• For a YUV4:2:2 format color image, each macroblock contains 16 4x4 Y blocks, and 8 each 4x4 chrominance (U

and V) blocks.
• For a RGB or YUV4:4:4 color image, each macroblock contains 16 blocks each of Y, U and V channels.

[0058] Accordingly, after transform, a macroblock in this representative encoder 600/decoder 700 has three frequency
sub bands: a DC sub band (DC macroblock), a low pass sub band (low pass macroblock), and a high pass sub band
(high pass macroblock). In the representative system, the low pass and/or high pass sub bands are optional in the
bitstream - these sub bands may be entirely dropped.
[0059] Further, the compressed data can be packed into the bitstream in one of two orderings: spatial order and
frequency order. For the spatial order, different sub bands of the same macroblock within a tile are ordered together,
and the resulting bitstream of each tile is written into one packet. For the frequency order, the same sub band from
different macroblocks within a tile are grouped together, and thus the bitstream of a tile is written into three packets: a
DC tile packet, a low pass tile packet, and a high pass tile packet. In addition, there may be other data layers.
[0060] Thus, for the representative system, an image is organized in the following "dimensions":

• Spatial dimension : Frame → Tile → Macroblock;
• Frequency dimension : DCT | Low pass High pass; and
• Channel dimension: Luminance | Chrominance_0 | Chrominance_1 ... (e.g. as Y | U | V).

[0061] The arrows above denote a hierarchy, whereas the vertical bars denote a partitioning.
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[0062] Although the representative system organizes the compressed digital media data in spatial, frequency and
channel dimensions, the flexible quantization approach described here can be applied in alternative encoder/decoder
systems that organize their data along fewer, additional or other dimensions. For example, the flexible quantization
approach can be applied to coding using a larger number of frequency bands, other format of color channels (e.g., YIQ,
RGB, etc.), additional image channels (e.g., for stereo vision or other multiple camera arrays).
[0063] Having described and illustrated the principles of our invention with reference to various embodiments, it will
be recognized that the various embodiments can be modified in arrangement and detail without departing from such
principles. It should be understood that the programs, processes, or methods described herein are not related or limited
to any particular type of computing environment, unless indicated otherwise. Various types of general purpose or spe-
cialized computing environments may be used with or perform operations in accordance with the teachings described
herein. Elements of embodiments shown in software may be implemented in hardware and vice versa.
[0064] In view of the many possible embodiments to which the principles of the disclosed invention may be applied,
it should be recognized that the illustrated embodiments are only preferred examples of the invention and should not
be taken as limiting the scope of the invention. Rather, the scope of the invention is defined by the following claims. We
therefore claim as our invention all that comes within the scope of these claims.

Claims

1. A method comprising:

receiving encoded digital image data (620) for a still image, wherein the still image is encoded using a reversible
lapped transform, the encoded digital image data (620) comprising downsampled chroma information;
decoding chroma position information for the downsampled chroma information, wherein the chroma position
information is signaled in an image header, wherein the chroma position information is determined according
to a chroma position rule that maps the chroma position information to phase information in an X dimension
and phase information in a Y dimension, wherein the chroma position rule maps the chroma position information
to phase information that include phase positions -0.5, -0.25, 0, 0.25, 0.5, 0.75, 1, 1.25 and 1.5, where the phase
positions are in pixel units, wherein the decoding of the chroma position information comprises decoding a first
syntax element that represents the phase information in the X dimension and a second syntax element that
represents the phase information in the Y dimension;
performing a rotation or flipping operation to the encoded digital image data (620) while the still image is in the
compressed domain, including performing the flipping operation by modifying transform coefficients in transform
blocks generated using the reversible lapped transform or performing the rotation operation by modifying and
transposing the transform coefficients in the transform blocks, wherein the modifying the transform coefficients
comprises negating the sign of odd-symmetric transform coefficients in the transform blocks, and modifying the
chroma position information to reflect the rotation or flipping operation;
decoding the still image from the encoded digital image data (620) using an inverse of a the reversible lapped
transform; and
outputting a decoded still image (790).

2. The method of claim 1, wherein the downsampled chroma information is downsampled by a factor of two in one or
more dimensions.

3. The method of claim 1, wherein the phase information in the X dimension comprises half pixel-unit phase information.

4. The method of claim 1, wherein the phase information in the Y dimension or the X dimension comprises quarter-
pixel-unit phase information.

5. The method of claim 1, further comprising using the chroma position information to upsample the downsampled
chroma information.

6. The method of claim 1, further comprising:

using the chroma position information to perform the rotation or flipping operation to the encoded image (620).

7. The method of claim 1, wherein the performing the flipping operation further comprises scanning the modified
transform blocks in a laterally inversed sequence.
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8. The method of claim 1, wherein the performing the rotation operation further comprises transposing the modified
blocks and scanning the modified transform blocks in a laterally inversed sequence.

9. At least one memory or storage medium having program code stored thereon for causing a digital media processing
device to perform the method of one of the claims 1 to 8.

10. A digital media processing system configured to perform the method of one of the claims 1 to 8.

Patentansprüche

1. Verfahren, das folgende Schritte umfasst:

Empfangen von kodierten digitalen Bilddaten (620) für ein Standbild, wobei das Standbild unter Verwendung
einer reversiblen überlappenden Transformation kodiert ist, wobei die kodierten digitalen Bilddaten (620) her-
untergesampelte Chrominanzinformationen umfassen;
Dekodieren von Chrominanzpositionsinformationen für die heruntergesampelten Chrominanzinformationen,
wobei die Chrominanzpositionsinformationen in einem Bild-Header signalisiert werden, wobei die Chrominanz-
positionsinformationen gemäß einer Chrominanzpositionsregel bestimmt werden, die die Chrominanzpositi-
onsinformationen auf Phaseninformationen in einer X-Dimension und Phaseninformationen in einer Y-Dimen-
sion abbildet, wobei die Chrominanzpositionsregel die Chrominanzpositionsinformationen auf Phaseninforma-
tionen abbildet, die Phasenpositionen -0,5, -0,25, 0, 0,25, 0,5, 0,75, 1, 1,25 und 1,5 aufweisen, wobei die
Phasenpositionen in Pixeleinheiten sind, wobei das Dekodieren der Chrominanzpositionsinformationen ein
Dekodieren eines ersten Syntaxelements, das die Phaseninformationen in der X-Dimension repräsentiert, und
eines zweiten Syntaxelements, das die Phaseninformationen in der Y-Dimension repräsentiert, umfasst;
Durchführen einer Rotations- oder Wendeoperation auf den kodierten digitalen Bilddaten (620) während sich
das Standbild im komprimierten Bereich befindet, aufweisend Durchführen der Wendeoperation durch Modifi-
zieren von Transformationskoeffizienten in Transformationsblöcken, die unter Verwendung der reversiblen über-
lappenden Transformation generiert werden, oder Durchführen der Rotationsoperation durch Modifizieren und
Transponieren der Transformationskoeffizienten in den Transformationsblöcken, wobei das Modifizieren der
Transformationskoeffizienten ein Negieren des Vorzeichens von ungerade-symmetrischen Transformations-
koeffizienten in den Transformationsblöcken umfasst, und Modifizieren der Chrominanzpositionsinformationen,
um die Rotations- oder Wendeoperation zu reflektieren;
Dekodieren des Standbildes aus den kodierten digitalen Bilddaten (620) unter Verwendung einer Inversen der
reversiblen überlappenden Transformation; und
Ausgeben eines dekodierten Standbildes (790).

2. Verfahren nach Anspruch 1, wobei die heruntergesampelten Chrominanzinformationen um einen Faktor von zwei
in einer oder mehreren Dimensionen heruntergesampelt werden.

3. Verfahren nach Anspruch 1, wobei die Phaseninformationen in der X-Dimension Phaseninformationen in Halbpi-
xeleinheiten umfassen.

4. Verfahren nach Anspruch 1, wobei die Phaseninformationen in der Y-Dimension oder der X-Dimension Phasenin-
formationen in Viertelpixeleinheiten umfassen.

5. Verfahren nach Anspruch 1, das ferner ein Verwenden der Chrominanzpositionsinformationen umfasst, um die
heruntergesampelten Chrominanzinformationen hoch zu sampeln.

6. Verfahren nach Anspruch 1, das ferner folgenden Schritt umfasst:

Verwenden der Chrominanzpositionsinformationen, um die Rotations- oder Wendeoperation auf dem kodierten
Bild (620) durchzuführen.

7. Verfahren nach Anspruch 1, wobei das Durchführen der Wendeoperation ferner ein Abtasten der modifizierten
Transformationsblöcke in einer seitlich invertierten Reihenfolge umfasst.

8. Verfahren nach Anspruch 1, wobei das Durchführen der Rotationsoperation ferner ein Transponieren der modifi-



EP 2 123 057 B1

12

5

10

15

20

25

30

35

40

45

50

55

zierten Blöcke und Abtasten der modifizierten Transformationsblöcke in einer seitlich invertierten Reihenfolge um-
fasst.

9. Mindestens ein Speicher oder Speichermedium mit darauf gespeichertem Programmcode, der eine digitale Medi-
enverarbeitungsvorrichtung dazu veranlasst, das Verfahren nach einem der Ansprüche 1 bis 8 durchzuführen.

10. Digitales Medienverarbeitungssystem, das eingerichtet ist, das Verfahren nach einem der Ansprüche 1 bis 8 durch-
zuführen.

Revendications

1. Procédé comprenant les étapes ci-dessous consistant à :

recevoir des données d’images numériques codées (620) pour une image fixe, dans lequel l’image fixe est
codée en utilisant une transformée chevauchée réversible, les données d’images numériques codées (620)
comprenant des informations de chrominance sous-échantillonnées ;
décoder des informations de position de chrominance pour les informations de chrominance sous-échantillon-
nées, dans lequel les informations de position de chrominance sont signalées dans un en-tête d’image, dans
lequel les informations de position de chrominance sont déterminées selon une règle de position de chrominance
qui met en correspondance les informations de position de chrominance avec des informations de phase dans
une dimension X et avec des informations de phase dans une dimension Y, dans lequel la règle de position de
chrominance met en correspondance les informations de position de chrominance avec des informations de
phase qui incluent des positions de phase -0,5, -0,25, 0, 0,25, 0,5, 0,75, 1, 1,25 et 1,5, où les positions de phase
sont en unités de pixel, dans lequel l’étape de décodage des informations de position de chrominance consiste
à décoder un premier élément de syntaxe qui représente les informations de phase dans la dimension X et un
second élément de syntaxe qui représente les informations de phase dans la dimension Y ;
mettre en oeuvre une opération de retournement ou une opération de rotation sur les données d’images nu-
mériques codées (620) tandis que l’image fixe est dans le domaine compressé, et notamment mettre en oeuvre
l’opération de retournement en modifiant des coefficients de transformée dans des blocs de transformée générés
en utilisant la transformée chevauchée réversible, ou mettre en oeuvre l’opération de rotation en modifiant et
en transposant les coefficients de transformée dans les blocs de transformée, dans lequel l’étape de modification
des coefficients de transformée comprend l’étape consistant à inverser le signe de coefficients de transformée
symétriques impairs dans les blocs de transformée, et à modifier les informations de position de chrominance
en vue de refléter l’opération de retournement ou de rotation ;
décoder l’image fixe à partir des données d’images numériques codées (620) en utilisant un inverse de la
transformée chevauchée réversible ; et
générer en sortie une image fixe décodée (790).

2. Procédé selon la revendication 1, dans lequel les informations de chrominance sous-échantillonnées sont sous-
échantillonnées par un facteur de deux dans une ou plusieurs dimensions.

3. Procédé selon la revendication 1, dans lequel les informations de phase dans la dimension X comportent des
informations de phase d’unité de 1/2 pixel.

4. Procédé selon la revendication 1, dans lequel les informations de phase dans la dimension Y ou la dimension X
comportent des informations de phase d’unité de 1/4 de pixel.

5. Procédé selon la revendication 1, comprenant en outre l’étape consistant à utiliser les informations de position de
chrominance en vue de sur-échantillonner les informations de chrominance sous-échantillonnées.

6. Procédé selon la revendication 1, comprenant en outre l’étape ci-dessous consistant à :

utiliser les informations de position de chrominance en vue de mettre en oeuvre l’opération de retournement
ou de rotation sur l’image codée (620).

7. Procédé selon la revendication 1, dans lequel l’étape de mise en oeuvre de l’opération de retournement comporte
en outre l’étape consistant à balayer les blocs de transformée modifiés dans une séquence latéralement inversée.



EP 2 123 057 B1

13

5

10

15

20

25

30

35

40

45

50

55

8. Procédé selon la revendication 1, dans lequel l’étape de mise en oeuvre de l’opération de rotation comporte en
outre l’étape consistant à transposer les blocs modifiés et à balayer les blocs de transformée modifiés dans une
séquence latéralement inversée.

9. Au moins un support de stockage ou une mémoire présentant un code de programme stocké sur celui-ci ou celle-
ci pour amener un dispositif de traitement de contenu multimédia numérique à mettre en oeuvre le procédé selon
l’une quelconque des revendications 1 à 8.

10. Système de traitement de contenu multimédia numérique configuré de manière à mettre en oeuvre le procédé selon
l’une quelconque des revendications 1 à 8.
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