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DESCRIPTION

TECHNICAL FIELD

[0001] Embodiments of the present invention relate generally to video coding.

BACKGROUND ART

[0002] State-of-the-art video-coding methods and standards, for example H.264/MPEG-4 AVC
(H.264/AVC), may provide higher coding efficiency than older methods and standards at the
expense of higher complexity. Increasing quality requirements and resolution requirements on
video coding methods and standards may also increase their complexity. Decoders that
support parallel decoding may improve decoding speeds and reduce memory requirements.
Additionally, advances in multi-core processors may make encoders and decoders that support
parallel decoding desirable.

[0003] H.264/MPEG-4 AVC [Joint Video Team of ITU-T VCEG and ISO/IEC MPEG, " H.264.
Advanced video coding for generic audiovisual services,” ITU-T Rec. H.264 and |ISO/IEC
14496-10 (MPEG4 - Part 10), November 2007], which 1s hereby Incorporated by reference
herein In its entirety, Is a video codec specification that uses macroblock prediction followed by
residual coding to reduce temporal and spatial redundancy In a video sequence for
compression efficiency.

US 2007/0280345 A1 discloses a system, a method and computer-readable media for
organizing a bitstream of compressed data that represents an image. The image may be
partitioned Iinto independently decodable regions. The portion of the compressed bitstream
assocliated a selected region Is decoded. This decoding vyields a series of transform
coefficients. Areas of the Iimage that surround the selected region are identified, and
Information associated with these areas iIs decoded to yield additional transform coefficients.
The original series of transform coefficients and the additional transform coefficients are used
to reconstruct the selected region of the image.

Joint Video Team (JVT) input document JVT-Q021 by Ichimura et al. discloses dividing a
picture into rectangular grid slices.

Joint Video Team (JVT) input document JVT-C129 by Halbach et al. discloses splitting a picture
Into several slices.

DISCLOSURE OF THE INVENTION

[0004] The present invention relates to a method for decoding a video frame as set out In
claim 1. Preferred embodiments are described within the dependent claims. Further
embodiments in the description are provided as illustrative examples only.
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[0005] The foregoing and other objectives, features, and advantages of the invention will be
more readily understood upon consideration of the following detailed description of the
iInvention taken in conjunction with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006]

Fig. 1 1s a picture showing an H.264/AVC video encoder (prior art);

Fig. 2 I1s a picture showing an H.264/AVC video decoder (prior art);

Fig. 3 Is a picture showing an exemplary slice structure (prior art);

Fig. 4 Is a picture showing an exemplary slice group structure (prior art);

Fig. 5 Is a picture showing an exemplary slice partition according to embodiments of the
present invention, wherein a picture may be partitioned in at least one reconstruction slice and
a reconstruction slice may be partitioned into more than one entropy slice;

Fig. 6 1s chart showing an exemplary embodiment of the present invention comprising an
entropy slice;

Fig. 7 1s a chart showing an exemplary embodiment of the present invention comprising
parallel entropy decoding of multiple entropy slices followed by slice reconstruction;

Fig. 8 Is a chart showing an exemplary embodiment of the present invention comprising
prediction data / residual data multiplexing at the picture level for entropy slice construction;

Fig. 9 Is a chart showing an exemplary embodiment of the present invention comprising color-
plane multiplexing at the picture level for entropy slice construction; and

Fig. 10 1s a chart showing an exemplary embodiment of the present invention comprising
transcoding a bitstream by entropy decoding, forming entropy slices and entropy encoding.

REFERENCE NUMERALS

[0007]

2

H.264/AVC VIDEO ENCODER
32
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ENTROPY ENCODING
54

ENTROPY DECODING
80

H.264/AVC VIDEO DECODER
110

VIDEO FRAME

111, 112, 113
RECONSTRUCTION SLICE

112-1, 112-2, 112-3
ENTROPY SLICE

115, 116, 117, 118, 119, 120, 121, 122, 123
MACROBLOCK

BEST MODE FOR CARRYING OUT THE INVENTION

[0008] Embodiments of the present invention will be best understood by reference to the
drawings, wherein like parts are designated by like numerals throughout. The figures listed
above are expressly incorporated as part of this detailed description.

[0009] It will be readily understood that the components of the present invention, as generally
described and lillustrated in the figures herein, could be arranged and designed Iin a wide
variety of different configurations. Thus, the following more detailed description of the
embodiments of the methods of the present invention i1s not intended to limit the scope of the
iInvention but it i1Is merely representative of the presently preferred embodiments of the
iInvention.

[0010] While any video coder/decoder (codec) that uses entropy encoding/decoding may be
accommodated by embodiments of the present invention, exemplary embodiments of the
present invention will be illustrated in relation to an H.264/AVC encoder and an H.264/AVC
decoder. This I1s intended for illustration of embodiments of the present invention and not
limitation.

[0011] State-of-the-art video-coding methods and standards, for example H.264/AVC, may
provide higher coding efficiency than older methods and standards at the expense of higher
complexity. Increasing quality requirements and resolution requirements on video coding
methods and standards may also increase their complexity. Decoders that support parallel
decoding may improve decoding speeds and reduce memory requirements. Additionally,
advances In multi-core processors may make encoders and decoders that support parallel
decoding desirable.
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[0012] H.264/AVC, and many other video coding standards and methods, are based on a
block-based hybrid video-coding approach, wherein the source-coding algorithm i1s a hybrid of
Inter-picture, also considered inter-frame, prediction, intra-picture, also considered intra-frame,
prediction and transform coding of a prediction residual. Inter-frame prediction may exploit
temporal redundancies, and Iintra-frame and transform coding of the prediction residual may
exploit spatial redundancies.

[0013] Figure 1 shows a block diagram of an exemplary H.264/AVC video encoder 2. An input
picture 4, also considered an input frame, may be presented for encoding. A predicted signal 6
and a residual signal 8 may be produced, wherein the predicted signal 6 may be based on
either an inter-frame prediction 10 or an intra-frame prediction 12. The inter-frame prediction
10 may be determined by motion compensating 14 using a stored, reference picture 16, also
considered reference frame, using motion information 19 determined by a motion estimation
18 process between the input frame(input picture) 4 and the reference frame(reference
picture) 16. The Intra-frame prediction 12 may be determined by Intra-frame prediction 20
using a decoded signal 22. The residual signal 8 may be determined by subtracting the input
frame 4 from the prediction (predicted signal) 6. The residual signal 8 Is transformed, scaled
and quantized 24, thereby producing quantized, transform coefficients 26. The decoded signal
22 may be generated by adding the predicted signal 6 to a signal 28 generated by inverse
transforming, scaling and inverse quantizing 30 the quantized, transform coefficients 26. The
motion information 19 and the quantized, transform coefficients 26 may be entropy coded 32
and written to the compressed-video bitstream 34. An output image region 38, for example a
portion of the reference frame, may be generated at the encoder 2 by filtering 36 the
reconstructed, pre-filtered signal (decoded signal) 22.

[0014] Figure 2 shows a block diagram of an exemplary H.264/.AVC video decoder 50. An
Input signal 52, also considered a bitstream, may be presented for decoding. Recelved
symbols may be entropy decoded 54, thereby producing motion information 56 and quantized,
scaled, transform coefficients 58. The motion information 56 may be combined by motion
compensation 60 with a portion of a reference frame 84 which may reside in frame memory
64, and an Inter-frame prediction 68 may be generated. The quantized, scaled, transform
coefficients 58 may be Inversely quantized, inversely scaled and inversely transformed 62,
thereby producing a decoded residual signal 70. The residual signal 70 may be added to a
prediction signal 78: either the Inter-frame prediction signal 68 or an intra-frame prediction
signal 76, and become combined signal 72. The Intra-frame prediction signal 76 may be
predicted by Iintra-frame prediction 74 from previously decoded information(previously
combined signal) 72 In the current frame. The combined signal 72 may be filtered by de-
blocking filter 80 and the filtered signal 82 may be written to frame memory 64.

[0015] In H.2064/AVC, an input picture 1s partitioned into fixed-size macroblocks, wherein each
macroblock covers a rectangular picture area of 16x16 samples of the luma component and
8x8 samples of each of the two chroma components. The decoding process of the H.264/AVC
standard Is specified for processing units which are macroblocks. The entropy decoder 54
parses the syntax elements of the compressed-video bitstream 52 and demultiplexes them.
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H.264/AVC specifies two alternative methods of entropy decoding: a low-complexity technique
that 1s based on the usage of context-adaptively switched sets of variable length codes,
referred to as CAVLC, and a computationally more demanding algorithm of context-based
adaptively binary arithmetic coding, referred to as CABAC. In both entropy decoding methods,
decoding of a current symbol may rely on previously, correctly decoded symbols and
adaptively updated context models. In addition, different data information, for example,
prediction data information, residual data information and different color planes, may be
multiplexed together. De-multiplexing may not be done until elements are entropy decoded.

[0016] After entropy decoding, a macroblock may be reconstructed by obtaining: the residual
signal through inverse quantization and the inverse transform, and the prediction signal, either
the Intra-frame prediction signal or the inter-frame prediction signal. Blocking distortion may be
reduced by applying a de-blocking filter to every decoded macroblock. No processing may
begin until the input signal is entropy decoded, thereby making entropy decoding a potential
bottleneck in decoding.

[0017] Similarly, In codecs In which alternative prediction mechanisms may be allowed, for
example, inter-layer prediction in H.264/AVC or inter-layer prediction in other scalable codecs,
entropy decoding may be requisite prior to all processing at the decoder, thereby making
entropy decoding a potential bottleneck.

[0018] In H.264/AVC, an input picture comprising a plurality of macroblocks may be partitioned
INto one or several slices. The values of the samples In the area of the picture that a slice
represents may be correctly decoded without the use of data from other slices provided that
the reference pictures used at the encoder and the decoder are identical. Therefore, entropy
decoding and macroblock reconstruction for a slice do not depend on other slices. In particular,
the entropy coding state Is reset at the start of each slice. The data in other slices are marked
as unavailable when defining neighborhood availability for both entropy decoding and
reconstruction. In H.264/AVC, slices may be entropy decoded and reconstructed in parallel. No
Intra prediction and motion-vector prediction are allowed across the slice boundary. De-
blocking filtering may use information across slice boundaries.

[0019] Figure 3 shows an exemplary video picture 90 comprising eleven macroblocks In the
horizontal direction and nine macroblocks in the vertical direction (nine exemplary macroblocks
labeled 91-99). Figure 3 shows three exemplary slices: a first slice denoted "SLICE #0" -100, a
second slice denoted "SLICE #1" 101 and a third slice denoted "SLICE #2" 102. An H.264/AVC
decoder may decode and reconstruct the three slices 100, 101, 102 In parallel. At the
beginning of the decoding/reconstruction process for each slice, context models are Initialized
or reset and macroblocks In other slices are marked as unavailable for both entropy decoding
and macroblock reconstruction. Thus, for a macroblock, for example, the macroblock labeled
93, In "SLICE #1," macroblocks (for example, macroblocks labeled 91 and 92) in "SLICE #0"
may not be used for context model selection or reconstruction. VWWhereas, for a macroblock, for
example, the macroblock labeled 95, In "SLICE #1,” other macroblocks (for example,
macroblocks labeled 93 and 94) in "SLICE #1" may be used for context model selection or
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reconstruction. Therefore, entropy decoding and macroblock reconstruction must proceed
serially within a slice. Unless slices are defined using flexible macroblock ordering (FMO),
macroblocks within a slice are processed In the order of a raster scan.

[0020] Flexible macroblock ordering defines a slice group to modify how a picture Is partitioned
Into slices. The macroblocks In a slice group are defined by a macroblock-to-slice-group map,
which Is signaled by the content of the picture parameter set and additional information in the
slice headers. The macroblock-to-slice-group map consists of a slice-group identification
number for each macroblock in the picture. The slice-group identification number specifies to
which slice group the associated macroblock belongs. Each slice group may be partitioned into
one or more slices, wherein a slice I1s a sequence of macroblocks within the same slice group
that is processed in the order of a raster scan within the set of macroblocks of a particular slice
group. Entropy decoding and macroblock reconstruction must proceed serially within a slice.

[0021] Figure 4 depicts an exemplary macroblock allocation into three slice groups: a first slice
group denoted "SLICE GROUP #0" 103, a second slice group denoted "SLICE GROUP #1"
104 and a third slice group denoted "SLICE GROUP #2" 105. These slice groups 103, 104,
105 may be associated with two foreground regions and a background region, respectively, In
the picture 90.

[0022] The present invention comprises partitioning a picture into one or more reconstruction
slices, wherein a reconstruction slice may be self-contained In the respect that values of the
samples In the area of the picture that the reconstruction slice represents may be correctly
reconstructed without use of data from other reconstruction slices, provided that the references
pictures used are identical at the encoder and the decoder. All reconstructed macroblocks
within a reconstruction slice may be available in the neighborhood definition for reconstruction.

[0023] The present invention comprises partitioning a reconstruction slice into more than one
entropy slice, wherein an entropy slice may be self-contained in the respect that symbol values
In the area of the picture that the entropy slice represents may be correctly entropy decoded
without the use of data from other entropy slices. In some embodiments of the present
Invention, the entropy coding state may be reset at the decoding start of each entropy slice. In
some embodiments of the present invention, the data in other entropy slices may be marked
as unavailable when defining neighborhood availability for entropy decoding. In some
embodiments of the present invention, macroblocks in other entropy slices may not be used In
a current block's context model selection. In some embodiments of the present invention, the
context models may be updated only within an entropy slice. In these embodiments of the
present invention, each entropy decoder associated with an entropy slice may maintain its own
set of context models.

[0024] Some embodiments of the present invention may comprise CABAC encoding/decoding.
The CABAC encoding process includes the following steps:

Binarization: A non-binary-valued symbol (for example, a transform coefficient, a motion vector,
or other coding data) i1s converted into a binary code, also referred to as a bin string.
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[0025] Binarization is followed, for each bin, also considered bit, of the binarized symbol by:
Context Model Selection: A context model i1s a probability model for one or more bins of the
binarized symbol. The context model comprises, for each bin, the probability of the bin being a
"1" or a "0." The model may be chosen for a selection of available models depending on the
statistics of recently coded data symbols, usually based on the left and above neighboring
symbols, If available.

[0026] Binary Arithmetic Coding: An arithmetic coder encodes each bin according to the
selected probability model and is based on recursive interval subdivision.

[0027] Probability Update: The selected context model is updated based on the actual coded
value.

[0028] In some embodiments of the present invention comprising CABAC encoding/decoding,
at the decoding start of an entropy slice, all of the context models may be Initialized or reset to
predefined models.

[0029] Some embodiments of the present invention may be understood In relation to Figure 5.
Figure 5 shows an exemplary video frame 110 comprising eleven macroblocks in the horizontal
direction and nine macroblocks In the vertical direction (nine exemplary macroblocks labeled
115-123). Figure 5 shows three exemplary reconstruction slices: a first reconstruction slice
denoted "R_SLICE #0" 111, a second reconstruction slice denoted "R_SLICE #1" 112 and a
third reconstruction slice denoted "R_SLICE #2" 113. Figure 5 further shows a partitioning of
the second reconstruction slice "R_SLICE #1" 112 into three entropy slices: a first entropy slice
denoted "E_SLICE #0" shown In cross-hatch 112-1, a second entropy slice denoted "E_SLICE
#1" shown In vertical-hatch 112-2 and a third entropy slice denoted "E_SLICE #2" shown In
angle-hatch 112-3. Each entropy slice 112-1, 112-2, 112-3 may be entropy decoded in parallel.
Here, first entropy slice denoted "E _SLICE #0" and second entropy slice denoted "E_SLICE
#1" may also be referred to as first portion and second portion of the bitstream.

[0030] In some embodiments of the present invention, only data from macroblocks within an
entropy slice may be available for context model selection during entropy decoding of the
entropy slice. All other macroblocks may be marked as unavailable. For this exemplary
partitioning, macroblocks labeled 117 and 118 are unavailable for context model selection
when decoding symbols corresponding to the area of macroblock labeled 119 because
macroblocks labeled 117 and 118 are outside of the entropy slice containing macroblock 119.
However., these macroblocks 117, 118 are available when macroblock 119 Is reconstructed.

[0031] In some embodiments of the present invention, an encoder may determine whether or
not to partition a reconstruction slice into entropy slices, and the encoder may signal the
decision In the bitstream. In some embodiments of the present invention, the signal may
comprise an entropy-slice flag(entropy-slice flag in first entropy slice may be referred to as first
flag), which may be denoted "entropy slice flag" in some embodiments of the present



DK/EP 3086557 T3

Invention.

[0032] Some decoder embodiments of the present invention may be described In relation to
Figure 6. In these embodiments, an entropy-slice flag may be examined(S130), and If the
entropy-slice flag indicates that there are no entropy slices associated with a picture, or a
reconstruction slice(NO In the step $S130), then the header may be parsed as a regular slice
header(S5134). The entropy decoder state may be reset(S136), and the neighbor information
for the entropy decoding and the reconstruction may be defined($138). The slice data may
then be entropy decoded(S5140), and the slice may be reconstructed(S142). If the entropy-slice
flag indicates there are entropy slices associated with a picture(YES in the step $S130), then the
header may be parsed as an entropy-slice header(5148). The entropy decoder state may be
reset(S150), the neighbor information for entropy decoding may be defined(S152) and the
entropy-slice data may be entropy decoded(S154). The neighbor information for reconstruction
may then be defined(S156), and the slice may be reconstructed(S142). After slice
reconstruction in the step S142, the next slice, or picture, may be examined.

[0033] Some alternative decoder embodiments of the present invention may be described In
relation to Figure 7. In these embodiments, the decoder may be capable of parallel decoding
and may define its own degree of parallelism, for example, consider a decoder comprising the
capability of decoding N entropy slices In parallel. The decoder may identify N entropy
slices(S170). In some embodiments of the present invention, If fewer than N entropy slices are
avallable in the current picture, or reconstruction slice, the decoder may decode entropy slices
from subsequent pictures, or reconstruction slices, If they are available. In alternative
embodiments, the decoder may wait until the current picture, or reconstruction slice, Is
completely processed before decoding portions of a subsequent picture, or reconstruction
slice. After identifying up to N entropy slices In the step of $170, each of the identified entropy
slices may be independently entropy decoded. A first entropy slice may be decoded (S172-
S176). The decoding of the first entropy slice may comprise resetting the decoder state
(S172). In some embodiments comprising CABAC entropy decoding, the CABAC state may be
reset. The neighbor information for the entropy decoding of the first entropy slice may be
defined (S174), and the first entropy slice data may be decoded (S176). For each of the up to
N entropy slices, these steps may be performed (S178-S182 for the Nth entropy slice). In
some embodiments of the present invention, the decoder may reconstruct the entropy slices
when all of the entropy slices are entropy decoded(S184). In alternative embodiments of the
present invention, the decoder may begin reconstruction in the step of S184 after one or more
entropy slices are decoded.

[0034] In some embodiments of the present invention, when there are more than N entropy
slices, a decode thread may begin entropy decoding a next entropy slice upon the completion
of entropy decoding of an entropy slice. Thus when a thread finishes entropy decoding a low
complexity entropy slice, the thread may commence decoding additional entropy slices without
waliting for other threads to finish their decoding.

[0035] In some embodiments of the present invention which may accommodate an existing
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standard or method, an entropy slice may share most of the slice attributes of a regular slice
according to the standard or method. Therefore, an entropy slice may require a small header.
In some embodiments of the present invention, the entropy slice header may allow a decoder
to identify the start of an entropy slice and start entropy decoding. In some embodiments, at
the start of a picture, or a reconstruction slice, the entropy slice header may be the regular
header, or a reconstruction slice header.

[0036] In some embodiments of the present invention comprising an H.264/AVC codec, an
entropy slice may be signaled by adding a new bit, "entropy_slice flag"” to the existing slice
header. Table 1 lists the syntax for an entropy slice header according to embodiments of the
present invention, wherein C indicates Category and Descriptor u(1), ue(v) indicate some fixed
length or variable length coding methods.

[0037] "first_ mb _In_slice” specifies the address of the first macroblock in the entropy slice
associated with the entropy-slice header. In some embodiments, the entropy slice may
comprise a sequence of macroblocks.

[0038] "cabac init i1dc” specifies the index for determining the initialization table used in the
Initialization process for the context mode.
Table 1: Syntax Table for Entropy Slice Header

L R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R ) 0‘50‘50‘50‘50‘50\ §§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§§

slice_header() {

entropy slice flag u(1) ‘

If (entropy slice flag) { “
first mb In slice

If (entropy coding mode flag && slice type = | &&
slice type != Sl)

cabac Init Idc

- -
| I |. d
- 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - - 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4

[0039] In some embodiments of the present invention, entropy decoding a entropy slice may
comprise Initializing a plurality of context models; and updating the plurality of context models
during entropy decoding the entropy slice.

[0040] In some embodiments of the present invention, an entropy slice may be assigned a
different network abstraction layer (NAL) unit type from the regular slices. In these
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embodiments, a decoder may distinguish between regular slices and entropy slices based on
the NAL unit type. In these embodiments, the bit field "entropy slice flag" is not required.

[0041] In some embodiments of the present invention, an entropy slice may be constructed by
altering the data multiplexing. In some embodiments of the present invention, the group of
symbols contained Iin an entropy slice may be multiplexed at the macroblock level. In
alternative embodiments of the present invention, the group of symbols contained In an
entropy slice may be multiplexed at the picture level. In other alternative embodiments of the
present invention, the group of symbols contained in an entropy slice may be multiplexed by
data type. In yet alternative embodiments of the present invention, the group of symbols
contained in an entropy slice may be multiplexed in a combination of the above.

[0042] Some embodiments of the present invention method comprises encoding a video frame
In a video sequence, which includes partitioning a frame in a video sequence into at least one
reconstruction slice, thereby producing a reconstruction slice; and partitioning the
reconstruction slice into a plurality of entropy slices.

[0043] Some embodiments of the present invention comprising entropy slice construction
based on picture level multiplexing may be understood In relation to Figure 8 and Figure 9. In
some embodiments of the present invention shown In Figure 8, prediction data 190 and
residual data 192 may be entropy encoded by prediction encoder 194, and residual encoder
196 separately and multiplexed by picture-level multiplexer 198 at the picture level. In some
embodiments of the present invention, the prediction data for a picture 190 may be associated
with a first entropy slice, and the residual data for a picture 192 may be associated with a
second entropy slice. The encoded prediction data and the encoded entropy data may be
decoded In parallel. In some embodiments of the present invention, each partition comprising
prediction data or residual data may be partitioned into entropy slices which may be decoded
In parallel.

[0044] In some embodiments of the present invention shown in Figure 9, the residual of each
color plane, for example, the luma (Y) residual 200 and the two chroma (U and V) residuals
202, 204, may be entropy encoded by Y encoder 206, U encoder 208,and V encoder 210
separately and multiplexed by picture-level multiplexer 212 at the picture level. In some
embodiments of the present invention, the luma residual for a picture 200 may be associated
with a first entropy slice, the first chroma(U) residual for a picture 202 may be associated with a
second entropy slice, and the second chroma residual(V) for a picture 204 may be associated
with a third entropy slice. The encoded residual data for the three color planes may be
decoded In parallel. In some embodiments of the present invention, each partition comprising
color-plane residual data may be partitioned into entropy slices which may be decoded In
parallel. In some embodiments of the present invention, the luma residual 200 may have
relatively more entropy slices compared to the chroma residuals 202, 204.

[0045] In some embodiments of the present invention, a compressed-video bitstream may be
transcoded to comprise entropy slices, thereby allowing for parallel entropy decoding as
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accommodated by embodiments of the present Invention described above. Some
embodiments of the present invention may be described in relation to Figure 10. An Iinput
bitstream without entropy slices may be processed picture-by-picture according to Figure 10.
In these embodiments of the present invention, a picture from the input bitstream may be
entropy decoded(S220). The data which had been coded, for example, mode data, motion
Information, residual information and other data, may be obtained. Entropy slices may be
constructed one at a time from the data(S222). An entropy-slice header corresponding to an
entropy slice may be inserted in a new bitstream(5224). The encoder state may be reset and
the neighbor information may be defined (5226). The entropy slice may be entropy encoded
228 and written to the new bitstream. If there 1s picture data that has not been consumed by
the constructed entropy slices(NO In the step S230), then another entropy slice may be
constructed in the step of $S222, and the process of $S224-5S230 may continue until all of the
picture data has been consumed by the constructed entropy slices(YES In the step $S230), and
then the next picture may be processed.

[0046] The terms and expressions which have been employed in the foregoing specification
are used therein as terms of description and not of limitation, and there is no intention in the
use of such terms and expressions of excluding equivalence of the features shown and
described or portions thereof, it being recognized that the scope of the invention is defined and
limited only by the claims which follow.
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Patentkrav

1. Fremgangsmade til afkodning af et enkeltbillede (110) i en videosekvens,

hvor enkeltbilledet er inddelt i multiple rekonstruktionsstykker (111, 112, 113),
hvor hvert rekonstruktionsstykke omfatter en sekvens af forskellige makroblokke
(115-123) af enkeltbilledet og er selvstandige hvad angar at vardier af samples i
et omrade af enkeltbilledet, som rekonstruktionsstykket repraesenterer, kan
korrekt rekonstrueres uden anvendelse af data fra andre rekonstruktionsstykker,

hvilken fremgangsmade omfatter:
a) at modtage en bitstram svarende til videoen;
b) at identificere et rekonstruktionsstykke (112) i naevnte bitstrgm;

c) at identificere en flerhed af entropistykker (112-1, 112-2, 112-3)
associeret med naevnte rekonstruktionsstykke (112) i naevnte bitstroam og
en associeret flerhed af entropistykke-headere,

hvor hvert entropistykke (112-1; 112-2: 112-3) bestar af en sekvens af
forskellige makroblokke (117-121) af rekonstruktionsstykket (112),

hvor ved starten af rekonstruktionsstykket entropistykke-headeren er et
rekonstruktionsstykke-header af rekonstruktionsstykket,

hvor flerheden af entropistykker (112-1; 112-2; 112-3) |
rekonstruktionsstykket (112) deler rekonstruktionsstykkeattributter
defineret i rekonstruktionsstykke-headeren, og

hvor makroblokke i andre entropistykker (112-1; 112-3) udenfor et
bestemt entropistykke (112-2) af rekonstruktionsstykket (112) anvendes til
rekonstruktion af det bestemte entropistykke (112-2);

d) entropiafkodning af hver af naevnte flerhed af entropistykker associeret
med naevnte rekonstruktionsstykke, for derved at fremstille en flerhed af
entropiafkodede entropistykker, hvor hvert entropistykke uafhangigt
entropiafkodes uden anvendelsen af data fra andre entropistykker ved: at
nulstille en entropiafkodertilstand (S172, $178), at definere
naboinformation for entropiafkodningen (5174, S180) af entropistykket, og
entropiafkodning af entropistykkedataet (S176, S182); og

e) at rekonstruere en del af enkeltbilledet associeret med naevnte
rekonstruktionsstykke under anvendelse af naevnte flerhed af

entropiafkodede entropistykker.
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2. Fremgangsmade som beskrevet i krav 1, hvor entropiafkodning af hver af
naevnte flerhed af entropistykker associeret med naevnte rekonstruktionsstykke
omfatter entropiafkodning af et fgrste entropistykke i naevnte flerhed af
entropistykker associeret med naevnte rekonstruktionsstykke ved: a) at initialisere
en flerhed af kontekstmodeller; og b) at opdatere naevnte flerhed af
kontekstmodeller under naevnte entropiafkodning af naevnte fgrste entropistykke i

naevnte flerhed af entropistykker associeret med naevnte rekonstruktionsstykke.

3. Fremgangsmade som beskrevet i krav 2, hvor naevnte fgrste entropistykke

identificeres af en fgrste header.

4. Fremgangsmade som beskrevet i krav 1, hvor naevnte identificering af naevnte
flerhed af entropistykker associeret med naevnte rekonstruktionsstykke omfatter
analysering af naevnte bitstrogm til at identificere hvert entropistykke i naevnte

flerhed af entropistykker associeret med naevnte rekonstruktionsstykke.

5. Fremgangsmade som beskrevet i krav 1, hvor navnte rekonstruering af
naevnte del af naevnte enkeltbillede associeret med naevnte rekonstruktionsstykke
omfatter: a) at generere en fgrste rekonstrueret makroblok under anvendelse af
et fgrste entropiafkodet entropistykke fra naevnte flerhed af entropiafkodede
entropistykker; og b) at generere en anden rekonstrueret makroblok under
anvendelse af naevnte fgrste rekonstruerede makroblok og et andet
entropiafkodet entropistykke fra naevnte flerhed af entropiafkodede

entropistykker.

6. Fremgangsmade som beskrevet i et hvilket som helst af de foregaende krav,
hvor entropistykke-headeren, som er en rekonstruktionsstykke-header af
rekonstruktionsstykket, inkluderer en fgrste markering der indikerer at en koder

er blevet bestemt til at inddele rekonstruktionsstykket i entropistykker.

7. Fremgangsmade som beskrevet i et hvilket som helst af de foregaende krav,
hvor hver entropistykke-header er konfigureret til at muligggre en afkoder at

identificere en start af et entropistykke og starte entropiafkodning.



DK/EP 3086557 T3

DRAWINGS

FIG. 1

Transform/ |
Scale/
Quantize

: Input ' ~ ~ .;:  ‘o]
Picture _ e

4

Motion
.| Estimation

| Reference | J
Plcture

| . Motion }__
Compensation | / |

(14

38

20~ ‘ Intra—Frame |40

Prediction |
- J'M12

36

inverse
(Transform/ |

Scale/ |
Quantize)

30

De-blocking |
Filter |

(99 28



DK/EP 3086557 T3

F1G. 2

50

50 54 62 80

Input »{ Entropy [ »| De-blocking
Signal | Decoding |/ Filter

56 D 82 - “

64
Memory |

62°

lnerse :
(Transform/  fo#(+ K
Scale/Quantize)| (44

Intra—Frame | _
Prediction |/

74

Motion | .
i Compensation | )
i ____ 1'68



FIG. 3

'90

flIllIllIIll
| | | sucew | Jouf | | | -
U DT DL =] | ]
C DT L] feefs] | 1
[ ] sweem  Jw| [ [ | |

ElEEEEONENE

HEE HIIIII

101

DK/EP 3086557 T3



DK/EP 3086557 T3

F1G. 4

..II..II..-

EEN ] [ || |

L f= | [

....--...

Ll b sl T T T

ENER -.-...
105 ~-. ' SLICE GROUP #1

SLICE GROUP #0 —




DK/EP 3086557 T3
FIG. 5

11‘0

[T [riws IIlll

------

;l ‘H/%%/

/////...- 113
.-.--...--.
| | [rowcew|wm| | | | |
---------.l

E_SLICE #0

I:] E SLICE #1

E_SLICE #2

s R LlCE #l

N



DK/EP 3086557 T3

" FIG. 6

S130

< entropy_shce_flag?
NO 'O | P

YES

Parse regular—slice header S134 5148

Reset decoder state |

Define neighbor information for o
entropy decoding and 3138
-reconstruction

Parse entropy—siice header 4—

~—S136 Reset decoder state 5150

| Define ne ighbor information for o1
| . | o i 8152
e ‘ . y . . . . .-

Entropy decode slice data 4+——8154

Entropy decode slice data -—S140

Deﬁ'ne neigb'or infrmation for

S156

reconstruction

Reconstruct slice —~—S142



DK/EP 3086557 T3

FI1G. 7

i Identify N entropy slices or start | <44
' . a s 81 ?0
of next picture

Reset decoder state ~ S172 S178 Reset decoder state

| Define neighbor information for |

, H Define neibor information for '
entropy decoding

entropy decoding

Entropy decode Nth entropy |

: Enrop-y' de-o.de 1st etropy .
| slice data

- slice data

Reconstruct N slices S184




DK/EP 3086557 T3

FIG. 8

_ | Prediction
| Encoder

|Prediction Data

Multiplexer |

Residual Data |- Residual

Encoder

162 ' 196
FIG. 9

Y Residual ——

‘200 (206

U Residual - |— .
I 212"

1202 208

V Residual | —

204 210

Picture—Level |
Multiplexer



F1G. 10

Entropy decode picture ‘

Create one entropy slice

Entropy encode eritropy slice 1

Picture done?

YES

Insert entropy—slice header

Reset encoders‘tate and Dﬁn-e |
_neighbor information

$230

> NO —

- 5220

5222

S224

S226

DK/EP 3086557 T3



	Page 1 - ABSTRACT/BIBLIOGRAPHY
	Page 2 - ABSTRACT/BIBLIOGRAPHY
	Page 3 - DESCRIPTION
	Page 4 - DESCRIPTION
	Page 5 - DESCRIPTION
	Page 6 - DESCRIPTION
	Page 7 - DESCRIPTION
	Page 8 - DESCRIPTION
	Page 9 - DESCRIPTION
	Page 10 - DESCRIPTION
	Page 11 - DESCRIPTION
	Page 12 - DESCRIPTION
	Page 13 - DESCRIPTION
	Page 14 - CLAIMS
	Page 15 - CLAIMS
	Page 16 - DRAWINGS
	Page 17 - DRAWINGS
	Page 18 - DRAWINGS
	Page 19 - DRAWINGS
	Page 20 - DRAWINGS
	Page 21 - DRAWINGS
	Page 22 - DRAWINGS
	Page 23 - DRAWINGS
	Page 24 - DRAWINGS

