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(57) ABSTRACT 

Method for coding a video signal using hybrid coding, com­
prising: reducing temporal redundancy by block based 
motion compensated prediction in order to establish a predic­
tion error signal; performing quantization samples of the 
prediction error signal or on coefficients resulting from a 
transformation of the prediction error signal into the fre­
quency domain to obtain quantized values, representing 
quantized samples or quantized coefficients respectively; cal­
culating a quantization efficiency for the quantized values; 
calculating a zero efficiency for a quantization, when the 
quantized values are set to zero; selecting the higher effi­
ciency; and maintaining the quantized values or setting quan­
tized values to zero, for further proceeding, depending on the 
selected efficiency. 
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QUANTIZATION FOR HYBRID VIDEO 
CODING 

FIELD OF THE INVENTION 

[0001] The invention relates to a method of coding, coder 
and decoder involving quantization for hybrid video coding 
and data signals. 

BACKGROUND OF THE INVENTION 

[0002] Up to date standardized video coding methods are 
based on hybrid coding. Hybrid coding provides a coding step 
in the time domain and a coding step in the spatial domain. 
First, the temporal redundancy of video signals is reduced by 
using a block based motion compensated prediction between 
the image block to be coded and a reference block from an 
image that has already been transmitted determined by a 
motion vector. The remaining prediction error samples are 
arranged in blocks and are transformed into the frequency 
domain resulting in a block of coefficients. These coefficients 
are quantized and scanned according to a fixed and well­
known zigzag scanning scheme, which starts with the coeffi­
cient representing the DC value. According to a tropical rep­
resentation, this coefficient is positioned among the low 
frequency coefficients in the top left comer of a block. The 
zigzag scanning produces a one-dimensional array of coeffi­
cients, which are entropy-coded by a subsequent coder. The 
coder is optimised for an array of coefficients with decreasing 
energy. Since the order of coefficients within a block is pre­
determined and fixed, the zigzag scanning produces an array 

0 

Ikj 3 

of coefficients of decreasing energy, if the prediction error 
samples are correlated. The subsequent coding step may then 
be optimised for such a situation. For this purpose, the latest 
standard H.264/AVC proposes Context-Based Adaptive 
Binary Arithmetic Coding (CABAC) or Context-Adaptive 
Variable-Length Coding (CAVLC). However, the coding effi­
ciency of the transform is only high, if the prediction error 
samples are correlated. For samples being only marginally 
correlated in the spatial domain, the transform is less efficient. 

[0003] The spatial redundancy may be reduced by block­
wise transform coding of the resulting prediction error. For 
the purpose of transform coding, H.264/AVC applies an inte­
ger transform for coding a macro block of 16xl 6 picture ele­
ments, which is similar to the Discrete Cosine Transform. The 
size of the transform can be changed for each macro block 
between 8x8 or 4x4 picture elements, signaled by side infor­
mation. In the first case, 4 8x8 transforms and in the second 
case, 16 4x4 transforms are applied for the macroblock. 
Dependent on the size of the applied transform different 
quantizations procedures are performed. Most of the encod-

1 
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ing strategies that are applied in the official reference software 
are described in K.-P. Lim, G. Sullivan. T. Wiegand, "Text 
description of Joint Model Reference Encoding Methods and 
Decoding Concealment Methods", Joint Video Team (NT), 
doc. NT-K049, Munich, Germany, March 2004. 

[0004] In the case of an 8x8 transform the quantization is 
performed in the official reference software as follows. For 
each of the four 8x8 prediction error blocks B1 (j=0, ... , 3) of 
a macro block the transform is performed resulting in a block 
of 8x8 coefficients ckJ (k=0, ... , 63). Each coefficient is 
quantized by a scalar quantizer as shown in FIG. 1. The 
quantized coefficients c'k,1 (k=0, ... , 63, j=0, ... , 3) are 
scanned by the well known Zigzag scan starting at the DC­
coefficient resulting in a one dimensional array of 64 quan­
tized coefficients c'k,1· 

[0005] Subsequent to these coding steps, a second quanti­
zation step is performed in order to prevent that single quan­
tized coefficients unequal to zero in an 8x8 block are coded. 
The coding of these single quantized coefficients unequal to 
zero may require a high data rate and may reduce the distor­
tion only marginally. For this purpose, a value Ik,1, character­
izing the importance of the quantized coefficient, is associ­
ated to each of the 64 quantized coefficients. Three cases are 
distinguished. If a quantized coefficient has an absolute value 
of one, the value Ik,1 is dependent on the number Nk,1 of 
preceding zero coefficients. The dependency between Ik,1 and 
Nk,1 is shown in the following table 1: 

TABLE 1 

Nk. 

2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 

3 3 2 2 2 2 2 2 2 2 

Nk .. 

18 19 20 21 22 23 24 25 26 27 28 29 30 31 

0 0 0 0 0 0 0 0 

[0006] Accordingly, if a quantized coefficient has an abso­
lute value of one and there are 3 or less preceding zero 
coefficients, the value characterizing the importance of the 
corresponding quantized coefficient is set to 3. If there are 24 
or more preceding zero coefficients the value characterizing 
the importance of the corresponding coefficient is set to 0. 
[0007] For eachofthe 64 quantized coefficients C'k,1, which 
has an absolute value larger than one, Ik,1 is set to a very large 
value such as 999999. For each of the 64 quantized coeffi­
cients c'k,1, which is zero, Ik)s set to zero.All 64 values Ik,1are 
added resulting in the sum 

63 

11 = I Ik.j· 
k=O 

In the case that the sum I1 is smaller than the threshold 5, all 
quantized coefficients of the 8x8 block are set to zero and 
consequently I1 is also set to zero. 

Amazon.com, Inc., Amazon.com Services LLC - Ex. 1014, Page 000010



US 2008/0225947 Al 

[0008] After the determination of the values Ii, 12 , 13 , and 14 

of the four 8x8 prediction error blocks Bi, B2 , B3 , and B4 

these four values are added resulting in the sum IMB for the 
whole Macroblock. In the case that IMB is smaller than the 
threshold 6, all 256 quantized coefficients of the Macroblock 
are set to zero. 
[0009] In case of an 4x4 transform the quantization is per­
formed as follows. Each 8x8 prediction error block BJ (=0, .. 
. , 3) of a Macro block is divided into four 4x4 blocks PJ,, (j=0, 
... , 3, i=0, ... , 3). For each of the four 4x4 blocks, the 
transform is performed resulting in a block of 4x4 coefficients 
ck,1,; (k=0, ... , 15, j=0, ... , 3, i=0, ... 3). Each coefficient is 
quantized by a scalar quantizer as shown in FIG. 1. The 
quantized coefficients c'k,1,, of each of the four 4x4 blocks are 
zigzag scanned starting at the DC-coefficient resulting in a 
one dimensional array of 16 quantized coefficients c'k,1,,· 

[0010] Subsequent to these coding steps, a second quanti­
zation step is performed in order to prevent that single quan­
tized coefficients unequal to zero in an 8x8 block are coded. 
In this second quantization step, all 64 quantized coefficients 
of the four 4x4 blocks of the 8x8 block are taken into account. 
For the quantization purpose, a value Ik,1,, is associated to each 
of the 64 coefficients. Three cases are distinguished. If a 
quantized coefficient has an absolute value of one, the value 
Ik ; is dependent on the number N k,1,, of preceding zero coef­
fi8ients. The dependency between Ik,1,, and Nk,1,, is shown in 
the following table 2: 

TABLE2 

2 
Sep. 18,2008 

considered to be of minor relevance, in order to significantly 
reduce the data rate while at the same time the distortion 
would only be increased marginally. However, this known 
procedure is unsatisfactory. 

SUMMARY OF THE INVENTION 

[0014] Therefore, an object of the present invention is to 
provide an enhanced quantization for hybrid video coding . 
[0015] According to an aspect of the present invention a 
method is provided for coding a video signal using hybrid 
coding, comprising reducing temporal redundancy by block 
based motion compensated prediction in order to establish a 
prediction error signal, performing a quantization on the pre­
diction error signal or on coefficients resulting from a trans­
formation of the prediction error signal into the frequency 
domain to obtain quantized values, representing quantized 
samples or quantized coefficients respectively calculating a 
quantization efficiency for the quantized values calculating a 
zero efficiency for a quantization, when the quantized values 
are set to zero, selecting the higher efficiency and maintaining 
the quantized values or setting the quantized values to zero, 
for further proceeding, depending on the selected efficiency. 
[0016] Accordingly, for reducing temporal redundancy a 
prediction error signal is established by block based motion 
compensated prediction. For the coding a quantization is 
fulfilled based on this prediction error signal to obtain quan-

0 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

3 2 2 0 0 0 0 0 0 0 0 0 

[0011] For each of the 64 quantized coefficients c'k,1,,, 

which has an absolute value larger than one, Ik,1,, is set to a 
very large value such as 999999. For each of the 64 quantized 
coefficients c'k,1,,, which is zero, Ik,1,, is set to zero. All 64 
values Ik,1,, are added for each 8x8 prediction error block BJ 

resulting in the sum 

In the case that the sum IJ is smaller than the threshold 5, all 
quantized coefficients of the 8x8 block are set to zero and 
consequently IJ is also set to zero. 

[0012] After the determination of the values Ii, 12 , 13 and 14 

of the foul 8x8 prediction error blocks Bi, B2 , B3 , and B4 , 

these four values are added resulting in the sum IMB for the 
whole macroblock. In the case that IMB is smaller than the 
threshold 6, all 256 quantized coefficients of the macroblock 
are set to zero. 

[0013] Accordingly, in the case of an 8x8 transform as well 
as in the case of an 4x4 transform coefficients of prediction 
error blocks are quantized and a further quantization step is 
performed in order to prevent that single quantized coeffi­
cients unequal to zero in a 8x8 block are coded. Therefore, 
rules are given for setting some coefficients to zero, which are 

0 

tized values. This quantization can be performed directly on 
the prediction error signal resulting in first quantized samples 
in the spatial domain. According to a further possibility the 
prediction error signal is first transformed into the frequency 
domain, resulting in coefficients. Subsequently, the quantiza­
tion is performed on these coefficients, resulting in quantized 
coefficients. In a further step, the result of this quantization 
should be enhanced. I.e. some values (samples or coeffi­
cients) should be set to zero before being coded. This is useful 
for samples or coefficients respectively, that require a high 
data rate but may reduce the distortion only marginally. 
Therefore, a quantization efficiency for the quantization is 
calculated. I.e. a calculation is performed, taking into account 
the effort and the benefit of maintaining the quantized values. 
This quantization efficiency is compared with a zero effi­
ciency. The zero efficiency is calculated for the case, when the 
quantized values ( samples or coefficients respectively) are set 
to zero. I.e. comparing with a zero efficiency takes into 
account, that the effort for coding samples or coefficients 
might be small but on the other hand, there is also provided a 
disadvantage with respect to the quality of the coded signal. 

[0017] Subsequently, the quantization efficiency and the 
zero efficiency are compared to each other. Accordingly, if the 
efficiency for maintaining the quantized values of the quan­
tization is better than the efficiency for setting all the quan­
tized values to zero, than the quantized values are kept as they 
are. On the other hand, if the efficiency for setting the first 
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quantization values to zero is better, than the corresponding 
quantized values are set to zero. 
[0018] Accordingly, to proper decide whether to set all 
quantized values ( samples or coefficients) to zero or to keep 
them as they are an efficiency is calculated for both possibili­
ties. Accordingly, the invention provides an optimization of 
the quantization of samples or coefficients respectively which 
always selects the best out of two solutions with respect to an 
calculated efficiency. The method takes both possibilities to 
proceed into account and thus avoids selecting a choice, 
which is alleged to be a good choice even if the other choice 
turns out to be even better. 
[0019] According to an aspect of the present invention the 
error signal comprises macroblocks. The method for coding 
is performed for one macro block at a time. Each macro block 
is subdivided into a plurality of sub blocks. E.g. a macro block 
comprises 16xl 6 picture elements and is subdivided into four 
8x8 subblocks. The first quantization is then performed on 
each of these subblocks. If a transformation into the fre­
quency domain is involved, this is performed on the sub­
blocks before quantization. 
[0020] Subsequently, for each sub block a quantization effi­
ciency for the first quantization and a zero efficiency for a 
quantization are calculated, when all quantized values 
( samples or coefficients) are set to zero. These efficiencies are 
compared for each subblock, in order to decide if the quan­
tized values of the corresponding sub block are maintained or 
set to zero. Subsequently, an overall quantization efficiency 
for the quantization of all sub blocks of the macro block and an 
overall zero efficiency for an overall quantization when all 
values (samples or coefficients) of the macroblock are set to 
zero are calculated. These overall efficiencies for the macro b­
lock are compared and accordingly, quantized values for the 
further proceeding are determined. I.e. the quantized values 
are kept as they are, if the overall quantization efficiency is 
better than the overall zero efficiency and all the quantized 
values (samples or coefficients) are set to zero in the other 
case. 
[0021] According to an aspect of the invention the calcula­
tion of the efficiency is based on a cost function. Such a cost 
function takes negative and positive effects of the correspond­
ing quantization or setting to zero of values into account. 
[0022] According to one aspect the cost function is based 
on rate distortion costs, whereby the rate distortion costs are 
calculated depending on the required rate on the one hand and 
the resulting distortion on the other hand. The required rate 
for coding is the sum of all bits required for coding of the 
values of the corresponding block, which may include some 
bits for side information. 
[0023] A further aspect of the invention provides, that the 
rated distortion costs are based on the sum of the required rate 
and a rated distortion. Therefore, a value for each efficiency 
will be obtained by adding the required rate and the distortion, 
whereby the distortion is weighted. The weighting of the 
distortion may depend on one or more parameters such as the 
quantizer step size. Of course, the required rate can also be 
rated or the required rate can be rated instead of rating the 
distortion. 
[0024] According to an aspect of the invention the rate 
distortion costs CJ are calculated using the equation CJ=DJ+ 
L *RJ, whereby DJ represents the distortion resulting from the 
quantization, RJ represents the rate required for the coding of 
the quantized values, Lis a Lagrange parameter and the Index 
j depicts the corresponding sub block. The distortion may be 
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calculated as the sum of the squared quantization errors or the 
mean absolute quantization error. Of course, there are other 
possibilities to evaluate the distortion. 
[0025] According to one aspect of the invention the method 
provides deciding, whether to transform the prediction error 
signal into the frequency domain or to maintain the prediction 
error signal in the spatial domain. Additionally the method 
provides to check a third possibility i.e. setting the values 
(samples or coefficients) of the prediction error signal to zero. 
Accordingly, the invention according to this aspect provides 
to select between this three possibilities. This selection is 
done for each block, such as a macroblock for which a pre­
diction error signal has been generated. 
[0026] If it is selected, to set the values (samples or coeffi­
cients) of the prediction error signal to zero, i.e. of the current 
block, the result can be handled as a prediction error signal in 
the spatial domain or as a transformed prediction error signal 
in the frequency domain. 
[0027] According to one aspect of the present invention a 
coder for coding a video signal using hybrid coding is pro­
vided, comprising: means for reducing the temporal redun­
dancy by block based motion compensated prediction in 
order to establish a prediction error signal, quantization 
means for quantizing the prediction error signal in order to 
establish quantized samples or coefficients, control means 
adapted to calculate and to compare a quantization efficiency 
and a zero efficiency in order to select the quantization result­
ing in the higher efficiency and to either maintain the quan­
tized samples or quantized coefficients respectively or to set 
them to zero, depended on the selected quantization. 
[0028] According to an aspect of the present invention, a 
method for coding a video signal is provided being based on 
hybrid coding. The method comprises the steps of reducing 
temporal redundancy by block based motion compensated 
prediction in order to establish a prediction error signal, and 
deciding whether to transform the prediction error signal into 
the frequency domain, or to maintain the prediction error 
signal in the spatial domain. 
[0029] According to a corresponding aspect of the present 
invention, a coder is provided, which is adapted to apply 
hybrid coding of a video signal. The coder includes means for 
reducing the temporal redundancy by block based motion 
compensated prediction in order to establish a prediction 
error signal, and means for deciding whether to transform the 
prediction error signal into the frequency domain, orto main­
tain the prediction error signal in the spatial domain. Accord­
ing to this aspect of the invention, a concept and correspond­
ing apparatuses, signals and semantics are provided to decide 
adaptively whether to process the prediction error signal in 
the frequency or in the spatial domain. If the prediction error 
samples have only small correlation, the subsequent steps of 
coding the samples may be more efficient and they would lead 
to a reduced data rate compared to coding the coefficients in 
the frequency domain. Therefore, an adaptive deciding step 
and adaptive control means to make the decision are imple­
mented by the present invention. Accordingly, in view of the 
prediction error signal, it is decided whether to use frequency 
domain transform or to maintain the prediction error signal in 
the spatial domain. The subsequent coding mechanisms may 
be the same as for the frequency domain, or they may be 
adapted especially to the needs of the samples in the spatial 
domain. 
[0030] According to another aspect of the invention, the 
method for coding a video signal, and in particular the decid-
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ing step is based on a cost function. Generally, the decision 
whether to use the coefficients in the frequency domain or the 
samples in the spatial domain may be based on various kinds 
of deciding mechanisms. The decision may be made for all 
samples within a specific portion of a video signal at once, or 
e.g. even for a specific number of blocks, macroblocks, or 
slices. The decision may be based on a cost function, as for 
example a Lagrange function. The costs are calculated for 
both, coding in the frequency domain and coding in the spa­
tial domain. Additionally, the costs are calculated for setting 
the values to zero. The decision is made for the coding with 
lower costs. 

[0031] According to another aspect of the present inven­
tion, the cost function includes the rate distortion costs for the 
coding in the spatial and in the frequency domain. According 
to still another aspect of the invention, the rate distortion costs 
may be calculated by the required rate and the resulting dis­
tortion weighted by a Lagrange parameter. Further, the dis­
tortion measure may be the mean square quantization error or 
the mean absolute quantization error. 

[0032] According to an aspect of the present invention, the 
samples in the spatial domain may be coded by essentially the 
same methods as being used for the coefficients in the fre­
quency domain. These methods may include the CABAC or 
CAVLC coding methods. CABAC stands for context-based 
adaptive binary arithmetic coding and CAVLC stands for 
context-adaptive variable length coding. These kinds of cod­
ing are presented in the latest standard H.264/AVC. Accord­
ingly, only little or no adaption of the coding mechanisms is 
necessary, if the adaptive control means decide to switch 
between the frequency and the spatial domain. However, it 
might also be provided to use different coding schemes for the 
coefficients in the two domains. 

[0033] According to another aspect of the invention, a 
method for coding a video signal is provided, which is based 
on hybrid coding. According to this aspect of the invention, 
the temporal redundancy is reduced by block based motion 
compensated prediction, and the samples of the prediction 
error signal are provided in the prediction error block in the 
spatial domain. The samples are scanned from the prediction 
error block in order to provide an array of samples in a specific 
order. According to this aspect of the invention it is provided 
that the scanning scheme is derived from a prediction error 
image or a prediction image. The scanning scheme according 
to this aspect of the invention takes account of the effect that 
the zigzag scan according to prior art for the frequency 
domain may not be the most efficient scanning order for the 
spatial domain. Therefore, an adaptive scanning scheme is 
provided, which takes account of the distribution of the 
samples and the magnitude of the samples in the spatial 
domain. The scanning scheme may preferably be based on a 
prediction error image or a prediction image. This aspect of 
the invention takes account of the most probable positions of 
the samples having the highest magnitude and samples being 
most probably zero. As the coding gain for the frequency 
domain is mainly based on the phenomenon that the low 
frequency components have larger magnitudes, and most of 
the high frequency coefficients are zero, a very effective, 
variable code length coding scheme like CABAC or CAVLC 
may be applied. However, in the spatial domain, the samples 
having the highest magnitude may be located anywhere 
within a block. However, as the prediction error is usually the 
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highest at the edges of a moving object, the prediction image 
or the prediction error image may be used to establish the 
most efficient scanning order. 
[0034] According to an aspect of the present invention, the 
gradients of the prediction image may be used to identify the 
samples with large magnitudes. The scanning order follows 
the gradients within the prediction image in their order of 
magnitude. The same scanning order is then applied to the 
prediction error image, i.e. the samples in the prediction error 
image in the spatial domain. 
[0035] Further, according to still another aspect of the 
present invention, the scanning scheme may be based on a 
motion vector in combination with the prediction error image 
of the reference block. The scan follows the magnitudes of the 
prediction error in decreasing order. 
[0036] According to one aspect of the invention, the scan­
ning scheme is derived from a linear combination of the 
gradient of the prediction image and the prediction error 
image of the reference block in combination with a motion 
vector. 
[0037] According to another aspect of the present inven­
tion, a specific code for the coding mechanisms, as for 
example CABAC or the like is used based on separately 
determined probabilities for the coefficients in the frequency 
domain or the samples in the spatial domain. Accordingly, the 
well-known prior art coding mechanisms may be adapted at 
least slightly in order to provide the most efficient coding 
mechanism for the spatial domain. Accordingly, the switch­
ing mechanism being adaptively controlled in order to code 
either in the spatial or in the frequency domain may be further 
adapted to switch the subsequent coding steps for the samples 
or coefficients in the respective domains. 
[0038] According to an aspect of the present invention, a 
method for coding a video signal is provided including a step 
of quantising the prediction error samples in the spatial 
domain by a quantizer, which has either subjectively 
weighted quantization error optimisation or mean squared 
quantization error optimization. According to this aspect of 
the invention, the quantizer used for quantising the samples in 
the spatial domain may be adapted to take account of the 
subjectively optimal visual impression of a picture. The rep­
resentative levels and decision thresholds of a quantizer may 
then be adapted based on corresponding subjective or statis­
tical properties of the prediction error signal. 
[0039] Further, the present invention relates also to a 
decoding method and a decoding apparatus in accordance 
with the aspects set out here above. According to an aspect of 
the present invention, a decoder is provided including adap­
tive control means for adaptively deciding whether an input 
stream of a coded video signal represents the prediction error 
signal of the coded video signal in the spatial domain or in the 
frequency domain. Accordingly, the decoder according to this 
aspect of the present invention is adapted to decide for an 
incoming data stream, i.e. whether the prediction error signal 
is coded in the frequency or in the spatial domain. Further, the 
decoder provides respective decoding means for each of the 
two domains, either the spatial or the frequency domain. 
[0040] Further, according to still another aspect of the 
present invention, the decoder comprises a scan control unit 
for providing a scanning order based on a prediction signal or 
a prediction error signal. The scan control unit according to 
this aspect of the invention is adapted to retrieve the necessary 
information about the scanning order, in which the incoming 
samples of a block have been scanned during coding the video 
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signals. Further, the decoder may comprise all means in order 
to inverse quantise and inverse transform the coefficients in 
the frequency domain or to inverse quantise the samples in the 
spatial domain. The decoder may also include a mechanism to 
provide motion compensation and decoding. Basically, the 
decoder may be configured to provide all means in order to 
implement the method steps corresponding to the coding 
steps explained here above. 

[0041] According to still another aspect of the present 
invention, a data signal representing a coded video signal is 
provided, wherein the coded information of the prediction 
error signal in the data signal is partially coded in the spatial 
domain and partially coded in the frequency domain. This 
aspect of the invention relates to the coded video signal, 
which is a result of the coding mechanisms as set out above. 

[0042] Further, according to still another aspect of the 
invention, the data signal may include side information indi­
cating the domain in which a slice, a macro block, or a block 
is coded, in particular information whether a slice, a macro b­
lock or a block is coded in the spatial or in the frequency 
domain. As the adaptive control according to the present 
invention provides that the prediction error signal is either 
coded in the spatial domain or in the frequency domain, it is 
necessary to include corresponding information into the 
coded video signal. Therefore, the present invention provides 
also a specific information, which indicates the domain in 
which the specific portion, such as a slice, macroblock, or 
block has been coded. Further, this aspect of the invention 
takes also account of the possibility that a whole macroblock 
or a whole slice may be coded only in one of the two domains. 
So, if for example an entire macro block is coded in the spatial 
domain, this may be indicated by a single flag or the like. 
Further, even a whole slice may be coded only in the fre­
quency or in the spatial domain, and a corresponding indica­
tor could be included for the whole slice into the data stream. 
This results in a decreased data rate and a more efficient 
coding mechanism for the side information. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0043] The aspects of the present invention are explained 
with respect to the preferred embodiments which are eluci­
dated by reference to the accompanying drawings. 

[0044] FIG. 1 shows an illustration of the quantizer which 
is applied to the coefficients in the standard H.264/AVC 
according to the state of the art; 

[0045] FIG. 2 shows a simplified block diagram of an 
encoder according to a first aspect of the present invention; 

[0046] FIG. 3 shows a flow chart illustrating enhanced 
quantization according to one aspect of the current invention; 

[0047] FIG. 4. shows a simplified block diagram of an 
encoder implementing aspects according to the present inven­
tion: 

[0048] FIG. 5 shows a simplified block diagram of a 
decoder implementing aspects of the present invention; 

[0049] FIG. 6 shows a scanning scheme according to the 
prior art; 

[0050] FIG. 7 shows scanning schemes according to the 
present invention; 
[0051] FIG. 8 illustrates the parameters used for an opti­
mized quantizer according to the present invention; and 
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[0052] FIG. 9 shows a simplified representation of the mea­
sured mean absolute reconstruction error. 

DETAILED DESCRIPTION OF THE INVENTION 

[0053] According to FIG. 2, a prediction signal 4 is sub­
tracted from the input signal 1 to provide the prediction error 
signal 5. The prediction error signal 5 is transformed by the 
transformation block 6 into the signal 8 in the frequency 
domain. Signal 8 is quantized in block 7. The quantized signal 
20 is input to the entropy coder 13 for encoding, whereby the 
entropy coder 13 outputs the coded signal 16 to be transmit­
ted, stored, or the like. The quantized signal 20 is also inverse 
quantized in block 10, passed to block 11 to be inverse trans­
formed back into the spatial domain. Subsequently, the signal 
output of block 11 is further used for providing a subsequent 
prediction signal 4. The frame memory 22, motion compen­
sation prediction block 3, the motion estimation block 2 as 
well as block 17 for encoding the motion information is equal 
to the blocks 122, 103, 102 and 117 according to FIG. 4. 

[0054] According to the present invention, the quantization 
block 7 performs an enhanced quantization. Two general 
embodiments are described below in detail. However, the 
invention is not restricted to these embodiments. 

[0055] In both cases a prediction error signal 5 is provided, 
comprising macroblocks having 16x16 picture elements. A 
16x16 macroblock is according to one embodiment subdi­
vided in four 8x8 blocks or according to a further embodi­
ment into 16 4x4 blocks. In the first step, each 8x8 block or 
each 4x4 block respectively is transformed into the frequency 
domain by means of the transformation block 6. Accordingly, 
the signal 8 comprises transformed 8x8 blocks or 4x4 blocks 
respectively. Subsequently, a first quantization of these 8x8 
blocks or 4x4 blocks is performed within the quantization 
block 7, which further performs the enhanced quantization. 

[0056] In case of an 8x8 transformation, the method 
according to an embodiment of the invention operates as 
follows. 

[0057] For each of the four 8x8 prediction error blocks BJ 

G=0, ... , 3) of a macro block the transform and the first step 
of the quantization is performed in the same way as described 
in the state of the art. In this invention, the subsequent quan­
tization step is enhanced. 

[0058] For this purpose, the rate distortion costs C=DJ+ 
L·R are calculated for each 8x8 block. R is the required rate, 

7 7 
DJ the resulting distortion, and L a Lagrange parameter. As 
distortion measure, the sum of the squared quantization errors 
is used, but also other measures are possible, e.g. the mean 
absolute quantization error. As a Lagrange parameter L, the 
commonly used Lagrange parameter for the coder control of 
H.264/AVC is applied: L=0.85·2CQP-l2 l13

_ QP is the quanti­
zation parameter which controls the quantizer stepsize li.. 
Alternative methods for determining the rate distortion costs 
are possible. These costs are compared to the costs CJ which 
result if all quantized coefficients of the 8x8 prediction error 
block are set to zero. The quantization resulting in lower costs 
is chosen. 

[0059] After the determination of the costs C1 , C2 , C3 , and 
C4 of the four 8x8 blocks of a macro block, the sum of the four 
costs CME is calculated. This sum is compared to the costs 
which result if all quantized coefficients of the macro block 
are set to zero. Again, the quantization with lower costs is 
chosen. 
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[0060] In case of an 4x4 transformation the method accord­
ing to an embodiment of the present invention operates as 
follows. 
[0061] For each of the sixteen 4x4 prediction error blocks 
B G=0, ... , 15) of a macro block the transform and the first 
step of the quantization is performed in the same way as 
described in the state of the art. In this invention, the subse­
quent second quantization step is enhanced. 
[0062] For this purpose, the rate distortion costs C =DJ+ 
L·RJ are calculated for each 4x4 block. RJ is the required rate, 
DJ the resulting distortion, and L a Lagrange parameter. As 
distortion measure, the sum of the squared quantization errors 
is used, but also other measures are possible, e.g. the mean 
absolute quantization error. As a Lagrange parameter L, the 
commonly used Lagrange parameter for the coder control of 
H.264/AVC is applied: L=0.85·2CQP-12l13

_ QP is the quanti­
zation parameter which controls the quantizer stepsize ti.. 
Alternative methods for determining the rate distortion costs 
are possible. These costs are compared to the costs CJ which 
result if all quantized coefficients of the 4x4 prediction error 
block are set to zero. The quantization resulting in lower costs 
is chosen. 
[0063] After the determination of the costs C1 to C16 of the 
sixteen 4x4 blocks of a macroblock, the sum of the sixteen 
costs CME is calculated. This sum is compared to the costs 
which result if all quantized coefficients of the macro block 
are set to zero. Again, the quantization with lower costs is 
chosen. 
[0064] According to these embodiments, for each 8x8 
block or for each 4x4 block respectively the rate distortion 
costs are calculated and compared to the case, when all coef­
ficients of the corresponding block are set to zero. According 
to each comparison the coefficients of the corresponding 
block are either maintained or set to zero. Additionally, the 
corresponding rate distortion costs of each block are kept for 
further calculation. I.e. for each block if the coefficients are 
maintained as a result of the comparison the rate distortion 
costs corresponding to maintaining the coefficients is kept for 
further consideration, whereas the rate distortion costs for 
setting the coefficients to zero is dismissed. On the other 
hand, if the decision was to set the coefficients to zero, also the 
rate distortion costs corresponding to the choice of setting the 
coefficients to zero is kept for further consideration. 
[0065] When all four 8x8 blocks or all 16 4x4 blocks have 
been considered and a decision as described above has been 
taken, a final check on all four 8x8 blocks or all 16 4x4 blocks 
respectively will be performed. Therefore, the distortion costs 
which have been kept for further consideration are added to 
get one value. This value is compared to rate distortion costs 
for all coefficients of the current macro block being set to zero. 
[0066] FIG. 3 illustrates a method for quantization accord­
ing to one aspect of the invention. The illustrated method 
starts at step 302 providing samples of an error prediction 
signal. These signals are given in a macroblock, which is 
subdivided in sub blocks in step 304. A macro block may have 
the size of 16x 16 picture elements and may be subdivided in 
foul subblocks of the size 8x8 or in 16 subblocks of the size 
4x4. 
[0067] The method illustrated in FIG. 3 can basically be 
performed in the spatial domain or in the frequency domain. 
For computation in the frequency domain, each subblock is 
transformed into the frequency domain, resulting in a plural­
ity of coefficients. These coefficients are usually also given in 
a matrix of the same size as the corresponding subblock. I.e. 
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an 8x8 subblock or a 4x4 subblock in the spatial domain is 
transformed into the frequency domain resulting in a block of 
8x8 or 4x4 coefficients respectively. 
[0068] In step 308, a first quantization is performed either 
on the samples, if the computation is performed in the spatial 
domain or on the coefficients, if the calculation is performed 
in the frequency domain. 
[0069] The computation in step 308 results in first quan­
tized values. These first quantized values represent first quan­
tized samples, if the quantization is performed in the spatial 
domain. If the quantization is performed in the frequency 
domain, the first quantized values represent first quantized 
coefficients. The following steps of the quantization are simi­
lar for first quantized samples and first quantized coefficients. 
Accordingly, the term quantized value represents both alter­
natives. 
[0070] According to step 310, a quantization efficiency is 
calculated for the first quantized values for the current sub­
block. In step 310 there is also calculated a zero efficiency for 
the current subblock when all values of the current subblock 
are set to zero. 
[0071] In step 312 the quantization efficiency is compared 
to the zero efficiency. If the quantization efficiency is not 
higher than the zero efficiency, than all quantized values of the 
current subblock are set to zero in step 314. Otherwise, the 
quantized values are maintained as they are. 
[0072] In step 316 it is checked, whether the first optimiza­
tion according to steps 310-314 has already been performed 
for all sub blocks. Accordingly, the process is branched back 
to calculating the efficiency in step 310, if steps 310-312 have 
not yet been performed for all subblocks including the last 
subblock. If the last subblock has been reached, the first 
optimization is complete. Subsequently, an overall efficiency 
is calculated for all sub blocks of the macro block according to 
step 318. Therefore, an overall efficiency is calculated for all 
the sub blocks based on the result of the efficiency comparison 
in step 312. I.e. for each subblock the best efficiency accord­
ing to the comparison in step 312 is added to the best effi­
ciencies of the other sub blocks of the macro block in step 318. 
Additionally, an overall zero efficiency for the macro block is 
also calculated in step 318, whereby all values of the mac­
roblock are set to zero. 
[0073] The overall quantization efficiency and the overall 
zero efficiency are compared in step 320. If the overall quan­
tization efficiency is not higher than the overall zero effi­
ciency, then all quantized values of the macro block are set to 
zero in step 320. Otherwise, all quantized values are main­
tained as they are. 
[0074] Accordingly, with receiving these quantized values 
according to the comparison of step 320 illustrated in FIG. 3 
the optimization of the quantization for the current macro b­
lock is complete. The quantized values thus received may be 
transmitted to a coder e.g. an entropy coder for encoding. 
[0075] FIG. 4 shows a simplified block diagram of an 
encoder according to the present invention. Accordingly, the 
input signal 101 undergoes a motion estimation based on 
which a motion compensation prediction is carried out in 
order to provide a prediction signal 104, which is subtracted 
from the input signal 101. The resulting prediction error sig­
nal 105 is transformed into the frequency domain 106 and 
quantized by an optimised quantizer 107 for the frequency 
related coefficients. The output signal 120 of the quantizer 
107 is passed to an entropy coder 113 which provides the 
output signal 116 to be transmitted, stored, or the like. By 
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means of an inverse quantization block 110 and inverse trans­
formation block 111, the quantized prediction error signal 
120 is further used for the next prediction step in the motion 
compensated prediction block 103. The inverse quantized an 
inverse DCT transformed prediction error signal is added to 
the prediction signal and passed to frame memory 122 storing 
preceding images for the motion compensation prediction 
block 103 and the motion estimation block 102. Generally, 
the present invention suggests to use in addition to the prior 
art an adaptively controlled mechanism 115 to switch 
between the frequency and the spatial domain for transform­
ing the prediction error signal 105. The adaptive control 
means 115 produce signals and parameters in order to control 
the adaptive change between the frequency and the spatial 
domain. Accordingly, an adaptive control information signal 
121 is asserted to the two switches switching between the 
positions A and B. If the transformation is carried out in the 
frequency domain, the two switches are in position A. If the 
spatial domain is used, the switches are switched to position 
B. Further, the side information signal 121, i.e. which of the 
domains has been used for the coding procedure of a picture 
is also passed to the entropy coder 113. Accordingly, an 
appropriate information for the device is included into the 
data stream. Parallel to the frequency transform, via an alter­
native path, the prediction error signal 105 is passed to the 
quantizer 109. This quantization block 109 provides opti­
mised quantization for the prediction error signal 105 in the 
spatial domain. The quantized prediction error signal 124 in 
the spatial domain may be passed to a second inverse quan­
tization block 112 and further to the back connection to the 
motion compensation prediction block 103. Additionally, 
there is a scan control block 114 receiving either the motion 
vector 123 and the inverse quantized prediction error signal 
llS, or the prediction signal 104 via connection 119. Block 
117 serves to encode the motion information. 

[0076] The adaption control block 115 decides whether a 
block is to be coded in the frequency or in the spatial domain, 
and it generates corresponding side information to indicate 
the domain. The decision made by the adaption control means 
is based on the rate distortion costs for the coding in the 
spatial and for coding in the frequency domain. The domain 
having the lower rate distortion costs is selected for coding. 
For example, the rate distortion costs Care calculated by the 
required rate R and the resulting distortion D weighted by a 
Lagrange parameter L: C=L *R+D. As a distortion measure, 
the mean squared quantization error may be used, but also 
other measures are applicable, as for example the mean abso­
lute quantization error. As Lagrange parameter L, the com­
monly used Lagrange parameter for the coder control of 
H.264/AVC may be used L=0.85*2CCQP- 12l13l_ Alternative 
methods for determining the rate distortion costs are possible. 

[0077] Additionally to deciding whether a block is to be 
coded in the frequency or in the spatial domain, it is decided, 
whether the values (samples or coefficients) of the corre­
sponding block are all set to zero or not. This decision is also 
based on the rate distortion costs, but which are calculated for 
the case, when all values of the corresponding block are set to 
zero. Accordingly, there are at least three rate distortion costs 
calculated. I.e. the rate distortion costs for the coding in the 
spatial domain, the rate distortion costs for the coding in the 
frequency domain and the rate distortion costs for the case 
when all values are set to zero. The resulting three calculated 
costs are compared and the coding resulting in the lowest rate 
distortion costs is selected. For the case, that costs are iden-
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tical, setting all values to zero is preferred and then perform­
ing the coding in the spatial domain is preferred. 
[0078] The calculation of the rate distortion costs can be 
understood as part of the quantization and accordingly, 
according to one possibility, the calculation of the rate distor­
tion costs for the coding in the spatial domain can be per­
formed in block 109, the calculation of the rate distortion 
costs for the coding in the frequency domain can be per­
formed in the block 107 and the calculation for the case of 
setting the values to zero can be performed in the block 107 or 
in the block 109. 
[0079] According to an aspect of the invention, in particular 
when a good prediction signal 104 is expected, only coding in 
spatial domain could be performed, a coder would be used 
according to FIG. 3, whereas switches are fixed in position B 
and blocks 106, 107, 110 and 111 will not be used at all for 
this alternative. However, the quantization performed in 
block 109 will be enhanced by deciding depending on rate 
distortion costs as described above, to set values of blocks of 
the error prediction signal to zero or not. 
[0080] The adaption control 115 can alternatively control 
the coding method. This may be done for example based on 
the prediction signal or based on the correlation in the pre­
diction error, or based on the domain, the prediction error is 
coded in at a motion compensated position of already trans­
mitted frames. 
[0081] FIG. 5 shows a simplified block diagram of an archi­
tecture of a decoder according to aspects of the present inven­
tion. Accordingly, the coded video data is input to two entropy 
decoding blocks 201 and 202. The entropy decoding block 
202 decodes motion compensation information, such as 
motion vectors etc. The entropy decoding block 201 applies 
the inverse coding mechanism used in the coder, as for 
example decoding according to CABAC or CAVLC. If the 
encoder uses a different coding mechanism for the coeffi­
cients or the samples in the spatial domain, the corresponding 
decoding mechanism is to be used in the corresponding 
entropy decoding blocks. Accordingly, the entropy decoding 
block 201 produces the appropriate signals in order to switch 
between positions A and B in order to use either the appro­
priate inverse quantization path for the spatial domain, i.e. the 
inverse quantization operation block 206, or the appropriate 
blocks according to switch position A, i.e. the inverse quan­
tization block 203 and the inverse transform block 204. If the 
prediction error is represented in the frequency domain, 
inverse quantization block 203 and inverse transformation 
block 204 apply the corresponding inverse operations. As the 
samples in the spatial domain have been arranged in a specific 
order in accordance with a scan mechanism according to 
aspects of the present invention, a scan control unit 205 pro­
vides the correct order of the samples for the entropy decod­
ing block 201. If the encoding has been carried out in the 
spatial domain, the inverse transform block 204 and the 
inverse quantization block 203 are bypassed by an inverse 
quantization operation in block 206. The switching mecha­
nism, to switch between frequency and spatial domain (i.e. 
position A and B of the switches) is controlled by the side 
information sent in the bitstream and decoded by the entropy 
decoding block 201. Further, the inverse quantized signal in 
the spatial domain, or the inverse quantized and inverse trans­
formed signal in the frequency domain are summed with the 
motion compensated prediction picture in order to provide 
the decoded video signals 210. The motion compensation is 
carried out in block 209 based on previously decoded video 
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signal data (previous pictures) and motion vectors. The scan 
control unit 205 uses either the prediction image 208, or the 
prediction error signal 207 in combination with the motion 
vector 212 to determine the correct scan sequence of the 
coefficients. The scan mechanism may also be based on both 
pictures, i.e. the prediction error picture and the prediction 
picture. As explained for the coding mechanism with respect 
to FIG. 4, the scan sequence during coding may be based on 
a combination of the prediction error information 207 and the 
motion compensation vectors. Accordingly, the motion com­
pensation vectors may be passed via a path 212 to the scan 
control unit 205. Further, in correspondence to FIG. 4, there is 
a frame memory 211 storing the necessary and previously 
decoded pictures. 

[0082] FIG. 6 shows a simplified diagram in order to illus­
trate the zigzag scan order according to the prior art. Accord­
ingly, the coefficients, which are the result of a transform to 
the frequency domain (for example DCT) are arranged in a 
predetermined order as shown in FIG. 6 for a four by four 
block. These coefficients are read out in a specific order, such 
that the coefficients representing the low frequency portions 
are located in the first left positions of a one-dimensional 
array. The more on the bottom right of the array, the higher the 
corresponding frequencies of the coefficients. As blocks to be 
coded often contain substantial low frequency coefficients, 
the high frequency coefficients, or at least a majority of high 
frequency coefficients are zero. This situation can effectively 
be used to reduce the data to transmit it by for example 
replacing large sequence of zeros by a single information 
about the number of zeros. 
[0083] FIG. 7 shows a simplified illustrative example for a 
scan mechanism according to an aspect of the present inven­
tion. FIG. 7(a) shows the magnitude of the gradients in the 
prediction image for one block. The values in each position of 
the block represent the gradient of the prediction image of the 
current block. The gradient itself is a vector consisting of a 
two components representing the gradient in horizontal and 
vertical direction. Each component may be determined by the 
difference of the two neighbouring samples or it may be 
determined by the well-known Sobel-operator taking six 
neighbouring samples into account. The magnitude of the 
gradient is the magnitude of the vector. If two values have the 
same magnitude, a fixed or predetermined scan order may be 
applied. The scanning order follows the magnitude of the 
gradient values in the block as indicated by the dotted line. 
Once the scanning order within the gradient prediction image 
is established, the same scanning order is applied to the quan­
tized prediction error samples, which are shown in FIG. 7(b ). 
If the quantized samples in the spatial domain of the block 
shown in FIG. 7 ( b) are arranged in a one-dimensional array as 
indicated on the left side of FIG. 7(b) in accordance with the 
scanning order established based on the magnitude of the 
gradients in the prediction image, the samples having a high 
value are typically arranged first in the array, i.e. in the left 
positions. The right positions are filled with zeros as indicated 
in FIG. 7(b). 

[0084] Instead of a scan controlled by the gradient, also 
other scans as e.g. a predefined scan or a scan controlled by 
the quantized prediction error of already transmitted frames 
in combination with a motion vector, or combinations thereof 
can be applied (the scan control relates to blocks 114 or 205 
as explained with respect to FIG. 4 and FIG. 5). In the case of 
a scan controlled by the prediction error signal in combina­
tion with a motion vector, the scan follows the magnitudes of 
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the quantized prediction error samples of the block, the 
motion vector of the current block refers to, in decreasing 
order. 
[0085] If the motion vector points to fractional sample posi­
tions, the required quantized prediction error samples may be 
determined using an interpolation technique. This may be the 
same interpolation technique as used for the interpolation of 
the reference image in order to generate the prediction 
samples. 
[0086] In the case the scan is controlled by the combination 
of the prediction image and the prediction error image in 
combination with a motion vector, linear combinations of the 
magnitudes of the gradients and of the quantized prediction 
error samples of the block, the motion vector of the current 
block refers to, are calculated. The scan follows the values of 
these linear combinations. In addition, the method for the 
scan determination can be signalled for segments of the 
sequence, e.g. for each frame or for each slice or for a group 
of blocks. According to the typical standard processing, the 
motion compensation vectors are already considered, while 
the prediction image is determined. 
[0087] According to another aspect of the present inven­
tion, the scanning order may also be based on the prediction 
error picture in combination with a motion vector. Further, 
combinations of the gradient principle as explained above and 
the prediction error picture are conceivable. 
[0088] FIG. 8 shows a simplified illustration being useful to 
illustrate the definition of an optimised quantizer according to 
aspects of the present invention. Accordingly, the three 
parameters a, b, and c are the parameters used to adapt the 
quantizer. According to the standard H.264/AVC, rate distor­
tion optimised quantizers for the coefficients with two differ­
ent distortion measures are applied. The first measure is the 
mean squared quantization error, the second is the subjec­
tively weighted quantization error. According to the H.264/ 
AVC standard, two quantizers for the prediction error 
samples are developed. Since the distribution of the predic­
tion error is close to a Laplacian distribution, scalar a dead­
zone plus uniform threshold quantizer is used in the case of 
mean squared quantization error optimisation. FIG. 5 illus­
trates the parameters a, b, and c of the quantization and 
inverse quantization. 
[0089] Table 3 shows the parameters a, b, and c, which may 
be advantageously used for the commonly used QPs (Quan­
tization Parameter) in the H.264/AVC coding scheme. The 
parameters a, b, c are the respective optimised parameters for 
mean square quantization error optimisation. However, this is 
only an example, and different or additional parameters may 
be useful for different applications. 

TABLE3 

Mean squared 
quantization Subjectively weighted 

error quantization error 
012timisation optimisation 

QP a b C r1 r2 Y3 Y4 Y5 

23 9.6 1.6 2.7 0 11 28 46 66 
26 14.8 1.4 4.8 0 14 36 58 110 
29 22.2 1.4 6.9 0 20 54 92 148 
32 30.2 1.4 9.3 0 28 76 130 220 

[0090] For subjectively weighted quantization error opti­
misation, a non-uniform quantizer is proposed withrepresen-
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tative levels r,, -r, and decision thresholds in the middle of 
adjacent r, which are also shown in table 3. Iflarge prediction 
errors occur at the edges, visual masking may be exploited. 
Accordingly, large quantization errors may be allowed at the 
edges and small ones if the image signal is flat. H.264/AVC 
may use more than 4 QPs as shown in Table 3. Then Table 3 
has to be extended. H.264/AVC may use 52 different QPs. 
The basic idea for determining the appropriate representative 
values r,, -r, is explained here below with respect to FIG. 9. 
[ 0091] FIG. 9 shows a simplified representation of the mea­
sured mean absolute reconstruction error of a picture element 
in the case of the subjectively weighted quantization in the 
frequency domain in FIG. 9(a) and in the spatial domain in 
FIG. 9(b ). The measured mean absolute reconstruction error 
of subjectively weighted quantization in the frequency 
domain is shown as a function of the absolute value of the 
prediction error. For the absolute reconstruction error of sub­
jectively weighted quantization in the spatial domain, the 
representation levels r, are adjusted such that the mean abso­
lute reconstruction error is the same for quantization in the 
frequency and spatial domain with respect to the quantization 
intervals in the spatial domain. Just as an example, the values 
ri, r2 , r3 , and r4 for QP=26 as indicated in table 3 are also 
present in FIG. 9( b) As a rule of thumb, a representative levels 
r, is approximately doubled if the value QP increases by 6. 
The quantizer design can also exploit other features of the 
visual system. Furthermore, quantizers can be used to create 
a quantization error with properties different to those of the 
H.264/AVC quantizers. 
[0092] Entropy Coding of the Quantized Samples in the 
Spatial Domain 
[0093] According to an aspect of the present invention, 
entropy coding in the spatial domain may be based on the 
same methods as for the quantized coefficients in the fre­
quency domain. For the H.264/AVC standard, two preferred 
entropy coding methods are CABAC and CAVLC. However, 
according to this aspect of the present invention, instead of 
coding the quantized coefficients in the frequency domain, 
quantized samples in the spatial domain are coded by the 
above mentioned methods. As explained above, the scanning 
order may be changed in order to provide the same data 
reduction as for the frequency domain. As set out above, the 
scan in the spatial domain may be controlled by the magni­
tude of the gradient of the prediction image signal at the same 
spatial position. According to this principle, the samples to be 
coded are arranged in an order of decrease in gradients, as 
already explained with respect to FIGS. 7(a) and (b). Other 
scan mechanisms may also be applied as set out above. Fur­
ther, separate codes, which means separate probability mod­
els in the case of CABAC, may be used for the spatial domain 
according to aspects of the present invention. The code and in 
the case ofCABAC the initialisation of the probability mod­
els may be derived from the statistics of the quantized 
samples. The context modelling in the spatial domain may be 
done in the same way as in the frequency domain. 
[0094] Coding of the Side Information 
[0095] The adaptive control means explained with respect 
to FIG. 4 generates the information relating to the domain, in 
which a block is to be coded. The block size may be four by 
four or eight by eight picture elements according to the size of 
the transform. However, according to different aspects of the 
present invention, other block sizes independent of the size of 
the transform may be applied. According to an aspect of the 
present invention, the side information includes specific flags, 
which indicate whether the coding mechanism has adaptively 
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been changed during coding. If for example all blocks of a 
slice are coded in the frequency domain, this may be indicated 
by a specific bit in the coded video data signal. This aspect of 
the invention may also relate to the blocks of a macro block, 
which may all be coded in each of the two domains, or only in 
one domain. Further, the concept according to the present 
aspect of the invention may be applied to macro blocks and 
information may be included in the data stream which indi­
cates whether at least one block of a macro block is coded in 
the spatial domain. Accordingly, the flag Slice_FD_SD_cod­
ing_flag may be used to indicate whether all blocks of the 
current slice are coded in the frequency domain, or whether at 
least one block is coded in the spatial domain. This flag may 
be coded by a single bit. If at least one block of the slice is 
coded in the spatial domain, this may be indicated by the flag 
MB_FD_SD_coding_flag for each individual macroblock of 
the current slice, if all the blocks of the current macro block 
are coded in the frequency domain, or if at least one block is 
coded in the spatial domain. This flag may be coded condi­
tioned on the flags of the already coded neighbouring blocks 
to the top and to the left. If the last one of a macro block is 
coded in the spatial domain, this may be indicated by the flag 
FD_or_SD-Flag for each block of the macroblock to be 
coded, if the current block is coded in the frequency or in the 
spatial domain. This flag may be coded conditioned on the 
flags of the already coded neighbouring blocks to the top and 
to the left. Alternatively, the side information may also be 
coded conditioned by the prediction signal or the prediction 
error signal in combination with a motion vector. 
[0096] Syntax and Semantics 

[0097] According to this aspect of the present invention, an 
exemplary syntax and semantics allowing the incorporation 
of the aspects of the present invention into the H.264/AVC 
coding scheme is presented. Accordingly, the flag Slice_FD_ 
SD_coding_flag may be introduced in the slice_header as 
shown in table 4. The flag MB_FD_SD_coding_flag may be 
sent in each macroblock_layer as shown in table 5. In the 
residual_block_cabac it may be signalled by the flag FD_or_ 
SD_flag if the frequency domain coding or spatial domain 
coding is supplied for the current block, this is shown in table 
6 here below. A similar scheme may be applied in other video 
coding algorithms for the prediction error coding. 

TABLE4 

slice_header( ) { C 

Slice_FD_SD_coding_flag 2 

TABLES 

Macroblock_layer() { 

If (Slice_FD_SD_coding_flag -- 1) { 
MD_FD_SD_coding_flag 

Descriptor 

u(l) 

C Descriptor 

2 u(l), ae(v) 
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TABLE6 

residual_block_cabac { 

If (Slice_FD_SD_coding_flag -- 1 && 
MB_FD_SD_Coding_flag--1) { 

C Descriptor 

FD_or_SD_flag ¾ u(l), ae(v) 
If(FD_or_SD_flag--1)} 

Code_Prediction_error_in_spatial_domain 
} 
else { 

Code_Prediction_error_in_frequency _domain 

I claim: 

1. A method for coding a video signal using hybrid coding, 
comprising: 

reducing temporal redundancy by block based motion 
compensated prediction in order to establish a prediction 
error signal; 

performing quantization on samples of the prediction error 
signal or on coefficients resulting from a transformation 
of the prediction error signal into the frequency domain 
to obtain quantized values, representing quantized 
samples or quantized coefficients respectively; 

calculating a quantization efficiency for the quantized val­
ues; 

calculating a zero efficiency for a quantization, when the 
quantized values are set to zero; 

selecting the higher efficiency; and 

maintaining the quantized values or setting quantized val­
ues to zero, for further proceeding, depending on the 
selected efficiency. 

2. The method according to claim 1, wherein the prediction 
error signal comprises macroblocks, which are subdivided 
into a plurality of sub blocks, whereby the first quantization is 
performed on the samples of a subblock or the coefficients 
resulting from a transformation of the prediction error signal 
of a subblock into the frequency domain respectively, 
whereby the calculation of the efficiencies, selecting the effi­
ciency and maintaining the quantized values or setting them 
to zero is performed for each sub block, further comprising the 
steps of 

calculating an overall quantization efficiency for the quan­
tization of all sub blocks of one macroblock; 

calculating an overall zero efficiency for a quantization, 
when all samples or coefficients respectively of the mac­
ro block are set to zero; 

selecting the higher efficiency; and 

maintaining the quantized values corresponding to the 
macroblock or setting them to zero, depending on the 
selected efficiency of the macroblock. 

3. The method according to claim 1, wherein the calculat­
ing of the efficiency is based on a cost function. 
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4. The method according to claim 3, wherein the cost 
function is based on rate distortion costs, whereby the rate 
distortion costs are calculated depending on the required rate 
and the resulting distortion. 

5. The method according to claim 4, wherein the rate dis­
tortion costs are based on the sum of the distortion and the 
weighted required rate. 

6. The method according to claim 5, wherein the rate dis­
tortion costs CJ are calculated using the equation CJ=DJ+L *Ri' 
whereby DJ represents the distortion resulting from the quan­
tization, RJ represents the rate required for quantization, L is 
a Lagrange parameter and the Index j depicts the correspond­
ing subblock. 

7. The method according to claim 4, wherein the distortion 
is the sum of the squared quantization errors or the mean 
absolute quantization error. 

8. The method according to claim 2, whereby the overall 
quantization efficiency of the macro block is the sum of the 
selected efficiencies of each sub block. 

9. A method for coding a video signal using hybrid coding, 
comprising: 

reducing temporal redundancy by block based motion 
compensated prediction in order to establish a prediction 
error signal, for further encoding selecting one of 

transforming the prediction error signal into the frequency 
domain, 

maintaining the prediction error signal in the spatial 
domain, or 

setting the values of the prediction error signal to zero. 
10. The method according to claim 9, wherein the step of 

selecting is based on a cost function. 
11. The method according to claim 9, wherein the cost 

function includes the rate distortion costs for the coding in the 
spatial domain, the coding in the frequency domain and the 
setting of the values of the prediction error signal to zero. 

12. The method according to claim 11, wherein the rate 
distortion costs are based on the sum of the distortion and the 
weighted required rate. 

13. The method according to claim 12, wherein the rate 
distortion costs CJ are calculated using the equation CJ=DJ+ 
L *Ri' whereby DJ represents the distortion resulting from the 
quantization, RJ represents the rate required for quantization, 
L is a Lagrange parameter and the Index j depicts the corre­
sponding subblock. 

14. The method according to claim 12, wherein the distor­
tion is the sum of the squared quantization errors or the mean 
absolute quantization error. 

15. The method according to claim 9 wherein the samples 
in the spatial domain are coded by the same method as the 
coefficients in the frequency domain. 

16. The method of claim 15, wherein the coding of the 
coefficients is carried out according to CABAC or CAVLC. 

17. The method of claim 9, wherein a specific code for 
CABAC is used having separate probabilities for the spatial 
domain. 

18. The method of claim 9, wherein a specific code for 
CAVLC is used for the spatial domain. 

19. The method of claim 9, comprising further quantising 
the prediction error samples by a quantizer having subjec­
tively weighted quantization error optimization or mean 
squared error optimization in the spatial domain. 

20. The method of claim 9, whereby in the case of main­
taining the prediction error signal in the spatial domain, addi­
tionally 
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scanning the samples provided in a prediction error block 
to provide an array of samples in a specific order, 
wherein the scanning scheme is derived from a predic­
tion error image or a prediction image. 

21. The method of claim 20, wherein the scanning scheme 
is derived from the gradient of the prediction image. 

22. The method of claim 20, wherein the scanning scheme 
is based on a motion vector in combination with the predic­
tion error image of the reference block. 

23. The method of claim 20, wherein the scanning scheme 
is derived from a linear combination of the gradient of the 
prediction image and the prediction error image of the refer­
ence block in combination with a motion vector. 

24. A method for decoding a video signal using hybrid 
coding, comprising: decoding coded video data effectively in 
the frequency or the spatial domain, in accordance with the 
coding mechanism used for coding the video signal data. 

25. The decoding method of claim 24, wherein the posi­
tions of the prediction error signal samples received in a 
one-dimensional array are assigned to locations in a two­
dimensional arrangement are determined based on a previ­
ously received prediction error signal or prediction image. 

26. Data signal representing a coded video signal, compris­
ing coded information of a prediction error signal being par­
tially coded in the spatial domain and partially coded in the 
frequency domain. 

27. The data signal according to claim 26, comprising 
information relating to the domain in which a slice, a mac­
roblock, or a block of a macroblock is coded, in particular 
information whether a slice, macro block, or block is coded in 
the spatial or in the frequency domain. 

28. The data signal of claim 27, comprising a slice_fd_sd_ 
coding_flag, a mb_fd_sd_coding_flag, and/or a fd_sd_flag 
information relating to the coding used for a slice, a macro b­
lock, or a block, respectively. 
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29. Coder for coding a video signal using hybrid coding, 
comprising: 

means for reducing the temporal redundancy by block 
based motion compensated prediction in order to estab­
lish a prediction error signal, 

quantization means for quantizing the prediction error sig­
nal in order to establish quantized samples or coeffi­
cients, 

control means adapted to calculate and compare a quanti­
zation efficiency and a zero efficiency in order to select 
a higher efficiency and to either maintain the quantized 
samples or quantized coefficients respectively or to set 
them to zero, depending on the selected efficiency. 

30. The coder according to claim 29, further comprising: 
transformation means for transforming picture elements of 

the prediction error signal from the spatial domain into 
the frequency domain. 

31. Coder for coding a video signal using hybrid coding, 
comprising: 

means for reducing the temporal redundancy by block 
based motion compensated prediction in order to estab­
lish a prediction error signal, and 

adaptive control means for selecting one of 
transforming the prediction error signal into the fre­

quency domain and coding the resulting coefficients, 
maintaining the prediction error signal in the spatial 

domain and coding the samples, or 
setting the prediction error signal to zero. 

3 2. Decoder for decoding a video signal being coded by use 
of hybrid coding, comprising adaptive control means for 
adaptively deciding whether an input stream of a coded video 
signal represents the prediction error signal of the coded 
video signal in the spatial domain or in the frequency domain. 

* * * * * 
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