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1

QUANTIZATION FOR HYBRID VIDEO
CODING

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue; a claim printed with strikethrough
indicates that the claim was canceled, disclaimed, or held
invalid by a prior post-patent action or proceeding.

FIELD OF THE INVENTION

The 1nvention relates to a method of coding, coder and
decoder 1nvolving quantization for hybrid video coding and
data signals.

BACKGROUND OF THE INVENTION

Up to date standardized video coding methods are based
on hybrid coding. Hybrid coding provides a coding step 1n
the time domain and a coding step 1n the spatial domain.
First, the temporal redundancy of video signals 1s reduced by
using a block based motion compensated prediction between
the 1mage 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 1n blocks and are transformed into the frequency
domain resulting in a block of coeflicients. These coetli-
cients are quantized and scanned according to a fixed and
well-known zigzag scanning scheme, which starts with the
coellicient representing the DC value. According to a typical
representation, this coeflicient 1s positioned among the low
frequency coeflicients in the top left corner of a block. The
z1gzag scanning produces a one-dimensional array of coel-
ficients, which are entropy-coded by a subsequent coder.
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ments, which 1s 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
information. In the first case, 4 8x8 transforms and 1n the
second case, 16 4x4 transforms are applied for the macro-
block. Dependent on the size of the applied transform
different quantizations procedures are performed. Most of
the encoding strategies that are applied in the official refer-
ence software are described 1in K.-P. Lim, G. Sullivan, T.
Wiegand, “Text description of Joint Model Reference
Encoding Methods and Decoding Concealment Methods”,

Joint Video Team (JV'T), doc. IVT-K049, Munich, Germany,
March 2004.

In the case of an 8x8 transform the quantization 1s
performed 1n the oflicial reference software as follows. For
each of the four 8x8 prediction error blocks B, j=0, . . ., 3)
of a macroblock the transform 1s performed resulting 1n a

block of 8x8 coethicients ¢, ; (k=0, . . ., 63). Each coeflicient

1s quantized by a scalar quantizer as shown in FIG. 1. The
quantized coethcients ¢, ; (k=0, ..., 63,;=0, ..., 3) are
scanned by the well known Zigzag scan starting at the
DC-coeflicient resulting in a one dimensional array of 64
quantized coethcients ¢'; .

Subsequent to these coding steps, a second quantization
step 1s performed 1n order to prevent that single quantized
coellicients unequal to zero 1n an 8x8 block are coded. The
coding of these single quantized coellicients unequal to zero
may require a high data rate and may reduce the distortion
only marginally. For this purpose, a value I, characterizing
the importance of the quantized coellicient, 1s associated to
cach of the 64 quantized coeflicients. Three cases are dis-
tinguished. If a quantized coellicient has an absolute value of
one, the value I, 1s dependent on the number N, of
preceding zero coetlicients. The dependency between [, ;and
N, ; 1s shown 1n the following table 1:

TABLE 1
Ny,
0 1 3 4 5 6 7 8 9 10 11 12 13 14 15
L; 3 3 302 2 2 2 2 2 2 2 1 1 11
Ny,
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31

The coder 1s optimised for an array of coetlicients with
decreasing energy. Since the order of coeflicients within a
block 1s predetermined and fixed, the zigzag scanning pro-
duces an array of coeflicients of decreasing energy, ii 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 Con-
text-Based Adaptive Binary Arithmetic Coding (CABAC) or
Context-Adaptive Variable-Length Coding (CAVLC). How-

50

55

ever, the coding efliciency of the transform 1s only high, 1f 4

the prediction error samples are correlated. For samples
being only marginally correlated in the spatial domain, the
transform 1s less eflicient.

The spatial redundancy may be reduced by blockwise
transform coding of the resulting prediction error. For the
purpose of transtorm coding, H.264/AVC applies an integer
transform for coding a macroblock of 16x16 picture ele-

65

Accordingly, 11 a quantized coellicient has an absolute
value of one and there are 3 or less preceding zero coetli-
cients, the value characterizing the importance of the cor-
responding quantized coellicient 1s set to 3. If there are 24 or
more preceding zero coeflicients the value characterizing the
importance of the corresponding coetlicient 1s set to 0.

For each of the 64 quantized coethicients ¢'; ;, which has
an absolute value larger than one, I, ; 1s set to a very large
value such as 999999. For each of the 64 quantized coetli-
cients ¢';_, which 1s zero, I ; 1s set to zero. All 64 values I, ,
are added resulting in the sum

63
=)L
k=0
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In the case that the sum I, 1s smaller than the threshold 5, all
quantized coetlicients of the 8x8 block are set to zero and
consequently I, 1s also set to zero.

After the determination of the values 1, I,, I3, and I, of the
four 8x8 prediction error blocks B,, B,, B;, and B, these
four values are added resulting 1n the sum I, for the whole
Macroblock. In the case that I, 5 1s smaller than the thresh-
old 6, all 256 quantized coeflicients of the Macroblock are
set 1o zero.

In case of an 4x4 transform the quantization 1s performed
as follows. Each 8x8 predication error block B, (=0, . . .,

3) of a Macroblock 1s divided into four 4x4 blocks P,

st

=0, ...,3,1=0, ..., 3). For each of the four 4x4 blocks,
the transform 1s performed resulting in a block of 4x4
coetlicients Crj (k=0,...,15,1=0,...,3,1=0, ... 3). Each
coellicient 1s quantized by a scalar quantizer as shown 1n
FIG. 1. The quantized coetlicients ¢, ;; of each of the four
4x4 blocks are zigzag scanned starting at the DC-coetlicient
resulting 1n a one dimensional array of 16 quantized coet-
ficients ¢'; ; ..

Subsequent to these coding steps, a second quantization
step 1s performed 1n order to prevent that single quantized
coellicients unequal to zero 1mn an 8x8 block are coded. In
this second quantization step, all 64 quantized coeflicients of
the four 4x4 blocks of the 8x8 block are taken into account.
For the quantization purpose, a value I, 1s associated to
cach of the 64 coeflicients. Three cases are distinguished. If
a quantized coeflicient has an absolute value of one, the
value I, ;; 1s dependent on the number N, ., of preceding
zero coetlicients. The dependency between I, ; and N, 1s
shown 1n the following table 2:

TABLE 2

N

o 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

32211 1 00 OO0 O O O O 0 O

Ik,j,z’

For each of the 64 quantized coethicients ¢’ ; ;, which has
an absolute value larger than one, I, 1s set to a very large
value such as 999999. For each of the 64 quantized coetli-
cients ¢, , , which 1s zero, I ., 1s set to zero. All 64 values
I,,, are added for each 8x8 prediction error block B,
resulting in the sum

15

3
=) > L

1=0 £=0

In the case that the sum I, 1s smaller than the threshold 5, all
quantized coetlicients of the 8x8 block are set to zero and
consequently I 1s also set to zero.

After the determination of the values I,, I, I, and I, of the
four 8x8 prediction error blocks B,, B,, B;, and B,, these
four values are added resulting 1n the sum I, for the whole
macroblock. In the case that I, 1s smaller than the threshold
6, all 256 quantized coeflicients of the macroblock are set to
Zero.

Accordingly, in the case of an 8x8 transform as well as 1n
the case of an 4x4 transform coethlicients of prediction error
blocks are quantized and a further quantization step 1s
performed 1n order to prevent that single quantized coetli-
cients unequal to zero 1n a 8x8 block are coded. Therelore,
rules are given for setting some coellicients to zero, which
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4

are considered to be of minor relevance, in order to signifi-
cantly reduce the data rate while at the same time the
distortion would only be increased marginally. However,
this known procedure 1s unsatisfactory.

SUMMARY OF THE INVENTION

Therefore, an object of the present invention 1s to provide
an enhanced quantization for hybrid video coding.

According to an aspect of the present invention a method
1s provided for coding a video signal using hybrid coding,
comprising reducing temporal redundancy by block based
motion compensated prediction 1n order to establish a pre-
diction error signal, performing a quantization on the pre-
diction error signal or on coeflicients resulting from a
transformation of the prediction error signal into the fre-
quency domain to obtain quantized values, representing
quantized samples or quantized coelilicients respectively
calculating a quantization efliciency for the quantized values
calculating a zero efliciency for a quantization, when the
quantized values are set to zero, selecting the higher efhi-
ciency and maintaining the quantized values or setting the
quantized values to zero, for further proceeding, depending
on the selected ethiciency.

Accordingly, for reducing temporal redundancy a predic-
tion error signal 1s established by block based motion
compensated prediction. For the coding a quantization is
fulfilled based on this prediction error signal to obtain
quantized 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 1s first trans-
formed 1nto the frequency domain, resulting 1n coetlicients.
Subsequently, the quantization 1s performed on these coet-
ficients, resulting 1n quantized coetlicients. In a further step,
the result of this quantization should be enhanced. I.e. some
values (samples or coeflicients) should be set to zero before
being coded. This 1s useful for samples or coeflicients
respectively, that require a high data rate but may reduce the
distortion_only marginally. Therefore, a quantization etli-
ciency for the quantization 1s calculated. I.e. a calculation 1s
performed, taking into account the effort and the benefit of
maintaining the quantized values. This quantization efli-

ciency 1s compared with a zero efliciency. The zero efli-
ciency 1s calculated for the case, when the quantized values
(samples or coeflicients respectively) are set to zero. l.e.
comparing with a zero efliciency takes into account, that the
effort for coding samples or coeflicients might be small but
on the other hand, there 1s also provided a disadvantage with
respect to the quality of the coded signal.

Subsequently, the quantization efficiency and the zero
efliciency are compared to each other. Accordingly, if the
efliciency for maintaining the quantized values of the quan-
tization 1s better than the efliciency for setting all the
quantized values to zero, than the quantized values are kept
as they are. On the other hand, 11 the efliciency for setting the
first quantization values to zero 1s better, than the corre-
sponding quantized values are set to zero.

Accordingly, to proper decide whether to set all quantized
values (samples or coeflicients) to zero or to keep them as
they are an efliciency 1s calculated for both possibilities.
Accordingly, the invention provides an optimization of the
quantization of samples or coeflicients respectively which
always selects the best out of two solutions with respect to
an calculated efliciency. The method takes both possibilities
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to proceed 1nto account and thus avoids selecting a choice,
which 1s alleged to be a good choice even if the other choice
turns out to be even better.

According to an aspect of the present invention the error
signal comprises macroblocks. The method for coding 1s
performed for one macroblock at a time. Each macroblock
1s subdivided into a plurality of subblocks. E.g. a macrob-
lock comprises 16x16 picture elements and 1s subdivided
into four 8x8 subblocks. The first quantization 1s then
performed on each of these subblocks. If a transformation
into the frequency domain 1s ivolved, this 1s performed on
the subblocks before quantization.

Subsequently, for each subblock a quantization efliciency
for the first quantization and a zero efliciency for a quanti-
zation are calculated, when all quantized values (samples or
coellicients) are set to zero. These efliciencies are compared
for each subblock, 1n order to decide 1f the quantized values
of the corresponding subblock are maintained or set to zero.
Subsequently, an overall quantization etliciency for the
quantization of all subblocks of the macroblock and an
overall zero efliciency for an overall quantization when all
values (samples or coetlicients) of the macroblock are set to
zero are calculated. These overall efliciencies for the mac-
roblock 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
efliciency 1s better than the overall zero efliciency and all the
quantized values (samples or coellicients) are set to zero 1n
the other case.

According to an aspect of the invention the calculation of
the efliciency 1s based on a cost function. Such a cost
function takes negative and positive eflects of the corre-
sponding quantization or setting to zero of values into
account.

According to one aspect the cost function 1s based on rate
distortion costs, whereby the rate distortion costs are calcu-
lated depending on the required rate on the one hand and the
resulting distortion on the other hand. The required rate_for
coding 1s the sum of all bits required for coding of the values
of the corresponding block, which may include some bits for
side information.

A tfurther aspect of the invention provides, that the rated
distortion costs are based on the sum of the required rate and
a rated distortion. Theretfore, a value for each efliciency will
be obtained by adding the required rate and the distortion,
whereby the distortion 1s 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 1nstead of rating the
distortion.

According to an aspect of the invention the rate distortion
costs C, are calculated using the equation C=D+L*R,
whereby D, represents the distortion resulting from the
quantization, R represents the rate required for the coding of
the quantized values, L 1s a Lagrange parameter and the
Index 1 depicts the corresponding subblock. The distortion
may be 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.

According to one aspect of the invention the method
provides deciding, whether to transform the prediction error
signal 1nto the frequency domain or to maintain the predic-
tion error signal in the spatial domain. Additionally the
method provides to check a third possibility 1.e. setting the
values (samples or coellicients) of the prediction error signal
to zero. Accordingly, the mnvention according to this aspect
provides to select between this three possibilities. This
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6

selection 1s done for each block, such as a macroblock for
which a prediction error signal has been generated.

[T 1t 1s selected, to set the values (samples or coetlicients)
of the prediction error signal to zero, 1.e. of the current block,
the result can be handled as a prediction error signal 1n the
spatial domain or as a transformed prediction error signal 1n
the frequency domain.

According to one aspect of the present invention a coder
for coding a video signal using hybrid coding 1s provided,
comprising: means for reducing the temporal redundancy by
block based motion compensated prediction 1 order to
establish a prediction error signal, quantization means for
quantizing the prediction error signal in order to establish
quantized samples or coetlicients, control means adapted to
calculate and to compare a quantization efliciency and a zero
efliciency 1n order to select the quantization resulting in the
higher efliciency and to either maintain the quantized
samples or quantized coeflicients respectively or to set them
to zero, depended on the selected quantization.

According to an aspect of the present invention, a method
for coding a video signal 1s provided being based on hybrid
coding. The method comprises the steps of reducing tem-
poral redundancy by block based motion compensated pre-
diction 1n 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.

According to a corresponding aspect of the present inven-
tion, a coder 1s provided, which 1s adapted to apply hybrid
coding of a video signal. The coder includes means for
reducing the temporal redundancy by block based motion
compensated prediction 1n order to establish a prediction
error signal, and means for deciding whether to transform
the prediction error signal into the frequency domain, or to
maintain the prediction error signal in the spatial domain.
According to this aspect of the invention, a concept and
corresponding apparatuses, signals and semantics are pro-
vided 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 efli-
cient and they would lead to a reduced data rate compared
to coding the coeflicients 1n the frequency domain. There-
fore, an adaptive deciding step and adaptive control means
to make the decision are implemented by the present inven-
tion. Accordingly, in view of the prediction error signal, 1t 1s
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 1n the spatial domain.

According to another aspect of the invention, the method
for coding a video signal, and 1n particular the deciding step
1s based on a cost function. Generally, the decision whether
to use the coeflicients 1n the frequency domain or the
samples 1n 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 €.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
spatial domain. Additionally, the costs are calculated for
setting the values to zero. The decision 1s made for the
coding with lower costs.

According to another aspect of the present invention, the
cost function includes the rate distortion costs for the coding
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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 distortion
weighted by a Lagrange parameter. Further, the distortion
measure may be the mean square quantization error or the
mean absolute quantization error.

According to an aspect of the present invention, the
samples 1n the spatial domain may be coded by essentially
the same methods as being used for the coeflicients in the
frequency 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
coding are presented in the latest standard H.264/AVC.
Accordingly, only little or no adaption of the coding mecha-
nisms 1s necessary, 1f the adaptive control means decide to
switch between the frequency and the spatial domain. How-
ever, 1t might also be provided to use different coding
schemes for the coeflicients in the two domains.

According to another aspect of the invention, a method for
coding a video signal 1s provided, which 1s based on hybrid
coding. According to this aspect of the invention, the tem-
poral redundancy 1s reduced by block based motion com-
pensated prediction, and the samples of the prediction error
signal are provided in the prediction error block 1n the spatial
domain. The samples are scanned from the prediction error
block 1 order to provide an array of samples 1n a specific
order. According to this aspect of the invention 1t 1s provided
that the scanning scheme 1s derived from a prediction error
image or a prediction image. The scanning scheme accord-
ing 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 eflicient scanning order for the
spatial domain. Therefore, an adaptive scanming scheme 1s
provided, which takes account of the distribution of the
samples and the magnitude of the samples 1n the spatial
domain. The scanning scheme may preferably be based on
a prediction error 1image or a prediction image. This aspect
of the imnvention 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 1s mainly based on the phenomenon that
the low frequency components have larger magnitudes, and
most of the high frequency coellicients are zero, a very
ellective, variable code length coding scheme like CABAC
or CAVLC may be applied. However, 1n the spatial domain,
the samples having the highest magmitude may be located
anywhere within a block. However, as the prediction error 1s
usually the highest at the edges of a moving object, the
prediction 1mage or the prediction error 1mage may be used
to establish the most eflicient scanning order.

According to an aspect of the present invention, the
gradients of the prediction 1mage may be used to 1dentity the
samples with large magnitudes. The scanning order follows
the gradients within the prediction 1mage in their order of
magnitude. The same scanning order 1s then applied to the
prediction error i1mage, 1.e. the samples 1n the prediction
error image 1n the spatial domain.

Further, according to still another aspect of the present
invention, the scanning scheme may be based on a motion
vector 1n combination with the prediction error image of the
reference block. The scan follows the magnitudes of the
prediction error 1n decreasing order.

According to one aspect of the invention, the scanning
scheme 1s derived from a linear combination of the gradient
of the prediction 1image and the prediction error image of the
retference block in combination with a motion vector.
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According to another aspect of the present invention, a
specific code for the coding mechamisms, as for example
CABAUC or the like 1s used based on separately determined
probabilities for the coeflicients 1n the frequency domain or
the samples 1n the spatial domain. Accordingly, the well-
known prior art coding mechanisms may be adapted at least
slightly 1n order to provide the most eflicient coding mecha-
nism for the spatial domain. Accordingly, the switching
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 coeflicients in the respective domains.

According to an aspect of the present invention, a method
for coding a video signal 1s provided including a step of
quantising the prediction error samples 1n the spatial domain
by a quantizer, which has either subjectively weighted
quantization error optimisation or mean squared quantiza-
tion error optimization. According to this aspect of the
invention, the quantizer used for quantising the samples 1n
the spatial domain may be adapted to take account of the
subjectively optimal visual impression of a picture. The
representative levels and decision thresholds of a quantizer
may then be adapted based on corresponding subjective or
statistical properties of the prediction error signal.

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 1s provided including adaptive
control means for adaptively deciding whether an 1nput
stream of a coded video signal represents the prediction
error signal of the coded video signal 1n the spatial domain
or in the frequency domain. Accordingly, the decoder
according to this aspect of the present invention 1s adapted
to decide for an incoming data stream, 1.e. whether the
prediction error signal 1s 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.

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 1s adapted to retrieve the nec-
essary information about the scanning order, in which the
incoming samples of a block have been scanned during
coding the video signals. Further, the decoder may comprise
all means 1n order to mnverse quantise and 1nverse transform
the coellicients in the frequency domain or to 1inverse
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 1n order to implement the method steps
corresponding to the coding steps explained here above.

According to still another aspect of the present invention,
a data signal representing a coded video signal 1s provided,
wherein the coded information of the prediction error signal
in the data signal 1s partially coded 1n the spatial domain and
partially coded 1n the frequency domain. This aspect of the
invention relates to the coded video signal, which 1s a result
of the coding mechamisms as set out above.

Further, according to still another aspect of the invention,
the data signal may include side information indicating the
domain 1n which a slice, a macroblock, or a block 1s coded,
in particular information whether a slice, a macroblock or a
block 1s coded 1n the spatial or 1n the frequency domain. As
the adaptive control according to the present invention
provides that the prediction error signal 1s either coded in the
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spatial domain or 1n the frequency domain, it 1s necessary to
include corresponding information into the coded video
signal. Therefore, the present invention provides also a
specific information, which indicates the domain 1n 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 1n one of the two domains.
So, 1f for example an entire macroblock 1s coded 1n the
spatial domain, this may be indicated by a single flag or the
like. Further, even a whole slice may be coded only 1n the
frequency or in the spatial domain, and a corresponding
indicator could be included for the whole slice 1into the data
stream. This results 1n a decreased data rate and a more
eflicient coding mechanism for the side information.

BRIEF DESCRIPTION OF THE DRAWINGS

The aspects of the present invention are explained with
respect to the preferred embodiments which are elucidated
by reference to the accompanying drawings.

FIG. 1 shows an illustration of the quantizer which 1s
applied to the coeflicients 1n the standard H.264/AVC
according to the state of the art;

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

FIG. 3 shows a flow chart illustrating enhanced quanti-
zation according to one aspect of the current invention;

FIG. 4. shows a simplified block diagram of an encoder
implementing aspects according to the present invention;

FIG. § shows a simplified block diagram of a decoder
implementing aspects of the present invention;

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

FIG. 7 shows scanning schemes according to the present
invention;

FIG. 8 illustrates the parameters used for an optimized
quantizer according to the present mnvention; and

FIG. 9 shows a simplified representation of the measured
mean absolute reconstruction error.

DETAILED DESCRIPTION OF THE
INVENTION

According to FIG. 2, a prediction signal 4 1s subtracted
from the mput signal 1 to provide the prediction error signal
5. The prediction error signal 5 i1s transformed by the
transformation block 6 into the signal 8 in the frequency
domain. Signal 8 1s quantized in block 7. The quantized
signal 20 1s mput to the entropy coder 13 for encoding,
whereby the entropy coder 13 outputs the coded signal 16 to
be transmitted, stored, or the like. The quantized signal 20 1s
also 1nverse quantized in block 10, passed to block 11 to be
inverse transformed back into the spatial domain. Subse-
quently, the signal output of block 11 1s further used for
providing a subsequent prediction signal 4. The frame
memory 22, motion compensation prediction block 3, the
motion estimation block 2 as well as block 17 for encoding
the motion 1information 1s equal to the blocks 122, 103, 102
and 117 according to FIG. 4.

According to the present invention, the quantization block
7 performs an enhanced quantization. Two general embodi-
ments are described below 1n detail. However, the invention
1s not restricted to these embodiments.

In both cases a prediction error signal S 1s provided,
comprising macroblocks having 16x16 picture elements. A
16x16 macroblock 1s according to one embodiment subdi-
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vided 1n four 8x8 blocks or according to a further embodi-
ment 1nto 16 4x4 blocks. In the first step, each 8x8 block or
cach 4x4 block respectively 1s transformed into the fre-
quency 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 1s performed within the
quantization block 7, which further performs the enhanced
quantization.

In case of an 8x8 transformation, the method according to
an embodiment of the mnvention operates as follows.

For each of the four 8x8 prediction error blocks B,
(1=0, . .., 3) of amacroblock the transform and the first step
of the quantization i1s performed in the same way as
described 1n the state of the art. In this invention, the
subsequent quantization step 1s enhanced.

For this purpose, the rate distortion costs C =D +L‘R; are
calculated for each 8x8 block. R; i1s the required rate, D, the
resulting distortion, and L a Lagrange parameter. As distor-
tion measure, the sum of the squared quantization errors 1s
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=0.85-2¢"~123 QP is the quanti-
zation parameter which controls the quantizer stepsize A.
Alternative methods for determining the rate distortion costs
are possible. These costs are compared to the costs C; which
result 1f all quantized coeflicients of the 8x8 prediction error

block are set to zero. The quantization resulting in lower
costs 1s chosen.

After the determination of the costs C,, C,, C;, and C, of
the four 8x8 blocks of a macroblock, the sum of the four
costs C, . 1s calculated. This sum 1s compared to the costs
which result 11 all quantized coeflicients of the macroblock
are set to zero. Again, the quantization with lower costs 1s
chosen.

In case of an 4x4 transformation the method according to
an embodiment of the present invention operates as follows.

For each of the sixteen 4x4 prediction error blocks B,
(1=0, ..., 15) of a macroblock the transform and the first step
of the quantization 1s performed in the same way as
described 1n the state of the art. In this invention, the
subsequent second quantization step 1s enhanced.

For this purpose, the rate distortion costs C =D +L-R; are
calculated for each 4x4 block. R; i1s the required rate, D, the
resulting distortion, and L a Lagrange parameter. As distor-
tion measure, the sum of the squared quantization errors 1s
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=0.85-2¢"~123 QP is the quanti-
zation parameter which controls the quantizer stepsize A.
Alternative methods for determining the rate distortion costs
are possible. These costs are compared to the costs C, which
result 1f all quantized coetlicients of the 4x4 prediction error
block are set to zero. The quantization resulting in lower
costs 1s chosen.

After the determination of the costs C, to C,, of the
sixteen 4x4 blocks of a macroblock, the sum of the sixteen
costs C, . 1s calculated. This sum 1s compared to the costs
which result 11 all quantized coeflicients of the macroblock
are set to zero. Again, the quantization with lower costs 1s
chosen.

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 coethicients of
the corresponding block are set to zero. According to each
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comparison the coeflicients of the corresponding block are
either maintained or set to zero. Additionally, the corre-
sponding rate distortion costs of each block are kept for
turther calculation. I.e. for each block 11 the coeflicients are
maintained as a result of the comparison the rate distortion
costs corresponding to maintaining the coeflicients 1s kept
for further consideration, whereas the rate distortion costs
for setting the coetlicients to zero 1s dismissed. On the other
hand, 1f the decision was to set the coeflicients to zero, also
the rate distortion costs corresponding to the choice of
setting the coeflicients to zero 1s kept for further consider-
ation.

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 dis-
tortion costs which have been kept for further consideration
are added to get one value. This value 1s compared to rate
distortion costs for all coetlicients of the current macroblock
being set to zero.

FIG. 3 illustrates a method for quantization according to
one aspect of the mnvention. The illustrated method starts at
step 302 providing samples of an error prediction signal.
These signals are given 1n a macroblock, which 1s subdi-
vided 1n subblocks 1n step 304. A macroblock may have the
size of 16x16 picture elements and may be subdivided 1n
four subblocks of the size 8x8 or 1n 16 subblocks of the size
4x4.

The method 1illustrated 1n FIG. 3 can basically be per-
formed 1n the spatial domain or 1n the frequency domain. For
computation in the frequency domain, each subblock 1is
transformed 1nto the frequency domain, resulting in a plu-
rality of coeflicients. These coeflicients are usually also
given 1n a matrix of the same size as the corresponding
subblock. I.e. an 8x8 subblock or a 4x4 subblock 1n the
spatial domain 1s transformed into the frequency domain
resulting 1n a block of 8x8 or 4x4 coetlicients respectively.

In step 308, a first quantization 1s performed either on the
samples, 11 the computation 1s performed in the spatial
domain or on the coellicients, if the calculation 1s performed
in the frequency domain.

The computation 1n step 308 results in first quantized
values. These first quantized values represent first quantized
samples, 1f the quantization 1s performed in the spatial
domain. If the quantization i1s performed 1n the frequency
domain, the first quantized values represent first quantized
coellicients. The following steps of the quantization are
similar for first quantized samples and first quantized coel-
ficients. Accordingly, the term quantized value represents
both alternatives.

According to step 310, a quantization efliciency 1s calcu-
lated for the first quantized values for the current subblock.
In step 310 there 1s also calculated a zero efliciency for the
current subblock when all values of the current subblock are
set 1o zero.

In step 312 the quantization efliciency i1s compared to the
zero efliciency. If the quantization efliciency 1s not higher
than the zero efliciency, than all quantized values of the
current subblock are set to zero 1n step 314. Otherwise, the
quantized values are maintained as they are.

In step 316 1t 1s checked, whether the first optimization
according to steps 310-314 has already been performed for
all subblocks. Accordingly, the process 1s branched back to
calculating the efliciency in step 310, 11 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 1s complete. Subsequently, an overall efliciency
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1s calculated for all subblocks of the macroblock according
to step 318. Therelfore, an overall efliciency 1s calculated for
all the subblocks based on the result of the efliciency
comparison 1n step 312. I.e. for each subblock the best
efliciency according to the comparison 1n step 312 1s added
to the best efliciencies of the other subblocks of the mac-
roblock 1n step 318. Additionally, an overall zero efliciency
for the macroblock 1s also calculated 1n step 318, whereby
all values of the macroblock are set to zero.

The overall quantization efliciency and the overall zero
efliciency are compared 1n step 320. If the overall quanti-
zation efliciency 1s not higher than the overall zero efl-
ciency, then all quantized values of the macroblock are set
to zero in step 320. Otherwise, all quantized values are
maintained as they are.

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 mac-
roblock 1s complete. The quantized values thus received may
be transmitted to a coder e.g. an entropy coder for encoding.

FIG. 4 shows a simplified block diagram of an encoder
according to the present invention. Accordingly, the mput
signal 101 undergoes a motion estimation based on which a
motion compensation prediction 1s carried out in order to
provide a prediction signal 104, which 1s subtracted from the
input signal 101. The resulting prediction error signal 105 1s
transformed 1nto the frequency domain 106 and quantized
by an optimised quantizer 107 for the frequency related
coellicients. 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 means of
an mverse quantization block 110 and inverse transforma-
tion block 111, the quantized prediction error signal 120 1s
further used for the next prediction step in the motion
compensated prediction block 103. The inverse quantized an
inverse DCT transformed prediction error signal 1s added to
the prediction signal and passed to frame memory 122
storing preceding 1mages for the motion compensation pre-
diction block 103 and the motion estimation block 102.
Generally, the present invention suggests to use 1n addition
to the prior art an adaptively controlled mechanmism 115 to
switch between the frequency and the spatial domain for
transforming 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 infor-
mation signal 121 1s asserted to the two switches switching
between the positions A and B. If the transformation 1s
carried out 1n the frequency domain, the two switches are 1n
position A. If the spatial domain 1s used, the switches are
switched to position B. Further, the side information signal
121, 1.e. which of the domains has been used for the coding
procedure of a picture 1s also passed to the entropy coder
113. Accordingly, an appropriate information for the device
1s 1ncluded into the data stream. Parallel to the frequency
transform, via an alternative path, the prediction error signal
105 1s passed to the quantizer 109. This quantization block
109 provides optimised quantization for the prediction error
signal 105 1n the spatial domain. The quantized prediction
error signal 124 1n the spatial domain may be passed to a
second 1nverse quantization block 112 and further to the
back connection to the motion compensation prediction
block 103. Additionally, there 1s a scan control block 114
receiving either the motion vector 123 and the inverse
quantized prediction error signal 118, or the prediction
signal 104 via connection 119. Block 117 serves to encode
the motion information.
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The adaption control block 115 decides whether a block
1s to be coded 1n the frequency or 1n the spatial domain, and
it generates corresponding side information to indicate the
domain. The decision made by the adaption control means 1s
based on the rate distortion costs for the coding 1n the spatial
and for coding 1n the frequency domain. The domain having
the lower rate distortion costs 1s selected for coding. For
example, the rate distortion costs C are 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
absolute quantization error. As Lagrange parameter L, the
commonly used Lagrange parameter for the coder control of
H.264/AVC may be used L=0.85*2(€7~12)3)  Alternative
methods for determining the rate distortion costs are pos-
sible.

Additionally to deciding whether a block 1s to be coded 1n
the frequency or 1n the spatial domain, it 1s decided, whether
the values (samples or coellicients) of the corresponding
block are all set to zero or not. This decision 1s 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 1n 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 1s selected. For the case, that costs are
identical, setting all values to zero 1s preferred and then
performing the coding in the spatial domain is preferred.

The calculation of the rate distortion costs can be under-
stood as part of the quantization and accordingly, according
to one possibility, the calculation of the rate distortion costs
for the coding 1n the spatial domain can be performed 1n
block 109, the calculation of the rate distortion costs for the
coding in the frequency domain can be performed in the
block 107 and the calculation for the case of setting the
values to zero can be performed 1n the block 107 or 1n the
block 109.

According to an aspect of the ivention, in particular
when a good prediction signal 104 1s 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 1n
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.

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 prediction
error, or based on the domain, the prediction error 1s coded
in at a motion compensated position of already transmitted
frames.

FIG. 5 shows a simplified block diagram of an architec-
ture of a decoder according to aspects of the present inven-
tion. Accordingly, the coded video data 1s 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 1n the coder, as
for example decoding according to CABAC or CAVLC. If
the encoder uses a different coding mechanism for the
coellicients or the samples 1n the spatial domain, the corre-
sponding decoding mechanism 1s to be used 1n the corre-
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sponding entropy decoding blocks. Accordingly, the entropy
decoding block 201 produces the appropriate signals 1n
order to switch between positions A and B 1n order to use
either the appropriate iverse quantization path for the
spatial domain, 1.e. the 1nverse quantization operation block
206, or the appropriate blocks according to switch position
A, 1.e. the 1inverse quantization block 203 and the inverse
transform block 204. If the prediction error 1s represented in
the frequency domain, iverse quantization block 203 and
inverse transformation block 204 apply the corresponding
inverse operations. As the samples 1n the spatial domain
have been arranged in a specific order 1n accordance with a
scan mechanism according to aspects of the present inven-
tion, a scan control unit 205 provides the correct order of the
samples for the entropy decoding 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 mechanism, to switch between fre-
quency and spatial domain (1.e. position A and B of the
switches) 1s 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 transformed signal 1n
the frequency domain are summed with the motion com-
pensated prediction picture 1n order to provide the decoded
video signals 210. The motion compensation 1s carried out
in block 209 based on previously decoded video signal data
(previous pictures) and motion vectors. The scan control unit
205 uses either the prediction 1mage 208, or the prediction
error signal 207 1in combination with the motion vector 212
to determine the correct scan sequence of the coeflicients.
The scan mechanism may also be based on both pictures, 1.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 com-
bination 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, 1n correspondence to FIG. 4, there
1s a frame memory 211 storing the necessary and previously
decoded pictures.

FIG. 6 shows a simplified diagram in order to illustrate the
z1gzag scan order according to the prior art. Accordingly, the
coeflicients, 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 coeflicients are read out 1n a specific order,
such that the coeflicients 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 coellicients.
As blocks to be coded often contain substantial low fre-
quency coellicients, the high frequency coeflicients, or at
least a majority of high frequency coeflicients are zero. This
situation can eflectively be used to reduce the data to
transmit 1t by for example replacing large sequence of zeros
by a single information about the number of zeros.

FIG. 7 shows a simplified 1llustrative example for a scan
mechanism according to an aspect of the present invention.
FIG. 7(a) shows the magnitude of the gradients in the
prediction 1image for one block. The values in each position
of the block represent the gradient of the prediction 1mage of
the current block. The gradient 1tself 1s 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



