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Sample Array Coding for Low-Delay

Description

The present application is concerned with samplayacoding such as picture or video
coding.

Parallelization of encoder and decoder is very irgmt due to the increased processing
requirements by the HEVC standard as well as by dkpected increase of video

resolution. Multi-core architectures are becomimgilable in a wide range of modern

electronic devices. Consequently, efficient methtmlsenable the use of multiple-core

architectures are required.

Encoding or decoding of LCUs occurs in raster sbgnywhich the CABAC probability is
adapted to the specificities of each image. Spaglendencies exist between adjacent
LCUs. Each LCU (largest coding unit) depends orlats above, above-left and above-
right neighbor LCUs, because of different composgrior instance, motion-vector,
prediction, intra-prediction and others. Due to lBeaparallelization in decoding, these
dependencies typically need to be interrupted @ mterrupted in state-of-the-art
applications.

Some concepts of parallelization, namely waveffmoicessing have been proposed. The
motivator for the further study is to perform tejues, which lower the coding efficiency
loss and thus reduce the burden on the bitstreamai@llelization approaches in encoder
and decoder. Furthermore, low-delay processing m@s possible with the available
techniques.

Thus, it is the object of the present inventioptovide a coding concept for sample arrays
allowing lower delay at comparatively less penaltrecoding efficiency.

This object is achieved by the subject matter efdhclosed independent claims.

If the entropy coding of a current part of a predained entropy slice is based on, not
only, the respective probability estimations of firedetermined entropy slice as adapted
using the previously coded part of the predeterthiastropy slice, but also probability
estimations as used in the entropy coding of aafpaneighboring, in entropy slice order
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preceding entropy slice at a neighboring part thieréne probability estimations used in
entropy coding are adapted to the actual symbaksts more closely, thereby lowering
the coding efficiency decrease normally caused dyet-delay concepts. Temporal
interrelationships may be exploited additionallyatiernatively.

For example, the dependency on probability estonatas used in the entropy coding of a
spatially neighboring, in entropy slice order ping entropy slice may involve the
initialization of the probability estimations atethbeginning of entropy coding the
predetermined entropy slice. Usually, probabilistimations are initialized to values
adapted to symbol statistics of a representatigacbbf sample array material. In order to
avoid the transmission of the initialization valugsthe probability estimations, they are
known to encoder and decoder by convention. Howestgech pre-defined initialization
values are, naturally, merely a compromise betwsda information bitrate on the one
hand and coding efficiency on the other hand ak sutialization values naturally — more
or less - deviate from the actual sample statisticshe currently coded sample array
material. The probability adaptation during the rseuof coding an entropy slice adapts the
probability estimations to the actual symbol stetss This process is accelerated by
initializing the probability estimations at the Ilmgng of entropy coding the
current/predetermined entropy slice using alreadiypted probability estimations of the
just-mentioned spatially neighboring, in entropigeslorder preceding entropy slice as the
latter values have already been, to some exteapted to the actual symbol statistics of
the sample array currently at hand. Low-delay ogdimy nevertheless be enabled by
using, in initializing the probability estimatiorfer the predetermined/current entropy
slices, the probability estimation used at the Imieaging part thereof, rather than
manifesting themselves at the end of entropy cothiegpreceding entropy slice. By this
measure, wavefront processing is still possible.

Further, the above-mentioned dependency on theapiltly estimations as used in the
entropy coding of the spatially neighboring, inrepy slice order preceding entropy slice
may involve the adaptation process of adaptingotibbability estimations used in entropy
coding the current/predetermined entropy slicelfitderobability estimation adaptation
involves the use of the just-coded part, i.e.,jtise-coded symbol(s), in order to adapt the
current state of the probability estimations to dletual symbol statistics. By this measure,
initialized probability estimations are adaptedaine adaptation rate to the actual symbol
statistic. This adaptation rate is increased byopeing the just-mentioned probability
estimation adaptation not only based on the cugemoded symbol of the
current/predetermined entropy slice, but also ddeen on probability estimations as
manifesting themselves at a neighboring part ofsgp&tial neighboring, in entropy slice
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order preceding entropy slice. Again, by choosheggpatially neighborhood of the current
part of the current entropy slice and the neighitgppart of the preceding entropy slice
appropriately, wavefront processing is still poksilrhe benefit from coupling the own
probability estimation adaption along the currentr@py slice, with the probability
adaptation of the preceding entropy slice is tlvegased rate at which the adaptation to the
actual symbol statistics takes place as the numbsymbols traversed in the current and
previous entropy slices contributes to the adamptatiather than merely the symbols of the
current entropy slice.

Advantageous implementations of embodiments optiesent invention are the subject of
the dependent claims. Further, preferred embodsnareg described with respect to the
figures, among which

Fig. 1 shows a block diagram of an exemplary encode

Fig. 2 shows a schematic diagram of a partitiomihg picture into slices and slice parts
(i.e. blocks or coding units) along with coding ersl defined thereamong;

Fig. 3 shows a flow diagram of functionality of @xemplary encoder such as the one of
Fig. 1;

Fig. 4 shows a schematic diagram for explaining filmectionality of an exemplary
encoder such as the one of Fig. 1;

Fig. 5 shows a schematic diagram for a parallefatmal implementation of encoder
and decoder;

Fig. 6 shows a block diagram of an exemplary decode

Fig. 7 shows a flow diagram of functionality of exemplary decoder such as the one of
Fig. 6;

Fig. 8 shows a schematic diagram for an exemplasyréam resulting from the coding
scheme of Fig. 1 to 6;

Fig. 9 schematically shows an example for how tmmate probability with the help of
others LCUs;
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shows a graph illustrating the RD resutis Intra (4 Threads), in a
comparison with HM3.0;

shows a graph illustrating the RD restdtsLow Delay (1 Thread), in a
comparison with HM3.0;

shows a graph illustrating the RD restdtsRandom Access (1 Thread), in
a comparison with HM3.0;

shows a graph illustrating the RD resitdtsLowDelay (4 Threads), in a
comparison with HM3.0;

schematically and exemplarily illustraties possible compounds of entropy
slices

schematically and exemplarily illustratepossible signaling of an entropy
slice

schematically and exemplarily illustrateBncoding, segmentation,
interleaving and decoding of entropy slice datachianks;

schematically and exemplarily illustratespossible compound between
Frames;

schematically and exemplarily illustrat@spossible usage of collocated
information;

schematically shows the possibility of avefront running obliquely within
the spatio/temporal space spanned by consecutnplsarrays; and

schematically shows another example fdordsuding entropy slices into
chunks.

In order to ease the understanding of the belowraat measures for improving the
achievement of low-delay at less penalties in teainsoding efficiency, the encoder of
Fig. 1 is firstly described in more general termghaut, preliminarily, discussing the
advantageous concepts of embodiments of the prepgtitation and how same may be
built into the embodiment of Fig. 1. It should bemtioned, however, that the structure
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shown in Fig. 1 merely serves as an illustrativeirenment in which embodiments of the
present application may be used. Generalizatiorss a@ternatives for encoders and
decoders in accordance with embodiments of theeptesivention are also briefly
discussed.

Fig. 1 shows an encoder for encoding a sample dajnto an entropy encoded data

stream 20. As shown in Fig. 1, the sample arragna9 be one of a sequence 30 of sample
arrays and the encoder may be configured to enttesequence 30 into the data stream
20.

The encoder of Fig. 1 is generally indicated byrefce sign 40 and comprises a precoder
42 followed by an entropy encoding stage 44, thpuwuwf which outputs data stream 20.
The precoder 42 is configured to receive and opeoat sample array 10 in order to
describe the content thereof by way of syntax efemef a predetermined syntax with
each syntax element being of a respective one pkdetermined set of syntax element
types which, in turn, are associated with a respesemantics.

In describing the sample array 10 using the syrdgbements, the precoder 42 may
subdivide the sample array 10 into coding units Bl@e term “coding unit” may, for
reasons set out in more detail below, alternativeycalled “coding tree units” (CTU)s.
One possibility of how precoder 42 may subdivide sample array 10 into coding units 50
is exemplarily shown in Fig. 2. In accordance wiils example, the subdivision regularly
subdivides the sample array 10 into coding unitssb(that the latter are arranged in rows
and columns so as to gaplessly cover the compéetele array 10 without overlap. In
other words, precoder 42 may be configured to desaach coding unit 50 by way of
syntax elements. Some of these syntax elementsfonay subdivision information for
further subdividing the respective coding unit Bar example, by way of multi-tree
subdivisioning, the subdivision information may ci@se a subdivision of the respective
coding unit 50 into prediction blocks 52 with theepoder 42 associating a prediction
mode with associated prediction parameters for e@fdhese prediction blocks 52. This
prediction subdivision may allow for the predictibiocks 52 being different in size as
illustrated in Fig. 2. The precoder 42 may alsmeaisde residual subdivision information
with the prediction blocks 52 so as to further suio@ the prediction blocks 52 into
residual blocks 54 so as to describe the predictisidual per prediction block 52. Thus,
precoder may be configured to generate a syntakrigéen of sample array 10 in
accordance with a hybrid coding scheme. Howeveralemsady noted above, the just-
mentioned way that the precoder 42 describes theplsaarray 10 by way of syntax



10

15

20

25

30

35

elements has merely been presented for illustrgizposes and may also be implemented
differently.

The precoder 42 may exploit spatial interrelatigpshbetween content of neighboring

coding units 50 of sample array 10. For examplec@der 42 may predict syntax elements
for a certain coding unit 50 from syntax elemerdgtednined for previously coded coding

units 50 which are spatially adjacent to the cutyeroded coding unit 50. In Figs. 1 and 2,

for example, the top and left-hand neighbors séoverediction as illustrated by arrows

60 and 62. Moreover, precoder 42 may, in an intealigtion mode, extrapolate already
coded content of neighboring coding units 50 it ¢urrent coding unit 50 so as to obtain
a prediction of the samples of the current codini 50. As shown in Fig. 1, precoder 42

may, beyond exploiting spatial interrelationshipemporarily predict samples and/or

syntax elements for a current coding unit 50 froravmusly coded sample arrays as
illustratively shown in Fig. 1 by way of arrow 6#ihat is, motion-compensated prediction
may be used be precoder 42, and the motion vettensselves may be subject to temporal
prediction from motion vectors of previously codsinple arrays.

That is, precoder 42 may describe the content wipsa array 10 coding unit wise and
may, to this end, use spatial prediction. The apatiediction is restricted for each coding
unit 50 to spatially neighboring coding units oéthame sample array 10 such that when
following a coding order 66 among the coding ublisof sample array 10, the neighboring
coding units serving as prediction reference fer ¢patial prediction, have generally been
traversed by the coding orders 66 prior to theenircoding unit 50. As illustrated in Fig.
2, the coding order 66 defined among the codingsus® may, for example, be a raster
scan order according to which coding units 50 aae@etrsed row by row from top to
bottom. Optionally, a subdivision of array 10 irda array of tiles may cause the scan
order 66 to traverse — in a raster scan order e€dloing units 50 composing one tile first
before preceding to the next in a tile order whinthturn, may also be of a raster scan type.
For example, the spatial prediction may involve eheneighboring coding units 50 within
a coding unit row above the coding unit row withimich the current coding unit 50
resides, and a coding unit within the same codimitj now, but to the left relative to the
current coding unit. As will be explained in moretail below, this restriction onto the
spatial interrelationship/spatial prediction, emabparallel wavefront processing.

Precoder 42 forwards the syntax elements to thegntoding stage 44. As just outlined,
some of these syntax elements have predictively lmeeled, i.e. represent prediction
residuals. Precoder 42 may, thus, be regardedoesdactive coder. Beyond that, precoder



10

15

20

25

30

35

42 may be a transform coder configured to transfoode residuals of the prediction of the
content of the coding units 50.

An exemplary internal structure of the entropy ogdstage 44 is also shown in Fig.1. As
shown, the entropy coding stage 44 may comprisgraglly, a symbolizer for converting
each of syntax elements received from precodetrd2number of possible states of which
exceed the symbol alphabet’s cardinality into ausege of symbols; ©f the symbol
alphabet based on which the entropy coding enghepkrates. Beyond that optional
symbolizer 70, the entropy coding engine 44 mayp@sa a context selector 72 and an
initializer 74, a probability estimation manager, @grobability estimation adaptor 78 and
an entropy coding core 80. The entropy coding sooeitput forms the output of entropy
coding stage 44. Besides, the entropy coding coreo&prises two inputs, namely one for
receiving the symbols; ®f the sequence of symbols, and another one fmiviag a
probability estimation jdfor each of the symbols.

Owing to the properties of entropy coding, the agdefficiency in terms of compression
rate, increases with an improvement of the probiglaktimation: the better the probability
estimation matches the actual symbol statistiesp#titer the compression rate.

In the example of Fig. 1, the context selectors/2anfigured to select, for each symhbol s
a corresponding context among a set of available contexts managed by nearédy It
should be noted, however, that the context seledtans merely an optional feature and
may be left off with, for example, using the sanmatext for each symbol. However, if
using the context selection, context selector 79 beaconfigured to perform the context
selection at least partially based on informationaerning coding units outside the current
coding unit, namely concerning neighboring codingitas within the restricted
neighborhood discussed above.

Manager 76 comprises a storage which stores, fon esailable context an associated
probability estimation. For example, the symbolhalpet may be a binary alphabet so that
merely one probability value may have to be stdoe@dach available context.

The initializer 74 may, intermittently, initializer re-initialize the probability estimations
stored within manager 76 for the available conteRtsssible time instants at which such
initialization may be performed, are discussederrtelow.

The adapter 78 has access to the pairs of symbasmds corresponding probability
estimations pand adapts the probability estimations within nggma&/6 accordingly. That
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is, each time a probability estimation is appligdebtropy coding core 80 so as to entropy
code the respective symbg| sito data stream 20, adapter 78 may vary thi®aiihity
estimation in accordance with the value of thisrenir symbol s so that this probability
estimation pis better adapted to the actual symbol statisitben encoding the next
symbol which is associated with that probabilityiraation (by way of its context). That is,
adaptor 78 receives the probability estimationtfar selected context from manager 76
along with the corresponding symbo] and adapts the probability estimation p
accordingly so that, for the next symbpbgthe same context,dhe adaptive probability
estimation is used.

The entropy coding core 80 is, for example, comguto operate in accordance with an
arithmetic coding scheme or in a probability-inedrpartitioning-entropy coding scheme.
In arithmetic coding, entropy coding core 80 woutal, example, continuously update its
state when coding the sequence of symbols, withstdiie being defined by a probability
interval defined by a probability interval widthlua and probability interval offset value,

for example. When operating in the pipe concem,ahtropy coding core 80 would, for

example, subdivide the domain of possible valueghef probability estimations into

different intervals with performing fixed-probalbylientropy coding with respect to each of
these intervals, thereby obtaining a substreameémh of the sub-intervals the coding
efficiency of which is respectively tailored to thesociated probability interval. In case of
entropy coding, the data stream 20 output wouldmearithmetically coded data stream
signaling to the decoding side information enablemulating or redoing the interval

subdivision process.

Naturally, it would be possible for entropy codistgte 44 to entropy code all information,
i.e. all syntax elements/symbolg selating to sample array 10 with initializing the
probability estimations merely once at the begignithereof, and then continuously
updating the probability estimations by adaptor s would, however, result in a data
stream 20 which would have to be sequentially dedoat the decoding side. In other
words, there would not be a possibility for anyatéer to subdivide resulting data stream
into several sub-portions and decoding the suliggwtin parallel. This would, in turn,
hamper any low-delay efforts.

Accordingly, as will be outlined in more detail bel, it is favorable to subdivide the
amount of data describing the sample array 10sotoalled entropy slices. Each of these
entropy slices would, accordingly, cover a diffdérsat of the syntax elements relating to
the sample array 10. If the entropy coding stagevddld, however, entropy encode each
entropy slice completely independent of each othefirstly initializing the probability
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estimation once with then continuously updating tirebability estimation for each
entropy slice individually, then the coding efficy would be decreased due to the
increased percentage of the data relating to, asdrithing, the sample array 10 for which
the probability estimations used are (yet) lessuately adapted to the actual symbol
statistics.

In order to overcome the just-mentioned problemsgnommodating the wish for low
coding delay on the one hand and high coding efiicy on the other hand, the following
encoding scheme may be used, which is now descwiitbdespect to Fig. 3.

Firstly, the data describing the sample array 1€ulsdivided into portions called “entropy
slices” in the following. The subdivision 80 neeulst to be overlap-free. On the other
hand, this subdivision may at least partially cepand to a spatial subdivision of the
sample array 10 into different portions. That is¢ading to the subdivision 80, syntax
elements describing sample array 10 may be disttbwnto different entropy slices
depending on the location of the coding unit 50chithe respective syntax element relates
to. See, for example, Fig. 2. Fig. 2 shows an examgubdivision of sample array 10 into
different portions 12. Each portion corresponds atorespective entropy slice. As
exemplarily shown, each portion 12 corresponds tmwa of coding units 50. Other
subdivisions are, however, feasible as well. Howeités advantageous if the subdivision
of the sample array 10 into portions 12 follows difierementioned coding order 66 so that
portions 12 cover consecutive runs of coding ub#salong the coding order 66. Even if
so, however, the start and end positions of porfidnalong coding order 66 need not
coincide with the left-hand and right-hand edgestlé rows of coding units 50,
respectively. Even a coincidence with the borddrsoding units 50 immediately follow
each other and coding order 66 does not need noalbelatory.

By subdividing sample array 10 in that way, an @pyrslice order 16 is defined among
portions 12 along which portions 12 follow each esttalong the coding order 66.

Moreover, for each entropy slice, a respectiveagytrcoding path 14 is defined, namely
the fragment of coding path 66 running to the respe portion 12. In the example of Fig.

2 where portions 12 coincide with the rows of cgdimits 50, the entropy coding paths 14
of each entropy slice point along the row directionparallel to each other, i.e. here from
the left-hand side to the right-hand side.

It should be noted that it would be possible tdrietsspatial predictions performed by
precoder 42 and context derivations performed byecd selector 72 so as to not cross
slice boundaries, i.e. so that the spatial premhistiand context selections do not depend on
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data corresponding to another entropy slice. Thay,wthe “entropy slices” would
correspond the usual definition of “slices” in H426or example, which are completely
decodable independently from each other, exceptttier below-outlined probability
initialization/adaptation dependency. However, dud also be feasible to allow spatial
predictions and context selections, i.e. genergfigaking dependencies, to cross slice
boundaries in order to exploit local/spatial intdependencies as WPP processing is still
feasible even as far as the reversal of the pragodlie. the reconstruction based on the
syntax elements, and the entropy context selediortoncerned. In so far, the entropy
slices would somehow correspond to “dependentsslice

Subdivision 80 may, for example, be performed byrogry coding stage 44. The
subdivision may be fixed or may vary among theyaofisequence 30. The subdivision
may be fixed per convention or may be signalediwittata stream 20.

Based on the entropy slices, the actual entropyngochay take place, i.e. 82. For each
entropy slice, the entropy coding may be structuirgd a starting phase 84 and a
continuation phase 86. The staring phase 84 ingplioe example, the initialization of the

probability estimations as well as the triggerirfigh® actual entropy coding process for the
respective entropy slice. The actual entropy codisgthen performed during the

continuation phase 86. The entropy coding duringsph86 is performed along the
respective entropy coding path 14. The startingsph84 for each entropy slice is

controlled such that the entropy coding of the glity of entropy slices starts sequentially
using the entropy slice order 16.

Now, in order to avoid the above-outlined penaltyickh would result from entropy coding

each entropy slice completely independent of edlcbrpthe entropy coding process 82 is
controlled such that a current part, e.g. a curcexding unit of a current entropy slice is
entropy coded based on the respective probabstiynations of the current entropy slice
as adapted using the previously encoded part afubrent entropy slice, i.e. the part of the
current entropy slice to the left of the currentiog unit 50 in case of Fig. 2, and the
probability estimations as used in entropy codhmgdpatially neighboring, in entropy slice
order 16 preceding entropy slice at a neighboriag,d.e. a neighboring coding unit,

thereof.

In order to describe the aforementioned dependetarg clearly, reference is made to Fig.
4. Fig. 4 illustrates, the n-1, n and n+1 th engrgpces in entropy slice order 16 with

reference sign 90. Each entropy slice 90 encompasse sequence of syntax elements
describing the portion 12 of the sample array l@chvithe respective entropy slice 90 is
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associated with. Along the entropy coding path drtropy slice 19 is segmented into a
sequence of segments 92, each of which corresporadgespective one of the coding units
50 of the portion 12 which entropy slice 90 reldtes

As described above, the probability estimationgduseentropy coding the entropy slices
90 are continuously updated during the continuapbase 86 along the entropy coding
path 14 so that the probability estimations indreglg better adapt the actual symbol
statistics of the respective entropy slice 90 —the probability estimations are associated
with the respective entropy slice. While the praligtestimations 94 used to entropy code
the entropy slice 90 during the continuation pHé&eare continuously updated, in Fig. 4,
merely states of the probability estimations 94ungog at the start and end positions of
segments 92 are illustrated and mentioned furtleéwo In particular, the state prior to
entropy coding the first segment 92 as initialigeding the starting phase 84, is shown at
96, the state manifesting itself after coding thst fsegment is illustrated at 98, and the
state manifesting itself after encoding the fivgd tsegments is indicated at 100. The same
elements are shown in Fig. 4 also for the n-1 @ytsdice in entropy slice order 16, and
the following entropy slice, i.e. entropy slice n+1

Now, in order to achieve the above-outlined depeagethe initial state 96 for entropy
coding the n-th entropy slice 90 is set dependentany intermediate state of the
probability estimations 94 manifesting itself dgriencoding the preceding entropy slice n-
1. “Intermediate state” shall denote any statehef grobability estimations 94, excluding
the initial state 96 and the final state manifegiiself after entropy coding the complete
entropy slice n-1. By doing so, entropy coding skgquence of entropy slices 90 along the
entropy slice order 16 may be parallelized with egrde of parallelization being
determined by the ratio of the number of segmersp@ceding the state used for
initialization of the probability estimations 94rfentropy coding the next entropy slice, i.e.
a, and a number of segments 92 succeeding this,stagb. In particular, in Fig. 4, a is
exemplarily set to be equal to, with the initiatipa, i.e. adaption of state 100 so as to set
state 96 of current entropy slice to be equalestate 100 of the preceding entropy slice,
being illustrated by arrow 104.

By this measure, the entropy coding of any segr@@nfollowing state 100 in entropy
coding path order 14 would depend on the probglektimation 94 as adapted during the
continuation phase 86 based on the preceding seagmiktihe same entropy slice as well as
the probability estimation as used in entropy cgdhre third segment 92 of the preceding
entropy slice 90.
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Accordingly, the entropy coding of the entropy eic®0 could be performed in parallel in
a pipelined scheduling. The only restrictions imggb®nto the time scheduling would be
that the entropy coding of some entropy slice magilb merely after finishing the entropy
coding of the a-th segment 92 of the precedingoemtrslice. Entropy slices 90

immediately following each other in entropy sliceler 16, are not subject to any other
restrictions regarding time-alignment of the enyropoding procedure during the

continuation phase 86.

In accordance with another embodiment, howeveiroager coupling is used, additionally
and/or alternatively. In particular, as illustraiedrig. 4 by representative arrows 106, the
probability estimation adaptation during continaatphase 86 causes that the data of the
coding unit corresponding to a certain segmentiahges the probability estimations 94
from the state at the beginning of the respectagreent 92 till the end of this segment 92,
thereby improving the approximation of the actyathbol statistics as denoted above. That
is, the adaptation 106 is performed for the entrsipye n-1 merely dependent on data of
entropy slice n-1, and the same applies to thegtitity estimation adaptation 106 of
entropy slice n, etc. For example, it would be pmesto perform the initialization as
explained above with respect to arrows 104 withfgoering the probability estimation
adaptation 106 without any further interferencenaeen the entropy slices 90. However, in
order to expedite the probability estimation appration of the actual symbol statistics,
probability estimation adaptation 106 of conseaigwtropy slices may be coupled so that
the probability estimation adaptation 106 of a po#eg entropy slice n-1 also influences,
or is taken into account, when adapting the prdibatEstimation adaptation of a current
entropy slice n. This is illustrated in Fig. 4 by arrow 108 pointing from state 110 of the
spatially neighboring probability estimations 94 émtropy coding the n-1-th entropy slice
90 to state 100 of the probability estimations @dentropy coding the n-the entropy slice
90. When using the above-outlined initialization sthte 96, the probability adaptation
coupling 108 may be, for example, used at any ef lihprobability estimation states
manifesting themselves after entropy coding thedmments 92 of the preceding entropy
slice. To be more precise, the probability estioraimanifesting themselves after entropy
coding the first segment 92 of the current entrgfige may be the result of the usual
probability adaptation 106 and by taking into actoliO8 of the probability estimation
states resulting from the probability estimatioraptdtion 106 during entropy coding the
(a+1)-th segment 92 of the preceding entropy slide The “taking into account” may, for
example, involve some averaging operation. An examwl be further outlined below. In
other words, state 98 of the probability estimati®d for entropy coding the n-th entropy
slice 90 at the beginning of entropy coding segm@éhtthereof, may be the result of
averaging the predecessor state 96 of the protyabgdtimations 94 for entropy coding the
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current entropy slice n as adapted using adaptafiénand the state before entropy coding
the (a+1)-th segment 92 of the preceding entrome sh-1 modified according to the
probability adaptation 106. Analogously, state 108y be the result of an averaging the
result of the adaptation 106 performed during gmtrooding the current entropy slice n
and the result of the probability adaptation duemgropy coding the (a+2)-th segment 92
of the preceding entropy slice n-1, etc.

More specifically, let

p(n)=>{i,j}, with i,j denoting the position of any codingnit (with (0,0) being the left, top
and (1,J) the right, bottom position). }{1...1} and jK1...J}, | being the number or
columns, J being the number of rows and p() deditive path order 66,

P the probability estimation used in entropy codioding unit {i,j}; and
T(Pgj; ) the result of the probability adaptation 106 gf Fbased on coding unit {i,j};

Then, the probability estimations 106 of conse@iaatropy slices 90 may be combined to
replace the usual, entropy slice internal adaptatxording to Rn+1=T(Pom)). by

Poeay= average(T(Ru), T(R, ;. )r-- T(R ;)

where N may be 1 or more than 1 and {i,jk is/are selected from (lie within) any
previous (in entropy slice order 16) entropy sl@@ and its associated portion 12,
respectively. The function “average” may be oneaofieighted sum, a median function,
etc. p(n)={i,j} is the current coding unit and p(b}follows in accordance with the coding
order 14 and 66, respectively. In the presentedoeimients p(n+1)={i+1,j}.

Preferably, {i,j}..n fulfill, for each KIJ{1...N}, {i,j} 1..n = {ixjx} and k<i+3 and i<j with
p(n)={i,j} being the current coding unit (i.e. amwy the second or following coding units of
the current entropy slice), i.e. they do not ligdoed the wavefront.

In the latter alternative, the entropy coding tiseheduling when entropy coding the
entropy slices 90 in parallel, is more closely dedpto each other. That is, during the
continuation phase 86, the next segment 92 inding current entropy slice, may merely
be commenced upon finishing the corresponding segiethe preceding entropy slice
which is a ranking position further in entropy aoglipath order 14.
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In other words, the above discussion showed an pbeamhere the decoder 40, and in
particular, the entropy coding stage 44, is coméguto perform, for an entropy slice 90
such as the n-th, an initialization of its probapiestimations 94 before decoding the first
segment 92 corresponding to the first coding urst/fblock 50 of the portion 12
corresponding to the n-th entropy slice along thepective encoding path 14 with
probability estimations manifesting themselvesraftaving entropy decoded the second
coding unit/block 50 of the portion 12 correspordio the, in entropy slice order 16,
preceding entropy slice along the respective emgpdpath 14. Additionally, or
alternatively, the decoder 40 and, in particulaty@y coding stage 44, may be configured
to perform, for each entropy slice 90, the entra@goding and probability estimation
adaptation such that, after a current part/bloakifop unit 50 of the current entropy slice
has been entropy decoded based on the respeabivahjility estimations 94 of the current
entropy slice 90, the respective probability estiores 94 of the current entropy slice are
adapted depending on this current part of the nureatropy slice and the probability
estimations as manifesting themselves in entropycodieg a neighboring
part/block/coding unit 50 of the spatially neighingr, preceding entropy slice, such as the
one in the above neighboring row in the second maoluo the right of the current
part/block/coding unit of the current entropy slice

As became clear from the above discussion, prabab#stimation has to be
adapted/managed for each entropy slice 50 separdiels may be done by sequentially
processing the entropy slices and storing proligtaitimation states as those exemplarily
shown and mentioned with respect to Fig. 4, i.e.986 100, 110 and 102, in a respective
probability estimation storage 120 (see Fig. 1l)teAatively, more than one entropy
coding stage 44 may be provided so as to decoderttiepy slices in parallel. This is
illustrated in Fig. 5, where a plurality of instetions of the entropy coding stage 44 are
shown, each associated with a respective one oktite®py slices and corresponding
portions 12 of the sample array 10, respectively. ¥ also illustrates the decoding process
and its possible implementations by using parahetantiations of respective entropy
decoding stages 130. Each of these entropy decatizggs 130 is fed with a respective
one of the entropy slices conveyed via the da&asir20.

Fig. 5 shows that the entropy coding stages 44tlamdespective decoding stages 130 do
not completely operate independent of each othgramallel. Rather, stored probability
estimation states such as the ones stored in statd@, are passed from one stage
corresponding to a respective entropy slice, talerostage relating to an entropy slice
following in accordance with the entropy slice ardé.
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Fig. 5 shows for illustration purposes, also a fmsstraversing order for traversing
possible subdivisions of the coding units 50 sueta draversal order 140 defined among
the prediction blocks 52 within one coding unit %tr all these prediction blocks 52
corresponding syntax elements are contained witha respective segment 92 and
corresponding to the values of these syntax elesnémé probability estimations 94 are
adapted during the traversal of path 140 with dhepgation during traversing coding unit
50 defining the above-mentioned “T". In CABAC aadimig to H.264 and HEVC, “T” is
performed table-based, i.e. by a “table walk” diefjntransitions from a current state of the
probability estimation for a current context toexnstate depending on the current symbol
value associated with that context.

Before proceeding with Fig. 6 showing a decoder atithent corresponding to the

encoder embodiment of Fig. 1, it should be noted the predictive nature of precoder 42
merely served as an illustrative embodiment. Inoed@nce with even alternative

embodiments, the precoder 42 may be left off whtlh $yntax elements which the entropy
coding stage 44 operates on, being, for exampéeptiginal sample values of the sample
array 10. Even alternatively, the precoder 42 maycbnfigured to form a subband

decomposition of sample array 10 such as in JPEBE@.optional nature of context selector
72 has already been mentioned above. The samegpyth respect to the initializer 74.

The same may be instrumented differently.

Fig. 6 shows a decoder 200 corresponding to thedamc40 of Fig. 1. It is visible from
Fig. 6 that the construction of decoder 200 sulbstiyn mirrors the construction of the
encoder 40. That is, decoder 200 comprises an iBpRtfor receiving data stream 20,
followed by a concatenation of entropy decodingyst204 and a constructor 206. The
entropy decoding stage 204 entropy decodes themnslices conveyed to within data
stream 202 and forwards, in turn, the decoded signigo and syntax elements,
respectively, to constructor 206, which, in tumguests the syntax elements from entropy
decoding stage 204 by respective request 208. herotvords, constructor 206 also
assumes responsibility for parsing the syntax etenseream produced by precoder 42
within the encoder. Accordingly, constructor 20§uests sequentially the syntax elements
from entropy decoding stage 204. Entropy decodtages204 is structured substantially
the same way as entropy encoding stage 44 is. dicagy, the same reference signs of the
internal blocks of entropy decoding stage 204 arased. The symbolizer 70, if present,
turns the requests for syntax elements into requestsymbols and the entropy decoding
core 80 answers with a respective symbol valuesysnbolizer 70 maps sequences of
received symbols forming valid symbol words inttsyx elements and forwards same to
constructor 206. Constructor 206 reconstructs émepée array 10 from the syntax element



10

15

20

25

30

35

16

stream received from entropy decoding stage 204 @8 as outlined above, using
predictive decoding, etc. To be more precise, caokir 206 also uses the coding order 66
and performs the decoding coding-unit-wise withfgrening predictions 60, 62 and 64.
The one or more predictions for syntax elementosample values are combined such
as added-up, optionally with using a predictiondesl obtained from the syntax elements
of the syntax element stream. The entropy decodorg 80 may, just as the entropy
coding core 80, follow an arithmetic decoding cqiaa a probability interval partitioning
entropy decoding concept. In the case of arithmd#icoding, entropy decoding core 80
may continuously update an internal state in fofna partial interval width value and a
value such as an offset value, pointing into tlagtipl interval. The update is done using
the inbound data stream. The current partial irmders subdivided analogously to the
entropy coding core 80 using the probability estiomap provided for each symbo] by
way of context selector 72 along with probabilistimation manager 76. The adapter 78
performs the probability estimation adaptation gsime decoded symbol valugsrsorder

to update the probability estimation valugsfothe contextcassociated with the symbol s
by context selector 72. The initializations by ializer 74 are done at the same instances
and in the same way as in the encoding side.

The decoder of Fig. 6 operates in a manner verilasito the functionality of the encoder
as described above with respect to Fig. 3. In a 288, the sample array 10 is subdivided
into entropy slices. See, for example, Fig. 8. Bigghows the data stream 20 arriving at
input 202 and in particular, entropy slices 90,taored therein. In step 230, each of these
entropy slices 90 is associated with a portion hZckvthe respective entropy slice 90 is
associated with so that the above-described prhiyatgistimation initialization and
probability estimation adaptation based on theeetsge proceeding entropy slice may be
performed. The sample array subdivision, or, maeeipely stated, the association of the
entropy slices 90 with their respective portions h2y be performed by constructor 206.
The association may be achieved by different meassuch as side information contained
within data stream 20 in portions not entropy cqoaedy convention.

The entropy slices 90 are then, in the entropy diegoprocess 232, entropy decoded in a
manner, mirroring the encoding process 82, namdély performing for each entropy slice
90, a starting phase 234 and a continuation ph&&e vidth probability estimation
initialization and adaptation in the same mannedl ah the same instances as in the
encoding procedure.

The same parallelization as described above w#pere to the encoding, is possible at the
decoding side. The entropy decoding stage instaon& 130 shown in Fig. 5 may each be
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embodied as shown with respect to the entropy degadage 204 in Fig. 6. A probability
estimation storage 240 may be used in order te sttates of the probability estimations
for use in an entropy decoding stage 130 respandin the entropy decoding of a
subsequent entropy slice in entropy coding order 16

After having described embodiments of the presppti@ation, the concepts discussed so
far are described in the following, again usingiffecent wording. Thereinafter, several
further aspects of the present application are ridest In the following, the
aforementioned coding units 50 are called LCU @atgoding unit), thereby adapting the
wording to the upcoming HEVC standard.

Firstly, the above-discussed probability adaptati@® is briefly discussed again with
respect to Fig. 9.

A current LCU uses the probability estimations sashCABAC probabilities, available
after coding the preceding left LCU. For examphe LCU of Fig. 9, indicated with X, is
supposed to be entropy coded using the probaleditynation p as adapted until the end
of entropy coding the left-hand side LCU to thd fLCUx. However, if the information
is used not only from the left one, but also frone @r more other LCUs, which already
have been processed and are available, bettertsraauprobability adaptation can be
achieved.

As described above, in entropy decoding and entenmoding the entropy slices, new
probability estimations are computed before enapaindecoding of each LCU, with the
help of already existing probabilities (probabiliégtimations) from other LCUs. To be
more precise, the probability adaptation is noygdrformed from any preceding LCUs of
the current entropy slice, but also from LCUs ofrepy slices preceding an entropy slice
order. This approach is represented in Fig. 9 agke start probabiltiy of the current
LCU which is denoted X in Fig. 9, can be computecoadingly:

Pew= aP1 + &P+ 3Pst asPs + &Ps + As+1yPier) -+ A&Pes (1)
where a,... & are the weighting factors of the LCUs.
It has been tested which weighting of probabilit@®vide the best results. In this

experiment only the neighboring LCUs have been u3déw study reveals to use the
weighting: 75% from the left LCU and 25% from thHeoae-right LCU. In Figs. 10-13, the
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results are presented. The graphs entitled usirrgb,pAdapt.” use the probability
adaptation described above.

However, in the probability estimation adaptationt only adjacent blocks can be used.
Each nearest LCU has peculiarly own neighbors, ehase for probability optimization
may be significant. In other words, not only thel<Cfrom the upper nearest row can be
applied. In Fig. 9, one can see an example whesed#rivations of the probability
estimations have been taken first from the neighlaord can be taken from each above-
right LCU of each next upper row, cf and p.

It should be admitted that some complexity is idtroed by the above outlined probability
recalculation or probability estimation adaptatiodew computation of probability
estimation occurs, for example, in three stepsfirat, probability estimations of each
candidate have to be gained from each context Statg is done by storing in storage 120
and 240, respectively, or by steering the paratalopy slice n/decoding processes such
that these states are available concurrently. Skgooy using the equation (1), optimized
probability (pew) Will be created. That is, some averaging, fornepke, may be used in
order to combine adapted probability estimationdifiérent entropy slices. As a last step,
a new context state is converted fromand replaces the old one. That is, probability
estimation manager 76 adopts the new probabilitymesons thus obtained. This
performance for each syntax element, particulagingi multiplication operations, can
increase complexity enormously. The only way toucedthis penalty is to try to avoid
these three steps. If the number of candidategtaidweightings are determined, a pre-
calculated table for each situation can be appratech Thus, only one simple access to
the table dates with the help of candidates’ ingli@®ntext states) is needed.

It is asserted that this technique can provide gesdlts for both applications using and
not using entropy slices. The first application susenly one slice per frame, thus
probability adaptation is optimized without any etlchanges. In case of entropy slices,
the adaptation of the probabilities occurs withatle slice independent from other slices.
This allows for fast learning of the probabilitiesthe current LCU.

In the above description, the usage of the sec@ld af the upper line was also presented,
i.e. the usage of the second LCU for probabilitynestion initialization. Parallelization of
encoding and decoding is possible, if some conubtiof the bitstream that have been
mentioned above (entropy slices) are accomplishied. CABAC probabilities dependency
between LCUs must be broken. By the Wavefront Rafatocessing is important to make
the first LCU of each line independent from thet le€U of the previous line. It can be
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achieved if, for instance, the CABAC probabilitiage re-initialized at the beginning of
each line of LCUs. However, this method is not mal, because each re-initialization
loses the achieved CABAC probabilities, which adaped to the specificities of the
image. This penalty can be reduced, if the ination of the CABAC probabilities of the
first LCU of each line is occurred with the proldigis obtained after the second LCU of
the previous line.

As has been described above, a gain in probalaliigptation speed is achievable by
coupling the probability adaptations of spatialighboring entropy slices. In particular,
in other words, above discussion also anticipatdea@der such as the one of Fig. 6 for
reconstructing a sample array (10) from an entrepyoded data stream, configured to
entropy decode (performed by the entropy decodiaged a plurality of entropy slices
within the entropy encoder data stream so as tonstwuct different portions (12) of the
sample array associated with the entropy slicespedively, with performing, for each
entropy slice, the entropy decoding along a resgeantropy coding path (14) using
respective probability estimations, adapting (pened by the adaptor 78) the respective
probability estimations along the respective entra@oding path using a previously
decoded part of the respective entropy slice,istpthe entropy decoding the plurality of
entropy slices sequentially using an entropy sticder (16), and performing, in entropy
decoding a predetermined entropy slice, entropyodiag a current part (x) of the
predetermined entropy slice based on the respegirobability estimations of the
predetermined entropy slice as adapted using thiqusly decoded part of the
predetermined entropy slice (including pl, for epéa)y and probability estimations as
used in the entropy decoding of a spatially neigimgg in entropy slice order preceding
entropy slice (the slice comprising X, for examp@éa neighboring part (such as p4) of the
spatially neighboring entropy slice.

The different portions may be rows of blocks (&GUs or macroblocks) of the sample
array. The latter may be a picture of a video. €h&opy coding path may extend row-
wise. The entropy coding, and thus, the probabditfaptation as well, may be context
adaptive. The entropy slice order may generallychesen such that, along the entropy
slice order, the different portions follow eachetin a direction (16) angled relative to the
entropy coding pathes (14) of the entropy slicelsicly in turn, extend substantially in
parallel to each other. By this measure, a “wavefrof currently decoded parts (such as
pl, p4, p5+1 and pk in the figure) of the entrojiges may generally be arranged along a
line forming an angle to the entropy slice pathealker than the sequence direction of the
portions. The wavefront may have to have a slopkygder 2x block positions in order for
the upper left reference to be always there, fiaha¢ads processing slices in parallel.
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The decoder may be configured to perform, for eaxttnopy slice, the entropy decoding
along the respective entropy coding path in urfiggants of the sample array portion of the
respective entropy slice so that the entropy slm@ssist of the same number of parts,
respectively, and the sequence of parts of thagmsrtalong the entropy slice paths are
aligned to each other in a direction lateral togh&opy slice paths. The current part of the
portion of the predetermined entropy slice belamgthe resulting grid of parts (e.g. LCUs
or macroblocks). In performing, for each entropigesl the entropy decoding along a
respective entropy coding path, the decoder magepve offsets/shifts between starting
times between immediately consecutive entropy slineentropy slice order so that the
wavefront of currently decoded parts of the entrsliges forms a diagonal such as up to a
line with slope of 0.5x block positions with respéx entropy slice paths and entropy slice
order direction. The offset/shift may correspondwo parts for all pairs of immediately
consecutive entropy slices. Alternatively, the dizomay merely prevent the distance of
currently decoded parts of immediately consecuiwve immediately neighboring as far as
their sample array portions 12 are concerned) pytslices to become lower than two
parts. See, the figure above: as soon as the jpaik/p4 has been decoded, the part/block
to the right thereof is decoded according to pattelo16, and concurrently, if any, X is
decoded or any of the parts/blocks preceding theesaBy this measure, the decoder may
use the probability estimates as already adaptseldoan the content of part/block p4, i.e.
the part within the spatially neighboring portidiging aligned to the part of the portion 12
of the predetermined entropy slice succeeding tieeot part X in path order 16, in order
to determine the probability estimates to be usedkeroding X. In case of a constant offset
in decoding the immediately entropy slices of twartg, the decoder is able to use the
probability estimates as already adapted basetleonantent of part/block p4 concurrently
for entropy decoding the subsequent part (i.e.ptmt to the right of p4) of the spatially
neighboring entropy slice.

As described above, a weighted sum of the alreddptad probability estimations may be
used in order to determine the probability estimébebe used for decoding X.

As also described above, the entropy slice orderafs® go over frame boundaries.

It should be noted that the just-outlined probap#idoption from the predecessor entropy
slices may be performed for every part of the cufpeedetermined entropy slice for
which such neighboring parts in the predecessaoopyislices are available. That is this is
also true for the first part along the path directil6, and for this very first part/block (the
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leftmost in each entropy slice in the figure) tl®ation equals the initialization described
above.

In order to better adapt, also in this case, tab@&e-mentioned methods can be combined
together. The results of this process with 1 arfithreads, i.e. the parallel used processing
units, are illustrated in Fig. 10 — Fig. 13 CU+Prob.Adap or 2LCU graphs).

In order to better understand the context of thevabembodiments and, especially, the
further embodiments described below, in particthar use of LCUs, one may first have a
look at the structure of H.264/AVC.

A coded video sequence in H.264/AVC consists aesesf access units that are collected
in the NAL unit stream and they use only one segeeparameter set. Each video
sequence can be decoded independently. A codedrsagjuonsists of a sequence of coded
pictures. A coded frame can be an entire framesingle field. Each picture is partitioned
into fixed-size macroblocks (in HEVC: LCUs). Sevemacroblocks or LCUs can be
merged together into one slice. A picture is thamefa collection of one or more slices.
The goal of this data separation is to allow inaej@at decoding of the samples in the area
of the picture, which is represented by the skagout the use of data from other slices.

A technique that has also often referred to aso@ytslices” is a splitting of the traditional
slice into additional sub-slices. Specifically,nieans slicing of entropy coded data of a
single slice. The arrangement of entropy slicea stice may have different varieties. The
simplest one is to use each row of LCUs / macrddsan a frame as one entropy slice.
Alternative, columns or separate regions can deedi as entropy slices, which even can
be interrupted and toggled with each other, eige 4l in Fig. 14.

An obvious aim of the entropy slice concept isrtialde the use of parallel CPU/GPU and
multi-core architectures in order to improve thediof the decoding process, i.e. to speed-
up the process. The current slice can be dividéd partitions that can be parsed and
reconstructed without reference to other slice.dalthough a couple of advantages can be
achieved with the entropy slice approach, therebgrging some penalties.

First of all, a main aim is to create a bitstredmat tis suitable for a parallel encoding and
decoding process. One must take into account,ahafU can be encoded only if the
neighboring LCUs (left, top, top-right) are alreaalyailable as coded version, in order to
use spatial and motion information for predictidim. enable a parallelism by slicing, a
shift between processing of slices must be realffm@dexample shift of 2 LCUs, as typical
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for the wavefront approach). Due to CABAC probaigii adaptation, an LCU use the
probabilities that are available from the previamcoded LCU. In regard to raster scan
order, the problem, which occurs by slicing thetyie, is the prevention of parallelism,
since the first LCU of each line depends on thell&t) of the previous line. On impact of
this is that the CABAC probabilities dependenciesateen slices must be broken, so that
several slices can be started simultaneously. Cmetw do this is the usual CABAC re-
initialization whereby, however, all the adoptedadwill be lost. As a result, bitrate may
increase.

Secondly, each slice generates its own sub-bitetr@gich can be put in series into the
main stream. But it is necessary to pass decodmiapgnformation, so that these slices
and their positions in the main stream can be ctyeadentified. Two scenarios for
signaling are supported. The location informatian be stored in the picture header (slices
length information) or in each slice header (poagsstart code). Byte alignment at the end
of each entropy slice and location informationedss.

In order to reduce the penalty introduced by tigaaing for entropy slices, it is essential
to use a good coding technique for the signalingioficeable penalty for entropy slice
signaling is introduced in a frame, if start cogge used for each slice, i.e. too much
additional bytes (e.g. min. 4 bytes per slice)added to the bitstream. Certainly, insertion
of entropy slices 90 using start codes has therddge in low delay scenarios where the
encoder shall be able to instantaneously outpubeyslices. In such cases, there is no up-
front signaling of entry points possible.

In less low-delay strict scenarios, however, thpasfunity to store slice lengths (offsets)
seems more suitable. One well known method to sadb information is Variable Length
Code (VLC) or Exponential-Golomb coding. The magatlire of VLC is adding empty
information (zeros) before true information. Wittethelp of these zeros, a code that stores
information about offset length can be determinéte propose another technique to
realize this, which schema is shown in Fig. 15, mbeEntropySliceSize is the amount of
bytes contained in an entropy slice. Each néxoffset) is defined as a difference in the
size between previous, already encoded and signahdbpy slice offset and the current
one. The main features of this concept are fornwihgifferences, depending on sixe
thus the amount of data can be diminished, anchgdgp to 3 bits, which allows extracting
the proper information about size of each entrdme 9y decoder. In comparison with
VLC the saving bit quantity in the entropy sliceader can be gained.
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That is, in accordance with the aspect of Fig. fbs,example, a concept for entropy
encoding an information signal is provided whiclatlgies higher compression rate despite
parallel processing ability than compared to coteepailable so far. In accordance with
this aspect, an entropy encoded data stream se2@omto which a sample array is
encoded, comprises entropy slices such as 90 in8Figo which different portions 12 of
the sample array are entropy encoded, and a hilad@ated with dashed lines 300 in Fig.
9, comprising information which reveals startingsgions 302 of the entropy slices 90,
measured in the entropy decoded domain, withinethi@opy-encoded data-stream, the
information comprising, for a predetermined entragige, a difference value revealing a
difference between a starting position of a praugdentropy slice n-1 and a starting
position of the predetermined entropy slice n, difeerence being included into the data
stream as a VLC bit sequence.

In particular, the VLC bit sequence may have aipref variable length y, indicating that
the difference x falls into the y-th of a sequemdea number z of intervals [G:4],
[23 2°+2%-1], [2°+2° Z+2°+221] as so forth, and a PCM coded suffix of the yoththe
sequence of lengths a, b, ¢ ... If a, b, ¢, ... aresehao be a power of two, if the
corresponding y is added, i.e. so that a+1, b+3,ar¥ so forth are all powers of two, then
byte alignment may be preserved. The number z tigestricted to three as exemplarily
chosen in Fig. 15.

The encoder, such as the one in Fig. 1, is apm@igbyi designed to turn the difference of
consecutive starting positions into a VLC bit setpes i.e. by firstly determining the
prefix, i.e. into which sub-interval the differenties (the y-th), and then setting the suffix
plus to be equal to the starting position diffeentinus the y-th of 0,%22°+2% as so forth.
The decoder, such as in Fig. 6, is appropriatesygied to derive the starting position of
the current entropy slice n from the VLC bit sequesn.e. by firstly inspecting the prefix
to obtain y, then setting the difference to theieadf the suffix plus the y-th of 0% 2°+2*

as so forth, and then adding the difference tostheting point of the preceding entropy
slice n-1.

A further advantage may be achieved by segmentafi@mtropy slices, namely for low-
delay transmission and decoding speed-up.

In video-streaming, enabling of higher resolutidisill-HD, QUAD-HD etc.) leads to

higher amount of data that has to be transmitted.tife-sensitive scenarios, so called
Low-Delay use-case (<145ms), the transmission twe@mes a critical factor. Consider
the up-load link of ADSL for a video conferencingpéication. Here, so called random
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access points of stream, usually these refer tanés, will be the candidates to cause a
bottleneck during transmission.

To solve that problem and to minimize the delayrahsmission and decoding time, i.e.
the end-to-end delay, a new technique for an iedwdd entropy slice scheme for parallel
transmission and processing may be applied.

HEVC will allow for so called Wavefront-processiatjthe decoder side. That is going to
be enabled by use of entropy slices. In normal ¢hsedata of a whole slice will be
delivered at one time. The decoding process valitsts soon as encoded data is arrived at
Wavefront-decoder-engines. To reduce the time vdemoder can start and finish a frame,
a segmentation of entropy slices into small churdisg annterleaving approach is used

in accordance with the present embodiment. Henee @hcoder can deliver data,
correspondent to particular entropy slice, to tpanslayer earlier than in normal case. It
results then in faster transmission and earliett stha parallel decoding process at the
client.

Creating chunks of a slice can be further achievedub-dividing an entropy slice in
further slices keeping all dependencies (dependbees). If done so in each Largest
Coding Unit (LCU)/Coding tree unit (CTU), these aks can be interleaved by
additionally using system layer techniques whidbvalfor transmitting the chunks in an
interleaved form and recovering or at least praxgdihe knowledge of the original
decoding order of the chunks via additional sigmaliSuch signaling may be a decoding
order number (DON), such as defined in the IETF APERload Format for H.264/AVC
(RFC 3984). Another system method may be to ap@ychunks of a wavefront substream
to a different transportstream, as in MEPG-2 Systdim assigning a different PID to each
of them, further multiplexing and by that interl@aythem on the transport channel.

The approach may be also applied over frame boigsjan case, if the following frame's
slice(s) or entropy slice(s) can be already decpday in wavefront manner, based on the
knowledge that the required information for decgdam entropy slice of a following frame
due to the availability of inter-frame referencébose already decodable data of a frame
succeeding in decoding order may be derived froamtlaximum allowed/signaled motion
vector length or additional information in the sime indicating the dependencies of data
parts to the preceding frame(s)), or a fixed refeirey scheme, indicating the position
signaled in a sequence-fixed position such as anpater set. This will further be outlined
below.
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Picture may be encoded with one entropy slice aegekt coding unit (LCU)-row(s) as
depicted in Figs. 2 and 9. It is advantageous $imgiof Wavefront-technique at decoder
side. During the encoding process, bitstream ofi stice may be divided intsegments of
constant size. Then the resulted segments an¢erleaved and can be passed to the
transmission. The constant size of segments cag lariproblem at the end of bitstream
due to its variable length.

There are two general solutions possible. Firstisng generation of one-byte segments
(usually the bitstream representation of sliceyietaligned) and controlling of consuming

of bytes by each decoder-engine, i.e. the decadds out the completion of an entropy

slice.

The second is using of finalizing code at the ehdlice. In the last case, variable length
segments are possible, but it can also lead tcehigimount of data. Another method is the
signaling of the entropy slice length. One waywflsan alternative is described below

The size of segment and interleaving mode candrakdd either in one SEI-Message or in
SPS.

The transmission scheme is shown in Fig. 16.

Thus, in accordance with the aspect of Fig. 16, deample, a concept for entropy
encoding a sample array is provided which enaloisil delay than compared to concepts
available so far. In accordance with this aspettercoded data stream 20 into which an
information signal is encoded, comprises sliceshsag entropy slices 90 or just fully
independently decodable slices (shown at the Efidhside) into which different portions
12 of the information signal are (predictively amdéntropy) encoded, wherein the slices
90 are sub-divided into chunks (shaded boxes 3b@haare arranged within the encoded
data stream 20 in an interleaved manner (showheatight-hand side), the interleaving
being represented by bracket 312.

As denoted above and described with respect toother aspects, the slices may be
entropy slices 90 which, in turn, may be properssth of slices of frames, and
accordingly, the encoded data stream may be aomnéncoded data stream 20.

The interleaving 312 of the slices 90 enables lodetay since the decoder responsible for
decoding any of the slices 90 does not need to feaia time duration consumed by
previous slices of other decoders (according toesbrder 16). Rather, all available
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decoders are able to begin decoding their assdcsditges as soon as the first chunk 310
thereof is available and potential inter-slice defsncies are resolved, cf. wavefront
approach.

The different portions 12 may be entropy encodew ithe entropy slices 90 using

probability estimations which are set independeatilyong the entropy slices, or using
inter-entropy-slice adoption of probability estimstas described above such as, for
example, namely in that the different portions 1@ ancoded into the entropy slices 90
along respective entropy coding paths 14, and slifete entropy slices have their

corresponding portions 12 encoded therein usindpgiitities estimates derived, inter

alias, from probability estimates used in highenkmag entropy slices at spatially

neighboring parts of the corresponding portiondescribed previously.

The entropy encoded data stream 20 may additionaltyprise a header as is shown as an
option in Fig. 16. The header 300 may be assochmitdthe frame (sample array) of a
sequence 30, the header 300 comprising informatltoh reveals a length of the entropy
slices. The information regarding the length of éméropy slices 90 may be coded within
the header 300 as described above using VLC cald#sg the knowledge about the length
of the entropy slices, at the decoding side, fiassible to identify a last chunk associated
with each of the entropy slices 90 and the lengtrdof. However, startcodes or other
indication schemes may also be used. The sliGsmisitions may be also identified just
by the decoding process which knows the terminatibm slice. Therefore it may be
possible to just rely on the indication of the d#®g but this requires signaling between
decoders and in some cases, if an "earlier" entsbpg terminates later than a "later"” slice
in the stream. This may require for the specifisesaan "adaptive"” signaling in the stream,
which may be based on startcodes.

For example, the entropy slices 90 may be arrardfed the header 300 as illustrated in
Fig. 16.

The chunks 310 may be of equal length, at leafdrass a beginning contiguous portion of
the sequence of chunks 310 from a first one ofcthenks on along an order in which the
chunks are arranged within the entropy encoded stedam 20, is concerned. Subsequent
chunks may vary in length. The subsequent chunkg Ipeaequal to the length of the
beginning contiguous portion of the sequence oillemikan this length. The length of the
subsequent chunks may be derived from the aforeomeut information within the header
300 revealing the length of the entropy slices Bthe start position. The chunks 310 may
be arranged within the entropy encoded data st@&&imm a cyclic manner in accordance
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with an order defined among the entropy slices.dfropy slices, the chunks of which are
completely within the previous cycles, may be skigbpn the current and subsequent
cycles.

Other information signals then a sample array secpisuch as a video signal could by
conveyed via data stream 20 as well. The diffepentions 12 need, thus, be no portions of
a predetermined sample array such as a picturegfram

As described above, the entropy slices 90 may ttevdifferent portions 12 of the sample
array 10 encoded thereinto via predictive codinggister-entropy-slice prediction and/or
inter-frame prediction an entropy encoding of adprion residual of the inter-entropy-
slice prediction and/or inter-frame prediction. Th& as described above, the different
portions may be spatially distinct portions of fin@me 10 or multiple frames 30. Latter
case applies, if the following frame's(s") slicegsentropy slice(s) can be already decoded,
e.g. in wavefront manner, based on the knowledge tihe required information for
decoding an entropy slice of a following frame doi¢he available inter-frame references.
Those already decodable data of a frame succeeédidgcoding order may be derived
from the maximum allowed/signaled motion vectorgénor additional information in the
stream indicating the dependencies of data parthdopreceding frame(s)), and inter-
entropy-slice prediction may involve intra predictj while inter-frame prediction may
involve motion-compensated prediction. An examgpleutlined below.

The aforementioned independency of the probaleitymation setting among the entropy
slices, may relate to both probability adaptatisrmell as context modeling. That is, the
context chosen within an entropy slice, may be ehadadependently from other entropy
slices, and the probability estimation of a contexéy be initialized and adapted
independent from any other entropy slice as well.

An corresponding entropy decoder may be construadeddllows.

An entropy decoder configured to decode an entrepgoded data stream 20 which
comprises entropy slices 90 into which differenttipms of a frame are entropy encoded,
wherein the entropy slices are sub-divided inton&su310 which are arranged within the
entropy encoded data stream 20 in an interleavatheramay be configured as shown in
Fig. 6 and may additionally comprise a de-intertgagonfigured to de-interleave the
chunks 310, symbolized with 314 in Fig. 16.
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In particular, as illustrated in Fig. 5, the entroecoder may comprise a plurality of
entropy decoders 130 such as threads running teretit processing kernels, wherein the
de-interleaver may be configured to, for each gytislice, forward the chunks 310 thereof
to an entropy decoder 44 associated with the réspesntropy slice.

In other words, the entropy slices may be sub-éwiohto chunks, which, in turn, may be

interleaved, and the decoder may comprise a ddeaatesr to de-interleave the chunks and
may start operating on the entropy slices in palralong the paths 16 even before the
reception of any of the entropy slices as a wholghould be recalled that the length of the
chunks are, preferably, measured in the entropgdet domain rather than in the syntax
domain so as to correspond, for example, to a nuwibeertain spatial parts/blocks in the

picture or the like although the latter option wibbk available as well.

Next, possible usage of temporal dependenciessiritted. Same may be used in addition
to, or alternatively to the probability estimatienhancement embodiments described so
far.

Wavefront Processing pattern may, as it is desdribew, be extended to the entropy
coding with the new probabilities calculation foach LCU to use also the temporal
dependencies between frames.

As well-known, the probabilities will be re-initiakd at the beginning of each frame (the
first LCU). Thereby the probabilities, which havieeady been acquired in the previous
frame, are lost. In order to decrease the loseoding efficiency, one may pass the end
state of picture (cp. 320) or, in the case of gutrslice usage, end state of slice (cp. 322)
of the probabilities from the reference frame 3@4hte first LCU 50 of the current frame
10 or entropy slice 12 respectively (Fig. 17). Sutzlia of a corresponding slice in a
reference frame may be derived not only at the gosition but also from at a prior
position in the referenced slices, since the palralvefront processing may also go over
frame boundaries, i.e. while coding a slice ofafe, the coding process of the slice of the
preceding frame may not already be finished. Tioeegfsignaling may be used to indicate
the reference position, or may be indicated by sehe

Using above notation, one may thus, for initialigim starting phase 84 and 234,
respectively, setf with {i,j} denoting the first CU 50 in the k-th émpy slice of the
current sample array equal to, or at least depgnalin any T(Rjy ) with {i,j}’ denoting a
CU within a preceding (in sample array coding oradrich may be equal to the
presentation order) sample array or a combinatfaeweeral T(Rjy )’s. This may be done



10

15

20

25

30

35

29

for k= 0 only, or for each entropy slice’k{1...K} with K denoting the number of entropy
slices in the current frame. The temporal initafian may be done additionally or
alternatively to the spatial initialization des@tbabove. That is, 4 with {i,j} denoting

the first CU 50 in the k-th entropy slice may bé egual to some combination ( such as
sme average) of T(R ) and T(ng,j}m) with {i,j}’ denoting a CU within a preceding
(previously de/coded) sample array or a combinatibseveral T(Ry )'s and {i,j} spatia
denoting a CU within a preceding entropy slicelsd turrent sample array. As far as the
location of {i,j}’ is concerned, R with {i,j} denoting the first (in entropy coding der
14) CU 50 in the k-th (in entropy coding order &ajropy slice of the current sample array
may be set equal to T{f ) with {i,j}' denoting the last (in entropy codingrder 14) CU
within the k-th (in entropy slice order) entropycsl in the preceding (in sample array
coding order) sample array or the last CU withia kst (in entropy slice order) entropy
slice in the preceding (in sample array coding grdample array. Again, this temporal
initialization may be performed for the first ergyoslice in the sample array only.

The parsing process of the end state of the referds|ame was tested with the method of
probabilities adaptation, which results are illagtd on Fig. 10 — Fig. 19Témporal

graph).

Another opportunity to use the dates from othemfa is to exchange the obtained

probabilities between collocated LCUs. The mairaidebased on assertion that properties
of reference frame differ from current frame nagagty. In order to quicken the learning of

the probabilities along LCUs in a frame, one cantarpass the end state of each LCU to
the appropriate LCU in current frame. This propaesdalustrated on Fig. 18.

Under reference frame, different opportunities lbarunderstood. As for instance, a frame,
which is the last coded can be used as a refeffeace. Otherwise the last coded frame
only from the same temporal layer can be appragtifdr reference.

Moreover, this approach can be merged with alredmbye proposed methods, as usage of
last (slice) information from reference frame, pablilities adaptation and usage of the

second LCU of the upper line.

The above spatial adaptation process may be mdddibe

Po+2y= average(T(Rn), T(R; j, )i T(R; 3, ) T(Ri ., )s-- (R 3y, ))
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where N may be 1 or more than 1 and {i,jk is/are selected from (lie within) any
previous (in entropy slice order 16) entropy s€ein the current sample array 10 and its
associated portion 12, respectively, and M may berore than 1 and {i,j}. v is/are lie
within the preceding sample array 350. It may bat tfthe) at least one of CU’s 50
{i,j} 1.m is co-located to p(n). With regard to possibleestibns of CU’s 50 {i,j}..n
reference is made to the above description. Thetifum “average” may be one of a
weighted sum, a median function, etc.

The above spatial adaptation process may be replace

Po+2y= average(T(Rn), T(R, ;). T(Ri 5, )\)

where M may be 1 or more than 1 and {kj}u is/are lie within the preceding sample
array. It may be that (the) at least of {i;j}'m is co-located to p(n). With regard to possible
selections of {i,jk. .\ reference is made to the above description. Thetifon “average”
may be one of a weighted sum, a median functian, letmay be that (the) at least of
{ij} 1..mis co-located to p(n).

As a specific extension of usage of collocated rimfation, an approach to utilize the
obtained dates from other blocks from one or everemeference frames can be applied.

Earlier mentioned techniques use only the obtainEmmation from the direct neighbors
in current frame or in reference frames. Howevedoes not mean that the gained
probabilities in this case are the best ones. Tjacant LCUs, according to the picture
partitions (residuals), do not have always the pesbabilities models. It is supposed that
the best results can be achieved with the helplafkb, from which prediction will be
done. And thus, this appropriate block can be aseal reference for the current LCU.

Thus, in the above adaptation example, {i,jy and/or {i,j}'1.m may be selected
depending on CU'’s serving as providers of predsctor p(n).

The temporal probability adaptation/initializati@chemes presented can also be used
without entropy slices or a single entropy slice fpeme.

In accordance with the latter aspect, a gain ibaipdity adaptation speed is achieved by
coupling the probability adaptations of temporalgighboring/related frames. What it is
described there is, a decoder such as the ong o6 Fivherein the decoder is configured to
reconstruct a sequence of sample arrays from aopnéncoder data stream, and is
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configured to entropy decode a current frame oftiiteopy encoder data stream so as to
reconstruct a current sample array of the sequeisample arrays, perform the entropy
decoding along an entropy coding path and usinalitity estimations and adapt the
probability estimations along the entropy codinthpssing a previously decoded part of
the current frame, wherein the entropy decodingesta configured to initialize or
determine the probability estimations for the cotfeame based on probability
estimations used in decoding a previously decorkedd of the entropy encoded data
stream.

That is, for example, the probability estimations the current frame are initialized based
on probability estimations resulting after havimgighed decoding the previously decoded
frame of the entropy encoded data stream. Buffguirements are, therefore low, since
merely the end state of the probability estimatagehto be buffered till the start of the
decoding of the current frame. Of course, this eisfgecombinable with the aspect of Fig.
1 to 9 in that for the first parts of each portib2 not only probability estimates used for
spatially neighboring parts in prior entropy slidggisavailable) but also, in a weighted
manner, for example, the end state of the prolatattimates of a (for example, spatially)
corresponding entropy slice in the previous frasmeised. Such data of a corresponding
slice in a reference frame may be derived not ahiyhe end position but also from a prior
position in the referenced slices, since the palralvefront processing may also go over
frame boundaries, i.e. while coding a slice ofafe, the coding process of the slice of the
preceding frame may not already be finished. Tioeegfsignaling may be used to indicate
the reference position, or may be indicated by sehe

Further, for example, the probability estimatiorsed for coding the parts/blocks of the
previously decoded frame are buffered all, not ah end state, and the decoder would,
in entropy decoding the predetermined entropy qligéh reference to above description
of spatially couple probability derivation), penforentropy decoding the current part (X)
of the predetermined entropy slice based on thgerdtve probability estimations of the
predetermined entropy slice as adapted using tliqusly decoded part of the
predetermined entropy slice (including pl, for epéa)y and probability estimations as
used in the entropy decoding of a spatially comesing part of an entropy slice of the
previously decoded frame with, optionally, addiafiy using probability estimations as
used in the entropy decoding of a spatially neigimgg in entropy slice order preceding
entropy slice (the slice comprising X, for exam@éa neighboring part (such as p4) of the
spatially neighboring entropy slice, as describledva. As has also been described above,
the spatial correspondence among parts, and tmtifidation of an appropriate one for
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probability adoption for the current frame among treviously decoded frame may be
defined by help of motion information such as ,motindices, motion vectors and the like,
of the current part/block.

Up to now, the wavefront extending during wavefr@mocessing has primarily been
described as extending obliquely through one sarapky 10 with the coding/decoding
being performed one sample array after the othewe¥er, this is not a must. Reference is
made to Fig. 19. Fig. 19 shows a portion out oéguence of sample arrays, wherein the
sample arrays of the sequence have defined thermpnand are depicted as being
arranged in, a sample array coding order 380 whiely or may not coincide with a
presentation time order. Fig. 19 exemplarily shasubdivision of the sample arrays 10
into four entropy slices each. Already coded/dedodetropy slices are shown hatched.
Four coding/decoding threads (coding/decoding s)a882 are currently operating on the
four entropy slices 12 of sample array having indeXowever, Fig. 19 shows a thread
number 5 being left, and it is possible that thigHer thread 382 having number 5 in Fig.
19 operates to code/decode the next sample artaein.e. n+1, at portions for which it is
guaranteed that respective reference portions memwtly coded/decoded frame n are
already available, i.e. have already been procdsgeahy of threads 1 to 4. These portions
are referenced in predictions shown at 64 in Fiforlexample.

Fig. 19 exemplarily shows with a dotted line 384in@ extending through sample array
n+1 which is co-located to the border between thready processed, i.e. already
coded/decoded portion of sample array n, i.e. #Hiehed portion within sample array n on
the one hand, and the non yet processed porterihe un-hatched portion of sample array
n on the other hand. With double headed arrows,18glso shows the maximum possible
length of motion vectors measured in column and direction, i.e. Jax and Xnax
respectively. Accordingly, Fig. 19 also shows wihdash-dotted line 386 a displaced
version of line 384, namely a line 386 which iscgzhapart from line 384 at the minimum
possible distance so that the distance does Hdidlw yax in column direction andpx

in row direction. As can be seen, there are codmits 50 in sample array n+1 for which
any reference portion in sample array n is guaeghte be found as being completely
contained within the already processed portiorh $ample array n, namely those laying
in the half of sample array n+1 lying on the upmtne side relative to line 386.
Accordingly, thread 5 is able to already operatedémode/code these coding units as
shown in Fig. 19. As can be seen, even a sixttathoeuld operate on the second entropy
slice in entropy slice order 16 of sample array.nfiereby, the wavefront extends not
only spatially but also temporally through the sp&¢mporal space spanned by the
sequence 30 of sample arrays.
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Please note that the just-mentioned wavefront agpmes also work in combination with
the above-outlined probability estimation coupliagsoss entropy slice boarders.

Further, with respect to the above outlined chusgeat, it should also be noted that
subdividing entropy slices into smaller pieces, chunks, is not restricted to being
performed in the entropy coded domain, i.e. inghtropy compressed domain. Think of
the above discussion: entropy slices as describedeahave the advantage of reducing the
coding efficiency loss despite the enablement ofefrant processing due to the derivation
of probability estimations from previously codedidded entropy slices of the same or a
previously coded/decoded frame, i.e. an initialaatand/or adaptation of the probability
estimations based on probability estimations ohgquevious entropy slices. Each of these
entropy slices is supposed to be entropy codedddecby one thread in case of wavefront
processing. That is, when subdividing the entrdmes, it is not necessary to render the
chunks codable/decodable in parallel. Rather, treoder shall merely be provided with
the opportunity to output subparts of its entropgess bitstream prior to finalizing the
entropy encoding, and the decoder shall be providigld the opportunity to operate on
these subparts, i.e. chunks, prior to the recepiothe remaining chunks of the same
entropy slice. Moreover, the interleaving shalldmabled at the reception side. In order to
enable the latter de-interleaving, however, itas mecessary to perform the subdivision in
the entropy coded domain. In particular, it is jusesto perform the above presented
subdivision of entropy slices into smaller chunkthaut severe coding efficiency loss, by
intermittently merely resetting the internal staié the probability interval, i.e. the
probability interval width value, and the offsetlu® respectively, of the entropy
coding/decoding core. The probability estimatidimsyever, are not reset. Rather, they are
continuously updated/adapted from the beginningtie end of the entropy slices,
respectively. By this measure, it is possible tbdsvide the entropy slices into individual
chunks with the subdivision being performed in $lyatax element domain rather than the
compressed bitstream domain. The sub-division nwlpw a spatial sub-division as
outlined below in order to ease a signaling of¢henk interfaces to the decoder. Each of
the chunks could be provided with its own chunkdesaevealing, for example, its starting
position in the sample array, measured, for exampin respect to the coding order 14
relative to the respective entropy slice’s staipon along with an index to its entropy
slice, or relative to a prominent location of trearple array 10 such as the upper left
corner.

In order to more clearly describe the subdivisidneatropy slices into chunks in
accordance with the latter embodiment, referenceaide to Fig. 20. Fig. 20 shows, merely
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for illustrative purposes, sample array 10 as beinlgdivided into four entropy slices.
Currently coded portions of sample array 10 arewshdatched. Three threads are
currently operating on the entropy encoding of danapray 10 and output chunks of the
entropy slices on an immediate-attention basis:faeexample the first entropy slice in
entropy slice order 16 which corresponds to porfi@nof sample array 10. After having
encoded a subpart 12a of portion 12, the encodersf@ chunk 390 therefrom, i.e. the
entropy coding core 80 performs some finishing pdare to finalize the arithmetic
bitstream produced from sub-portion 12a so farasecof arithmetic coding to form chunk
390. The encoding procedure is then resumed wipea to the subsequent sub-portion
12b of entropy slice 12 in coding order 14 whilar8hg a new entropy bitstream. This
means, for example, that internal states, suchrabkapility interval width value and
probability interval offset value of entropy codirmgre 80, are reset. The probability
estimations, however, are not reset. They areutsfhanged. This is illustrated in Fig. 20
by an arrow 392. In Fig. 20, it is exemplarily shrothat the entropy slice or portion 12 is
subdivided into more than two sub-portions, andetiagly even the second chunk 1b is
subject to some entropy finishing before reachiregend of portion 12 along coding order
14, whereupon a next chunk in line is started with

Concurrently, another thread operates on the seeontrdpy slice or portion 12 in entropy
slice order 16. Upon finishing a first sub-portiohthis second entropy slice/portion 12, a
chunk 2a is output, whereupon entropy coding theareder of the second entropy slice is
commenced while maintaining, however, the probgbdstimation as valid at the end of
chunk 2a.

With a time axis 394, Fig. 20 seeks to illustratattthe chunks 390 are output as soon as
they have been finalized. This leads to an intengpsimilar to the one depicted in Fig.
16.. Each chunk may be packetized into a packetramdported to the decoding side via
some transport layer in any order. The transpgdrlss illustrated using arrow 396.

The decoder has to reassign the chunks to its sulmps 12a, 12b and so forth. To this
end, each chunk 390 may have a header sectiore888ling the location of the beginning
of its associated sub-portion 12a or 12b, i.estii®portion the syntax elements describing
the same are entropy coded in the respective clgynksing this information, the decoder
is able to associate each chunk 390 with its egitstige and with its sub-portion within
the portion 12 of that entropy slice.

For illustration purposes, Fig. 20 also exemplasiows the possibility that the junction
between consecutive sub-portions 12a and 12b adntropy slice 12 does not have to
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coincide with the border between consecutive codimits 50. Rather, the junction may be
defined in a deeper level of the aforementionedrgtary multi-tree subdivision of the
coding units. The location information contained leaders 398 may indicate the
beginning of the sub-portion associated with theremit chunk 390 precisely enough in
order to identify the respective sub-block of tlespective coding unit, i.e. the location
within the syntax element sequence from which evréspective sub-block is described.

As became clear from the above discussion, almmsbding efficiency loss resulted from
the subdivision of the entropy slices into chunderely the entropy finishing processes
and the packetizing may involve some coding efficieloss, but on the other hand low
delay gains are enormous.

Again, please note that the just-mentioned spatidd-division chunk aspect does also
work in combination with the above-outlined probypiestimation couplings across
entropy slice boarders, spatially and temporally.

The decoder such as decoder of Fig. 6, may undahtbek transmission as follows. IN
particular, the decoder may check as to which egtsdice a current chunk belongs to.
This check may be done based on the afore-mentimeation information. Then, it may
be checked whether the current chunk correspondsfitst sub-portion of the portion of
the corresponding entropy slice along the entrapirg path 14. If so, the decoder may
entropy decode the current chunk under adaptingetsigective probability estimations and
take a state of the respective probability estiomstias manifesting themselves at an end of
entropy decoding the current chunk into accountnwietropy decoding another chunk
which corresponds to a second sub-portion of th#iguoof the predetermined entropy
slice along the entropy coding path. The “takingpiaccount” may involve setting the
probability estimations at the beginning of chudkelqual to the probability estimations
manifesting themselves, by the probability adaptistarting from the probability
estimation state at the beginning of chunk lahateind of chunk’s la sub-portion 12a, or
equal to a combination thereof with entropy probigbestimations from other entropy
slices as described above. As far as the probabiitialization at the beginning of the first
chunk 12a is concerned, reference is made to tbeeafiscussion, as this also forms the
beginning of the corresponding entropy slice. lheotwords, if the current slice is a
second or following chunk in order 14, decoder reayropy decode the current chunk
using probability estimations which depend on phiiig estimations manifesting
themselves at an end of entropy decoding a chun&wdorresponds to a sub-portion of
the portion of the predetermined entropy slice edérg the sub-portion corresponding to
the current chunk, along the entropy coding path 14
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The above description reveals different methodschvban be useful for parallel encoding

and decoding as well as helpful for optimization adfeady existing processes in the
emerging HEVC video coding standard. A short owviof entropy slices has been

presented. It has been shown how they can be forwiddh advantages can be achieved
by slicing and what penalties can occur from theséniques. A number of methods have
been proposed, which are supposed to improve #raitey process of probabilities along

LCUs (largest coding unit) in frame, by better exphg the local dependences between
LCUs, and also the temporal dependences betweers o€ different frames. It is asserted

that different combinations provide improvements bwth concepts with and without

parallelization of encoding and decoding.

The performance improvement in High Efficiency, fimstance, by the best mix of
proposed approaches, is -0.4 % in Intra, -0.78 %ow Delay and -0.63 % in Random
Access in comparison with HM3.0 without use of epirslices or -0.7 % in Intra, -1.95 %
in Low Delay and -1.5 % in Random Access in congmariwith entropy slice approach
with usual re-initialization.

In particular, inter alias, the following techniguleave been presented above.

* to use not only local but also temporal dependsnat LCUs, to optimize
adaptation of the CABAC probabilities before codeagxh LCU, see Fig. 1t0 9, 17
and 18.

» to achieve more flexibility in decoding, also emtycslices can be utilized, so that
certain regions in frame become independent froch eéher.

* to allow minimal signaling of the slice / entropyices start positions for
parallelized, e.g. wavefront processing, see Fg. 1

* to allow low delay transport in an parallelized eder - transmitter - receiver -
decoder environment through interleaved transpbrendropy slices / slices, see
Fig. 16.

All the methods, which were mentioned above, haenhkntegrated and tested in HM3.0.
The obtained results, where reference point is HM@ithout any entropy slice
implementation, are presented in tables 1 and 2r@#i.CU- usage of the second LCU of
the upper line;2LCU+Prob.Adap — 2LCU merged with the method of probabilities
adaptationiTemporal- usage of temporal dependences (end state oéeenee frame) with
the probabilities adaptation for each LCU).
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Table 1. Summary RD results with 1 Thread

1 Thread 2LCU 2LCU+Prob.Adap |Prob.Adap |[Temporal
Intra 0,14 -0,31 -0,4
LowDelay 0,66 0,09 -0,12 -0,78
Random 0,48 -0,1 -0,24 -0,63
Table 2. Summary RD results with 4 Threads
4 Threads [|2LCU 2LCU+Prob.Adap |Prob.Adap |Temporal
Intra 0,19 -0,27 -0,27
LowDelay 1,01 0,54 0,63 0,17
Random 0,74 0,2 0,24 0,01

However, it is interesting to know how the proposesproaches affect the wavefront
processing with the re-initialization of probabdg at the beginning of each line of LCUs.
These results are illustrated on tables 3 and 4r@wrig_nellnit is comparison HM3.0

without use of entropy slices with usage of entrsliges with re-initialization).

Table 3. Summary RD results with 1 Thread. Reference is inéwalization.

1Thread orig_neilnit|2LCU  |2LCU+ProbAdap|ProbAdapt |Temporal
Intra 0,3 -0,15 -0,62 -0,7

RandomAccess 0,9 -0,4 -0,99 -1,13 -1,51
LowDelay 1,19 -0,51 -1,08 -1,29 -1,95

Table 4. Summary RD results with 4 Threads. Referenceusingialization.

AThreads orig_neilnit|2LCU  |2LCU+ProbAdap|ProbAdapt |Temporal
Intra 0,34 -0,14 -0,61 -0,61

RandomAccess 1,18 -0,43 -0,96 -0,96 -1,15
LowDelay 1,61 -0,5 -0,92 -1,05 -1,41

The above results show that considerably more @iskeendences within and between
frames and rational application of already obtaiméokmation prevent average loss.

An approach for Wavefront Processing for HEVC videwoding and decoding merges
the possibility to use dependences between adjddebis as well as temporal frame

dependences with the concept of Wavefront Pari@hetessing. In this way the loss can be
reduced and the performance advance can be achieved

A gain in probability adaptation speed has beerieseld by computing the probability
adaptations of spatially neighboring entropy slices
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As already mentioned above, all of the above aspealy be combined with each other,
and thus, the mentioning of certain implementagiossibilities with regard to a certain
aspect shall, of course, also apply to the otheeds.

Although some aspects have been described in thiextoof an apparatus, it is clear that
these aspects also represent a description ofdtniesponding method, where a block or
device corresponds to a method step or a featueeroéthod step. Analogously, aspects
described in the context of a method step alscesgmt a description of a corresponding
block or item or feature of a corresponding apper.abome or all of the method steps may
be executed by (or using) a hardware apparatus,ftik example, a microprocessor, a
programmable computer or an electronic circuitséme embodiments, some one or more
of the most important method steps may be exededich an apparatus.

The inventive encoded signals mentioned above eastdyed on a digital storage medium
or can be transmitted on a transmission medium agachwireless transmission medium or
a wired transmission medium such as the Internet.

Depending on certain implementation requirementf)adiments of the invention can be
implemented in hardware or in software. The impletaton can be performed using a
digital storage medium, for example a floppy diskpDVD, a Blu-Ray, a CD, a ROM, a
PROM, an EPROM, an EEPROM or a FLASH memory, hawfegtronically readable

control signals stored thereon, which cooperateafer capable of cooperating) with a
programmable computer system such that the respeatethod is performed. Therefore,
the digital storage medium may be computer readable

Some embodiments according to the invention comprés data carrier having
electronically readable control signals, which aapable of cooperating with a
programmable computer system, such that one of nle¢hods described herein is
performed.

Generally, embodiments of the present invention banimplemented as a computer
program product with a program code, the progranedeeing operative for performing
one of the methods when the computer program ptadus on a computer. The program
code may for example be stored on a machine readablier.

Other embodiments comprise the computer progranpéoforming one of the methods
described herein, stored on a machine readableicarr



10

15

20

25

30

35

39

In other words, an embodiment of the inventive rodtls, therefore, a computer program
having a program code for performing one of thehoes described herein, when the
computer program runs on a computer.

A further embodiment of the inventive methods igrefore, a data carrier (or a digital
storage medium, or a computer-readable medium) demg, recorded thereon, the
computer program for performing one of the methdescribed herein. The data carrier,
the digital storage medium or the recorded mediuentgpically tangible and/or non—
transitionary.

A further embodiment of the inventive method igrdéfore, a data stream or a sequence of
signals representing the computer program for paifty one of the methods described
herein. The data stream or the sequence of signaysfor example be configured to be
transferred via a data communication connectionefample via the Internet.

A further embodiment comprises a processing meforsgxample a computer, or a
programmable logic device, configured to or adapiedoerform one of the methods
described herein.

A further embodiment comprises a computer havingfaliled thereon the computer
program for performing one of the methods descrhwein.

A further embodiment according to the invention poises an apparatus or a system
configured to transfer (for example, electronigall optically) a computer program for

performing one of the methods described herein t@civer. The receiver may, for

example, be a computer, a mobile device, a memewicd or the like. The apparatus or
system may, for example, comprise a file serverrfamsferring the computer program to
the receiver .

In some embodiments, a programmable logic devioe gkample a field programmable
gate array) may be used to perform some or allhef functionalities of the methods
described herein. In some embodiments, a field raraghable gate array may cooperate
with a microprocessor in order to perform one @& mhethods described herein. Generally,
the methods are preferably performed by any harelapparatus.

The above described embodiments are merely illissgréor the principles of the present
invention. It is understood that modifications aratiations of the arrangements and the
details described herein will be apparent to othskiied in the art. It is the intent,
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therefore, to be limited only by the scope of thgénding patent claims and not by the
specific details presented by way of descriptioml @&xplanation of the embodiments
herein.
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Claims

1. Decoder for reconstructing a sample array from an entropy encoded data stream,
configured to entropy decode a plurality of entropy slices within the entropy encoded data
stream so as to reconstruct different portions of the sample array associated with the
entropy slices, respectively, wherein each entropy slice has entropy encoded therein data
for a corresponding portion of the sample array, each of the different portions forming a
respective row of blocks of the sample array with the blocks being regularly arranged in
rows and columns so that the portions corresponding to the entropy slices consist of the
same number of blocks, wherein the entropy slices are subdivided into chunks and wherein
the entropy decoding the plurality of entropy slices comprises

performing, for each entropy dlice, the entropy decoding along a respective entropy
coding path using respective probability estimations, wherein the entropy coding
path pointsin parallel along the rows of the blocks,

adapting the respective probability estimations along the respective entropy coding
path using a previously decoded part of the respective entropy dlice,

starting the entropy decoding the plurality of entropy slices sequentially using an
entropy slice order, and

performing, in entropy decoding a predetermined entropy slice, entropy decoding a
current part of the predetermined entropy slice based on the respective probability
estimations of the predetermined entropy slice as adapted using the previously
decoded part of the predetermined entropy slice, with

storing the probability estimations manifesting themselves after having
entropy decoded the second block of the portion corresponding to the
predetermined entropy slice for probability estimation initialization before
decoding a first block of the portion corresponding to an in entropy slice
order succeeding entropy slice along the respective encoding path,

checking whether a current chunk corresponds to a first sub-portion of the
portion corresponding to the predetermined entropy slice along the entropy
coding path,
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if so, performing an initialization of the probability estimations
before decoding the first block of the portion corresponding to the
predetermined entropy slice along the respective entropy coding path
with probability estimations manifesting themselves after having
entropy decoded the second block of the portion corresponding to
the in entropy dlice order preceding entropy slice aong the
respective entropy coding path, entropy decoding the current chunk
under adapting the respective probability estimations, and leaving
unchanged a state of the respective probability estimations as
manifesting themselves at an end of the entropy decoding the current
chunk for being taken into account when entropy decoding another
chunk which corresponds to a second sub-portion of the portion of
the predetermined entropy slice along the entropy coding path, and

if not, resuming the entropy decoding the predetermined entropy
dice a the current dsice by leaving unchanged a state of the
respective probability estimations manifesting themselves at an end
of entropy decoding a chunk which corresponds to a sub-portion of
the portion of the predetermined entropy slice preceding the sub-
portion corresponding to the current chunk, along the entropy coding
path.

2. Decoder according to claim 1, wherein the decoder is configured to steer the
entropy decoding of immediately consecutive entropy slices in entropy slice order so that
a distance of currently decoded blocks of portions corresponding to immediately
consecutive entropy slices measured in blocks along the encoding paths is prevented from
becoming lower than two blocks.

3. Decoder according to clam 1 or 2, wherein the decoder is configured to steer the
entropy decoding of immediately consecutive entropy slices in entropy slice order so that
a distance of currently decoded blocks of portions corresponding to immediately
consecutive entropy slices measured in blocks along the encoding paths remains two
blocks.

4. Decoder according to any of clams 1 to 3, wherein the decoder comprises a de-
interleaver to de-interleave the chunks and is configured to start the entropy decoding the
entropy slices in parallel along the entropy decoding paths even before a reception of any
of the entropy slices asawhole.
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5. Decoder according to any of claims 1 to 4, wherein the sample array is a current
sample array of a sequence of sample arrays and the decoding is configured to, in entropy
decoding an in entropy slice order first entropy dlice, initialize the respective probability
estimations of the in entropy slice order first entropy slice using an end state of probability
estimations as used in the entropy decoding of a previous array.

6. Encoder for encoding a sample array into an entropy encoded data stream, configured to
entropy encode a plurality of entropy slices into the entropy encoder data stream each
entropy slice being associated with a different portion of the sample array, respectively,
such that each entropy slice has entropy encoded therein data for a corresponding portion
of the sample array, each of the different portions forming a respective row of blocks of the
sample array with the blocks being regularly arranged in rows and columns so that the
portions corresponding to the entropy slices consist of the same number of blocks, wherein
the entropy dlices are subdivided into chunks and wherein the entropy encoding the
plurality of entropy slices comprises:

performing, for each entropy dlice, the entropy encoding along a respective entropy
coding path using respective probability estimations, wherein the entropy coding
path pointsin parallel along the rows of the blocks,

adapting the respective probability estimations along the respective entropy coding
path using a previously encoded part of the respective entropy dlice,

starting the entropy encoding the plurality of entropy slices sequentially using an
entropy slice order, and

performing, in entropy encoding a predetermined entropy slice, entropy encoding a
current part of the predetermined entropy slice based on the respective probability
estimations of the predetermined entropy dlice as adapted using the previously
encoded part of the predetermined entropy slice, with

storing the probability estimations manifesting themselves after having
entropy encoded the second block of the portion corresponding to the
predetermined entropy slice for probability estimation initialization before
encoding a first block of the portion corresponding to an in entropy slice
order succeeding entropy slice along the respective entropy coding path,
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checking whether a current chunk corresponds to a first sub-portion of the
portion corresponding to the predetermined entropy slice along the entropy
coding path,

if so, performing an initialization of the probability estimations
before encoding the first block of the portion corresponding to the
predetermined entropy slice along the respective entropy coding path
with probability estimations manifesting themselves after having
entropy encoded the second block of the portion corresponding to
the in entropy dlice order preceding entropy dlice aong the
respective entropy coding path, entropy encoding the current chunk
under adapting the respective probability estimations, and leaving
unchanged a state of the respective probability estimations as
manifesting themselves at an end of the entropy encoding the current
chunk for being taken into account when entropy encoding another
chunk which corresponds to a second sub-portion of the portion of
the predetermined entropy slice along the entropy coding path, and

if not, resuming the entropy encoding the predetermined entropy
dice a the current dsiice by leaving unchanged a state of the
respective probability estimations manifesting themselves at an end
of entropy encoding a chunk which corresponds to a sub-portion of
the portion of the predetermined entropy slice preceding the sub-
portion corresponding to the current chunk, along the entropy coding
path.

7. Method for reconstructing a sample array from an entropy encoded data stream,
comprising entropy decoding a plurality of entropy slices within the entropy encoded data
stream so as to reconstruct different portions of the sample array associated with the
entropy slices, respectively, wherein each entropy dlice has entropy encoded therein data
for a corresponding portion of the sample array, each of the different portions forming a
respective row of blocks of the sample array with the blocks being regularly arranged in
rows and columns so that the portions corresponding to the entropy slices consist of the
same number of blocks, wherein the entropy slices are subdivided into chunks and wherein
the entropy decoding the plurality of entropy slices comprises.
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performing, for each entropy dlice, the entropy decoding along a respective entropy
coding path using respective probability estimations, wherein the entropy coding
path pointsin parallel along the rows of the blocks,

adapting the respective probability estimations along the respective entropy coding
path using a previously decoded part of the respective entropy dlice,

starting the entropy decoding the plurality of entropy slices sequentially using an
entropy slice order, and

performing, in entropy decoding a predetermined entropy slice, entropy decoding a
current part of the predetermined entropy slice based on the respective probability
estimations of the predetermined entropy slice as adapted using the previously
decoded part of the predetermined entropy slice, with

storing the probability estimations manifesting themselves after having
entropy decoded the second block of the portion corresponding to the
predetermined entropy slice for probability estimation initialization before
decoding a first block of the portion corresponding to an in entropy slice
order succeeding entropy slice along the respective encoding path,

checking whether a current chunk corresponds to a first sub-portion of the
portion corresponding to the predetermined entropy slice along the entropy
coding path,

if so, performing an initialization of the probability estimations
before decoding the first block of the portion corresponding to the
predetermined entropy slice along the respective entropy coding path
with probability estimations manifesting themselves after having
entropy decoded the second block of the portion corresponding to
the in entropy dlice order preceding entropy slice aong the
respective entropy coding path, entropy decoding the current chunk
under adapting the respective probability estimations, and leaving
unchanged a state of the respective probability estimations as
manifesting themselves at an end of the entropy decoding the current
chunk for being taken into account when entropy decoding another
chunk which corresponds to a second sub-portion of the portion of
the predetermined entropy slice along the entropy coding path, and
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if not, resuming the entropy decoding the predetermined entropy
dice a the current dice by leaving unchanged a state of the
respective probability estimations manifesting themselves at an end
of entropy decoding a chunk which corresponds to a sub-portion of
the portion of the predetermined entropy slice preceding the sub-
portion corresponding to the current chunk, along the entropy coding
path.

8. Method for encoding a sample array into an entropy encoded data stream, comprising
entropy encoding a plurality of entropy slices into the entropy encoder data stream each
entropy slice being associated with a different portion of the sample array, respectively,
such that each entropy slice has entropy encoded therein data for a corresponding portion
of the sample array, each of the different portions forming a respective row of blocks of the
sample array with the blocks being regularly arranged in rows and columns so that the
portions corresponding to the entropy slices consist of the same number of blocks, wherein
the entropy dlices are subdivided into chunks and wherein the entropy encoding the
plurality of entropy slices comprises

performing, for each entropy dlice, the entropy encoding along a respective entropy

coding path using respective probability estimations, wherein the entropy coding

path pointsin parallel along the rows of the blocks,

adapting the respective probability estimations along the respective entropy coding
path using a previously encoded part of the respective entropy dlice,

starting the entropy encoding the plurality of entropy slices sequentially using an
entropy slice order, and

performing, in entropy encoding a predetermined entropy slice, entropy encoding a
current part of the predetermined entropy slice based on the respective probability
estimations of the predetermined entropy dlice as adapted using the previously
encoded part of the predetermined entropy slice, with

storing the probability estimations manifesting themselves after having
entropy encoded the second block of the portion corresponding to the
predetermined entropy slice for probability estimation initialization before
encoding a first block of the portion corresponding to an in entropy slice
order succeeding entropy slice along the respective entropy coding path,
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checking whether a current chunk corresponds to a first sub-portion of the
portion corresponding to the predetermined entropy slice along the entropy
coding path,

if so, performing an initialization of the probability estimations
before encoding the first block of the portion corresponding to the
predetermined entropy slice along the respective entropy coding path
with probability estimations manifesting themselves after having
entropy encoded the second block of the portion corresponding to
the in entropy dlice order preceding entropy slice aong the
respective entropy coding path, entropy encoding the current chunk
under adapting the respective probability estimations, and leaving
unchanged a state of the respective probability estimations as
manifesting themselves at an end of the entropy encoding the current
chunk for being taken into account when entropy encoding another
chunk which corresponds to a second sub-portion of the portion of
the predetermined entropy slice along the entropy coding path, and

if not, resuming the entropy encoding the predetermined entropy
dice a the current dsiice by leaving unchanged a state of the
respective probability estimations manifesting themselves at an end
of entropy encoding a chunk which corresponds to a sub-portion of
the portion of the predetermined entropy slice preceding the sub-
portion corresponding to the current chunk, along the entropy coding
path.

9. Computer-readable medium having stored thereon a computer program having a
program code configured to perform, when running on a computer, a method according to
any of claims 7 to 8.





