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Transform Coefficient Coding

Description

The present invention is concerned with transfooafficient coding such as transform
coefficients of a transform coefficient block opiture.

In block-based image and/or video codecs, a piaturieame is coded in units of blocks.
Among same, transform-based codecs subject blotktheo picture or frame to a

transformation so as to obtain transform coefficielocks. For example, the picture or
frame may be predictively coded with a predictiesidual being transform coded in units
of blocks and then coding the resulting transforoefficient levels of the transform

coefficients of these transform blocks using engropding.

In order to increase the efficiency of entropy cgglicontexts are used in order to precisely
estimate the probability of the symbols of the sfarm coefficient levels to be coded.
However, in the recent years, the demands impostx mcture and/or image codecs has
increased. In addition to the luma and chroma corapts, codecs sometimes have to
convey depth maps, transparity values and so fiMtireover, the transform block sizes
are variable within an increasingly large interMale to these varieties, codecs have an
increasing number of different contexts with diffiet functions for determining the
context from already coded transform coefficients.

A different possibility of achieving high compressirates at a more moderate complexity,
is adjusting a symbolization scheme to the coefifits’ statistics as precise as possible.
However, in order to perform this adaptation clgsi the actual statistics, it is also

mandatory to take various factors into accountdigrnecessitating a huge amount of
differing symbolization schemes.

Accordingly, there is a need for keeping the comipfeof transform coefficient coding
low while nevertheless maintaining the possibitifyachieving a high coding efficiency.

It is the object of the present invention to pravisuch a transform coefficient coding
scheme.

This object is achieved by the subject matter efgénding independent claims.
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In accordance with an aspect of the present inmenéin apparatus for coding a plurality of
transform coefficients having transform coefficidetels into a stream, comprises a
symbolizer configured to map a current transformfitcient onto a first set of one or more
symbols in accordance with a first symbolizatiomnesne, with the current transform
coefficient’s transform coefficient level is withia first level interval, and if the current
transform coefficient’s transform coefficient leuslwithin a second level interval, onto a
combination of a second set of symbols onto whiahaximum level of the first level
interval is mapped in accordance with the first bgiization scheme, and a third set of
symbols depending on a position of the current sfiam coefficient's transform
coefficient level within the second level intervalp accordance with a second
symbolization scheme which is parameterizable inoatance with a symbolization
parameter. Further, the apparatus comprises axtadaptive entropy encoder configured
to, if the current transform coefficient’s transfocoefficient level is within the first level
interval, entropy encode the first set of one oren&ymbols into the data stream, and, if
the current transform coefficient’'s transform caeént level is within the second level
interval, entropy encode the second set of one arensymbols into the data stream,
wherein the context adaptive entropy encoder isigored to, in entropy encoding at least
one predetermined symbol of the second set of omeooe symbols into the data stream,
use a context depending, via a function parameieliézvia a function parameter, with a
function parameter set to a first setting, on pyesiy coded transform coefficient. Further,
the apparatus comprises a symbolization paramedtarrdinator configured to, if the
current transform coefficient's transform coeffitielevel is within the second level
interval, determine the symbolization parameter tfeg mapping onto the third set of
symbols depending, via the function with the funictparameter set to a second setting, on
the previously coded transform coefficients. Anenter is configured to, if the current
transform coefficient’s transform coefficient levslwithin the second level interval, insert
the third set of symbols into the data stream.

According to another aspect of the present invantm apparatus for coding a plurality of
transform coefficients of different transform blsgkeach having a transform coefficient
level, into a data stream, comprises a symboliaafigured to map a transform coefficient
level for a current transform coefficient in accande with a symbolization scheme which
is parameterizable in accordance with a symbobngbarameter, onto a set of symbols; an
inserter configured to insert the set of symbotstie current transform coefficient into the
data stream; and a symbolization parameter detatorirconfigured to determine the
symbolization parameter for the current transfommefficient depending, via a function
parameterizable via a function parameter, on preshoprocessed transform coefficients,
wherein the inserter, the desymbolizer and the sjidtion parameter determinator are
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configured to sequentially process the transforreffaments of the different transform

blocks, wherein the function parameter varies ddpgnon a size of the current transform
coefficient’s transform block, an information conmemt type of the current transform
coefficient’s transform block and/or a frequencytm the current transform coefficient
is located within the transform block.

An idea of the present invention is to use the s&metion for the dependency of the
context and the dependency of the symbolizatioarpater on previously coded/decoded
transform coefficients. Using the same function ithwarying function parameter - may
even be used with respect to different transforatlblsizes and/or frequency portions of
the transform blocks in case of the transform coieffits being spatially arranged in
transform blocks. A further variant of this idea ts use the same function for the
dependency of a symbolization parameter on prelyiou®ded/decoded transform
coefficients for different sizes of the currentnséorm coefficient’s transform block,
different information component types of the cutrénansform coefficient's transform
block and/or different frequency portions the catrieansform coefficient is located within
the transform block.

Detailed and advantageous aspects of the presamitian are the subject of the dependent
claims. Moreover, preferred embodiments of the gmesnvention are described below
with respect to the figures among which:

Fig. 1 shows a schematic diagram of a transfornfficant block comprising transform
coefficients to be coded and illustrates the coafsa parametrizable function for
context selection and symbolization parameter detetion in accordance with an
embodiment of the preset invention;

Fig. 2 shows a schematic diagram of symbolizationcept for transform coefficient
levels using two different schemes within two leveérvals;

Fig. 3 shows a schematic graph of two appearanobapility curves defined over
possible transform coefficient levels for two difat contexts;

Fig. 4 shows a block diagram of an apparatus fadingp a plurality of transform
coefficients in accordance with an embodiment;

Fig. 5aand 5b show schematic diagrams of a steidtr the data stream resulting in
accordance with different embodiments;
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Fig. 6 shows a block diagram of a picture encodeccordance with an embodiment;

Fig. 7 shows a block diagram of an apparatus farodieg a plurality of transform
coefficients in accordance with an embodiment;

Fig. 8 shows a block diagram of a picture decodecicordance with an embodiment;

Fig. 9 shows a schematic diagram of a transfornfficent block so as to illustrate a scan
and a template in accordance with an embodiment.

Fig. 10 shows a block diagram of an apparatusdiecoding a plurality of transform
coefficients in accordance with a further emboditne

Fig. 11a and 11b shows schematic diagrams of symaion concepts for transform
coefficient levels combining two or three differesthemes within partial intervals
of the whole interval range;

Fig. 12 shows a block diagram of an apparatus foding a plurality of transform
coefficients in accordance with a further emboditnand

Fig. 13 shows a schematic diagram of a transfooefficient block so as to
illustrate, in accordance with a further embodimeatscan order among the
transform coefficient blocks following a sub-blogkder defined among sub-blocks
into which the transform coefficient block is swided in order to illustrate
another embodiment for designing the parametrizialvletion for context selection
and symbolization parameter determination.

With respect to the description below, it is notkdt the same reference sign is used in
these figures for elements occurring in more thae of these figures. Accordingly, the
description of such an element with respect to igere shall equally apply to the
description of another figure in which this elemeaturs.

Moreover, the description brought forward below lipmearily assumes the transform
coefficients to be coded as being two-dimensionatianged so as to form a transform
block such as a transform block of a picture. Hosvewthe present application is not
restricted to image and/or video coding. Ratheg, tlansform coefficients to be coded
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could, alternatively, be transform coefficientsaobne-dimensional transform such as used,
for example, in audio coding or the like.

In order to explain the problems that the embodimelescribed further below face, and
the way the embodiments further described belowamree these problems, reference is
preliminarily made to Figs. 1 to 3, which show am@mmple of transform coefficients of a

transform block and their general way of entropyling, which is then improved by the

subsequently explained embodiments.

Fig. 1 exemplarily shows a block 10 of transformefficients 12. In the present
embodiment, the transform coefficients are two-digienally arranged. In particular,
same are exemplarily shown as being regularly gedrin columns and rows although
another two-dimensional arrangement is also passibhe transform which led to the
transform coefficients 12 or transform block 10 nteya DCT or some other transform
which decomposes a (transform) block of a pictéme .example, or some other block of
spatially arranged values into components of dsffierspatial frequency. In the present
example of Fig. 1, the transform coefficients 12 awo-dimensionally arranged in
columns i and rows j so as to correspond to frequeairs (£(i), fy(j)) of frequencies\i),
fy()) measured along different spatial directions such as directions perpendicular to
each other, wheregyf(i) < fwy(i + 1) and (i,j) is the position of the respecta@efficient in
transform block 10.

Often the transform coefficients 12 correspondingldwer frequencies have higher
transform coefficient levels compared to transfaraefficients corresponding to higher
frequencies. Accordingly, often many of the transfocoefficients near the highest
frequency component of the transform block 10 ar@ntjzed to zero and may not have to
be coded. Rather, a scan order 14 may be defineshaithe transform coefficients 12
which one-dimensionally arranges the two-dimendlgrearanged transform coefficients
12 (i,j) into a sequence of coefficients at an grde. (i,j) > k, so that it is likely that the
transform coefficient levels have a tendency of atonically decreasing along this order,
i.e. it is likely that coefficient level of coefiient k is greater than coefficient level of
coefficient k+1.

For example, a zigzag or a raster scan may beatefimong the transform coefficients 12.
According to the scan, the block 10 may be scanmatiagonals from, for example, the
DC component transform coefficient (upper left-haoefficient) to the highest frequency
transform coefficient (lower right-hand coefficigior vice versa. Alternatively, a row-wise
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or column-wise scan of the transform coefficiene&tween the just mentioned extreme
component transform coefficients may be used.

As described further below, in coding the transfdrock the position of the last non-zero
transform coefficient L in scan order 14 may beembthto the data stream first, with then
merely coding the transform coefficients from th€ Bransform coefficient along scan
path 14 to the last non-zero transform coefficient optionally in that direction or in
counter direction.

The transform coefficients 12 have transform coédfit levels which may be signed or
unsigned. For example, the transform coefficie@snhy have been obtained by the afore-
mentioned transform with subsequent quantizatioto @n set of possible quantization
values each being associated with a respectiveftian coefficient level. The quantization
function used to quantize the transform coeffigemte. map the transform coefficients
onto the transform coefficient levels, may be lmea non-linear. In other words, each
transform coefficient 12 has a transform coeffitilavel out of an interval of possible
levels. Fig. 2, for example, shows an example wkieeeransform coefficient levels x are
defined within a range of levels [0""%. In accordance with an alternative embodiment,
there may be no upper bound of the interval ramgereover, Fig. 2 illustrates only
positive transform coefficient levels although samay also be signed. Regarding the
signs of the transform coefficients 12 and theidiog, it should be noted that different
possibilities exist with respect to all of the erdiments outlined below in order to code
these signs, and all of these possibilities shalivithin the scope of these embodiments.
With regard to Fig. 2, this means that there map de no lower bound of the range
interval of the transform coefficient levels.

In any case, in order to code the transform caefiiclevels of the transform coefficients
12, different symbolization schemes are used ireroit® cover different portions or

intervals 16, 18 of the range interval 20. To beemarecise, transform coefficient levels
within a first level interval 16, except for theemnequal to a maximum level of the first
level interval 16, may simply be symbolized ontoset of one or more symbols in
accordance with a first symbolization scheme. Thans coefficient levels, however, lying

within the second level interval 18, are mapped @antombination of symbol sets of the
first and second symbolization schemes. As wilhbeed later, third and further intervals
may follow the second interval accordingly.

As shown in Fig. 2, the second level interval % labove the first level interval 16 but
overlaps with the latter at the maximum level & finst level interval 16, which is 2 in the
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example of Fig. 2. For transform coefficient leviimg within the second level interval
18, the respective level is mapped onto a comlunaif the first symbol set corresponding
to the first level interval’'s maximum level in acdance with the first symbolization
scheme, and a second symbol set depending onteopasithe transform coefficient level
within the second level interval 18 in accordandi whe second symbolization scheme.

In other words, the first symbolization scheme l&pmthe levels covered by the first level
interval 16 onto a set of first symbol sequencésage note that the length of the symbol
sequences within the set of symbol sequences dfrtiesymbolization scheme may even
be merely one binary symbol in case of a binanhabet and in case of the first level
interval 16 merely covering two transform coeffidiéevels such as 0 and 1. In accordance
with an embodiment of the present application, fingt symbolization scheme is a
truncated unary binarization of levels in internd&. In case of a binary alphabet, the
symbols may be called bins.

As will be described in more detail below, the seteymbolization scheme maps the
levels within the second level interval 18 onteead second symbol sequences of varying
length wherein the second symbolization schemeiarpeterizable in accordance with a
symbolization parameter. The second symbolizatdmesie may map the levels within
interval 18, i.ex — the maximum level of the first interval, ont&kace code having a Rice
parameter.

In particular, the second symbolization scheme &y rhe configured such that the
symbolization parameter varies a rate at whichngtle of the second scheme’s symbol
sequences increases from the lower bound of thendelevel interval 18 to an upper
bound thereof. Obviously, an increased length ef gfmbol sequences consumes more
data rate within the data stream into which thesiearm coefficients are to be coded.
Generally, it is preferred if the length of the swhsequence onto which a certain level is
mapped correlates with the actual probability aicihhe transform coefficient level to be
currently coded assumes the respective level. Bliuthe latter statement is also valid
for the levels outside the second level intervalitBin the first level interval 16 or for the
first symbolization scheme in general.

In particular, as shown in Fig. 3, transform caméints typically show a certain statistics or
probability of occurrence of certain transform dméént levels. Fig. 3 shows a graph
associating to each possible transform coefficientel x a probability at which the

respective transform coefficient level is actuadlgsumed by a transform coefficient in
question. To be more precise, Fig. 3 shows two sisswciations or probability curves,
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namely for two coefficients of different contexiBhat is, Fig. 3 assumes the transform
coefficients to be differentiated according to thebntexts such as determined by the
transform coefficient values of neighboring tramsfocoefficients. Depending on the

context, Fig. 3 shows that the probability curveclhassociates a probability value with
each transform coefficient level may depend onctir@ext of the transform coefficient in

question.

In accordance with the embodiments described beliw, symbols of the symbol
sequences of the first symbolization scheme 16eateopy coded in a context adaptive
way. That is, a context is associated with the sysjband the alphabet probability
distribution associated with the selected contexised for entropy coding the respective
symbol. The symbols of the symbol sequences ofsdw®mnd symbolization scheme are
inserted into the data stream directly or usingxedf alphabet probability distribution such
an equal probability distribution according to whiall members of the alphabet are
equally probable.

Contexts used in entropy coding the symbols offitise symbolization scheme have to be
selected appropriately so as to allow for a goodptation of the estimated alphabet
probability distribution to the actual alphabettistacs. That is, the entropy coding scheme
may be configured to update a current estimatehef dontext's alphabet probability
distribution whenever a symbol having this contagt encoded/decoded, thereby
approximating the actual alphabet statistics. Tp@@imation is faster if the contexts are
chosen appropriately, that is fine enough, butwitit too many different contexts so as to
avoid a too infrequent association of symbols wgttain contexts.

Likewise, the symbolization parameter for a coéfit should be chosen dependent on the
previously coded/decoded coefficients so as toagpmrate the actual alphabet statistics as
close as possible. Too fine diversification is reotcritical issue here, because the
symbolization parameter is directly determined frahe previously coded/decoded
coefficients, but the determination should closetyrespond to the correlation of the
dependency of the probability curve within the setanterval 18 on the previously
coded/decoded coefficients.

As will be described in more detail below, the ewfibents for coding transform

coefficients further described below are advantageo that a common function is used in
order to achieve the context adaptivity and the tmlimation parameter determination.
Choosing the correct context is, as outlined abawpprtant in order to achieve a high
coding efficiency or compression rate, and the sapelies with respect to the
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symbolization parameter. The embodiments deschigdolw allow for achieving this aim

by keeping the overhead for instantiating the ddpany on previously coded/decoded
coefficients low. In particular, the inventors dfet present application found a way of
finding a good compromise between realizing effitiedependency on previously
coded/decoded coefficients on the one hand anctiregithe number of proprietary logic
for instantiating the individual context dependesobn the other hand.

Fig. 4 shows an apparatus for coding a pluralityrafisform coefficients having transform
coefficient levels into a data stream in accordawi@ an embodiment of the present
invention. It is noted that in the following degtion, the symbol alphabet is often
assumed to be a binary alphabet although this gegmis, as outlined above, not critical
for the present invention and accordingly, all lnége explanations shall be interpreted as
being also illustrative for an extension onto otkynbol alphabets.

The apparatus of Fig. 4 is for coding a pluralifytransform coefficients entering at an
input 30 into a data stream 32. The apparatus deagpra symbolizer 34, a context
adaptive entropy encoder 36, a symbolization pat@mueterminator 38 and an inserter
40.

The symbolizer 34 has its input connected to irfiuand is configured to map a current
transform coefficient currently entering its inparito symbols in the way described above
with respect to Fig. 2. That is, the symbolizeri84onfigured to map a current transform
coefficient onto a first set of one or more symholsccordance with a first symbolization
scheme, if the current transform coefficient’'s sfanm coefficient level x is within the
first level interval 16, and, if the current tramish coefficient’s transform coefficient level
is within the second level interval 18, onto a camabon of a second set of symbols onto
which the maximum level of the first level intend8 is mapped in accordance with a first
symbolization scheme, and a third set of symbojsedding on a position of the current
transform coefficient’s transform coefficient lewslthin the second level interval 18, in
accordance with a second symbolization scheme.tHaravords, the symbolizer 34 is
configured to map a current transform coefficientooa first symbol sequence of the first
symbolization scheme in case of the current transfooefficient’s transform coefficient
level being within the first level interval 16 botitside the second level interval, and onto
a combination of the first symbolization schemeg/sbol sequence for the maximum level
of the first level interval 16 and a symbol sequentthe second symbolization scheme in
case of the current transform coefficient’'s transfacoefficient level being within the
second level interval.
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The symbolizer 34 has two outputs, namely one fonk®l sequences of the first

symbolization scheme, and another for the symbqlieseces of the second symbolization
scheme. The inserter 40 has an input for receittiegsecond symbolization scheme’s
symbol sequences 42 and the context adaptive gnteopoder 36 has an input for

receiving the first symbolization scheme’s symbedsences 44. Further, the symbolizer
34 has a parameter input for receiving the symhttn parameter 46 from an output of
symbolization parameter determinator 38.

The context adaptive entropy encoder 36 is condigio entropy encode the symbol of the
first symbol sequences 44 into the data streanTB@2.inserter 40 is configured to insert
the symbol sequences 42 into data stream 32.

Generally speaking, both entropy encoder 36 aneérters 40 sequentially scan the
transform coefficients. Obviously, inserter 40 niereperates for transform coefficients,
the transform coefficient level of which lies withihe second level interval 18. However,
as will be described in more detail below, there different possibilities for defining the
order between the operation of the entropy enc8@eand the inserter 40. In accordance
with a first embodiment, the coding apparatus gf Biis configured to scan the transform
coefficients in one single scan so that inserterind@rts the symbol sequence 42 of a
transform coefficient into the data stream 32 sgbeat to the entropy encoder’s entropy
encoding of the first symbol sequence 44 relatinthée same transform coefficient into the
data stream 32 and prior to the entropy encodertiopy encoding the symbol sequence
44 relating to the next transform coefficient imdiinto the data stream 32.

In accordance with an alternative embodiment, tbpaeatus uses two scans, wherein
within the first scan the context adaptive entragmcoder 36 sequentially encodes the
symbol sequences 44 into the data stream 32 forteaesform coefficient with inserter 40
then inserting the symbol sequences 42 for thomesform coefficients the transform
coefficient level of which lies within the seconelvél interval 18. There could even be
more sophisticated schemes according to whichexXample, the context adaptive entropy
encoder 36 uses several scans in order to encededividual symbols of the first symbol
sequences 44 into the data stream 32 such asr#tesyimbol or bin in a first scan,
followed by a second symbol or bin of the sequeddeim a second scan and so forth.

As already indicated above, the context adaptivieopy encoder 36 is configured to
entropy encode at least one predetermined symlibeafymbol sequences 44 into the data
stream 32 in a context adaptive way. For exampkecontext adaptivity could be used for
all the symbols of the symbol sequences 44. Alterely, context adaptive entropy
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encoder 36 may restrict the context adaptivityh® $ymbols at the first position and the
symbol sequences of the first symbolization schenlg, or the first and second, or the
first to third positions and so forth.

As described above, for context adaptivity, encd&femanages contexts by storing and
updating an alphabet probability distribution estienfor each context. Each time a symbol
of a certain context is encoded, the currently estoalphabet probability distribution
estimate is updated using the actual value of #yimbol thereby approximating the
symbols’ actual alphabet statistics of that context

Likewise, symbolization parameter determinator 38 configured to determine the
symbolization parameter 46 for the second symbibiimascheme and its symbol
sequences 42 depending on previously coded trangfoefficients.

To be more precise, the context adaptive entrogpaar 36 is configured such that same
uses, or select, for the current transform coeffitia context depending, via a function
parameterizable via a function parameter, and withfunction parameter set to a first
setting, on previously coded transform coefficientghile the symbol parameter

determinator 38 is configured to determine the sylimation parameter 46 depending, via
the same function, and with the function parameter to a second setting, on the
previously coded transform coefficients. The sgiirmay differ, but nevertheless, as
symbolization parameter determinator 38 and corddaptive entropy encoder 36 use the
same function, logic overhead may be reduced. Mehal function parameter may differ

between the context selection of the entropy enc@te on the one hand and the
symbolization parameter determination of the synalatibn parameter determinator 38 on
the other hand.

As far as the dependency on the previously codmtstorm coefficients is concerned, it
should be noted that this dependency is restritdetie extent to which these previously
coded transform coefficients have already been dod® data stream 32. Imagine, for
example, that such a previously encoded transfa@fficient lies within the second level

interval 18, but the symbol sequence 42 thereofoayet been inserted into data stream
32. In that case, symbolization parameter deternmind8 and context adaptive entropy
encoder 36 merely know from the first symbol segeed4 of that previously coded

transform coefficient that same lies within themset level interval 18. In that case, the
maximum level of the first level interval 16 maynse as a representative for this
previously coded transform coefficient. Insofam thependency “on the previously coded
transform coefficients” shall be understood in adar way so as to encompass a
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dependency on “information on other transform dogfhts previously encoded/inserted
into the data stream 32”. Further, transform caeedfits lying “beyond” the last non-zero
coefficient L position may be inferred to be zero.

In order to finalize the description of Fig. 4, thetputs of entropy encoder 36 and inserter
40 are shown to be connected to a common outpat #f apparatus via a switch 50, with
the same connectivity existing between inputs fervpusly inserted/coded information of
symbolization parameter determinator 38 and cordeaptive entropy encoder 36 on the
one hand and the outputs of entropy encoder 3@resedter 40 on the other hand. Switch
50 connects output 48 with either one of the owtiitentropy encoder 36 and inserter 40
in the order mentioned above with respect to theua possibilities of using one, two or
more scans for coding the transform coefficients.

In order to explain the common use of the paranzstiele function with respect to context
adaptive entropy encoder 36 and symbolization pat@ndeterminator 38 in more specific
terms, reference is made to Fig. 1. The functiomckvis co-used by entropy encoder 36
and symbolization parameter determinator 38 isceted at 52 in Fig. 1, nametyf(x)).
The function is applied to a set of previously abdensform coefficients which may, as
explained above, be defined to encompass thoseopsty coded coefficients having a
certain spatial relationship relative to the curmrarefficient. Specific embodiments for this
function will be outlined in more detail below. Geally speakingf is function which
combines the set of previously coded coefficiemele into a scalar, wheregis function
which checks as to which interval the scalar lreslm other words, the functiog(f(x)) is
applied to a sek of transform coefficients previously coded. In .Fig the transform
coefficient 12 indicated by a small cross denofes,example, the current transform
coefficient, and the hatched transform coefficieh®s indicate the sex of transform
coefficients to which function 52 is applied in erdo obtain a symbolization parameter 46
and an entropy context index 54 indexing the cdrfimxthe current transform coefficient
X. As illustrated in Fig. 1, a local template, aéfig a relative spatial arrangement around
the current transform coefficient may be used ideorto determine the sgtof relevant
previously coded transform coefficients out of@kbviously coded transform coefficients.
As can be seen in Fig. 1, the template 56 may epassthe immediately neighboring
transform coefficient below and to the right of therrent transform coefficient. By
choosing the template like this, the symbol seqeed? and 44 of transform coefficients
on one diagonal of the scan 14 may be coded inliglasance none of the transform
coefficients on a diagonal falls into the templaéeof another transform coefficient in the
same diagonal. Naturally, similar templates majoloed for row- and column-wise scans.
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In order to provide more specific examples for ¢dbenmonly used functiog(f(x)) and the
corresponding function parameters, in the followswuch examples are provided using
respective formulae. In particular, the apparafuBig. 4 may be configured such that the
function 52 defining the relationship between a sebdf previously coded transform
coefficients on the one hand, and a context indexber 54 indexing the context and the
symbolization parameter 46 on the other hand, neay b

a(f(x)) whereg(x) = _dzzfld'(x, n) and f (x)= Zd: w, ChB(x,,t)

with

Slxt) = {1 X =t

and J(X,n):{l x=n
0 [¢<t

0 x<n

where

tand{n,.....n; =n and, optionally, form the function parameter,
x:{xl,...,xd} with % with iD{l...d} representing a previously decoded transform

coefficienti,
w; are weighting values each of which may be equah®or unequal to one, and
h is a constant or function &f.

It follows that g(f (x)) lies within [Ogk]. If g(f (x)) is used to define a context index offset

number cCt¥xset Which is summed-up along with at least one basd#esd index offset
number Ctxase then the value range of resulting context indes CtXpaset CtXoffset IS
[CtXpase; CtXhaset Of]. Whenever it is mentioned that differing setscohtexts are used to
entropy code symbols of symbol sequences 44, thgegds chosen differently such that
[CtXpase,1; CtXpaset O] dOes not overlap [Ch¥se 7 CtXoaset Of]. This is, for example, true for

» transform coefficients belonging to transform bledkf differing size;

» transform coefficients belonging to transform bleckf differing information
component type such as depth, luma, chroma anorgy f

e transform coefficients belonging to differing freancy portions of the same
transform block;
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As mentioned before, the symbolization parametey be a Rice parametér That is,
(absolute) levels within interval 16, X%, with X + M = x (where M is the maximum level
of interval 16 andk is the (absolute)transform coefficient level) wibllle mapped onto a
bin string having a prefix and a suffix, the prefizing a unary code c@( EJZ'kJ, and the

suffix being a binary code of the remainderXf27.

d: may also form part of the function parame@may also form part of the function
parameter.

A difference in function parameter such as betweamext selection and symbolization
parameter determination necessitates merely offierefice in eithet, {n,....,n, j=n, o

(if forming part of the function parameter), a(if forming part of the function parameter).

As explained above, the indéxmay index the transform coefficients 12 within @ate
56. x;, may be set to zero in case of the respective tmglosition lying outside the
transform block. Further, the context adaptive gmtrencoder 36 may be configured such
that the dependency of the context from the preshocoded transform coefficients via the
function is such that; is equal to the transform coefficient level of {hreviously coded
transform coefficient in case same is within the first level interval &46d is equal to the
maximum level of the first level interval 16, inseaof the transform coefficient level of
the previously coded transform coefficienbeing within the second level interval 18, or
such thatx is equal to the transform coefficient level of fwe@viously coded transform
coefficienti, independent from the transform coefficient levéltlee previously coded
transform coefficient being within the first or second level interval.

As far as the symbolization parameter determingtooncerned, same may be configured
such that, in the determination of the symbolizaparametery is equal to the transform
coefficient level of the previously coded transfoowmefficienti, independent from the
transform coefficient level of the previously codeahsform coefficient being within the
first or second level interval.

The apparatus may be further configured suchtthat... < n, applies in any case.

The apparatus may also be configured suchhthalix |-t .

In a further embodiment the apparatus may be corddy to spatially determine the
previously coded transform coefficients dependingaaelative spatial arrangement of the
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transform coefficients relative to the current sfmmm coefficient, i.e. based on a template
around the current transform coefficient’s position

The apparatus may be further configured to detegn@nposition of a last non-zero
transform coefficient L among transform coefficemif a transform coefficient block 10
along a predetermined scan order 14, and to imskntmation on the position into the
data stream 32, wherein the plurality of transf@mefficients encompasses the transform
coefficients from the last non-zero transform coeéht L to a beginning of the
predetermined scan order, i.e. a DC componentfoansoefficient.

In a further embodiment, the symbolizer 34 may wured to use a modified first

symbolization scheme for symbolization of the lmahsform coefficient L. According to

the modified first symbolization scheme, merely 1z@no transform coefficient levels
within the first level interval 16 may be mapped)i a zero level is presumed not to
apply for the last transform coefficient L. For exale, the first bin of the truncated unary
binarization may be suppressed for coefficient L.

The context adaptive entropy encoder may be corddyto use a separate set of contexts
for entropy encoding the first set of one or moymisols for the last non-zero transform
coefficient, separate from contexts used in entrepgoding the first set of one or more
symbols of other than the last non-zero transfaoeffient.

The context adaptive entropy encoder may travdrselurality of transform coefficients
in an opposite scan order leading from the lastzeyn transform coefficient to the DC
transform coefficient of the transform coefficidsibck. This may or may not also apply
for the second symbol sequences 42.

The apparatus may also be configured to code tmalpl of transform coefficients into
the data stream 32 in two scans, wherein the cbmigaptive entropy coder 36 may be
configured to entropy encode the first symbols seqas 44 for the transform coefficients
into the data stream 32 in an order corresponding tfirst scan of the transform
coefficients, wherein the inserter 40 is configuried subsequently insert the symbol
sequences 42 for the transform coefficients hawsitiginsform coefficient level within the
second level interval 18 into the data stream 3nimrder corresponding to an occurrence
of the transform coefficients having a transfornefticient level within the second level
interval 18 within a second scan of the transfooafiicients. An example for a resulting
data stream 32 is shown in Fig. 5a: it may compoggionally, an information 57 on the
position of L, followed by the symbol sequencesméntropy encoded form (at least some
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in context adaptive entropy encoded form) and &rrfbllowed by the symbol sequences
42 inserted directly or using, for example, bypassle (equal probable alphabet).

In a further embodiment, the apparatus may be gordd to code the plurality of
transform coefficients into the data stream 32 eatjally in one scan, wherein the context
adaptive entropy encoder 36 and the inserter 40canéigured to, for each transform
coefficient in a scan order of the one scan, ingertsymbol sequences 42 of respective
transform coefficients having a transform coefintieevel within the second level interval
18 into the data stream 32 immediately subsequethiet context adaptive entropy coder’s
entropy encoding of the symbol sequence 44 intodtita stream 32, along with which
same form the combination onto which same transfwefficients are mapped, so that the
symbol sequences 42 are interspersed into thesttat@am 32 between symbol sequences
44 of the transform coefficients. The result igstrated in Fig. 5b.

The inserter 40 may be configured to insert thelmynsequences 42 into the data stream
directly or using entropy encoding using a fixedl@bility distribution. The first
symbolization scheme may be a truncated unary ikatéon scheme. The second
symbolization scheme may be such that the symloplesees 42 are of a Rice code.

As already noted above the embodiments of Fig. 4 & implemented within an
image/video coder. An example of such an imagedvimaer or picture coder is shown in
Fig. 6. The picture encoder is generally indicat¢deference sign 60 and comprises an
apparatus 62 corresponding to the one shown in&ifor example. The encoder 60 is
configured to, in encoding a picture 64, transfdolocks 66 of the picture 64 into
transform coefficient blocks 10 which are then tedaby apparatus 62 so as to code, per
transform block 10, a plurality of transform coeifints thereof. In particular, apparatus 62
processes transform blocks 10 transform block agstfiorm block. In doing so, apparatus
62 may use function 52 for blocks 10 of differeiaes. For example, an hierarchical multi-
tree subdivision may be used in order to decompadare 64 or tree-root blocks thereof,
into blocks 66 of different sizes. The transfornodils 10 resulting from applying a
transform to these blocks 66 are, accordingly, ad$odifferent size and although,
accordingly, function 52 may be optimized for th&fedent block sizes by way of using
different function parameters, the overall overheft providing such different
dependencies for the symbolization parameter oonleehand and the context index on the
other hand is kept low.

Fig. 7 shows an apparatus for decoding a pluraditytransform coefficients having
transform coefficient levels from a data streamv@iich fits to the apparatus outlined
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above with respect to Fig. 4. In particular, theaatus of Fig. 7 comprises a context
adaptive entropy decoder 80, a desymbolizer 82 amdextractor 84 as well as a

symbolization parameter determinator 86. The cdnéaaptive entropy decoder 80 is

configured to, for a current transform coefficiesmtropy decode a first set of one or more
symbols, i.e. symbol sequence 44, from the datastr32. Desymbolizer 82 is configured

to map the first set of one or more symbols, he.gymbol sequence 44, onto a transform
coefficient level within the first level intervalblin accordance with a first symbolization

scheme. To be more precise, context adaptive gntlepoder 80 and desymbolizer 82

operate in an interactive manner. Desymbolizer i@&2rins context adaptive entropy

decoder 80 via a signal 88 at which symbol seqakytiecoded by decoder 80 from data
stream 32 a valid symbol sequence of the first jizdtion scheme has been finalized.

Extractor 84 is configured to, if the transform ffméent level onto which the first set of

one or more symbols, i.e. symbol sequence 44, gpethin accordance with the first
symbolization scheme, is the maximum level of ir& fevel interval 16, extract a second
set of symbols, i.e. symbol sequence 42 from datarm 32. Again, desymbolizer 82 and
extractor 84 may operate in concert. That is, dé®jirer 82 may inform extractor 84 by a
signal 90 when a valid symbol sequence of the sk@ymbolization scheme has been
finalized whereupon extractor 84 may finish the&stion of symbol sequence 42.

The desymbolizer 82 is configured to map the semeaf symbols, i.e. symbol sequence
42, onto a position within the second level intért8 in accordance with the second
symbolization scheme which, as already noted abisvparameterizable in accordance
with the symbolization parameter 46.

The context adaptive entropy decoder 80 is condiguo, in entropy decoding at least one
predetermined symbol of the first symbol sequende uke a context depending, via
function 52, on previously decoded transform caoedfits. The symbolization parameter
determinator 86 is configured to, if the transfocoefficient level onto which the first
symbol sequence 44 is mapped in accordance witlirdiesymbolization scheme is the
maximum level of the first level interval 16, detene the symbolization parameter 46
depending, via function 52, on the previously decbttansform coefficients. To this end,
inputs of entropy decoder 80 and symbolization ipater determinator 86 are connected
via a switch 92 to an output of desymbolizer 8&/kich desymbolizer 82 outputs valugs
of the transform coefficients.

As described above, for context adaptivity, decdf®manages contexts by storing and
updating an alphabet probability distribution estienfor each context. Each time a symbol
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of a certain context is decoded, the currently estoalphabet probability distribution
estimate is updated using the actual/decoded \ailtieis symbol thereby approximating
the symbols’ actual alphabet statistics of thatexin

Likewise, symbolization parameter determinator 86 configured to determine the
symbolization parameter 46 for the second symbibiimascheme and its symbol
sequences 42 depending on previously decoded aramsbefficients.

Generally, all the possible modifications and fartbetails described above with repsect to
the encoding are also transferable onto the apmafat decoding of Fig. 7.

Fig. 8 shows as a pendant to Fig. 6. That is, fpamtus of Fig. 7 may be implemented
within the picture decoder 100. The picture decdd¥)r of Fig. 7 comprises an apparatus
according to Fig. 7, namely apparatus 102. Theupgctlecoder 100 is configured to, in
decoding or reconstructing a picture 104, retramsfdlocks 106 of picture 104 from
transform coefficient blocks 10 the plurality oamsform coefficients of which apparatus
102 decodes from the data stream 32 which, in tamers picture decoder 100. In
particular, apparatus 102 processes transform ®ldd¢k block by block and may, as
already denoted above, use function 52 commonlplfimks 106 of different sizes.

It should be noted that picture encoder and decé@eand 100, respectively, may be
configured to use predictive coding with applyinige ttransform/retransform to the
prediction residual. Moreover, the data stream 32y rhave subdivision information
encoded therein, which signals to picture decod¥r the subdivision into the blocks
individually subject to transformation.

Below, the above embodiments are again describedome other words, and with
providing more details on specific aspects whictaitle may individually transferred onto
the above emboiments. That is, above embodimelatedeto a specific way of context
modeling for the coding of syntax elements rela®dransform coefficients such as in
block-based image and video coders, and aspeatsothare described and highlighted
further below.

The embodiments may relate to the field of digsighal processing and, in particular, to a
method and apparatus for image and video decoddrsrecoders. In particular, the coding
of transform coefficients and their associated ayrglements in block-based image and
video codecs may be performed in accordance welethbodiments described. In so far,
some embodiments represented an improved contedéling for the coding of syntax
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elements related to transform coefficients witheatropy coder that employs a probability
modeling. Further, the derivation of a Rice parandhat is used for the adaptive
binarization of the remaining absolute transfornefioients may be done as described
above with respect to the symbolization paramdtarfication, simplification, parallel
processing friendly, and moderate memory usageestimg of context memory are the
benefits of the embodiments compared to straightdad context modeling.

In even other words, embodiments of the preserntion may reveal a new approach for
context model selection of syntax elements relébeithe coding of transform coefficients
in block-based image and video coders. Furtherivatgon rules for a symbolization
parameter, such as a Rice parameter, that cotiwlsinarization of a remaining value of
an absolute transform coefficients have been de=tri Essentially, the above
embodiments used a simple and common set of rotdbé context model selection for all
or for a part of syntax elements related to thargpdf the transform coefficients.

The first symbolization scheme mentioned above b®awg truncated unary binarization. If
so, coeff_significant_flag, coeff_abs_greater_ 1] emeff_abs_greater_2 may be called the
binary syntax elements or symbols which form thetfithe second, and the third bin
resulting from the truncated unary binarizationaofransform coefficient. As described
above, the truncated unary binarization may merefyresent a prefix, which may be
accompanied by the suffix being itself a Rice codease of the transform coefficient’s
level falling within the second level interval 18.further suffix may be of a Exp-Golomb
code such as of 0-order, thereby forming a furtbeel interval following the first and
second intervals 16 and 18 in Fig. 2 (not showfin 2).

The derivation of the Rice parameter for the adaptinarization of the remaining
absolute transform coefficient may be done, asrdest above, based on the same set of
rules 52 as used for the context model selection.

With respect to the scan order, it is noted thatesanay be varied compared to the above
description. Moreover, different block sizes andamds may be supported by the
apparatuses of Fig. 4 and 6, with using, howewer seame set of rules, i.e. with using the
same function 52. Accordingly, a unified and sirfiptd scheme for the context model
selection of syntax elements related to the codingansform coefficients combined with
a harmonization for the derivation of symbolizatmerameter may be achieved. Thus, the
context model selection and symbolization parameégivation may use the same logic
which may be hardwired, programmed hardware offtavace-subroutine, for example.
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To achieve a common and simple scheme for contexiehselection and derivation of the
symbolization parameter, such as Rice parameteady} coded transform coefficients of a
block or a shape may be evaluated as describecealmwrder to evaluate the already
coded transform coefficients, the separation inirgpaf coeff_significant_flag, which is
the first bin resulting from the binarization (whicould be referred to as the coding of the
significance map), and the remaining absolute valuthe transform coefficient level is
performed using a common function 52.

The coding of the sign information may be donennirdaerleaved manner, i.e. by coding
the sign directly after the coding of the absoltrsasform coefficient. Thus, the whole
transform coefficients would be coded in one scassponly. Alternatively, the sign
information can be coded in a separate scannirtygsmtong as the evaluation valiég
rely on absolute level information only.

As denoted above, the transform coefficients maydied in a single scan pass or in
multiple scan passes. This may be enabled by, ecribed by, a cutoff set the
coefficientsc; of which indicate the number of symbols of thensfarm coefficient’s (first
and second) symbolization processed in scanthe case of an empty cutoff set, one scan
would be used. In order to have improved resultgte context model selection and the
derivation of the symbolization parameter, thet fagtoff parametec, of the cutoff set
should be larger than one.

Note that cutoff set may be chosen to lm={co. ci} with cp=1 andc;=3 and|c|=2, where

Co indicates the number of bins/symbols of the fiistarization, encompassed in the first
scan, andc;=3 indicating the symbol position within the firstnlairization up to which
symbols of the first binarization are covered be gbcond scan. Another example is given
when the scheme codes first bin resulting fromhtinarization for a whole block or shape
in a first scan pass, next the second bin for thelevblock or shape in a second scan pass,
with ¢y equal to oneg; equal to two, and so on.

The local template 56 for the coding of coeff_sfigaint_flag, i.e. the first bin from the
binarization process, may be designed as showrign1For as shown in Fig. 9. As a
unification and simplification, the local templa®® may be used for all block sizes and
shapes. Instead of evaluating the number of neighbith transform coefficient inequality
to zero only, the whole transform coefficients emgut into function 52 in form of%;. Note
that the local template 56 can be fixed, i.e. imsglent from the current transform
coefficient’s position or scan index and independesm the previously coded transform
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coefficients, or adaptive, i.e. dependent fromdheent transform coefficient’s position or
scan index and/or the previously coded transforeffimients, and the size can be fixed or
adaptive. Further, when the template size and sisagjusted allowing the coverage of all
scan positions of a block or a shape, all alreantied transform coefficients or all already
coded transform coefficients up to a specific liam¢ used for the evaluation process.

As an example, Fig. 9 shows another example foloited template 56 which may be used
for an 8x8 transform block 10 with diagonal scan [L14denotes the last significant scan
position and the scan positions marked withxattenotes the current scan position. Note
that for other scan orders, the local template beynodified to fit the scan order 14. For
example, in case of a forward diagonal scan, tbal kemplate 56 may be flipped along the
diagonals.

The context model selection and symbolization patamderivation may be based on
different evaluation value$x) resulting from the evaluation of already coded hkeaysx;.
This evaluation is done for all scan positions hgvalready coded neighbors covered by
the local template 56. The local template 56 heargble or fixed size and may depend on
the scan order. However, the template shape amdisian adaptation to the scan order
only and therefore the derivation of the valé@3 is independent from the scan order 140
and the template’s 56 shape and size. Note thaetiing the size and the shape of the
template 56 such that the coverage of all scantiposiof a block 10 for every scan
position is allowed, the usage of all already cottagisform coefficients in the current
block or shape is achieved.

As state before, the selection of the context moddices and the derivation of the
symbolization parameter use evaluation valifes In general, a generic set of mapping
functions maps the resulting evaluation valf@3 onto a context model index and on a
specific symbolization parameter. In addition tatffadditional information as the current
spatial position of the current transform coeffitienside of the transform block or shape
10 or the last significant scan position L may lsedifor the selection of context models
related to the coding of transform coefficients &mdthe derivation of the symbolization

parameter. Note that the information resulting fribre evaluation and spatial location or
the last information may be combined and therefospecific weighting is possible. After

the evaluation and the derivation process, all rpatars (context model indices,

symbolization parameter) are available for the wgddf a whole transform coefficient

level or a transform coefficient up to a specifiuit.
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As an example configuration of the presented ineenthe cutoff set size is empty. This
means, each transform coefficient is transmittechpdetely before processing the next
transform coefficients along the scan order.

The evaluation valuegx) may result from the evaluation of already codedjmeorsx;
covered by the local template 56. A specific magdimctionfi(x) maps the input vector
to an evaluation value used to select the cont@deainand the Rice parameter. The input
vectorx may consist of transform coefficient valugsof the neighbors covered by the
local template 56 and depends on the interleavthgrae. For example, if the cutoff set
is empty and the sign is coded in a separate sass, fhe vectox consists of absolute
transform coefficients; only. In general, the values of the input vectaran be signed or
unsigned. The mapping function can be formulatedolsws with an input vectok of
dimension ofd (givent as a constant input).

i=d
=) wirgix) 8Gat)

To be more specific, the mapping functigix) may be defined as follows with an input

vectorx of dimension ofl (givent as a constant input).
i=d
fix)= ) 1Wi “(lxil —8) - 6(x;, )
1=
That is,g;(x;) may be(|x;| — t). In the latter formula, the functiahis defined as follows

(givent as a constant input):

(1 x| >t
s ={y 1y M

Another kind of evaluation value is the number dadighboring absolute transform

coefficients levels larger or smaller than a speci@luet defined as follows:
i=d
fix)= ) OWi “8(x;, t)
=
Note that for both kind of evaluation values, amlifidnal weighting factor controls the
importance of a specific neighbor is possible. Erample, the weighting factaw; is
higher for neighbors with shorter spatial distatiten for neighbors with larger spatial

distance. Further, the weighting is neglected wdedting allw; to one.

As an example configuration of the presented ineenfto, f;, f, andf; are evaluation
values with respectiveof {0, 1, 2, 3} andd(x) as defined in (1). For this exampfe,is
used for the derivation of the context index of fingt bin, f;, for the second birf; for the
third bin, andf; for the Rice parameter. In another example condiion, fo is used for the
context model selection of the first bin, whilas taken for the context model selection of
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the second, the third bin, and the Rice parametere, the Rice parameter serves as a
representative also for other symbolization paranset

The context model selection for all syntax elememntdin indices in the entropy coding
and the symbolization parameter uses the same bggemploying the evaluation values
f(x). In general, a specific evaluation valife) is mapped by another mapping function
g(x,n) to a context model index or a symbolization pat@me\ specific mapping function

is defined as follows witld as the dimension of the input vector
i=d
g(x) = . 15'(36, n;)
1=
For this mapping, the functiai{x,n) can be defined as follows.

, 1 >
6(x,n)={0 §<Z

The dimensiord of the input vecton and the values of the vectormay be variable and
depend on the syntax element or bin index. Furtther, spatial location inside of the
transform block or shape may be used to add drastl{or to move) the selected context
model index.

The first scan position in scanning the transfooeficients when coding/decoding same,
may be the last scan position L when applying tendirection of Fig. 1 pointing from
DC to highest frequency. That is, at least thet faan of the scans for traversing the
coefficients in order to code/decode same, maytdoam coefficient L to DC. For this
scan position L, the first bin index may be negidcts the last information already
signalized that this scan position consists ofaadform coefficient unequal to zero. For
this scan position, a separate context model icdexbe used for the coding of the second
and the third bin resulting from the binarizatidrttee transform coefficient.

As an example configuration of the presented ineenthe resulting evaluation valfigis
used as input together with the input veate{1,2,3,4,5}, and the resulting value is the
context model index for the first bin. Note that,dase of evaluation value equal to zero,
the context index is zero. The same scheme isaapplith the evaluation value and the
input vectom={1,2,3,4} and the resulting value is the context model infdexhe second
and the third bin of the binarization. For the Rparameterf; andn={0,5,19} is used.
Note that the maximum Rice parameter is three hackfore no change in the maximum
Rice parameter compared to the state-of-the-artloise by the presented invention.
Alternatively,f; can be used to derive the Rice parameter. Forctrdiguration, the input
vector should be modified 1@={3,9,21}. Note that the underlying set of rules are the same
for all syntax element or bin indices and for theeRparameter, only the the parameters or
threshold sets (input vector) are different. Further, depending on the diagarfathe
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current scan position, the context model index tmaynodified as stated before by add or
subtract a specific amount. An equivalent desaipfior that is the selection of another
disjoint context model set. In an example impleragan, the resulting context model
index for the first bin is moved W |ctx0| if the current scan position lies on the first two
diagonals. If the current scan position lies ontthiedl and the fourth diagonal, the context
model index for the first bin is moved Igtx0|, where|ctx0| is the number of maximum
context models resulting from the derivation bagetlte evaluation values resulting in
disjoint context model sets. This concept is usadlima planes only for an example
implementation, while no further offset is added dase of chroma avoiding context
dilution (i.e. not enough bins are coded with aapive context model and the statistic
cannot be tracked by the context model). The sagteique may be applied to the context
model index of the second and the third bin. Harean example configuration of the
presented invention, the threshold diagonals ameetland ten. Again, this technique is
applied to the luma signal only. Note that it iscapossible to extend this technique to the
chroma signals. Further, note that the additiondéx offset depending on diagonals can
be formulated as follows.

CtXofrser = dj * IdXine

In this formula,d; denotes the weight for the diagonal of the cursean position anidixin
denotes the step size. Further, note that the tofifckex can be inverted for practical
implementations. For the stated example implemiemagan inversion would be set the
additional index to zero if the current scan positlies on the first and the second
diagonal, is moved bjctx0| for the third and the forth diagonal and2iqctx0| otherwise.
By using the given formula, the same behavior astfi@ example configuration is
achieved when settingp and d; to 2,d; andd, to 1 and the all remaining diagonal factors
to 0.

Even if the context model index is equal for differ block sizes or plane types (e.g. luma
and chroma), the base context model index can fiereht resulting in different set of
context models. For example, the same base inddxdok sizes larger than 8x8 in luma
may be used, while the base index may be diffdiamx4 and 8x8 in luma. In order to
have a meaningful number of context models, the badex may, however, be grouped in
a different way.

As an example configuration, the context modelsdfof blocks and the remaining blocks
may be different in luma, while the same base inday be used for the chroma signal. In
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another example, the same base index may be usdmbfio luma and chroma signals,
while the context models for luma and chroma aféemint. Furthermore, the context
models for the second and the third bins may beiggd resulting in less number of
context memory. If the context model index deriwatfor the second and the third bin is
equal, the same context model may be used to tiattsensecond and the third bin. By a
right combination of base index grouping and weigiita meaningful number of context
models may be achieved resulting in a saving ofecdrmemory.

In a preferred embodiment of the invention, theoffudetc is empty. That is, merely one

scan is used. For this preferred embodiment, ghe isformation can be interleaved using
the same scan pass or can be coded in a sepasatepass. In another preferred
embodiment, the set sizas equal to one and, the first and the only value of the cutoff
setc is equal to three. This corresponds to the exaifipkrated above with using two

scans. In this preferred embodiment, the contextehselection may be done for all three
bins resulting from the truncated unary binarizatishile the symbolization parameter
derivation such as Rice parameter selection majobe using the same function 52.

In a preferred embodiment, the size of the locaipiate is five. The size of the local
template may be four. For this preferred embodiméme neighbor with the spatial
distance of two in vertical direction may be remibwe@mpared to Fig. 8. In a further
preferred embodiment, the template size is adajinekis adjusted to the scan order. For
this preferred embodiment, the neighbor that isedomh a processing step before is not
included into the template just as it is the caseFig 1 and 8. By doing this, the
dependency or latency is shortened, resulting imgaer processing order. In a further
preferred embodiment, the template size and stapealjusted large enough (e.g. same
block or shape size of the current block or shajpeainother preferred embodiment, two
local templates may be used and they may be cowhliigea weighting factor. For this
preferred embodiment, the local templates may diffsize and shape.

In a preferred embodimerft, may be used to select the context model indexherfirst
bin andf; for the second bin, the third bin, and the Riceapeeter. In this preferred
embodiment, the input vectar={0,1,2,3,4,5} resulting in 6 context models. The input
vectorn for the second and the third bin index may besdrae andn={0,1,2,3,4}, while
the input vecton for the Rice parameter may be{3,9,21}. Furthermore, in a preferred
embodiment, the afore-mentioned frequency portafrthe transform block within which
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separate context sets are used, may be formedsjoydisets of diagonals (or lines) of the
diagonal (raster) scan. For example, different enbase offset numbers may exist for
the first and second diagonals, the second and thagonals and the fourth and fifth
diagonals when seen from DC component, so thatdheext selection for coefficients in
these diagonals takes place within disjoint setsonitexts. Note that the first diagonal is
one. For the second and the third bin index, dialgtying in the range betwedn,2]
have a weighting factor of two and diagonals lyingthe range betweefB,9] have a
weighting factor of one. These additional offsets ased in the case of luma signal, while
the weighting factors for chroma are all equal&ooz Also for this preferred embodiment,
the context model for the second and the thirdifmdiex of the first scan position, which is
the last significant scan position, is separateinfthe remaining context models. This
means that the evaluation process can never seieceparate context model.

In a preferred embodiment, 4x4 luma blocks or shages a single set of context for the
first bin, while the context models for the remamiblock sizes or shape are the same. In
this preferred embodiment, there is no separateiwden the block size or shape for the
chroma signal. In another preferred embodimenthefihvention, there is no separation
between block sizes or shape results in the sase index or context model sets for all
block sizes and shape. Note that for both prefeermtbodiment, different set of context
models are used for luma and chroma signals.

Below, an embodiment using a modified Rice paramieitgarization according to above
embodiments, but without context adaptive entropgling is shown. According to this
alternative coding scheme, the Rice binarizatidmeste is used only (with, optionally,
addition of an Exp-Golomb suffix). Thus, no adaptcontext model is required to code a
transform coefficient. For that alternative codistheme, the Rice parameter derivation
uses the same rule as for the above embodiments.

In other words, in order to reduce the complexitg aontext memory and to improve the
latency in the coding pipeline, an alternative agdscheme that is based on the same set
of rules or logic is described. For this alternativoding scheme, the context model
selection for the first three bins resulting frohe tbinarization is disabled and the first
three bins resulting from the Truncated Unary baaion, i.e. the first symbolization
scheme, may be coded with the fixed equal proltgljiie. with a probability of 0.5).
Alternatively, the Truncated Unary binarization scte is omitted and the interval bounds
of the binarization scheme are adjusted. In thegyaesthe left bound of the Rice interval,
i.e. interval 18, is 0 instead of 3 (with intend& vanishing). The right/upper bound for this
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usage can be unmodified or can be subtracted By&.derivation of the Rice parameter
can be modified in terms of evaluation values ant&rms of the input vectaor.

Thus, in accordance with the just-outlined modifiechbodiments, an apparatus for
decoding a plurality of transform coefficients dfferent transform blocks, each having a
transform coefficient level, from a data stream Bf3y be constructed and operate as
shown in, and described with respect to Fig. 10.

The apparatus of Fig. 10, comprises an extra@0rcbnfigured to extract a set of symbols
or symbol sequence 122 from the data stream 32 faurrent transform coefficient. The
extraction is performed as described above withaetsto extractor 84 of Fig. 7.

A desymbolizer 124 is configured to map the set B22symbols onto a transform

coefficient level for the current transform coeiict in accordance with a symbolization
scheme which is parameterizable in accordance wittymbolization parameter. The
mapping may solely use the parametrizable symbaizascheme such as a Rice
binarization, or may use this parametrizable symbtbn scheme merely as a prefix or
suffix of an overall symbolization of the currerdrisform coefficient. In case of Fig. 2, for
example, the parametrizable symbolization scheraethe second one, formed the suffix
relative to the first symbolization scheme’s symbéaduence.

To present more examples, reference is made tdlEayand b. According to Fig. 11a, the
interval range 20 of the transform coefficientsugbdivided into three intervals 16, 18 and
126, together covering the interval range 20 anerlapping each other at a respective
maximum level of the respective lower interval.thie coefficient level is within the
highest interval 126, the overall symbolizatioraisombination of symbol sequence 44 of
the first symbolization scheme 128 symbolizing Isveithin interval 16, the symbol
sequence forming a prefix, followed by a first syfhamely a symbol sequence 42 of the
second symbolization scheme 130 symbolizing levekhin interval 18, and further
followed by a second suffix, namely a symbol segeeh32 of a third symbolization
scheme 134 symbolizing levels within interval 1d6e latter may be an Exp-Golomb
code such as of order 0. If the coefficient lexas within the mid interval 18 (but not
within interval 126), the overall symbolization & combination of merely prefix 44
followed by the first suffix42. If the coefficiefevel x is within the lowest interval 16 (but
not within interval 18), the overall symbolizatiam merely composed of prefix 44. The
overall symbolization is composed such that samerefix-free. Without the third
symbolization, the symbolization according to Figa may correspond to the one of Fig.
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2. The third symbolization scheme 134 may be a @blRice binarization. The second
symbolization scheme 130 may form the paramtrizable, although same could also be
the first 128.

An alternative overall symbolization is shown irgFlL. Here, merely two symbolization
schemes are combined. Compared to Fig. 11a, stesfimbolization scheme has been left
away. Depending oxwithin the interval 136 of scheme 134, or therivéd 138 of scheme
130 (outside of interval 136), the symbolizatiorxafomprises prefix 140 and suffix 142,
or merely prefix 140.

Further, the apparatus of Fig. 10 comprises a slyimdtion parameter determinator 144
connected between the desymbolizer's output anaranpeter input of desymbolizer 124.
Determinator 144 is configured to determine the lsglmation parameter 46 for the
current transform coefficient depending, via fuonti52, on previously processed
transform coefficients (as far as derivable frora ttesymbolized fragments or portions
desymbolized/processed/decoded so far).

The extractor 120, the desymbolizer 124 and thebsyimation parameter determinator
144 are configured to sequentially process thesfoam coefficients of the different
transform blocks as it was described above. Thacen 140 may be traversed in opposite
direction within a transform block 10. Several scamy be used such as, for example, for
the different symbolization fragments, i.e. predixd suffix(es).

The function parameter varies depending on a dizbeocurrent transform coefficient’s
transform block, an information component type lo¢ tcurrent transform coefficient’s
transform block and/or a frequency portion the entrtransform coefficient is located
within the transform block.

The apparatus may be configured such that theiamdefining the relationship between

the previously decoded transform coefficients oa time hand, and the symbolization
parameter on the other hand,géf (x)) which function has already been described above.

As has also been discussed above, spatial detdromnaf the previously processed
transform coefficients depending on a relative igparrangement relative to the current
transform coefficient may be used.

The apparatus may operate very easily and fasheasxtractor 120 may be configured to
extract the set of symbols from the data streamcty or using entropy decoding using a
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fixed probability distribution. The parametrizaldgmbolization scheme may be such that
the set of symbols is of a Rice code, and the s¥izdimn parameter is a RICE parameter.

In other words, the desymbolizer 124 may be coméiguto restrict the symbolization
scheme to a level interval such as 18 or 138 owt mnge interval 20 of the transform
coefficients so that the set of symbols represantsefix or suffix with respect to other
portions of an overall symbolization of the curréransform coefficient such as 44 and
132, or 142. As to the other symbols, same may ladsextracted from the data stream
directly or using entropy decoding using a fixedhability distribution, but Fig. 1 to 9
showed that entropy coding using context adaptiviyy also be used.

Apparatus of Fig. 10 may be used as apparatusniltb ipicture decoder 102 of Fig. 8.

For sake of completeness, Fig. 12 shows, an apsafat coding a plurality of transform
coefficients of different transform blocks, eaclving a transform coefficient level, into a
data stream 32, fitting to apparatus of Fig. 10.

The apparatus of Fig. 12 comprises a symbolizer dd&ffigured to map a transform

coefficient level for a current transform coeffioiein accordance with a symbolization

scheme which is parameterizable in accordance avtjimbolization parameter, onto a set
of symbols or symbol sequence.

An inserter 154 is configured to insert the setsgimbols for the current transform
coefficient into the data stream 32.

A symbolization parameter determinator 156 is qunied to determine the symbolization
parameter 46 for the current transform coefficiel@pending, via a function 52
parameterizable via a function parameter, on preshoprocessed transform coefficients,
and may, to this end, be connected between an ootpaserter 152 and parameter input
of symbolizer 150, or, alternatively, between otifgd input of symbolizer 150.

Inserter 154, symbolizer 150 and symbolization pexi@r determinator 156 may be
configured to sequentially process the transforreffaments of the different transform
blocks, and the function parameter varies dependm@ size of the current transform
coefficient’s transform block, an information conmemt type of the current transform
coefficient’s transform block and/or a frequencytm the current transform coefficient
is located within the transform block.
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As stated above with respect to the decoding apmadd Fig. 10, the apparatus of Fig. 12
may be configured such that the function definimg telationship between the previously
decoded transform coefficients on the one hand,thedsymbolization parameter on the
other hand, isg(f(x)), and the previously processed transform coeffisiemay spatially
be determined depending on a relative spatial geraent relative to the current transform
coefficient. The inserter my be configured to imgke set of symbols into the data stream
directly or using entropy encoding using a fixedolh@bility distribution, and the
symbolization scheme may be such that the set wibeils is of a Rice code, and the
symbolization parameter is a RICE parameter. Thabsjizer may be configured to
restrict the symbolization scheme to a level iraerout of a range interval 20 of the
transform coefficients so that the set of symbelzr@sents a prefix or suffix with respect
to other portions of an overall symbolization of turrent transform coefficient.

As mentioned above, tn a preferred implementatiofig. 10 to 12 embodiments , the
context model selection for the first three bindisabled as compared to the embodiments
of Fig. 1 to 9. For this preferred embodiment, thgulting bins from the Truncated Unary
binarization 128 are coded with a fixed probabildy 0.5. In a further preferred
embodiment, the Truncated Unary binarization 128wstted as shown in Fig. 11b and the
bounds for the Rice interval is adjusted resulimghe same interval range as in the state
of the art (i.e. left and right bounds minus 3)r Hus preferred embodiment, the Rice
parameter derivation rule is modified comparedh® émbodiment of Fig. 1 to 9. Instead
usingf; as evaluation valudé; may be used, for example. Further, the input vettay be
adjusted tan={4,10,22}.

A further embodiment described hereinbelow, illatgs the possibility of virtually having
different templates for context selection/depenglemt the one hand and symbolization
parameter determination on the other hand. Thahéstemplate of coefficients remains
the same for both context selection/dependency aydhbolization parameter
determination, but the coefficients which participate in influencind(x) is effectively
rendered different between context selection/depecyl and symbolization parameter
determination by appropriately settimg all coefficientsx; for which weightsw; are zero
do not influencef(x) in accordingly, designing the portions of the téatg wherew; is
zero, different between context selection/depenge@mcthe one hand and symbolization
parameter determination on the other hand, effelgtivesults in different “effective
templates” for context selection/dependency andbsyiration parameter determination.
In other words, by setting some to zero for certain template positionsor one of the
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context selection/dependency and the symbolizgtezameter determination, while setting
w; at these certain template positiango non-zero values for the other of the context
selection/dependency and the symbolization parandetermination, the template of the
first-mentioned one the context selection/depengleartd the symbolization parameter
determination is effectively smaller than the teat@l of the latter of the context
selection/dependency and the symbolization parantgtermination. Again, as already
denoted above, the template may encompass allfaranscoefficients of the block,
irrespective of the currently coded transform deedht’s position, for example.

See, for example, Fig. 13 showing a transform caefit block 10, exemplarily consisting
of an array of 16x16 transform coefficients 12. Tthensform coefficient block 10 is
subdivided into sub-blocks 200 of 4x4 transforneftoients 12, each. The sub-blocks
200 are therefore arranged regularly in a 4x4 artayaccordance with the present
embodiment, for coding the transform coefficienddd 10, a significance map is coded
within the data stream 32, the significant mapdating positions of significant transform
coefficient levels 12, i.e. transform coefficierdvéls being unequal to 0. Then, the
transform coefficient levels minus one of theseisigant transform coefficients may be
coded within the data stream. The coding of theeddatansform coefficient levels may be
done as described above, namely by a mixed coatifitive entropy coding and variable
length coding scheme using the common parametdZablction for selecting the context
and determining the symbolization parameter. Aaterscan order may be used in order to
serialize or order the significant transform coméfnts. One example of such a scan order
is illustrated in Fig. 13: the sub-blocks 200 ararsed from the highest frequency (lower
right) to DC (upper left), and within each sub-tHd00 the transform coefficients 12 are
scanned before the transform coefficients of thet se&ib-block in sub-block order are
visited. This is illustrated by arrows 202 indica&tithe sub-block scan, and 204 illustrating
a portion of the actual coefficient scan. A scatleiy may be transmitted within the data
stream 32 so as to allow for selecting among séseaam paths for scanning the sub-blocks
200 and/or transform coefficients 12 within the ldcks, respectively. In Fig. 13, a
diagonal scan is illustrated for both the sub-bleclan 202 and the scan of transform
coefficients 12 within each sub-block. Accordingét, the decoder the significance map
would be decoded, and the transform coefficientlewf the significant transform
coefficients would be decoded using the just metibscan order and using the above
embodiments exploiting the parametrizable functionthe description outlined in more
detail below, xS and yS denote the sub-block colamea sub-block row measured from
the DC position on, i.e. the upper left corner ééck 10, within which a currently
coded/decoded transform coefficient is positiondel.and yP denote the position of the
currently coded/decoded transform coefficient messudrom the upper left corner (DC
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coefficient position) of the current sub-block (3&). This is illustrated in Fig. 13 for the

upper right sub-block 200. xC and yC denote theenily decoded/coded transform

coefficients position measured in transform coédfits from the DC position on. Further,

as the block size for block 10 in Fig. 13, nameBx16, has been chosen merely for
illustration purposes, the embodiment further oeti below uses log2TrafoSize as a
parameter denoting the size of the block 10, whishassumed to be quadratic.
log2TrafoSize indicates the logarithm dualis of tuenber of transform coefficients within

each row of transform coefficients of block 10, ey of the length of the edges of block
10 measured in transform coefficients. CtxldxImafly selects the context. Further, in the
specific embodiment outlined below, it is assuntet the aforementioned significant map
signals coded_sub_block_flag, i.e. a binary symfament or flag, for the sub-blocks 200
of block 10 in order to signal, sub-block wise, Wiex within the respective sub-block 200
any significant transform coefficient is located rost, i.e. whether merely insignificant

transform coefficients are located within the respe sub-block 200. If the flag is zero,

merely insignificant transform coefficients aredted within the respective sub-block.

Thus, in accordance with this embodiment, the Wy is performed by the context
adaptive entropy decoder/encoder in order to séhectontext of significant_coeff flag,
i.e. a flag which is part of the significance mamdasignals for a certain transform
coefficient of a sub-block for which coded_sub_EBldtag signals that the respective sub-
block 200 contains non-zero transform coefficieatsto whether the respective coefficient
is significant, i.e. non-zero, or not.

Inputs to this process are the colour componergxnzldx, the current coefficient scan
position ( XC, yC ), the scan order index scanttg,transform block size log2TrafoSize.
Output of this process is ctxldxInc.
The variable sigCtx depends on the current posi(i@g, yC ), the colour component
index cldx, the transform block size and previspuscoded bins of the syntax element
coded_sub_block_flag. For the derivation of sig@te, following applies.
— Iflog2TrafoSize is equal to 2, sigCtx is derivesing ctxldxMap[ ] specified in table 1
as follows..
sigCtx = ctxldxMap[ (yC << 2) + xC ]
— Otherwise, if xC + yC is equal to 0, sigCtx is ¢ed as follows.
sigCtx = 0
— Otherwise, sigCtx is derived using previous valudscoded _sub_block flag as
follows.
— The horizontal and vertical sub-block positions a8d yS are set equal to
(xC >> 2) and (yC >> 2), respectively.
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— The variable prevCsbf is set equal to 0.
— When xS is less than ( 1 << ( log2TrafoSize — 2)1), the following applies.

prevCsbf += coded_sub_block flag[ xS+ 1][yS]

— When yS s less than (1 << ( log2TrafoSize — 2)1), the following applies.

prevCsbf += (coded_sub_block flag[xS][yS <k 1)

— The inner sub-block positions xP and yP are sealegu( XC & 3) and (yC & 3),

respectively.

— The variable sigCtx is derived as follows.

— If prevCsbf is equal to 0, the following applies.
SigCtx = (xP+yP==0)?2:(xP+yP<3):0

— Otherwise, if prevCsbf is equal to 1, the followiagplies.
sigCtx = (yP==0)?2:(yp==1)?1:0

— Otherwise, if prevCsbf is equal to 2, the followiagplies.
sigCtx = (xP==0)?2:(xP==1)?1:0

— Otherwise (prevCsbf is equal to 3), the followinppkes.
sigCtx = 2

— The variable sigCtx is modified as follows.

— If cldx is equal to 0, the following applies.
— When (xS +yS) is greater than 0, the followipglées.
sigCtx += 3
— The variable sigCtx is modified as follows.
— Iflog2TrafoSize is equal to 3, the following apgdi
sigCtx +=(scanldx==0)?9:15
— Otherwise, the following applies.
sigCtx += 21
— Otherwise (cldx is greater than 0), the followimpkes.
— Iflog2TrafoSize is equal to 3, the following apgdi
sigCtx += 9
— Otherwise, the following applies.
sigCtx += 12

The context index increment ctxldxInc is derivedhgsthe colour component index cldx
and sigCtx as follows.

If cldx is equal to O, ctxldxInc is derived as fohls.
ctxldxinc = sigCtx

Otherwise (cldx is greater than 0), ctxldxInc isided as follows.
ctxldxinc = 27 + sigCtx
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Table 1 — Specification of ctxldxMap[ i ]

i 0 1 2 3 4 5 6 7 8 9 10 | 11 | 12 13 14

ctxldxMapl i ] 0 1| 4| 5 2 3| 4|5 6 | 6| 8| 8 | 7|7 8

As described above, for each significant transfooefficient, further syntax elements or
sets of symbols may be conveyed within the datasirin order to signal the levels
thereof. In accordance with the embodiment outlibelbw, for one significant transform
coefficient the following syntax elements or settgransform coefficients are transmitted:
coeff_abs_level greaterl flag, coeff_abs_level tgreaflag (optional), and
coeff_abs_level remaining so that the level of tierently coded/decoded significant
transform coefficient level TransCoeffLevel is

TransCoeffLevel = (coeff_abs_level remaining + lhasel ) * (1 — 2 * coeff_sign_flag])

With

baselLevel = 1 + coeff_abs_level greaterl flag ¥fcabs level greater2_flag

Please note that significant_coeff _flag is, perirdigdn, 1 for significant transform
coefficients, and accordingly, may be regarded a$ pf the coding of the transform
coefficient, namely part of the entropy coded sylslbioereof.

The context adaptive entropy decoder/encoder wdaldexample, perform the context
selection for coeff_abs_level greaterl flag aofedl. For example, the current sub-block
scan index i would increase along scan path 2@2th direction of DC, and the current
coefficient scan index n would increase within thepective sub-block within which the
currently coded/decoded transform coefficient posits located, along scan path 204,
wherein, as outlined above, different possibiliesst for the scan paths 202 and 204, and
same may actually be variable according to an irsdexldx.

Inputs to this process of selecting the contextaéff abs level greaterl flagre the
colour component index cldx, the current sub-blsec&n index i and the current coefficient
scan index n within the current sub-block.

Output of this process is ctxldxInc.

The variable ctxSet specifies the current contextasd for its derivation the following
applies.
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— If this process is invoked for the first time fdret current sub-block scan index i, the

following applies.

— The variable ctxSet is initialized as follows.

— If the current sub-block scan index i is equal tor@ldx is greater than 0, the
following applies.

ctxSet = 0
— Otherwise (i is greater than 0 and cldx is equdl)tdahe following applies.
ctxSet = 2

The variable lastGreater1Ctx is derived as follows.

— If the current sub-block with scan index i is timstfone to be processed in this
subclause for the current transform block, thealde lastGreaterlCtx is set
equal to 1.

— Otherwise, the variable lastGreater1Ctx is set keguthe value of greater1Ctx
that has been derived during the last invocatiothefprocess specified in this
subclause for the syntax element coeff_abs_leveatgrl flag for the previous
sub-block with scan index i + 1.

— When lastGreaterl1Ctx is equal to 0, ctxSet is imengted by one as follows.

ctxSet = ctxSet + 1
— The variable greater1Ctx is set equal to 1.

— Otherwise (this process is not invoked for thet firme for the current sub-block scan

index i), the following applies.

— The variable ctxSet is set equal to the variabt&et that has been derived during
the last invocation of the process specified is tbclause.

— The variable greaterlCtx is set equal to the viigpeaterlCtx that has been
derived during the last invocation of the procgssceied in this subclause.

— When greaterlCtx is greater than 0, the varialgGlieeater1Flag is set equal to the
syntax element coeff_abs_level greaterl flag tlaat ieen used during the last
invocation of the process specified in this substaand greater1Ctx is modifed as
follows.

— If lastGreaterlFlag is equal to 1, greaterlCbetsegjual to O.
— Otherwise (lastGreaterlFlag is equal to 0), gré&eris incremented by 1.
The context index increment ctxldxInc is derivedhgsthe current context set ctxSet and
the current context greater1Ctx as follows.
ctxldxinc = (ctxSet * 4) + Min( 3, greaté&tx )
When cldx is greater than 0, ctxldxInc is modifaesifollows.

ctxldxIinc = ctxldxinc + 16
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The process of selecting the context of coeff _ahll greater2_flag could be made the
same as coeff_abs_level greater2_flag with theviellg difference:

The context index increment ctxldxInc is set eqaahe variable ctxSet as follows.

ctxldxInc = ctxSet

When cldx is greater than 0, ctxldxInc is modifaesifollows.

ctxldxInc = ctxldxinc + 4

For the symbolization parameter selection, theoWithg would be performed by the
symbolization parameter determinator in order ttewheine the symbolization parameter
which, here, comprises cLastAbsLevel and cLastRicam.

Input to this process is a request for a binaaratifor the syntax element

coeff_abs_level remaining[ n ], and baselLevel.

Output of this process is the binarization of tiietax element.

The variables cLastAbsLevel and cLastRiceParandariged as follows.

— Ifnis equal to 15, cLastAbsLevel and cLastRic@Raare set equal to 0.

— Otherwise ( n is less than 15 ), clLastAbsLevel i®t sequal to
baselLevel + coeff_abs_level remaining[ n + 1 ] abdstRiceParam is set equal to the
value of cRiceParam that has been derived duriegrttocation of the binarization
process as specified in this subclause for the asyntelement
coeff_abs_level remaining[ n + 1 ] of the samegfarm block.

The variable cRiceParam is derived from cLastAbglewnd cLastRiceParam as:
cRiceParam =
Min( cLastRiceParam + ( cLastAbsLevel > ( 3 * (4 eLastRiceParam))?1:0),
4)

The variable cTRMax is derived from cRiceParam as:
cTRMax = 4 << cRiceParam

The binarization of coeff_abs level remaining maynsist of a prefix part and (when

present) a suffix part.

The prefix part of the binarization is derived Imwaking, for eample, Rice binarization

process for the prefix part Min( cTRMax, coeff_alesel remaining[ n]).

When the prefix bin string is equal to the bitrsgriof length 4, for example, with all bits

equal to 1, the bin string may consists of a préfix string and a suffix bin string. The

suffix bin string may be dreived using an Exp Gadboorder-k binarization for the suffix
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part ( coeff_abs_level remaining[ n ] - cTRMax Ywihe Exp-Golomb order k set equal
to cRiceParam + 1, for example.

It should be noted that above embodiments may bedia~or example, the dependency
on the colour component index cldx could be lefagwMerely one color component
yould, for example, be considered. Further, alihef explicit values could be varied. In so
far, the just-outlined exmaples are to be integafebroadly so as to also incorprate
variations.

In the above example, the embodiments outlined elooay advantageously be used in the
following way. In  particular, the determination of Cixldxinc  for
coeff_abs_level greaterl flag on the one hand dmel d$ymbolization parameter
determination for coeff_abs_level remaining is hamimed exploiting the above functions
f and g by setting the function parameters in tilwing way.

To this end, Fig. 13 exemplarily shows a “curreansform coefficient” illustrated with a
cross 206. Same is representative for any transtaeificient with which any of the
subsequently mentioned syntax elements are assdcitis positioned at (xP,yP)=(1,1)
and (xC,yC)=(1,5) within current sub-block (xS,y®:4). Right-neighbor sub-block is at
(xS,yS)=(1,1), bottom-neighbor sub-block is at $#&8+=(0,2) and the immediately
previously coded sub-block depends on the scan 2@#h Here, exemplarily, a diagonal
scan 202 is shown, and the sub-block coded/decwdestdiately preceding the current
sub-bock is at (xS,yS)=(1,0).

Let’s, again, rewrite the formulaes for the comnpanametrizable function

g(f@) =3 8" (f(x),my) (1)
f(x) =X;w; X h(x;) X 6(x;,1) (2)

For selecting the context of significant_coeff_ffag current coefficient 206, the
following could be computed by the entropy encofliegoding apparatus. That is, same
would use function (1) with (2) with having the ition parameters h andw set as
follows:
For function (2)w; = 1 for all x; within the neighboring sub-blocks to the right aad
below of, the current sub-block, ang=0 elsewhere in block 10;

h(x;) = 1 for all x; within the neighboring sub-block to the right bétcurrent sub-
block; if present, same has been previously scammtétk sub-block scan 202; in case,
more than one scan 202 is available, all may bk that, independent of scanldx, the
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neighboring sub-block to the right has its coeéfits coded/decoded prior to the current
sub-block;

h(x;) = 2* + 1 for all x; within the neighboring sub-block below the curreuab-
block previously scanned in the sub-block scane@hdent of scanldx);

h(x;) = 0 otherwise;

t=1;

If the value off equals 0, this signals the case that none ofdlghhoring sub
blocks to the right and below the current sub-blNekchbarn comprises any significant
transform coefficient;

If the value of falls between 1 and 16, both inclusively, thisresponds to the fact
that coded_sub_block_flag equals 1 in the righgimeor sub-block

If the value of is a multiple o2* + 1 (without reminder), This corresponds to the
fact that coded_sub_block_flag equals 1 in thednotheighbor sub-block

If the value of is a multiple o2* + 1 , but with reminder, this means that
coded_sub_block_flag equals 1 for both neighbosingblocks, namely the one to the
right of, and the one to below of, the current bldk;

For function (1)n is set as follows witk being 3:
n= (0,24 ,m)
210 if f(x)<2*
f(x) - f(Xx)%(2*+1) else
By this measure, the variable component of theecdnhdex is determined using g(f) with
the above function parameters based on alreadyd@delsoded coefficients.

with m:{

For selecting the context of coeff_abs_greater#y, flae following could be computed by
the entropy encoding/decoding apparatus. Thaamgsvould use function (1) with (2)
with having the function parameter set as follows:

For function (2), the parameters are set as follows

w; = 1 is set for all; in the immediately preceding sub-block und theenirsub-
block, and zero for all the others.

h(x;) = 1 for all x; in the current sub-block witfx | =1

h(x;) = 2* for all x; in the current sub-block witfx| > 1

h(x;) = 2 for all x; in the immediately preceding sub-block
t=2

For function (1)n is set as follows witlk being 8:
n = (0,1,2,2% 216,216 4 1,216 4 2,216 4 2%)
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For selecting the context of coeff_abs_greaterg, tlae following could be computed by
the entropy encoding/decoding apparatus. In padaticeame would use function (1) with
(2) with having the function parameter set as deedrabove with respect to
coeff_abs_greater2_flag, but with being 1:

n = (21%)

For determining the symbolization parameter forfic@ds_level _remaining, the
symbolization parameter determiner could use timencon function (1) with the function
parameters set as follows:

For function (2), the parameters are set as falow

w; = 1 for all x; in the current cub-block, but zero elsewhere

h(x;) = 1 for the most recently — in accordance with therimal coefficient scan
204 - visited coefficient; for which coeff_abs_level remaining has been cpdedthe
level of which fell into the interval corresponditythe symbolization scheme;

h(x;) = 0 elsewhere in the template

t=20
For function (1)n is et as follows:

n = (2™) with m:{ kifk<d

2Yifk=4

Rice Parameter, for the afore-mentioned most récennh accordance with the internal
coefficient scan 204 - visited coefficient. Usimg tresulting g(f), the symbolization
parameter for the current coefficient 206 is deteed.

wherek is the symbolization parameter, e.g. the

The following syntax could be used to transferjtist-outlined syntax elements.
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residual_coding( x0, y0, log2TrafoSize, cldx ) {

if( transform_skip_enabled_flag && !cu_transquanipass_flag && ( log2TrafoSize

transform_skip_flag[ x0 ][ yO ][ cldx ]
last_significant_coeff _x_prefix
last_significant_coeff y prefix
if( last_significant_coeff x_prefix > 3)
last_significant_coeff x_suffix
if( last_significant_coeff_y prefix > 3)
last_significant_coeff_y_suffix
lastScanPos = 16
lastSubBlock = (1 << (log2TrafoSize — 2 ) ) 1 &< (log2TrafoSize -2)) -1
do {
if( lastScanPos == 0){
lastScanPos = 16
lastSubBlock- -
}
lastScanPos— -
XS = ScanOrder[ log2TrafoSize — 2 ][ scanldxagtSubBlock ][ 0 ]
yS = ScanOrder[ log2TrafoSize - 2 ][ scanldxajtiSubBlock ][ 1 ]
XC = (XS << 2) + ScanOrder[ 2 ][ scanldx J[tBsanPos ][ 0]
yC = (yS << 2) + ScanOrder[ 2 ][ scanldx ][tBsanPos ][ 1 ]
} while( ( xC != LastSignificantCoeffX ) | | ( = LastSignificantCoeffY ))
for(i = lastSubBlock; i >=0; i— —) {
XS = ScanOrder[ log2TrafoSize — 2 ][ scanldx][[0 ]
yS = ScanOrder[ log2TrafoSize - 2 ][ scanldx[1 ]
inferSbDcSigCoeffFlag = 0
if( (i<lastSubBlock) && (i>0)){
coded_sub_block flagxS][yS]
inferSbDcSigCoeffFlag = 1
}
for(n=(i == lastSubBlock) ? lastScanPadk -15; n >=0; n— - ) {
XC = (xS << 2) + ScanOrder[ 2 ][ scanldx [® ]
yC = (yS << 2) + ScanOrder[ 2 ][ scanldx J[11 ]

if( coded_sub_block flag[ xS][yS] && (nG® || linferSbDcSigCoeffFlag ) ) {

significant_coeff_flad xC ][ yC ]
if( significant_coeff_flag[ xC J[yC])
inferSbDcSigCoeffFlag = 0
}
}

firstSigScanPos = 16
lastSigScanPos = -1
numGreaterlFlag = 0
lastGreaterlScanPos = -1
for(n=15;n>=0; n—--){
XC = (xS << 2) + ScanOrder[ 2 ][ scanldx [® ]
yC = (yS << 2) + ScanOrder[ 2 ][ scanldx [ ]
if( significant_coeff_flag[ xC J[yC 1) {
if( numGreaterlFlag < 8) {
coeff_abs_level greaterl fldon ]
numGreaterlFlag++

if( coeff_abs_level greaterl flag[ n] && I&eaterlScanPos == -1)

lastGreater1ScanPos = n

}

if( lastSigScanPos == -1)
lastSigScanPos = n

firstSigScanPos = n

}

}
signHidden = ( lastSigScanPos - firstSigScanP8s&& !cu_transquant_bypass_flag )

2))
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if( lastGreaterlScanPos = -1)
coeff_abs_level_greater2_flggastGreaterlScanPos ]
for(n=15;n>=0;n--){
XC = (xS << 2) + ScanOrder[ 2 ][ scanldx J[® ]
yC = (yS << 2) + ScanOrder[ 2 ][ scanldx J[[r1 ]
if( significant_coeff flag[ xC J[yC] &&
(!'sign_data_hiding_flag | | 'signHidden |'¥HirstSigScanPos ) )
coeff_sign_flag n ]

numsSigCoeff = 0
sumAbsLevel =0
for(n=15;n>=0;n--){
XC = (xS << 2) + ScanOrder[ 2 ][ scanldx [® ]
yC = (yS << 2) + ScanOrder[ 2 ][ scanldx J[[r1 ]
if( significant_coeff flag[ xC ][ yC 1) {
baselLevel =1 + coeff_abs_level greaterl_ftapf coeff _abs level greater2 flag[ n ]
if( baseLevel == ((numSigCoeff<8) (€ = lastGreaterlScanPos)?3:2):1))
coeff_abs_level remaininfn ]
TransCoeffLevel[ X0 ][ yO ][ cldx ][ xC ][ yC ¥
( coeff_abs_level_remaining[ n ] + baseLeve( )l - 2 * coeff_sign_flag[ n])
if( sign_data_hiding_flag && signHidden) {
sumAbsLevel += ( coeff_abs_level_remaining[nbaselLevel )
if(n == firstSigScanPos && ((sumAbsledvo2) == 1))
TransCoeffLevel[x0][y0][cldX][xC][yC] = — TansCoeffLevel[x0][y0][cldX][xC][yC]

numsSigCoeff++

The syntax indicates that the level of the tramsfiion coefficient is composed of
coeff_abs level remaining and baseLevel, wherein baseLevel is composed of 1 +
coeff abs level greaterl flag[ n] + coeff abs level greater2 flag[ n]. 1 is used, as at
this location (or at the time where the levels me@onstructed in the decoder) the syntax
element is significant_coeff_flag=1. “First set” wld then be the TU code (Rice code with
parameterization equal to 0) — from this the fBsdyntax elements are formed. “Second
set” then forms the syntax elementff_abs level _remaining.

As the boundary is shifted between “first” and ‘med set” the maximum value is either
defined bycoeff abs greaterl flag, coeff abs greater2 flag or by significant_coeff flag,

hence the branches depending on the syntax elemeahestable.

The above settings of the function parameterstdrenstivated a little in the following.
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g(f) forms the sum of the neighboring coefficieatsd using the result a context and a
desymbolization parameter are derived, whereinter lmodification may be executed
depending on the spatial position.

g(x) acquires one single value. This value corredpao the result of the function f(x).
Knowing this, the context selection and also theapeeterization of the Rice parameter
may be derived.

significant_coeff_flag As h may itself be a function of x, f(x) or anther function may
be chained again and again. Function f(x) withl for all positions in the right hand 4x4
sub-block, t=1 and h a function which is configujest like f(x) but inverted, so that in the
end the value 0 or 1 results, i.e. h(x)=min( 1))(x

Equivalently, for the second entry this is appliedthe bottom 4x4 sub-block. Then,
prevCsbf=lg+2xh;, wherein prefCsbf may also be a function h witifx).

If t=00 is set, the values of the syntax elenmmmued sub block flag may be derived. Thus,
a value between 0 and including 3 is acquired assalt for the outermost f(x). The
parameter n for g(x) would then either be (xP+y®), yP, or (0,0). If f(x)=0 results, then
n=(xP+yP,xP+yP+3), for f(x)=1 n=(yP,yP+1) resufs, f(x)=2 n=(xP,xP+1) results, and
for f(x)=3 n=(0,0) results. So to speak, f(x) maydvaluated directly in order to determine
n. The remaining formulae above merely describadaption depending on luma/chroma
and a further dependency on the global positionsaaah. In case of a pure 4x4 block, f(x)
may be configured so that the value for prevCsklifndy also be different) and thus the
mapping table may be reproduced.

coeff_abs_level greaterl flagHere, the evaluation of the sub-blocks is simienerein
only the preceding sub-block is evaluated. Theltesue.g. 1 or 2 (it only has to be two
different values), wherein t=2. This correspondgh selection of a base index depending
on already decoded levels in the preceding subkblblee direct dependency on the levels
located within the sub-block may thus be acquiktectively, switching on by one index
is executed when a 0 was decoded (limited to 3imgaby 1) and as soon as a 1 was
decoded it is set to 0. If the arrangement is rwtsiered, parameterization may be
executed as follows, starting fromw@=1 for all levels in the same sub-block and t=8, i.
f(x) provides the number of levels with coeff_ab®ajerl flag=1. For a further function
f(x) t=2, i.e. the number of positions with an eded syntax element
coeff_abs_greaterl flag. The first function is tel, i.e. B=f(x)=min(fo(x),2) and the
second function is limited with {hf(x)=max(fi(x),1). All of this chained with a delta



10

15

20

25

30

35

43

function (0 if h=1, hy otherwise). For coeff_abs greater2_flag only teawvdtion of the
set is usedw; is set to O for the chained inner function).

coeff_abs_level _remainingThe selection is only limited to the current dalbek and n is
derived as described above.

With regard to the just outlined embodiment, th#ofeing is noted. In particular, in
compliance with the above description, differensgbilities exist with regard to the
definition of the template: the template could b&@ving template, the position of which
is determined depending on the position of theendrcoefficient 206. The outline of such
an exemplary moving template is depicted in FigwliB a dashed line 208. The template
is composed of the current sub-block, within whilel current coefficient 206 is located,
the neighboring sub-blocks to the right and belbe ¢urrent sub-block, as well as the one
or more sub-blocks which immediately precede threeti sub-block in the sub-block scan
202 or any of the sub-block scans 202 if theresaneeral of them among which one is
selectable using a scan index as explained abav@n/alternative, the template 208 may
simply encompass all transform coefficients 12lotk 10.

In the above example, there are further differegsybilities for selecting the values lof
and n. These values may, accordingly, set differentliisTis somehow also true with
respect ton;, as far as those weights are concerned whichear® ®ne. Same may be set
to another non-zero value. They do not even haveetequal to each other. Ag is
multiplied with h(x;), the same product value may be achieved by diiityy setting non-
zerow;’s. Moreover, the symbolization parameter doeshaok to be a Rice parameter or,
differently speaking, the symbolization schemedsnestricted to be a Rice symbolization
scheme. As to the context index selection, refereéscmade to the above description
where it was already noted that a final contextexanay be obtained by adding the
context index as obtained using function g(f) tonsooffset index which is, for example
specific for the respective type of syntax elemest, specific for significant_coeff_flag,
coeff_abs_level greaterl flag, and coeff_abs_|evehter2_flag.

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
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programmable computer or an electronic circuitséme embodiments, some one or more
of the most important method steps may be exededich an apparatus.

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

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.
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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 havingfalled thereon the computer
program for performing one of the methods descrhein.

A further embodiment according to the invention poises an apparatus or a system
configured to transfer (for example, electronigadl 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,
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

An apparatus for decoding a plurality of tramsfocoefficients of different
transform blocks, each having a transform coefficievel, from a data stream,
comprising

an extractor configured to extract a set of symijmdsn the data stream for a
current transform coefficient;

a desymbolizer configured to map the set of symbate a transform coefficient
level for the current transform coefficient in amtance with a symbolization
scheme which is parameterizable in accordance ailymbolization parameter,
and

a symbolization parameter determinator configucedetermine the symbolization
parameter for the current transform coefficient edgpng, via a function
parameterizable via a function parameter, on ptesho processed transform
coefficients,

wherein the extractor, the symbolizer and the sylindition parameter determinator
are configured to sequentially process the transfooefficients of the different

transform blocks, wherein the function parameteregadepending on a size of the
current transform coefficient’s transform block, iaformation component type of

the current transform coefficient’s transform blaakd/or a frequency portion the
current transform coefficient is located within tinensform block.

Apparatus according to claim 1, wherein the agpa is configured such that the
function defining the relationship between the prasly decoded transform
coefficients on the one hand, and the symbolizgtemameter on the other hand, is

g(f(x)) whereg(x) = _dzzfld'(x, n) and f (x)= Zd: w, ChB(x,,t)

with

0 x<n

IR
5(X’t)_{0 X <t

and J(X,n):{l x=n
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where

t,w; and{n,....,ny f=n form the function parameter,
x:{xl,...,xd} with x with iD{l...d} representing a previously processed

transform coefficient,
w; are weighting values each of which may be equahwor unequal to one, and
his a constant or function .

Apparatus according to claim 2, wherein the egpa is configured such that
n<...<n, .

Apparatus according to claim 2 or 3, whereinapparatus is configured such that

Apparatus according to any one of claims 1 towderein the apparatus is
configured to spatially determine the previouslpgassed transform coefficients
depending on a relative spatial arrangement reatoy the current transform
coefficient.

Apparatus according to any one of claims 1 towberein the extractor is
configured to extract the set of symbols from ttaadstream directly or using
entropy decoding using a fixed probability disttiba.

Apparatus according to any one of claims 1 talterein the symbolization scheme
is such that the set of symbols is of a Rice cadd,the symbolization parameter is
a Rice parameter.

Apparatus according to any one of claims 1 tawvferein the desymbolizer is

configured to restrict the symbolization schemeattevel interval out of a range

interval of the transform coefficients so that #e¢ of symbols represents a prefix
or suffix with respect to other portions of an alesymbolization of the current

transform coefficient.

Apparatus according to any of claims 1 to 8, wimethe data stream has encoded
there into a depth map.
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An apparatus for coding a plurality of transfocoefficients of different transform
blocks, each having a transform coefficient leirgh a data stream, comprising

a symbolizer configured to map a transform coedfitilevel for a current transform
coefficient in accordance with a symbolization subewhich is parameterizable in
accordance with a symbolization parameter, ontet afssymbols;

an inserter configured to insert the set of symbols the current transform
coefficient into the data stream; and

a symbolization parameter determinator configucedetermine the symbolization
parameter for the current transform coefficient edgpng, via a function
parameterizable via a function parameter, on ptsho processed transform
coefficients,

wherein the inserter, the symbolizer and the syimmabn parameter determinator
are configured to sequentially process the transfooefficients of the different

transform blocks, wherein the function parameteregadepending on a size of the
current transform coefficient’'s transform block, iaformation component type of

the current transform coefficient’s transform blaakd/or a frequency portion the
current transform coefficient is located within tinensform block.

Apparatus according to claim 10, wherein theasatus is configured such that the
function defining the relationship between the prasly decoded transform
coefficients on the one hand, and the symbolizgtemameter on the other hand, is

a(f(x)) whereg(x) = 25’(& n) and f (x)= Zd: w, ChB(x,,t)
with

and J(X,n):{é ::2

IE
5(X’t)_{0 X <t

where

t,w; and{n,....,n, f=n form the function parameter,
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x:{xl,...,xd} with X with iD{l...d} representing a previously processed

transform coefficient,
w; are weighting values each of which may be equahwor unequal to one, and
his a constant or function .

Apparatus according to claim 11, wherein thpaagtus is configured such that
n<...sn, .

Apparatus according to claim 10 or 12, whetbm apparatus is configured such
thath is |x| -t.

Apparatus according to any of claims 11 towll3erein the apparatus is configured
to spatially determine the previously processendstfiam coefficients depending on
a relative spatial arrangement relative to theenurtransform coefficient.

Apparatus according to any of claims 11 tovilderein the inserter is configured to
insert the set of symbols into the data streamctlyreor using entropy encoding
using a fixed probability distribution.

Apparatus according to any of claims 11 toviserein the symbolization scheme
is such that the set of symbols is of a Rice cadd,the symbolization parameter is
a RICE parameter.

Apparatus according to any of claims 11 to therein the symbolizer is

configured to restrict the symbolization schemeattevel interval out of a range

interval of the transform coefficients so that get of symbols represents a prefix
or suffix with respect to other portions of an @lesymbolization of the current

transform coefficient.

Apparatus according to any of claims 10 to Wherein the data stream has
encoded there into a depth map.

A method for decoding a plurality of transfoomefficients of different transform
blocks, each having a transform coefficient lefreln a data stream, comprising

extracting a set of symbols from the data streana fourrent transform coefficient;
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desymbolization mapping the set of symbols ontmaasform coefficient level for
the current transform coefficient in accordancehveitsymbolization scheme which
is parameterizable in accordance with a symbobnagparameter, and

determining the symbolization parameter for therent transform coefficient
depending, via a function parameterizable via ation parameter, on previously
processed transform coefficients,

wherein the extraction, the symbolization mappingl dhe determination are
sequentially performed on the transform coeffigent the different transform
blocks, wherein the function parameter varies ddpgnon a size of the current
transform coefficient’'s transform block, an informea component type of the
current transform coefficient’s transform block #frda frequency portion the
current transform coefficient is located within tinensform block.

A method for coding a plurality of transformeéficients of different transform
blocks, each having a transform coefficient leirgh a data stream, comprising

symbolization mapping a transform coefficient leer a current transform
coefficient in accordance with a symbolization subewhich is parameterizable in
accordance with a symbolization parameter, ontet afssymbols;

inserting the set of symbols for the current transf coefficient into the data
stream; and

determining the symbolization parameter for theremt transform coefficient
depending, via a function parameterizable via ation parameter, on previously
processed transform coefficients,

wherein the insertion, the symbolization mappingd ahe determination are
sequentially performed on the transform coeffigent the different transform
blocks, wherein the function parameter varies ddpgnon a size of the current
transform coefficient’'s transform block, an informea component type of the
current transform coefficient’s transform block frda frequency portion the
current transform coefficient is located within tinensform block.

Computer program having a program code foroperihg, when running on a
computer, a method according to claim 19 ro 20.
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A digital storage medium storing a data stre@merated by a method according to

claim 20.

A digital storage medium according to claim 2#%erein the data stream has
encoded there into a depth map.



