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(57) ABS TRACT 

Binarization a data value comprises binarizing the minimum 

of the data value and a predetermined cut-off value in 

accordance with a first binarization scheme, in order to yield 

a primary prefix. If the data value is greater than the cut-off 

value, binarizing a difference of the data value minus the 

predetermined cut-off value in accordance with a second 

binarization scheme to obtain a binary suffix, the first 

binarization scheme being different from the second bina­

rization scheme, and appending the primary suffix to the 

primary prefix is performed. A very effective compression of 

data values may be achieved by using the binarization 

scheme for preparing the syntax elements for the arithmetic 

coding, the binarization scheme substantially being a com­

bination of two different binarization schemes, and by using 

binary arithmetic coding instead of m-ary arithmetic coding 

for coding the binarized syntax elements. 
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METHOD AND APPARATUS FOR BINARIZATION 
AND ARTHMETIC CODING OF A DATA VALUE 

CROSS-REFERENCE TO RELATED 
APPLICATION 

0001. This application is a continuation of U.S. applica 
tion Ser. No. 10/622,335, filed Jul. 17, 2003. 

BACKGROUND OF THE INVENTION 

0002) 
0003. The present invention is related to binarization 
Schemes and coding Schemes, in general, and in particular, 
to binarization and arithmetic coding Schemes for use in 
Video coding applications. 

0004) 
0005 Entropy coders map an input bit stream of bina 
rizations of data values to an output bit Stream, the output bit 
Stream being compressed relative to the input bit Stream, i.e., 
consisting of less bits than the input bit Stream. This data 
compression is achieved by exploiting the redundancy in the 
information contained in the input bit Stream. 

I. Technical Field of the Invention 

II. Description of the Prior Art 

0006 Entropy coding is used in video coding applica 
tions. Natural camera-View Video signals show non-Station 
ary Statistical behavior. The Statistics of these Signals largely 
depend on the Video content and the acquisition process. 
Traditional concepts of video coding that rely on mapping 
from the Video signal to a bit Stream of variable length-coded 
Syntax elements exploit Some of the non-Stationary charac 
teristics but certainly not all of it. Moreover, higher-order 
Statistical dependencies on a Syntax element level are mostly 
neglected in existing video coding Schemes. Designing an 
entropy coding Scheme for Video coder by taking into 
consideration these typical observed Statistical properties, 
however, offer Significant improvements in coding effi 
ciency. 
0007 Entropy coding in today's hybrid block-based 
video coding standards such as MPEG-2 and MPEG-4 is 
generally based on fixed tables of variable length codes 
(VLC). For coding the residual data in these video coding 
standards, a block of transform coefficient levels is first 
mapped into a one-dimensional list using an inverse Scan 
ning pattern. This list of transform coefficient levels is then 
coded using a combination of run-length and variable length 
coding. The set of fixed VLC tables does not allow an 
adaptation to the actual Symbol Statistics, which may vary 
over Space and time as well as for different Source material 
and coding conditions. Finally, Since there is a fixed assign 
ment of VLC tables and Syntax elements, existing inter 
Symbol redundancies cannot be exploited within these cod 
ing Schemes. 
0008. It is known, that this deficiency of Huffman codes 
can be resolved by arithmetic codes. In arithmetic codes, 
each Symbol is associated with a respective probability 
value, the probability values for all symbols defining a 
probability estimation. A code word is coded in an arithmetic 
code bit Stream by dividing an actual probability interval on 
the basis of the probability estimation in several Sub-inter 
vals, each Sub-interval being associated with a possible 
Symbol, and reducing the actual probability interval to the 
sub-interval associated with the symbol of data value to be 
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coded. The arithmetic code defines the resulting interval 
limits or Some probability value inside the resulting prob 
ability interval. 
0009 AS may be clear from the above, the compression 
effectiveness of an arithmetic coder Strongly depends on the 
probability estimation and the symbols, which the probabil 
ity estimation is defined on. The symbols may be the data 
values in the input bit Stream or the Syntax elements in the 
input bit stream. In this case, the binarization of the data 
values is not critical. 

SUMMARY OF THE INVENTION 

0010. It is the object of the present invention to provide 
a binarization Scheme and a coding Scheme, which enable 
effective compression of data values, Such as transform 
coefficient level values or components of motion vector 
differences in Video signals, with moderate computational 
overhead. 

0011. In accordance with the first aspect of the present 
invention, this object is achieved by a method for decoding 
a coded bit Stream which represents a binarized representa 
tion of the data value, the binarized representation of the 
data value being a codeword having a primary prefix, which 
is a binarization of the minimum of the data value and a 
predetermined cut-off value in accordance with a first bina 
rization Scheme and, if the data value is greater than the 
predetermined cut-off value, a primary Suffix appended to 
the primary prefix, the primary suffix being a binarization of 
the difference of the data value minus the predetermined 
cut-off value in accordance with a Second binarization 
Scheme, the method having the following Steps: for each bit 
in the codeword, if the bit of the codeword is part of the 
primary prefix, determining the bit by binary arithmetically 
decoding the coded bit stream by means of a adaptively 
varying bit value probability estimation; and if the bit of the 
codeword is part of the primary Suffix, determining the bit by 
binary arithmetically decoding the bit by means of a Static 
bit value probability estimation, thereby obtaining the code 
word representing the data value. 
0012. In accordance with the second aspect of the present 
invention, this object is achieved by an apparatus for decod 
ing a coded bit Stream which represents a binarized repre 
Sentation of the data value, the binarized representation of 
the data value being a codeword having a primary prefix, 
which is a binarization of the minimum of the data value and 
a predetermined cut-off value in accordance with a first 
binarization Scheme and, if the data value is greater than the 
predetermined cut-off value, a primary Suffix appended to 
the primary prefix, the primary Suffix being a binarization of 
the difference of the data value minus the predetermined 
cut-off value in accordance with a Second binarization 
Scheme, having: means for, for each bit in the codeword, if 
the bit of the codeword is part of the primary prefix, 
determining the bit by binary arithmetically decoding the 
coded bit stream by means of a adaptively varying bit value 
probability estimation; and if the bit of the codeword is part 
of the primary suffix, determining the bit by binary arith 
metically decoding the bit by means of a Static bit value 
probability estimation, thereby obtaining the codeword rep 
resenting the data value. 
0013 In accordance with the third aspect of the present 
invention, this object is achieved by a computer program 
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having instructions for performing, when running on a 
computer, a method for decoding a coded bit Stream which 
represents a binarized representation of the data value, the 
binarized representation of the data value being a codeword 
having a primary prefix, which is a binarization of the 
minimum of the data value and a predetermined cut-off 
value in accordance with a first binarization Scheme and, if 
the data value is greater than the predetermined cut-off 
value, a primary Suffix appended to the primary prefix, the 
primary suffix being a binarization of the difference of the 
data value minus the predetermined cut-off value in accor 
dance with a Second binarization Scheme, the method having 
the following steps: for each bit in the codeword, if the bit 
of the codeword is part of the primary prefix, determining 
the bit by binary arithmetically decoding the coded bit 
Stream by means of a adaptively varying bit value probabil 
ity estimation; and if the bit of the codeword is part of the 
primary Suffix, determining the bit by binary arithmetically 
decoding the bit by means of a static bit value probability 
estimation, thereby obtaining the codeword representing the 
data value. 

0.014. The present invention is based on the finding that 
a very effective compression of data values, and, in particu 
lar, of components of motion vector differences or transform 
coefficient level values, forming Syntax elements in a video 
Signal, may be achieved by using a binarization Scheme for 
preparing the Syntax elements for the arithmetic coding, the 
binarization Scheme Substantially being a combination of 
two different binarization Schemes, and by using binary 
arithmetic coding instead of m-ary arithmetic coding for 
coding the binarized Syntax elements. 
0.015 The advantage of using a binary arithmetic coding 
engine instead of a m-ary arithmetic coder operating on an 
original m-ary Source alphabet is that the complexity of the 
probability estimation is reduced Since the determination of 
the probabilities for the two possible bit values can be 
defined by just one probability estimation value. Adaptive 
m-ary arithmetic coding, for m>2, would be in general a 
computationally complex operation requiring at least two 
multiplications for each Symbol to encode as well as a 
number of fairly complex operations to perform the update 
of the probability estimation. 

0016 Furthermore, binary arithmetic coding enables 
context modeling on a Sub-Symbol level. For Specific bins, 
i.e., the nodes in a binarization code tree of the binarization 
scheme by which the data value to be coded is binarized, 
conditional probabilities can be used. These specific bins 
will be, in general, the most frequently observed bins. Other, 
usually less frequently observed bins, can be treated using a 
joint, typically Zero-order probability model. 

0.017. The use of the inventive binarization scheme 
enables, in connection with binary arithmetic coding, an 
effective way of adapting the binarization representation of 
the data value to the probability distribution of the data 
values. A Suitably Selected cut-off value may lead to the least 
probable data values to be binarized into code words having 
equally probable bit values, whereas the most probable data 
values may be binarized into code words leading to a very 
effective arithmetic coding bit stream when using adaptive 
context modeling. Thus, coding based on a Static probability 
estimation may be employed for the Second binarization 
Scheme Suffix of the code word, whereas adaptive binary 
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arithmetic coding is effectively applied to bits of the first 
binarization Scheme primary prefix of the code word. 
0018. In accordance with a specific embodiment of the 
present invention, a concatenation of a truncated unary 
binarization scheme and a k" order exponential Golomb 
binarization Scheme is used. This concatenated Scheme, 
which is referred to as unary/k" order Exp-Golomb (UEGk) 
binarization, is applied to motion vector differences and 
absolute values of transform coefficient levels. The design of 
these concatenated binarization Schemes is motivated by the 
following observations. First, the unary code is the Simplest 
prefix-free code in terms of implementation cost. Secondly, 
it permits a fast adaptation of the individual Symbol prob 
abilities in a Subsequent context modeling Stage, Since the 
arrangement of the nodes in the corresponding tree is 
typically Such that with increasing distance of the internal 
nodes from the root node the corresponding binary prob 
abilities are leSS skewed. These observations are accurate for 
Small values of the absolute motion vector differences and 
transform coefficient levels. For larger values, there is not 
much use of an adaptive modeling having led to the idea of 
concatenating an adapted truncated unary tree as a prefix and 
a Static Exp-Golomb code tree as a Suffix. Typically, for 
larger values, the EGk Suffix part represents already a fairly 
good fit to the observed probability distribution, as already 
mentioned above. 

SHORT DESCRIPTION OF THE DRAWINGS 

0019 Preferred embodiments of the present invention are 
described in more detail below with respect to the figures. 
0020 FIG. 1 shows a high-level block diagram of a 
coding environment in which the present invention may be 
employed; 

0021 FIG. 2 shows a block diagram of the part of the 
coding environment of FIG. 1, in which the binarization and 
binary arithmetic coding takes place, in accordance with an 
embodiment of the present invention; 
0022 FIG.3 a part of the binarization coding tree related 
to the binarization Scheme FIG. 5; 

0023 FIG. 4 a schematic diagram illustrating the bina 
rization of an absolute data value in accordance with an 
embodiment of the present invention; 
0024 FIG. 5 a table showing bin strings into which an 
absolute value is binarized in accordance with a further 
embodiment of the present invention; 
0025 FIG. 6 a table showing bin strings into which an 
absolute value is binarized in accordance with a further 
embodiment of the present invention; 
0026 FIG. 7 shows a pseudo-C code for performing a 
binarization in accordance with a further embodiment of the 
present invention; 
0027 FIG. 8 a schematic diagram illustrating binary 
arithmetic coding in accordance with an embodiment of the 
present invention; 
0028 FIG. 9 shows a schematic diagram illustrating the 
decoding of an arithmetically coded bit stream into a data 
value in accordance with an embodiment of the present 
invention; 
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0029 FIG. 10 shows a schematic diagram illustrating the 
recovering of a data value from a binarization of the data 
value in accordance with an embodiment of the present 
invention; 
0030 FIG. 11 shows a schematic diagram illustrating the 
extraction with regard to the Suffix part in the process of 
FIG 10. 

0.031 FIG. 12 shows a basic coding structure for the 
emerging H.264/AVC video encoder for a macro block; 
0.032 FIG. 13 illustrates a context template consisting of 
two neighboring Syntax elements A and B to the left and on 
top of the current Syntax element C; 
0033 FIG. 14 shows an illustration of the subdivision of 
a picture into Slices, and 
0034 FIG. 15 shows, to the left, intra 4x4 prediction 
conducted for Samples a-p of a block using Samples A Q, 
and to the right, "prediction directions for intra 4x4 pre 
diction. 

DETAILED DESCRIPTION OF A PREFERRED 
EMBODIMENT OF THE PRESENT INVENTION 

0035. The present invention is described in the following 
with respect to Video coding, although the present invention 
may also be used advantageously in other applications, Such 
as audio coding, compressed Simulation data or the like. 
0036 FIG. 1 shows a general view of an video coder 
environment to which the present invention could be 
applied. A picture 10 is fed to a video precoder 12. The video 
precoder treats the picture 10 in units of So called macro 
blocks 10a. On each macro block a transformation into 
transformation coefficients is performed followed by a quan 
tization into transform coefficient levels. Moreover, intra 
frame prediction or motion-compensation is used in order 
not to perform the aforementioned Steps directly on the pixel 
data but on the differences of Same to predicted pixel values, 
thereby achieving Small values which are more easily com 
pressed. 

0037. The macroblocks into which the picture 10 is 
partitioned are grouped into Several Slices. For each Slice a 
number of Syntax elements are generated which form a 
coded version of the macroblocks of the slice. These syntax 
elements are dividable into two categories. The first category 
contains the elements related to macroblock type, Sub 
macroblock type and information of prediction modes both 
of Spatial and of temporal types as well as slice-based and 
macroblock-based control information, Such as components 
of motion vector differences, which are prediction residuals. 
In the Second category, all residual data elements, i.e. all 
Syntax elements related to the coding of transform coeffi 
cients are combined, Such as a Significance map indicating 
the locations of all significant coefficients inside a block of 
quantized transform coefficient, and the values of the Sig 
nificant coefficients which are indicated in units of levels 
corresponding to the quantization Steps. 
0.038. The precoder 12 transfers the syntax elements to a 
final coder Stage 14 which is a entropy coder and explained 
in more detail with respect to FIG. 2. Each syntax element 
is a data value having a certain meaning in the Video signal 
bit Stream that is passed to the entropy coder. The entropy 
coder 14 outputs a final compressed Video bit stream. 
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0039 FIG. 2 shows the arrangement for coding the 
Syntax elements into the final arithmetic code bit stream, the 
arrangement generally indicated by reference number 100. 
The coding arrangement 100 is divided into three stages 
100a, 100b, and 100c. 

0040. The first stage 10a is the binarization stage and 
comprises a binarizer 102. An input of the binarizer 102 is 
connected to an input 104 of stage 100a via a Switch 106. At 
the same time, input 104 forms the input of coding arrange 
ment 100. The output of binarizer 102 is connected to an 
output 108 of stage 10a, which, at the same time, forms the 
input of stage 100b. The Switch 106 is able to pass syntax 
elements arriving at input 104 to either binarizer 102 or 
binarization Stage output 108, thereby bypassing binarizer 
102. 

0041. The function of Switch 106 is to directly pass the 
actual Syntax element at input 104 to the binarization Stage 
output 108 if the syntax element is already in a wanted 
binarized form. For the following discussion, it is assumed 
that the Syntax element is not in the correct binarization form 
and therefore, Syntax elements are generally thought to be 
non-binary valued Syntax elements. The non-binary valued 
syntax elements are passed via Switch 106 to binarizer 102. 
Binarizer 102 maps the non-binary valued syntax elements 
to a code word, or a So called bin String, in accordance with 
a binarization Scheme embodiments of which are described 
below with respect to the following figures. The meaning of 
bin will be described in more detail below with respect to 
FIG 3. 

0042. The code words output by binarizer102 may not be 
passed directly to binarization stage output 108 but control 
lably passed to output 108 by a bin loop over means 110 
arranged between the output of binarizer102 and output 108 
in order to merge the bin strings output by binarizer102 and 
the already binary valued Syntax elements bypassing bina 
rizer 102 to a single bit Stream at binarization Stage output 
108. 

0043 AS is described in more detail below, the binariza 
tion Stage 108 is for transferring the Syntax elements into a 
Suitable binarized representation, which is adapted to the 
probability distribution of the syntax elements and thereby 
enabling very efficient binary arithmetic coding of these 
binarized Syntax elements by applying context modeling, 
i.e., varying the bit value probability estimation, with respect 
to only a small part of the bits, as will be described in more 
detail below. 

0044 Stage 100b is a context modelling stage and com 
prises a context modeler 112 as well as a Switch 110. The 
context modeler 112 comprises an input, an output and an 
optional feed-back input. The input of context modeler 112 
is connected to the binarization stage output 108 via Switch 
110. The output of context modeler 112 is connected to a 
regular coding input terminal 114 of stage 100c. The func 
tion of Switch 113 is to pass the bits or bins of the bin string 
at binarization stage output 108 to either the context modeler 
112 or to a bypass coding input terminal 116 of stage 100c, 
thereby bypassing context modeler 112. 
0045. In order to ease the understanding of the preferred 
embodiments of the present invention, in the following only 
those parts of the bit stream at binarization stage output 108 
are discussed, which correspond to bin Strings created from 
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absolute values of transform coefficient levels or motion 
vector differences. Motion vectors are 2-dimensional vectors 
used for interprediction that provide an off-set from the 
coordinates in the decoded picture to the coordinates in a 
reference picture. The motion vector difference represents 
the prediction error at quarter-Sample accuracy. Neverthe 
less, the embodiments described herein with respect to the 
figures could also be applied to other Syntax elements. 

0046) When receiving the bin string or codeword of a 
component of a motion vector difference or a transform 
coefficient level, it is the function of Switch 113 to direct the 
bits of the codeword to either the context modeler 112 or the 
bypass input terminal 116 depending on to whether the bit 
belongs to a primary prefix part or a primary Suffix part of 
the code word, as will be described in more detail below. 

0047 The context modeler 112 adapts an actual bit or bin 
value probability distribution estimation in accordance with 
a predetermined context model type which is associated with 
that bit or bin. The estimation adaptation or estimation 
update is based on past or prior bits values which the context 
modeler 112 may receive at the feedback input from Stage 
10c or may temporarily store. The context model type 
defines which of the past bits orbins influence the estimation 
adaptation, Such as the bins of a neighboring pixel Syntax 
element or the bin before the actual bin. The context modeler 
12 passes the bits further to arithmetic coding Stage 10c 
together with the new adaptively varied bit value probability 
distribution estimation, whereby the context modeler 112 
drives the arithmetic coding Stage 100c to generate a 
Sequence of bits as a coded representation of the Syntax 
elements according to the adaptive bit value probability 
distribution estimation. 

0.048. It is clear from the above, that the probability 
estimation determines the code and its efficiency in the first 
place, and that it is of paramount importance to have an 
adequate model that exploits the Statistical dependencies of 
the Syntax elements to a large degree and that this probabil 
ity estimation or context model is kept up-to-date during 
encoding. However, there are Significant model costs 
involved by additively estimating higher order conditional 
probabilities. Therefore, the binarization schemes of the 
embodiments described below are adapted to the statistics of 
the Syntax elements Such that context modeling leads to a 
efficient compression ratio even if context modeling is 
performed merely with respect to certain bits or bins of the 
binarized Syntax elements at binarization Stage output 108. 
With respect to the other bits, it is possible to use a static 
probability estimation and therefore reduce Significantly the 
model costs, whereas the compression efficiency is affected 
merely to a moderate extent. 
0049. The third stage 100c of coding arrangement 100 is 
the arithmetic coding Stage. It comprises a regular coding 
engine 118, a bypass coding engine 120, and a Switch 122. 
The regular coding engine 118 comprises an input and an 
output terminal. The input terminal of regular coding engine 
118 is connected to the regular coding input terminal 114. 
The regular coding engine 118 binary arithmetically codes 
the bin values passed from context modeler 112 by use of the 
context model also passed from context modeler 112 and 
outputs coded bits. Further, the regular coding engine 118 
eventually passes bin values for context model updates to 
the feedback input of context modeler 112. 
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0050. The bypass coding engine 112 has also an input and 
an output terminal, the input terminal being connected to the 
bypass coding input terminal 116. The bypass coding engine 
120 is for binary arithmetically coding the bin values passed 
directly from binarization stage output 108 via Switch 113 by 
use of a Static predetermined probability distribution esti 
mation and also outputs coded bits. 
0051. The coded bits output from regular coding engine 
118 and bypass coding engine 120 are merged to a single bit 
stream at an output 124 of coding arrangement 100 by 
Switch 122, the bit Stream representing a binary arithmetic 
coded bit Stream of the Syntax elements as input in input 
terminal 104. Thus, regular coding engine 118 and bypass 
coding 120 cooperate in order to bit wise perform arithmeti 
cal coding based on either an adaptive or a Static probability 
distribution model. 

0052. In order to illustrate the relation between “bits” of 
the codewords to which binarizer 102 maps the syntax 
elements, on the one hand, and “bins', on the other hand, 
FIG. 3 shows a binary code tree corresponding to the 
binarization scheme later described with respect to FIG. 5. 
The code tree, generally indicated with reference number 
150 comprises a root node 152 and several internal nodes 
154, the root node 152 and the internal nodes 154 being 
designated by C, with the index i being an integer associated 
with a corresponding node. Each of these nodes defines a 
conditional branch or binary decision called a “bin', with a 
left branch corresponding to the bin value 0 and the right 
branch corresponding to the bin value 1. 
0053) The tree 150 also includes terminal nodes 156. The 
numbers assigned to the terminal nodes 156 in FIG. 3 
correspond to the data value of the Syntax element, which, 
in accordance with the binarization Scheme of FIG. 5, 
corresponds to the codeword orbit String resulting form the 
bits or bin values when following the path from root node 
152 to the respective terminal node 156. For example, the 
data value 17 corresponds, as shown in FIG. 5, to the 
codeword bit string 11111111111111101. The path com 
prises root node 152 and the internal nodes 154 C. to C.7. 
Each node 152 or 154 may be seen as a binary decision 
called “bin'. The concatenation of the binary decision for 
traversing the tree 150 from the root node 152 to the 
respective terminal node 156 represents the “bin string” of 
the corresponding Symbol value or Syntax element value. 
0054 Each binary decision has an actual probability 
distribution indicating the probability as to whether the 
decision yields a binary zero (left branch in FIG. 3) and a 
binary one (right branch in FIG. 3). In other words, the 
actual probability distribution of a binary decision defines 
the probability that the Syntax element path takes the Zero or 
one branch at this binary decision. Accordingly, the actual 
probability for the Syntax element to assume a certain data 
value is equal to the product of the respective probabilities 
at the nodes arranged along the path from root node 152 to 
the respective terminal node 156. 
0055 For binary arithmetic coding, each binary decision 
or node 152, 154 of tree 150, i.e. each bin, is associated with 
a bit value probability estimation or a context model, i.e. C. 
AS is described in more detail below, not all of the nodes or 
bins is associated with adaptive probability estimation mod 
els but may be associated with a Static probability estima 
tion, thereby reducing the context modeling overhead, i.e. 
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the management for adapting the estimation according to 
past bins in order to increase the compression ratio. 

0056) Next, with respect to FIG. 4, an embodiment of a 
binarization Scheme in accordance with an embodiment of 
the present invention is described. FIG. 4 shows schemati 
cally the steps binarizer 102 performs on the non-binary 
valued syntax elements. In particular, FIG. 4 is an embodi 
ment for binarizing the absolute values of transform coef 
ficient levels, i.e., an integer quantity representing the value 
asSociated with a particular two-dimensional frequency 
indeX in the decoding process prior to Scaling for compu 
tation of a transform coefficient value. 

0057 The binarization scheme of FIG. 4 is a concatena 
tion of a truncated unary binarization Scheme, on the one 
hand, and a k" order Exp-Golomb binarization scheme, on 
the other hand. A truncated unary binarization Scheme is 
based a unary binarization Scheme. In accordance with an 
unary binarization Scheme, for each unsigned integer valued 
Symbol X greater than or equal to Zero the unary codeword 
to which X is mapped consists of X “1” bits plus a terminating 
“0” bit. Differing from the unary binarization scheme, a 
truncated unary (TU) code is only defined for X with 
Osxs S, where for x<S the code is given by the unary code, 
whereas for x=S the terminating “0” bit is neglected such 
that the TU code of x=S is given by a codeword consisting 
of X “1” bits only, i.e. without a terminating bit of “0”. In 
accordance with the exponential Golomb binarization 
Scheme, generally, a data value X is mapped to a codeword 
consisting of a prefix and a Suffix. Mere precisely, in 
accordance with the k" order Exp-Golomb binarization 
Scheme, data values are mapped to code words having at 
least a prefix and, depending on the data value, a Suffix. The 
prefix part of the EGk code word consists of a unary code 
corresponding to the value 1(x), with 1(x)=|loga (X/2+1), k 
indicating the order of the code and r being maximum 
integer Smaller than or equal to real value r. The EGk Suffix 
part is computed as the binary representation of X+2(1- 
2") using k+1(x) significant bits. 
0.058 As can be seen from FIG.4, the absolute data value 
X to be binarized is compared to the cut-off value S at 200 
to determine the minimum of X and S. S is the cut-off value 
defining for which absolute data values X the truncated unary 
code is to be used exclusively, i.e. without using the Golomb 
binarization scheme for the residual. In other words, for all 
absolute data values X less than the cut-off values S the 
truncated unary binarization is used exclusively in order to 
map the absolute data value X to a codeword, the codeword 
accordingly merely consisting of a primary prefix. If the 
absolute data value X is greater than or equal to S, a primary 
Suffix is appended to the primary prefix, the primary Suffix 
being created in accordance with a Zero order Exp-Golomb 
binarization Scheme from X-S, as will be described further 
below. 

0059) The minimum between X and S is binarized in 
accordance with the truncated unary binarization Scheme at 
202. The result is a primary prefix 204, which forms at least 
a part of the final codeword 206 to which X is mapped to. The 
primary prefix thus consists of a unary binarization of the 
value of Min(S, Abs(x)), where Min(a,b) denotes the mini 
mum of values a and b, and where Abs(x) denotes the 
absolute value of X. In other words, primary prefix consists 
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of S ones if X is greater than or equal to S, and consists of 
X leading ones followed by a terminating Zero if X is less than 
S. 

0060. The absolute data value x is compared at 208 to the 
cut-off value S. If a comparison yields that X is Smaller than 
S, the binarization ends at 210 and, therefore, the codeword 
206, the absolute data value X is mapped to in accordance 
with the binarization scheme of FIG. 4, just consists of the 
primary prefix 204. Otherwise, i.e., if X is equal to or greater 
than S, the cut-off value S is Subtracted from the absolute 
data value x at 212. The resulting difference X minus S, 
Sometimes called a residual, is processed at 214 in accor 
dance with a k order Exp-Golomb binarization Scheme, 
with k equal to zero. The k" order Exp-Golomb binarization 
scheme will later be described in more detail with respect to 
FIG. 7. 

0061 The result of the binarization 214 of the difference 
“x minus S is appended to the primary prefix 204 as the 
primary suffix 208. Therefore, if the absolute data value x is 
greater than or equal to the cut-off value S the resulting 
codeword 206 consists of a primary prefix 204 followed by 
a primary suffix 208, wherein the primary suffix 208 is a k" 
order Exp-Golomb binarization of X-S. As will be apparent 
from the further description, the primary suffix 208 itself 
consists of a prefix and a Suffix, hereinafter called a Second 
ary prefix 218 and a secondary suffix 220. 

0062 Experimental studies have shown, that for absolute 
values of transform coefficient levels, S=14 and k=0 yield 
relatively good compression ratioS when passing Such bina 
rized transform coefficient level values to a binary arithmetic 
coder even if just the bits of the codewords 206 being part 
of the primary prefix are arithmetically coded using an 
adaptive probability model, thereby reducing the coding 
overhead. 

0063 FIG. 5 shows a table in which absolute values of 
transform coefficient levels in the left column 215 are listed 
with their corresponding codewords in accordance with the 
binarization if FIG. 4 to the right at 252, when S=14 und 
k=0. It is noted that the binarization and Subsequent coding 
process is applied to the Syntax element “transform coeffi 
cient level values minus 1’, Since Zero valued, i.e. non 
Significant, transform coefficient levels are encoded using 
the aforementioned Significances map. Therefore, with 
respect to FIG. 4, in the table of FIG. 5 at 250 the values 
of X plus 1 is listed. The table of FIG. 5 shows the result of 
the binarization scheme of FIG. 4 for the values S=14 and 
k=0. 

0064. As can be seen, the codeword or bin string, an 
absolute value is mapped to, comprises at least a TU prefix, 
the TU prefix part of the codewords or bin strings being 
highlighted in FIG. 5 at 254. As can be seen, absolute values 
below 15 (=x+1) do not have an EGO suffix as shown in 256. 
Further, as shown by dotted line 258 each EGO suffix 256 
comprises a Secondary prefix which is on the left Side of 
dotted line 258, and all EGO suffixes 256, except the one of 
codeword belonging to absolute value 15, comprise a Sec 
ondary suffix arranged to the right side of dotted line 258. 

0065. In the same way as FIG. 5, FIG. 6 shows a table 
of pairs of absolute values and bin Strings as they are 
obtained in accordance with the binarization scheme of FIG. 
4 with k=3 and S=9. The elements of the table of FIG. 6 
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being equal to those of FIG. 5 are indicated by the same 
reference numbers as in FIG. 5, and a repetitive description 
of these elements is omitted. The sign bit is not shown in 
table FIG. 6. 

0.066 The values for k and Saccording to the binarization 
scheme in accordance with FIG. 6 has shown good com 
pression effectiveness when applied to absolute components 
of motion vector differences. For motion vector differences 
UEGk binarization as shown in FIG. 6 is constructed as 
follows. Let us assume the value mvd of a motion vector 
component is given. For the prefix part of the UEGk bin 
string, a TU binarization (202 in FIG. 4) is invoked using 
the absolute value of mvd with a cut-off value of S=9. Ifmvd 
is equal to Zero, the bin String consists only of the prefix code 
word “0”, 270. If the condition mvde 9 holds (208 in FIG. 
4), the suffix is constructed (214 in FIG. 4) as an EG3 
codeword for the value of mvd-9, to which the sign of mvd 
is appended using the sign bit “1” (not shown) for a negative 
mvd and the sign bit “0” (not shown) otherwise. For mvd 
values with 0<mvd<9, the suffix consists only of the sign 
bit. 

0067 Assuming that the components of a motion vector 
difference represents the prediction error at quarter-Sample 
accuracy, the prefix part always corresponds to a maximum 
error component of +/- 2 Samples. With the choice of the 
Exp-Golomb parameter k=3, the Suffix code words are given 
Such that a geometrical increase of the prediction error in 
units of 2 Samples is captured by a linear increase in the 
corresponding Suffix code word length. 

0068. After having described the functionality of bina 
rizer 102 in FIG. 2 with respect to FIGS. 4 to 6 in a rather 
coarse way, a possible implementation for the k" order 
Exp-Golomb binarization 214 in FIG. 4 is described with 
respect to FIG. 7 in more detail. FIG. 7 shows a pseudo-C 
code illustrating the process of constructing the primary 
Suffix part of the code word representing the binarization of 
absolute data value X in accordance with the binarization 
scheme of FIG. 4. First, at 300 an auxiliary parameter k is 
initialised to the order of the Exp-Golomb binarization used. 
In case of binarization of components of motion vector 
differences in accordance with FIG. 6, for example, k is 
initialized in step 300 to the value of 3. 

0069. If a comparison in line 302 between the absolute 
value of the motion vector difference (mvd) and the cut-off 
value, here 9, reveals that the absolute value of mvd is 
greater than or equal to 9, in a step 304, the cut-off value S=9 
is Subtracted from the absolute value of mvd to obtain SufS. 
Furthermore, a parameter stopLoop is initialized in step 306 
to the value of Zero. Next, in 308, a conditional if-operation 
is performed as long as the StopLoop-parameter has not 
changed his value to a positive value greater than 0, as is 
checked in line 310. If the conditional if-operation reveals 
that sufS is greater than or equal to the k" power of 2 (312d), 
at 312 a bit having the bit value 1 is output (312a), the k" 
power of 2 is subtracted from SufS (312b), and k is incre 
mented (312c). Otherwise, if sufS is smaller than the k" 
power of 2 (312e), a bit having the bit value of Zero is output 
(312?), a binary representation of sufS using a number of bits 
equal to the actual value of k (312g) is output (312h), and the 
parameter stopLoop is set to a value of 1 (312e) thereby 
resulting in Stopping the iterative eXecution of the if-opera 
tion 308. 
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0070 All steps 304 to 312 are performed if the compari 
son in step 302 reveals that the absolute value of mvd is 
greater than or equal to 9. Irrespective of the comparison in 
302, at 314 an a sign bit of Zero is output if mvd is greater 
than Zero and an a sign bit of 1 is output if mvd is Smaller 
than Zero, the sign bit not being shown in FIG. 6. 

0071 AS becomes clear from the pseudo-C code of FIG. 
7, in case of third order Exp-Golomb binarization scheme, 
the Suffix part at least comprises four bits, one being the Zero 
bit of 312f, and the other three being the bits of the binary 
representation output in 312h, as can be seen also in FIG. 6, 
neglecting the Sign bit at the end of each codeword. 

0072 After having described with respect to FIG. 4 to 7 
the binarization performed by binarizer 102 in FIG. 2, with 
respect to FIG. 8, the cooperation of the context modelling 
stage 100b and the arithmetic coding stage 100c is 
explained, which the binarized Syntax elements are passed 
to. 

0073 FIG. 8 schematically shows at 350 a probability 
interval between p and p"", with 0sp, wisp"'s 1. The 
probability interval 350 represents an actual probability 
interval into which the combinations of the stages 100a to 
100c have arithmetically coded leading syntax elements 
belonging to one slice. At the beginning of a slice, pow=0 
and p"s"-1. 
0074. It is assumed that now the first bin of the syntax 
element binarized in accordance with the above-described 
binarization Scheme is passed to the context modeling Stage 
100b. Let us assume that the syntax element is an absolute 
value of a transform coefficient level. The first bin in the 
binarization Scheme for transform coefficient levels is, as 
can be seen in FIG. 5, in the last line of the table, and in 
FIG. 3, which shows the binarization code tree for the 
binarization scheme of FIG. 5, the first bit of the TU prefix 
of the binary string of the transform coefficient level. This 
bin is regularly past by Switch 113 to context modeler 112. 
The context modeler 112 adjusts an adaptive probability 
estimation 352, according to which the first bin of the bin 
string has a probability of P(0) to be zero and a probability 
of P(1) to be one, wherein P(1)+P(0)=1. Context modeler 
112 needs just one parameter in order to Store or manage the 
adaptive probability estimation. Context modeler 112 
adjusts the adaptive probability estimation in accordance 
with past bins or prior bins and in accordance with the 
context model type associated with the respective bin. The 
context model types defining the dependencies of the prob 
ability estimation on the past bins may be different for the 
different bins of the bin string of a syntax element. The 
context modeler 112 passes bin value and adjusted adaptive 
probability estimation 352 to regular coding engine 118. 
Regular coding engine 118 reduces the actual probability 
interval 350 to a new probability interval having a range of 
P(0) multiplicated with the range of the actual probability 
interval 350, i.e. with a range of P(0)*(P-P), if the bit 
value of the fist bin of the primary prefix is zero, and P(1) 
multiplicated with the range of the actual probability interval 
350, i.e. with a range of P(1)*(P-Pow), if the first bit 
value of the first bit of the primary prefix is one. The new 
probability interval shares the lower limit with the actual 
probability interval 350, if the actual bin value of the first bin 
was Zero, and the upper limit Pit, otherwise. In other words, 
the probability estimation virtually subdivides the actual 
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interval in two Subintervals, wherein the new actual prob 
ability interval is one of the two Subintervals depending on 
the bin value to be encoded. Instead of assigning Zero bin 
value to the lower Subinterval, the lower Subinterval could 
be associated with the most probable symbol (MPS), i.e. 1 
or 0 depending on which has the higher probability accord 
ing to the context model. 
0075. In the following example, the first bin value was 
Zero, and therefore, the new actual probability interval, 
shown at 354 is obtained. The same procedure as for the first 
bin of the primary prefix is performed for the remaining bins 
of the primary prefix. Eventually, a different context model 
type is used for different bins and the primary prefix. This 
means, the dependency of the adaptation of the probability 
estimation on prior bins may be different for the different 
bins and the primary prefix, including the use of different 
context templates etc. 
0076. As can be seen from FIG. 8, the actual probability 
interval is getting narrower and narrower. Each bin is 
directed by Switch 113 to context modeler 112. This changes, 
when the first bit of the primary suffix reaches stage 10b. In 
this case, Switch 113 passes the bin value to bypass coding 
engine 120. The bypass coding engine 120 operates on the 
Same actual probability interval as regular coding engine 
118, shown in FIG. 8 at 356. Contrary to the regular coding 
engine 118 the bypass coding engine 120 uses a fixed 
probability estimation or a Static probability estimation. In 
particular, the fixed probability estimation used by bypass 
coding engine 120 assumes that the actual bin value is with 
equal probability a one or a zero, i.e. P(0)=P(1). Thus, 
bypass coding engine 120 reduces the actual probability 
interval 356 to either the upper or lower half of the actual 
probability interval 356 when coding the actual bin of the 
primary Suffix. 
0077. As will be apparent from FIG. 8, the actual prob 
ability interval is reduced from bin to bin such that the new 
probability interval lies within the actual probability inter 
val. The arithmetically coded bit stream that the regular 
coding engine and the bypass coding engine cooperatively 
output via Switch 122 represents a probability value lying in 
the probability interval that is obtained after operating the 
Syntax element of a whole slice. 
0078. As already mentioned above, the compression rate 
of the output String is relatively high taking into account the 
computational reduction with respect to the adaptive prob 
ability estimation context modeling. 
0079. After having described the binarization and arith 
metic coding on the encoder Side in accordance with 
embodiments of the present invention, FIG. 9 shows as an 
embodiment of the present invention, the Steps performed on 
decoder side in order to decode the arithmetically coded bit 
Stream. 

0080 Firstly, in step 400, the decoder receiving the 
arithmetically coded bit stream determines whether the next 
bin or bit to be determined from the coded bit stream is an 
primary prefix bit or an primary suffix bit. The decoder 
knows from the way of the predetermined syntax of the 
arithmetically coded bit stream, as to whether the next bin or 
bit expected is a bit of a primary prefix or a primary Suffix 
of a binarized Syntax element. 
0081) If, in step 400, it is determined that the expected bit 
is a bit of the primary prefix, the decoder determines the bit 
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value for this bit by binary arithmetic decoding based on an 
adaptively varying probability estimation or context model. 

0082 The decoder updates this adaptively varying prob 
ability estimation based on past decoded bins indicated by 
the respective context model type. The determination 402 
includes Subdividing an actual probability interval according 
to the adaptive probability estimation into two Subintervals, 
assigning the bin value to be determined to the bin value 
associated with the Subinterval the probability value indi 
cated by the arithmetically coded bit Stream lies in, and 
reducing the actual probability interval to the that Subinter 
val, thereby simulating the Steps performed by the encoder 
when creating the arithmetically coded bit stream as shown 
in FIG. 8. 

0083) If the bit is a bit of the primary suffix, in 404 the 
next bit or bin value is determined by performing arithmetic 
decoding based on a static probability model. Step 404 
includes Subdividing the actual probability interval accord 
ing to the Static probability estimation into two equally sized 
Subintervals, assigning the bin value to be determined to the 
bit value associated with the Subinterval in which the 
probability value indicated by the arithmetically coded bit 
Stream lies, and reducing the actual probability interval to 
that Subinterval. 

0084. The decoder repeats, 408, the steps 400 to 404 if 
there are bits left to achieve the bit values for the bits of a 

whole codeword. If there are no bits left at step 408, the 
decoding process ends at Step 410. The decoder knows when 
the binary representation of a Syntax element ends, i.e. 
which decoded bit is the last of a actual Syntax element, from 
following the respective binarization code tree, Such as the 
code tree shown in FIG. 3 in case of the syntax element 
being a absolute transform coefficient level minus 1. 

0085 FIG. 10 shows the process of recovering from the 
codeword as obtained by the process of FIG. 9 the data 
value, which has been binarized into the codeword. The bit 
values as obtained by the process of FIG. 9 form a bit stream 
450. The decoder knows, as described above, when a new 
code word is on the bit stream 450, the instance of a new 
codeword being indicated by way of a signal 452. 

0086. In a minimum extracting step 454 then a value m 
is extracted from the binary code word by counting the 
leading ones in the primary prefix of the code word, the 
count being equal to m. If m is equal to S, what is checked 
in step 456 (the value of S is known to the decoder because 
he knows which syntax element is coded by which bina 
rization scheme), in a difference extracting step 458 the bits 
following to the bits of the primary prefix from the bit stream 
450 are received, which form the primary suffix part of the 
code word. In the difference extracting step 458 the differ 
ence between the data value X to be recovered and the cut-off 
value S is recovered from the primary suffix of the code 
word in the bit stream 450. 

0087. In step 460, S is added to the difference X-S 
recovered in step 358 to obtain the value x, the value for the 
actually encoded Syntax element. 
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0088 An example for a pseudo-C code illustrating mini 
mum extraction step 454 could be: 

m = -1; fInitializing counting parameter 
for (b=0; (b-1); m++) { /Bitwise reading the leading bits of 

b=read bits(1): foodeword and, before each reading, 
if (m=S) fincrementing k, until the actually 

b=0; fread bit is zero or m=S 

0089. The Substeps performed by in difference extracting 
step 458 are shown in FIG. 11. In a step 500 the difference 
extractor counts the leading bits in the primary Suffix to 
obtain a value m. Next, k, which is 3 for motion vector 
difference and is 0 for a transform coefficient level value, is 
compared to Zero in Step 502. If k is equal to Zero, in Step 
504, m is compared to Zero in step 504. If comparison yield 
that m=0, it is deduced in step 506 that the data value x is 
equal to the cut-off value S, which is 9 in the case of motion 
vector differences and 14 in the case of transform coefficient 
levels. 

0090. If k is not equal to Zero and/or m is not equal to 
Zero, in step 508 the next k plus m following bits are read 
from the bit stream 450, i.e. the bits following the termi 
nating bit of the Secondary prefix. Thereby, a binary (k+m) 
bit long representation of A=x-S+2k (1–2") is achieved. As 
can easily gathered form this equation, A=X-S if m=0. 

0091) When a comparison of m with 0 in step 510 reveals 
that m=0, from the binary representation A the value of 
2(1-2") is subtracted to obtain the value of X-S. 
0092. In the following, reference is made to FIG. 12 to 
show, in more detail than in FIG. 1, the complete setup of 
a Video encoder engine including an entropy-encoder as it is 
shown in FIG. 12 in block 800 in which the aforementioned 
binarization and binary arithmetic coding is used. In par 
ticular, FIG. 12 shows the basic coding structure for the 
emerging H.264/AVC standard for a macroblock. The input 
Video Signal is, Split into macroblocks, each macroblock 
having 16x16 pixels. Then, the association of macroblockS 
to slice groups and Slices is Selected, and, then, each 
macroblock of each Slice is processed by the network of 
operating blocks in FIG. 12. It is to be noted here that an 
efficient parallel processing of macroblockS is possible, 
when there are various Slices in the picture. The association 
of macroblocks to Slice groups and slices is performed by 
means of a block called coder control 802 in FIG. 12. There 
exist Several slices, which are defined as follows: 

0093 Islice: Aslice in which all macroblocks of the 
Slice are coded using intra prediction. 

0094 Pslice: In addition, to the coding types of the 
I slice, Some macroblocks of the Pslice can also be 
coded using inter prediction with at most one 
motion-compensated prediction Signal per prediction 
block. 

0095 B slice: In addition, to the coding types avail 
able in a Pslice, Some macroblocks of the B slice can 
also be coded using inter prediction with two 
motion-compensated prediction signals per predic 
tion block. 
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0096. The above three coding types are very similar to 
those in previous Standards with the exception of the use of 
reference pictures as described below. The following two 
coding types for slices are new: 

0097 SP slice: A so-called switching Pslice that is 
coded such that efficient switching between different 
precoded pictures becomes possible. 

0098 SI slice: A so-called Switching I slice that 
allows an exact match of a macroblock in an SPSlice 
for random acceSS and error recovery purposes. 

0099 Slices are a sequence of macroblocks, which are 
processed in the order of a raster Scan when not using 
flexible macroblock ordering (FMO). A picture maybe split 
into one or several slices as shown in FIG. 14. A picture is 
therefore a collection of one or more Slices. Slices are 
Self-contained in the Sense that given the active Sequence 
and picture parameter Sets, their Syntax elements can be 
parsed from the bit Stream and the values of the Samples in 
the area of the picture that the slice represents can be 
correctly decoded without use of data from other Slices 
provided that utilized reference pictures are identical at 
encoder and decoder. Some information from other Slices 
maybe needed to apply the deblocking filter acroSS Slice 
boundaries. 

0100 FMO modifies the way how pictures are partitioned 
into slices and macroblocks by utilizing the concept of Slice 
groups. Each slice group is a set of macroblocks defined by 
a macroblock to Slice group map, which is specified by the 
content of the picture parameter Set and Some information 
from Slice headers. The macroblock to Slice group map 
consists of a Slice group identification number for each 
macroblock in the picture, Specifying which Slice group the 
asSociated macroblock belongs to. Each Slice group can be 
partitioned into one or more Slices, Such that a slice is a 
Sequence of macroblocks within the same Slice group that is 
processed in the order of a raster Scan within the Set of 
macroblocks of a particular slice group. (The case when 
FMO is not in use can be viewed as the Simple special case 
of FMO in which the whole picture consists of a single slice 
group.) 
0101. Using FMO, a picture can be split into many 
macroblock-Scanning patterns. Such as interleaved slices, a 
dispersed macroblock allocation, one or more “foreground' 
Slice groups and a "leftover Slice group, or a checker-board 
type of mapping. 

0102) Each macroblock can be transmitted in one of 
Several coding types depending on the Slice-coding type. In 
all Slice-coding types, the following types of intra coding are 
Supported, which are denoted as Intra 4x4 or Intra 16x16 
together with chroma prediction and I PCM prediction 
modes. 

0103) The Intra 4x4 mode is based on predicting each 
4x4 luma block Separately and is well Suited for coding of 
parts of a picture with Significant detail. The Intra 16x16 
mode, on the other hand, does prediction of the whole 16x16 
luma block and is more Suited for coding very Smooth areas 
of a picture. 
0104. In addition, to these two types of luma prediction, 
a separate chroma prediction is conducted. AS an alternative 
to Intra 4x4 and Intra 16x16, the IPCM coding type 
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allows the encoder to Simply bypass the prediction and 
transform coding processes and instead directly Send the 
values of the encoded samples. The IPCM mode serves the 
following purposes: 

0105 1. It allows the encoder to precisely represent 
the values of the Samples 

0106 2. It provides a way to accurately represent the 
values of anomalous picture content without Signifi 
cant data expansion 

0107 3. It enables placing a hard limit on the 
number of bits a decoder must handle for a macrob 
lock without harm to coding efficiency. 

0108. In contrast to some previous video coding stan 
dards (namely H.263+ and MPEG-4 Visual), where intra 
prediction has been conducted in the transform domain, intra 
prediction in H.264/AVC is always conducted in the spatial 
domain, by referring to the bins of neighboring Samples of 
previously coded blocks which are to the left and/or above 
the block to be predicted. This may incur error propagation 
in environments with transmission errors that propagate due 
to motion compensation into inter-coded macroblockS. 
Therefore, a constrained intra coding mode can be signaled 
that allows prediction only from intra-coded neighboring 
macroblockS. 

0109 When using the Intra 4x4 mode, each 4x4 block 
is predicted from Spatially neighboring samples as illustrated 
on the left-hand side of FIG. 15. The 16 samples of the 4x4 
block, which are labeled as a-p, are predicted using prior 
decoded Samples in adjacent blockS labeled as A-Q. For each 
4x4 block one of nine prediction modes can be utilized. In 
addition, to "DC" prediction (where one value is used to 
predict the entire 4x4 block), eight directional prediction 
modes are Specified as illustrated on the right-hand Side of 
FIG. 15. Those modes are suitable to predict directional 
Structures in a picture Such as edges at various angles. 
0110. In addition, to the intra macroblock coding types, 
various predictive or motion-compensated coding types are 
specified as P macroblock types. Each P macroblock type 
corresponds to a Specific partition of the macroblock into the 
block shapes used for motion-compensated prediction. Par 
titions with luma block sizes of 16x16, 16x8, 8x16, and 8x8 
Samples are Supported by the Syntax. In case partitions with 
8x8 Samples are chosen, one additional Syntax element for 
each 8x8 partition is transmitted. This Syntax element Speci 
fies whether the corresponding 8x8 partition is further 
partitioned into partitions of 8x4, 4x8, or 4x4 luma Samples 
and corresponding chroma Samples. 
0111. The prediction signal for each predictive-coded 
MxN luma block is obtained by displacing an area of the 
corresponding reference picture, which is specified by a 
translational motion vector and a picture reference index. 
Thus, if the macroblock is coded using four 8x8 partitions 
and each 8x8 partition is further split into four 4x4 parti 
tions, a maximum of Sixteen motion vectors may be trans 
mitted for a single P macroblock. 
0112 The quantization parameter SliceQP is used for 
determining the quantization of transform coefficients in 
H.264/AVC. The parameter can take 52 values. Theses 
values are arranged So that an increase of 1 in quantization 
parameter means an increase of quantization Step size by 
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approximately 12% (an increase of 6 means an increase of 
quantization step size by exactly a factor of 2). It can be 
noticed that a change of Step Size by approximately 12% also 
means roughly a reduction of bit rate by approximately 12%. 
0113. The quantized transform coefficients of a block 
generally are Scanned in a Zig-Zag fashion and transmitted 
using entropy coding methods. The 2x2 DC coefficients of 
the chroma component are Scanned in raster-Scan order. All 
inverse transform operations in H.264/AVC can be imple 
mented using only additions and bit-shifting operations of 
16-bit integer values. Similarly, only 16-bit memory 
accesses are needed for a good implementation of the 
forward transform and quantization proceSS in the encoder. 
0114. The entropy encoder 800 in FIG. 8 in accordance 
with a coding arrangement of FIG. 2. A context modeler 
feeds a context model, i.e., a probability information, to an 
arithmetic encoder, which is also referred to as the regular 
coding engine. The to be encoded bit, i.e. a bin, is forwarded 
from the context modeler to the regular coding engine. This 
bin value is also fed back to the context modeler So that a 
context model update can be obtained. A bypass branch is 
provided, which includes an arithmetic encoder, which is 
also called the bypass coding engine. The bypass coding 
engine is operative to arithmetically encode the input bin 
values. Contrary to the regular coding engine, the bypass 
coding engine is not an adaptive coding engine but works 
preferably with a fixed probability model without any con 
text adaption. A Selection of the two branches can be 
obtained by means of Switches. The binarizer device is 
operative to binarize non-binary valued Syntax elements for 
obtaining a bin String, i.e., a String of binary values. In case 
the Syntax element is already a binary value Syntax element, 
the binarizer 78 is bypassed. Therefore, in CABAC 
(CABAC=Context-based Adaptive Binary Arithmetic Cod 
ing) the encoding process consists of at most three elemen 
tary Steps: 

0115 1. binarization 
0116 2. context modeling 
0117 3. binary arithmetic coding 

0118. In the first step, a given non-binary valued syntax 
element is uniquely mapped to a binary Sequence, a So 
called bin string. When a binary valued syntax element is 
given, this initial step is bypassed, as shown in FIG. 2. For 
each element of the bin String or for each binary valued 
Syntax element, one or two Subsequent StepS may follow 
depending on the coding mode. 
0119). In the co-called regular coding mode, prior to the 
actual arithmetic coding process the given binary decision, 
which, in the Sequel, we will refer to as a bin, enters the 
context modeling Stage, where a probability model is 
Selected Such that the corresponding choice may depend on 
previously encoded Syntax elements or bins. Then, after the 
assignment of a context model the bin value along with its 
asSociated model is passed to the regular coding engine, 
where the final Stage of arithmetic encoding together with a 
Subsequent model updating takes place (see FIG. 2). 
0120 Alternatively, the bypass coding mode is chosen 
for selected bins in order to allow a speedup of the whole 
encoding (and decoding) process by means of a simplified 
coding engine without the usage of an explicitly assigned 
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model. This mode is especially effective when coding the 
bins of the primary Suffix of those Syntax elements, con 
cerning components of differences of motion vectors and 
transform coefficient levels. 

0121. In the following, the three main functional building 
blocks, which are binarization, context modeling, and binary 
arithmetic coding in the encoder of FIG. 12, along with their 
interdependencies are discussed in more detail. 
0122) In the following, several details on binary arith 
metic coding will be set forth. 
0123 Binary arithmetic coding is based on the principles 
of recursive interval Subdivision that involves the following 
elementary multiplication operation. Suppose that an esti 
mate of the probability pse (0, 0.5 of the least probable 
symbol (LPS) is given and that the given interval is repre 
sented by its lower bound L and its width (range) R. Based 
on that Settings, the given interval is Subdivided into two 
Subintervals: one interval of width 

RLPs=RxpLPs, 

0.124 which is associated with the LPS, and the dual 
interval of width RMPs=R-Rs, which is assigned to the 
most probable symbol (MPS) having a probability estimate 
of 1-ps. Depending on the observed binary decision, 
either identified as the LPS or the MPS, the corresponding 
Sub-interval is then chosen as the new current interval. A 
binary value pointing into that interval represents the 
Sequence of binary decisions processed So far, whereas the 
range of the interval corresponds to the product of the 
probabilities of those binary symbols. Thus, to unambigu 
ously identify that interval and hence the coded Sequence of 
binary decisions, the Shannon lower bound on the entropy of 
the Sequence is asymptotically approximated by using the 
minimum precision of bits Specifying the lower bound of the 
final interval. 

0.125. An important property of the arithmetic coding as 
described above is the possibility to utilize a clean interface 
between modeling and coding Such that in the modeling 
Stage, a model probability distribution is assigned to the 
given Symbols, which then, in the Subsequent coding Stage, 
drives the actual coding engine to generate a Sequence of bits 
as a coded representation of the Symbols according to the 
model distribution. Since it is the model that determines the 
code and its efficiency in the first place, it is of importance 
to design an adequate model that explores the Statistical 
dependencies to a large degree and that this model is kept 
“up to date' during encoding. However, there are significant 
model costs involved by adaptively estimating higher-order 
conditional probabilities. These costs are reduced by use of 
the binarization Schemes as described above. 

0.126 Suppose a pre-defined set T of past symbols, a 
So-called context template, and a related set C={0,..., C-1} 
of contexts is given, where the contexts are specified by a 
modeling function F. For each symbol x to be coded, a 
conditional probability p(x|F(z)) is estimated by Switching 
between different probability models according to the 
already coded neighboring Symbols Z 6. T. After encoding 
X using the estimated conditional probability p(x|F(z)) is 
estimated on the fly by tracking the actual Source Statistics. 
Since the number of different conditional probabilities to be 
estimated for an alphabet Size of m is high, it is intuitively 
clear that the model cost, which represents the cost of 
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“learning the model distribution, is proportional to the 
number of past symbols to the power of four 
0127. This implies that by increasing the number C of 
different context models, there is a point, where overfitting 
of the model may occur Such that inaccurate estimates of 
p(x|F(z)) will be the result. 
0128. This problem is solved in the encoder of FIG. 12 
by imposing two Severe restrictions on the choice of the 
context models. First, very limited context templates T 
consisting of a few neighbors of the current Symbol to 
encode are employed Such that only a Small number of 
different context models C is effectively used. 
0.129 Secondly, context modeling is restricted to selected 
bins of the binarized symbols as mentioned above and is of 
especially advantage with respect to primary prefix und 
Suffix of the motion vector differences and the transform 
coefficient levels but which is also true for other syntax 
elements. As a result, the model cost is drastically reduced, 
even though the ad-hoc design of context models under 
these restrictions may not result in the optimal choice with 
respect to coding efficiency. 

0.130 Four basic design types of context models can be 
distinguished. The first type involves a context template with 
up to two neighboring Syntax elements in the past of the 
current Syntax element to encode, where the Specific defi 
nition of the kind of neighborhood depends on the Syntax 
element. Usually, the specification of this kind of context 
model for a specific bin is based on a modeling function of 
the related bin values for the neighboring element to the left 
and on top of the current syntax element, as shown in FIG. 
13. 

0131 The second type of context models is only defined 
for certain data Subtypes. For this kind of context models, 
the values of prior coded bins (bo, b, b, ...,b) are used 
for the choice of a model for a given bin with index i. Note 
that these context models are used to Select different models 
for different internal nodes of a corresponding binary tree. 

0.132. Both the third and fourth type of context models is 
applied to residual data only. In contrast to all other types of 
context models, both types depend on context categories of 
different block types. Moreover, the third type does not rely 
on past coded data, but on the position in the Scanning path. 
For the fourth type, modeling functions are specified that 
involve the evaluation of the accumulated number of 
encoded (decoded) levels with a specific value prior to the 
current level bin to encode (decode). 
0.133 Besides these context models based on conditional 
probabilities, there are fixed assignments of probability 
models to bin indices for all those bins that have to be 
encoded in regular mode and to which no context model of 
the previous Specified category can be applied. 

0134) The above described context modeling is suitable 
for a Video compression engine Such as Video compression/ 
decompression engines designed in accordance with the 
presently emerging H.264/AVC video compression Stan 
dard. To Summarize, for each bin of a bin String the context 
modeling, i.e., the assignment of a context variable, gener 
ally depends on the to be processed data type or Sub-data 
type, the precision of the binary decision inside the bin String 
as well as the values of previously coded Syntax elements or 
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bins. With the exception of special context variables, the 
probability model of a context variable is updated after each 
usage So that the probability model adapts to the actual 
Symbol Statistics. 
0135 An specific example for a context-based adaptive 
binary arithmetic coding Scheme to which the above bina 
rization scheme could be aplied is described in: D. Marpe, 
G. Blattermann, and T. Wiegand, “Adaptive codes for 
H.26L.” ITU-T SG16/Q.6 Doc. VCEG-L13, Eibsee, Ger 
many, January 2003-07-10, which is incorporated herein by 
reference. 

0136. It is noted that the inventive binarization concept is 
not at all restricted to the use in arithmetic coding. It may be 
used advantageously also in other applications and in par 
ticular applied to data values, Such as any transform coef 
ficients or the like. Moreover, the binarization may be useful 
not only with respect to arithmetic coding but also in 
connection with other data processing Schemes. 
0.137 With respect to the bit values, bin strings, code 
words and So on, given above, it is noted that same max be 
Switched. Moreover, with respect to the primary prefix and 
suffix, the bits may be switched with respect to one of them 
and left unchanged with respect to the other. 
0.138. Depending on an actual implementation, the inven 
tive encoding/decoding and binarization/recovering meth 
ods can be implemented in hardware or in Software. There 
fore, the present invention also relates to a computer 
program, which can be stored on a computer-readable 
medium Such as a CD, a disk or any other data carrier. The 
present invention is, therefore, also a computer program 
having a program code which, when executed on a com 
puter, performs the inventive method of encoding or bina 
rizing or the inventive method of decoding or recovering 
described in connection with the above figures. 
What is claimed is: 

1. (canceled) 
2. (canceled) 
3. (canceled) 
4. (canceled) 
5. (canceled) 
6. (canceled) 
7. (canceled) 
8. (canceled) 
9. (canceled) 
10. (canceled) 
11. (canceled) 
12. (canceled) 
13. (canceled) 
14. (canceled) 
15. (canceled) 
16. (canceled) 
17. (canceled) 
18. (canceled) 
19. (canceled) 
20. Method for decoding a coded bit stream which rep 

resents a binarized representation of the data value, the 
binarized representation of the data value being a codeword 
having a primary prefix, which is a binarization of the 
minimum of the data value and a predetermined cut-off 
value in accordance with a first binarization Scheme and, if 
the data value is greater than the predetermined cut-off 
value, a primary Suffix appended to the primary prefix, the 
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primary suffix being a binarization of the difference of the 
data value minus the predetermined cut-off value in accor 
dance with a Second binarization Scheme, the method com 
prising the following Steps: 

for each bit in the codeword, 
if the bit of the codeword is part of the primary prefix, 

determining the bit by binary arithmetically decod 
ing the coded bit Stream by means of a adaptively 
varying bit value probability estimation; and 

if the bit of the codeword is part of the primary suffix, 
determining the bit by binary arithmetically decod 
ing the bit by means of a static bit value probability 
estimation, 

thereby obtaining the codeword representing the data 
value. 

21. (canceled) 
22. (canceled) 
23. (canceled) 
24. Apparatus for decoding a coded bit Stream which 

represents a binarized representation of the data value, the 
binarized representation of the data value being a codeword 
having a primary prefix, which is a binarization of the 
minimum of the data value and a predetermined cut-off 
value in accordance with a first binarization Scheme and, if 
the data value is greater than the predetermined cut-off 
value, a primary Suffix appended to the primary prefix, the 
primary suffix being a binarization of the difference of the 
data value minus the predetermined cut-off value in accor 
dance with a Second binarization Scheme, comprising: 
means for, for each bit in the codeword, 

if the bit of the codeword is part of the primary prefix, 
determining the bit by binary arithmetically decod 
ing the coded bit Stream by means of a adaptively 
varying bit value probability estimation; and 

if the bit of the codeword is part of the primary suffix, 
determining the bit by binary arithmetically decod 
ing the bit by means of a static bit value probability 
estimation, 

thereby obtaining the codeword representing the data 
value. 

25. (canceled) 
26. (canceled) 
27. Computer program having instructions for perform 

ing, when running on a computer, a method for decoding a 
coded bit stream which represents a binarized representation 
of the data value, the binarized representation of the data 
value being a codeword having a primary prefix, which is a 
binarization of the minimum of the data value and a prede 
termined cut-off value in accordance with a first binarization 
Scheme and, if the data value is greater than the predeter 
mined cut-off value, a primary Suffix appended to the 
primary prefix, the primary Suffix being a binarization of the 
difference of the data value minus the predetermined cut-off 
value in accordance with a Second binarization Scheme, the 
method comprising the following Steps: 

for each bit in the codeword, 

if the bit of the codeword is part of the primary prefix, 
determining the bit by binary arithmetically decod 
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ing the coded bit Stream by means of a adaptively 
varying bit value probability estimation; and 

if the bit of the codeword is part of the primary suffix, 
determining the bit by binary arithmetically decod 
ing the bit by means of a static bit value probability 
estimation, 

thereby obtaining the codeword representing the data 
value. 

28. The method in accordance with claim 20, wherein the 
first binarization Scheme is a truncated unary binarization 
scheme merely defined for values between Zero and the 
predetermined cut-off value. 

29. The method in accordance with claim 20, wherein the 
second binarization scheme is a k" order exponential 
Golomb binarization Scheme with k being an integer greater 
than or equal to Zero. 
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30. The method in accordance with claim 20, wherein the 
data value is the absolute value of a component of a motion 
vector difference in a precoded representation Video signal. 

31. The method in accordance with claim 20, wherein the 
cut-off value is 9. 

32. The method in accordance with claim 20, wherein the 
data value is the absolute value of a transform coefficient 
level minus 1 in a precoded representation Video signal. 

33. The method in accordance with claim 20, wherein the 
cut-off value is 15. 

35. The method in accordance with claim 20, wherein the 
adaptively varying bit value probability estimation varies in 
accordance with a predetermined context model dependent 
on past decoded bits. 
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