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ENCODING AND DECODING OF VIDEO IMAGES
BASED ON A QUANTIZATION WITH AN ADAPTIVE DEAD-ZONE SIZE

The present invention relates to the encoding and decoding of motion picture video
data. Particularly, the present invention relates to a method and an apparatus for
encoding and decoding video data, including film grain information, by employing an

adapted quantization.

A motion picture film consists of silver-halide crystals, which are dispersed within a
photographic emulsion of the film. Each image recorded on the photographic film is
generated by exposing and developing the silver-halide crystals. In color images,
the silver is chemically removed after the development. However, the silver crystal
structure remains after development in the form of tiny grains of dye. Due to the
random form of silver crystals in the emulsion, the grains are randomly formed and
distributed within the image. An illustrative example of a grain structure is shown in

Fig. 1. A perceivable grain structure is called film grain.

A viewer watching a motion picture reproduction does not recognize the individual
grains which have a size of about 0.002 mm down to above one-tenth of that size.

However, the viewer will perceive groups of grains and identify same as film grain.

For enhancing the resolution of the images, the perception of film grain is likewise

increased. Specifically, film grain is clearly noticeable in cinema reproductions and
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in high-definition video images. On the other hand, film grain is of less importance

for standard television images and for even smaller television display formats.

Motion pictures are being adopted in increasing numbers of applications, ranging
from video-telephoning and video-conferencing to DVD and digital television. When
a motion picture is being transmitted or recorded, a substantial amount of data has
to be sent fhrough conventional transmission channels of limited available
frequency bandwidth or has to be stored on conventional storage media of limited
data capacity. In order to transmit and store digital data on conventional channels/

media, it is inevitable to compress or reduce the volume of digital data.

For the compression of video data, a plurality of video encoding standards has been
developed. Such video standards are, for instance, ITU-T standards denoted with
H.26x and ISO/IEC standards denoted with MPEG-x. The most up-to-date and
advanced video encoding standards are currently the standards denoted as H.264 /

AVC or MPEG-4 / AVC.

The encoding approach underlying most of these standards consists of the following

main stages:

(a) Dividing each individual frame into blocks of pixels in order to

subject each video frame to data compression at a block level.

(b) Reducing spatial redundancies within a video frame by applying
each block of video data to a transform from the spatial domain into

the frequency domain.
(c) Quantizing the resulting transform coefficients.

(d) Entropy encoding the quantized transform coefficients.
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(e) Exploiting temporal dependencies between blocks of subsequent
frames in order to only transmit changes between subsequent
frames. This is accomplished by employing a motion estimation/

compensation technique.

Among the various video compression techniques, the so-called hybrid coding
technique is known to be the most effective. The hybrid coding technique combines
temporal and spatial compression techniques together with statistical coding. Most
hybrid techniques employ motion-compensated Differential Pulse Code Modulation
(DPCM), two-dimensional Discrete Cosine Transform (DCT), quantization of DCT

coefficients, and a Variable Length Coding (VLC).

The motion compensated DPCM is a process of determining the movement of an
image object between a current frame and a previous frame, and predicting the
current frame according to the determined motion to produce differential signals

representing the differences between the current frame and its prediction.

Although current video coding standards employ a plurality of different procedural
steps to cope with different video contents, these standards do not take film grain
into account. Consequently, these standards do not encode film grain information.

Film grain information can only be maintained when reducing the coding efficiency

considerably.

Accordingly, the present invention aims to provide an improved method and
apparatus for encoding and decoding video data, including film grain information, by
maintaining a high encoding efficiency.

This is achieved by the subject matter of the independent claims.

Preferred embodiments are the subject matter of dependent claims.
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According to a first aspect of the present invention, a method for encoding video
data is provided. The method comprises the steps of dividing an image into blocks,
wherein each block includes a plurality of pixels, transforming the pixels of a block
into transform coefficients and quantizing the transform coefficients in accordance
with pre-defined quantization intervals by mapping each coefficient value to a
quantized coefficient value. The size of the quantization interval of the lowest
coefficient values is adjusted in accordance with a variable dead-zone parameter.
The applied dead-zone parameter is included into the encoded video data for a
corresponding modification of the quantization interval of the lowest coefficient

values at the decoder side.

According to a further aspect of the present invention, an encoding apparatus for
encoding video data based on image blocks is provided. Each image block
includes a plurality of pixels. The encoder comprisés a transform unit and a
quantizer. The transform unit transforms the pixels of a block into transform
coefficients. The quantizer quantizes the transform coefficients in accordance with
pre-defined quantization intervals by mapping each coefficient value to a quantized
coefficient value. The size of the quantization interval of the lowest coefficient
values is adjusted in accordance with a variable dead-zone parameter. The applied
dead-zone parameter is included into the encoded video data for a corresponding
modification of the quantization interval of the lowest coefficient values at the

decoder side.

According to another aspect of the present invention, a method for decoding video
data on a block basis is provided. The encoded video data include quantized
coefficients.  The method comprises the steps of de-quantizing quantized
coefficients of said encoded video data by mapping each quantized coefficient value
to a de-quantized coefficient value in accordance with pré-deﬁned quantization
intervals, and transforming a block of de-quantized coefficients into a block of
pixels. The size of the quantization interval of the lowest coefficient values is

adjusted in accordance with a variable dead-zone parameter.
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According to still another aspect of the present invention, a decoding apparatus for
decoding encoded video data on a block basis is provided. The encoded video data
include quantized coefficients. The decoder comprises an inverse quantizer and an
inverse transform unit. The inverse quantizer de-quantizes a block of quantized
coefficients of said encoded video data by mapping each quantized coefficient value
to a de-quantized coefficient value in accordance with pre-defined quantization
intervals. The inverse transform unit transforms a block of de-guantized coefficients
into a block of pixels. The size of the quantization interval of the lowest coefficient

values is adjusted in accordance with a variable dead-zone parameter.

It is the particular approach of the present invention, that the interval size of the
quantization interval for the lowest coefficient values which are quantized to zero
may be set adaptively in accordance with a variable dead-zone parameter. The
dead-zone parameter is transmitted to the decoder side such that the interval is
accordingly changed during the de-quantization procedure. Thus, the relative
position of the coefficient values with respect to the quantization interval (and the

quantization value) and, consequently, the coding efficiency are maintained.

According to conventional approaches, a rounding control parameter may be
employed to influence the size of the quantization interval of the lowest coefficient
values. However, the adjustment of the interval size by the rounding control
parameter adversely effects the position of the coefficient values with respect to the
range of the quantization interval. The coding efficiency is affected accordingly. In
contrast, the present invention enables to maintain the coding efficiency by
adjusting the interval size for the lowest coefficient values. For this purpose, the
decoding process is adjusted accordingly. For this purpose, the variable adjusting
parameter is provided to the decoder such that the quantization interval at the

decoder side can be adjusted in an inverse manner.
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By adjusting the size of the quantization interval for the lowest coefficient values,
~ the degree of encoding film grain information can be set adaptively. Reducing the
size of the quantization interval for the lowest coefficient values, preserves the film
grain information within the encoded video data. In contrast, an enlargement of the
interval reduces the film grain information in the encoded video data. As the interval
adjustment for the lowest coefficient values introduced by the present invention
does not affect the adaptation of the quantization to the probability distribution of the

transform coefficient values, the coding efficiency is not adversely effected.

Preferably, the quantization intervals are further adjusted in accordance with a
rounding control parameter. In contrast to the dead-zone parameter, the rounding

control parameter is not part of the encoded video data.

Accordingly, the range of the quantization intervals can be adjusted in two different
manners. Firstly, the range of the quantization intervals may be adjusted in order to
be optimally fitted to the probability distribution of the coefficient values for each
interval by setting the rounding control parameter. Secondly, the quantization
interval for the lowest coefficient values may be adjusted by maintaining the
adjustment of the rounding control parameter, i.e. preserving the achieved fit to the
probability distribution. In this manner, film grain information can be encoded

without adversely effecting the coding efficiency.

The dead-zone parameter preferably has a value between a fifth and a half of the
interval step size. Most preferably the dead-zone parameter has a size of a quarter

of the interval size.

Preferably, the dead-zone parameter included in the encoded video data is updated
every field or frame of the encoded video sequence. In this manner a variable
degree of film grain information within the video data can immediately be taken into
account to efficiently control the quantization interval size for the lowest coefficient

values.
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According to another preferred embodiment, the dead-zone parameter is updated in

larger intervals, for instance, for each new video sequence to be encoded.

According to another preferred embodiment, different dead-zone parameters are
selected depending on the used video coding mode. In particular, the applicable
dead-zone parameter is selected for each macro block depending on the type of

macro block, i.e. an | type, a P type or a B type macro block.

According to a further preferred embodiment, the dead-zone parameter is selected
in accordance with a detected degree or the presence of film grain within the data to
be encoded. Such an adaptive approach allows to always select the appropriate
dead-zone parameter depending on the currently encoded image content.
Alternatively, the detection process may only evaluate the presence of film grain in

the video daté to be encoded.

The above and other objects and features of the present invention will become
more apparent from the following description and preferred embodiments given in
conjunction with the accompanying drawings, in which:

Fig. 1 illustrates an enlarged example of a film grain structure;

Fig. 2 schematically illustrates in block diagram form the configuration of a

conventional hybrid video encoder,

Fig. 3 schematically illustrates in block diagram form the configuration of a

conventional hybrid video decoder;

Fig. 4 illustrates an example for a relation between an input coefficient value W
and a quantized output coefficient value W’ for a uniform quantizer having a
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Fig. 5

Fig. 6

Fig. 7

Fig. 8a

Fig. 8b

Fig. 9

Fig. 10

step size of A and a rounding control value of f = A/2;

ilustrates an example for a relation between an input coefficient value W
and a quantized output coefficient value W' for a quantizer having a step

size of A and a rounding control value f = 0;
schematically illustrates a Laplacian probability distribution;

illustrates an example of a relation between an input coefficient value W
and a quantized output coefficient value W' wherein the size of the
quantization interval for the lowest coefficient values is enlarged by applying

a dead-zone parameter © in accordance with the present invention;

illustrates an example of a relation between an input coefficient value W
and a quantized output coefficient value W wherein the size of the
quantization interval for the lowest coefficient values is reduced by applying
a dead-zone parameter © in accordance with the present invention;

illustrates an example for a relation between an input coefficient value W
and a quantized output coefficient value W’ for a uniform quantizer having a
step size of A and a rounding control value of f = A/4 corresponding to the

rounding control parameter of Fig. 8a;

schematically illustrates in block diagram form a preferred modification of a

hybrid video encoder in accordance with the present invention;

schematically illustrates in block diagram form an example of a modified
hybrid video decoder in accordance with the present invention;

Fig. 11aillustrates an example of transform coefficient blocks before quantization;
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Fig. 11b illustrates an example of transform coefficient blocks after quantization;

Fig. 11c illustrates an example of transform coefficient blocks before quantization

corresponding to the example of Fig. 11a;

Fig. 11d illustrates an example of transform coefficient blocks after quantization in

accordance with the present invention,

Fig. 12 is a flow chart illustrating the process of encoding video data in accordance

with the present invention; and

Fig. 13 is a flow chart illustrating the process of decoding encoded video data in

accordance with the present invention.

Referring to Fig. 2, an example of a hybrid video encoder is illustrated. The video
encoder, generally denoted by reference numeral 100, comprises a subtractor 110
for determining differences between a current video image (input signal) and a
prediction signal of the current image which is based on previously encoded
images. A transform and quantization unit 120 transforms the resulting prediction
error from the spatial domain to the frequency domain and quantizes the obtained

transform coefficients. An entropy coding unit 190 entropy encodes the quantized

transform coefficients.

The operation of the video encoder of Fig. 2 is as follows. The encoder employs a
Differential Pulse Code Modulation (DPCM) approach which only transmits
differences between the subsequent images of an input video sequence. These
differences are determined in subtractor 110 which receives the video images to be

encoded in order to subtract a prediction of the current images therefrom.

The prediction is based on the decoding result (“the locally decoded image”) of
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previously encoded images on the encoder side. This is accomplished by a
decoding unit incorporated into video encoder 100. The decoding unit performs the
encoding steps in reverse manner. An inverse quantization and inverse transform
unit 130 de-quantizes the quantized coefficients and applies an inverse transform to
the de-quantized coefficients. In adder 135, the decoded differences are added to

the prediction signal.

The motion compensated DPCM, conducted by the video encoder of Fig. 2, predicts
a current field or frame from corresponding previous field or frame data. This
prediction is based on an estimation of motion between current and previous fields
or frames. The motion estimation is determined in terms of two-dimensional motion
vectors, representing a displacement of pixels between the current and previous
frames. Usually, motion estimation is performed on a block-by-block basis, wherein
a block in a current frame is compared with blocks in previous frames until a best
match is determined. Based on the comparison result, an displacement vector for

each block of a current frame is estimated.

This is accomplished by a motion estimator unit 170, receiving the current input

signal and the locally decoded images.

Based on the results of motion estimation, motion compensation performed by
motion compensation prediction unit 160 provides a prediction utilizing the
determined motion vector. The information contained in a prediction error block,
representing the differences between the current and the predicted block, is then
transformed into the transform coefficients by tranéform unit 120. Generally, a two-

dimensional Discrete Cosine Transform (DCT) is employed therefore.

In accordance with the H.264 / AVC standard, the input image is divided into macro
blocks. The macro blocks are encoded applying an “Intra” or “Inter” encoding
mode. In Inter mode, a macro block is predicted by employing motion
compensation as previously described. In Intra mode, the prediction signal is set to
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zero, but the video encoding standard H.264 / AVC additionally employs a
prediction scheme based on already encoded macro blocks of the same image in

order to predict subsequent macro blocks.

Only Intra-encoded images (l-type images) can be encoded without reference to
any previously decoded image. The I-type images provide error resilience for the
encoded video sequence. Further, entry points into bit streams of encoded data are
provided by the I-type images in order to enable a random access, i.e. to access |-
type images within the sequence of encoded video images. A switch between Intra-
mode, i.e. a processing by Intra-frame prediction unit 150, and Inter-mode, i.e. a
processing by motion compensation prediction unit 160, is controlled by Intra/Inter

switch 180.

Further, a de-blocking filter 137 may be provided in order to reduce the presence of

blocking effects in the locally decoded image.

For reconstructing the encoded images at the decoder side, the encoding process is
applied in reverse manner. A schematic block diagram, illustrating the configuration
of the corresponding decoder, is shown in Fig. 3. First, the entropy encoding is
reversed in entropy decoding unit 210. The entropy decoded coefficients are
submitted to an inverse quantizer and inverse transformer 220 and the motion data
are submitted to motion compensation prediction unit 270. The quantized
coefficient data are subjected to the inverse quantization and inverse transform unit
220. The reconstructed image block containing prediction differences is added by
adder 230 to the prediction signal stemming from the motion compensation
prediction unit 270 in Inter-mode or stemming from a Intra-frame prediction unit 260
in Intra-mode. The resulting image may be applied to a de-blocking filter 240 and
the decoded signal is stored in memory 250 to be applied to prediction units 260,

270.
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Referring to Fig. 4, an example of a relation between an input coefficient value W
and a quantized output coefficient value W' for a uniform quantizer is shown. While
the input coefficient value W represents that coefficient value submitted to the
quantization unit 120 as shown in Fig. 2, W’ represents the de-quantized coefficient
value output from inverse quantization unit 130, 220 of Fig. 2 and Fig. 3. According
to the example shown in Fig. 4, all input coefficient values in the range of
-A2 <W £ A /2 are quantized to an output coefficient value of W' = 0. In the same
manner, the input coefficient values between A/2 < W < 3A/2 are quantized to
W = A. This uniform quantization, i.e. a quantization applying uniform quantization

intervals, can be expressed by the following equation (1):

Z= ﬂoor@ﬂkﬁ) o sgn(W) (1)

In accordance with equation (1), an input coefficient value W is mapped to a
quantization level Z. A represents the quantization step-size or interval size and f
represents a rounding control parameter. The rounding control parameter f enables
to adjust the threshold between two quantization values on the W axis. This will be

describe in detail below in connection with Fig. 5.
The rounding control parameter f is set in the quantization curve shown in Fig. 4, to
f = A/2. The function “floor(...)" rounds to the nearest integer towards zero while

the function “sgn (...)" returns the sign of the input coefficient value W.

The mapping of the quantization level Z to a quantized coefficient value W' is

expressed by equation (2):
W=A-Z (2)

The operation of equation (2) is called “inverse quantization” or “de-quantization”.
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Another example of a quantization curve is shown in Fig. 5. By modifying the
rounding control parameter f, the rounding behaviour of the quantization operation
can be controlled. By employing a rounding control parameters of f= A /2 for the
example shown in Fig. 4, the quantized coefficient values W’ are respectively
located within the centre of a quantization interval of the coefficient input values W.

For instance, all input coefficient values between A/2 <W < 3A/2 are quantized to

output coefficient values of W' = A.

When employing smaller values for the rounding control parameter f, the quantized
coefficient values W' tend to be smaller than the centre value of the interval of input
coefficient values W. An the example for a control rounding parameter of
f =0 is shown in Fig. 5. As can be seen therefrom, each quantization interval of

input coefficient values W is mapped to the lower interval value as output coefficient

value W'.

The introduction of the rounding control parameter f = 0 has the following two

effects:

1. The quantization interval around the coefficient value of O is increased.
Thus, all values of input coefficient values W between -A <W <A are

quantized to the output coefficient value of W' = 0.

2. The values of the quantized coefficient values W' # 0 are not located in
the centre of the quantization interval. For instance, the range of input
coefficient values A <W <2 A is quantizedto W =A.

The video coding standards as H.264 / AVC employ a rounding control parameter f
having a value of f=A/3in Infra mode and f = A/6 in inter mode. These shifts of the
quantization range compared to the quantization intervals shown in Fig. 4 aim to
better fit to a non-uniform probability distribution of the input coefficient values. The
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non-uniform probability distribution of transform coefficients in video coding can be
approximated by a Laplacian probability distribution. An example of a Laplacian
probability distribution is shown in Fig. 6. Due to the probability distribution of
transform coefficients, there tend to be more smaller quantization values within
each quantization interval. For this reason, rounding control parameters of f < A/2
are employed resulting in smaller values of the quantized coefficient values W'. The

quantized coefficient values are thus not located in the centre of a quantization

interval.

As the parameters of a Laplacian distribution vary for the Intra and Inter encoding
modes, different rounding control parameters are used for each coding mode.

Regarding the encoding of film grain present in motion pictures, film grain is a
temporary uncorrelated structure which is not predictable by motion compensation.
Consequently, the film grain needs to be encoded in the prediction error, i.e.
individually for each coding block. An example of a block of coefficient of a

prediction error is illustrated in Fig. 11a.

The film grain information is especially represented by the small prediction error
values which, in turn, are reflected by small transform coefficient values. As the
quantization stage during video encoding is designed that all coefficient values
around zero are quantized to zero, the film grain information is irreversibly lost. As
long as smaller display sizes are employed which are not able to reproduce the film
grain information, this quantization loss is intended. An example of quantized blocks
of transform coefficients is shown in Fig. 11b. As can be seen therefrom, the
quantization interval for the lowest coefficient values effects that all small coefficient

values are quantized to zero.

The film grain information can be preserved within the encoded video data by

reducing the size of the quantization intervals such that more quantization intervals
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are provided. However, such a modification results in significant bit rate increase of

the encoding result and a correspondingly reduced encoding efficiency.

According to another approach, the rounding control parameter f may be modified
as shown, for instance in Fig. 4 and Fig. 5. However, a modification of the rounding
control parameter only effects the size of the quantization interval for the lowest
coefficient values, while the thresholds for quantizing coefficient values W to
adjacent quantization values is shifted uniformly for all threshold values. This shift of
each quantization interval reduces the adaptation of the quantization to the
Laplacian distribution. Consequently, the quantization error is increased and the

encoding efficiency is reduced.

The present invention proposes a variable dead-zone parameter allowing to control
the size of the quantization interval for the lowest coefficient values without
adversely affecting the mapping of coefficient values, which is adapted to the
Laplacian probability distribution, in other quantization intervals. As the parameter
size can be variably set, a trade off between the remaining film grain and the overall

distortion can be controlled.

A modification of the quantizer's dead-zone size is directly connected to the
intensity of the remaining film grain. When the dead-zone size is reduced, more film
grain is visible. If, on the other hand, the size of the dead-zone is increased, less
film grain is preserved within the encoded video data. While current video encoding
standards do not employ a dead-zone parameter in accordance with the present
invention, an optimized size of the dead-zone by employing the dead-zone
parameter of the present invention can increase the picture quality of high definition

motion pictures including film grain significantly.

The need to preserve film grain within the encoded video data depends on the
particular application. If there is no need to reconstruct the film grain at the decoder

side, a larger dead-zone can be accepted. By employing a larger dead-zone, the
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number of small and insignificant transform coefficients which are lost due to the
quantization process is increased. If however, the fiim grain needs to be
reconstructed at the decoder side, the film grain reproduction from the encoded
video data can be improved by employing a dead-zone of a small size. Thus, by
employing a variable dead-zone parameter, the dead-zone size can adaptively be

set at the encoder and decoder sites simultaneously.

When including a variable dead-zone parameter into the quantization process,
equation (1) is adapted accordingly and can be expressed by equation (3) as

follows:

Z= ﬂoor(l—pzl_—fj—f] -sgn (i) (3)

The inverse quantization is given by equation (4):
W'=(A'|ZI+®) -sgn(Z) (4)

As can be seen from equation (4), the absolute value indicating the quantization
level is multiplied by the step-size A. To the value resulting from the multiplication,
the dead-zone parameter ® is added. By adding the dead-zone parameter @
during the inverse quantization process defined in equation (4), a reduction of the
dead-zone size by dead-zone parameter ® at the encoder side as defined by
equation (3) is compensated. While the dead-zone parameter ® proposed by the
present invention effects a correction of the interval size for the lowest coefficient
values at the encoder and decoder side, the rounding control parameter f is only
applied during the encoding process and no compensation at the decoding side is

required.
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Referring to Fig.7 and Fig. 8a, examples for applying the dead-zone parameter
during the quantization process are illustrated. While the example of Fig. 7
illustrates a dead-zone parameter ® enlarging a dead-zone, the dead-zone of Fig.
8a is reduced by the application of the dead-zone parameter of the present

invention.

Fig. 7 illustrates a relation between the input coefficient value W and the
dequantized output coefficient value W'. Starting from a relation as shown in Fig. 4,
the dead-zone, i.e. the size of the quantization interval for the lowest coefficient
values, is enlarged by adding the dead-zone parameter ®. While the influence of
the rounding control parameter f remains unnoticed at the decoder side, an
enlargement corresponding to that at the encoder side is effected by the dead-zone
parameter also at the decoder side. By enlarging the dead-zone, less small

coefficient values are preserved within the encoded data.

In contrast, Fig. 8a illustrates a relation between a coefficient value W and the
dequantized output coefficient value W' wherein the dead-zone size has been
reduced by the application of the dead-zone parameter ®. In contrast to Fig. 7, the
rounding control parameter of Fig. 8 has been set to f = A/4.

By employing a dead-zone parameter ® smaller than zero, the quantization interval
around zero is reduced and less small values are quantized to zero. Although the
dead-zone size is reduced, the de-quantized output coefficient values W 'are still
located at the same relative position within each quantization interval. For instance,
the range of 1/2A < W = 3/2A is quantized to the output coefficient value of

W' = 3/4A.

By controlling the dead-zone parameter ® the reconstruction of small coefficient
values for preserving the film grain information within the encoded video data can

be controlled.
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Fig. 8b illustrates a prior art example which is based on the example shown in Fig.
5, however the rounding control parameter f corresponds to that applied in Fig. 8a
namely, f = A/4. When comparing the quantizers of Fig. 8a Fig. 8b:

1. the coefficient values within each interval are located at the same
relative position in relation to the quantized value. Thus the
mapping of both quantizers is adapted to the Laplacian probability

distribution;

2. the size of the quantization interval for the lowest coefficient values
differs. While the conventional quantizer (Fig. 8b) applies a
guantization interval for the lowest coefficient values ranging to
3/4A, this interval is adapted according to the present invention
(Fig. 8a) by applying the dead-zone parameter @ to A/2.

Consequently, the size of the quantization interval for the lowest coefficient values
can be changed by applying the dead-zone parameter ® without adversely affecting
the adaptation of the mapping to the Laplacian probability distribution. This
mapping can still be fit to the probability distribution of the coefficients by varying the

size of the rounding control parameter f.

In contrast to the rounding control parameters f, the dead-zone parameter ® has to
be applied during the encoding process and, in addition, during the decoding
process. Hence, the dead-zone parameter has to be transmitted from the encoder
to the decoder side. The frequency of transmitting the dead-zone parameter to be

applied at the decoder may be set, for instance, to once per frame or once per

sequence, etc.

A schematic block diagram illustrating the configuration of an encoder and decoder

in accordance with the present invention is shown in Fig. 9 and Fig. 10. The block
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diagrams of Fig. 9 and Fig. 10 denote block elements identical to those of Fig. 2 and

Fig. 3 by identical reference numerais.

In addition to those block elements already shown in Fig. 2, the encoder illustrated
in Fig. 9 generally denoted by reference numeral 300 further comprises a
processing unit 310 for applying a dead-zone parameter to the quantizer 120 and
forwarding the applied dead-zone parameter to the entropy encoder 190 for
transmission to the decoder side. Alternatively, the dead-zone parameter is not

subjected to entropy encoding before transmission to the decoder side.

Fig. 10 illustrates the configuration of a decoding device corresponding to the
encoder of Fig. 9. The decoder is generally denoted with reference numeral 400. In
addition to the block elements of Fig. 3, a processing unit 410 is inserted.

Processing unit 410 applies the received dead-zone parameter to the inverse

quantizer 220.

The processing units 310 and 410 may memorize the dead-zone parameter for
application during the application period of the applicable dead-zone parameter. In
particular, the processing units may memorize different dead-zone parameters to be
applied for different encoding modes, for instance for | type, P type and B type

images or macroblocks.

While Fig. 11c illustrates four blocks of quantized transform coefficient values
corresponding to the blocks shown in Fig. 11a, Fig. 11d illustrates four blocks of
quantized transform coefficients when applying a dead-zone parameter in

accordance with the present invention.

The operation of the encoder and decoder of Fig. 9 and Fig. 10 is described next in

connection with Fig. 12 and Fig. 13.
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Fig. 12 is flow chart illustrating the operation of an encoder in accordance with the
present invention. After dividing a video image to be encoded into a plurality of
blocks (step S10), the pixels of a block are transformed into a block of transform
coefficients (step S20). Preferably, an orthogonal transform like a DCT is applied.
The interval size for the lowest coefficient values around zero is set in accordance
with the dead-zone parameter introduced by the present invention (step S30). The
transform coefficients are quantized in accordance with the adjusted size of the

guantization intervals (step S40).

The dead-zone parameter may be a fixed parameter or an updateable parameter.
When employing an updateable parameter, the parameter is included into the
encoded video data in order to enable a decoder to apply the corresponding

operation.

The encoded video data include quantized transform coefficients and one or several
dead-zone parameters. These data may be stored in a memory device or

transmitted to a decoder for immediate reconstruction of the compressed image.

The decoding process is next described in connection with Fig. 13. The interval size
for the lowest coefficient values around zero is set in accordance with the dead-
zone parameter received from the encoder side (step S50). The received
coefficients are subjected to dequantization in accordance with adjusted
quantization intervals (step S60). The de-quantized coefficient values are
transformed into a block of pixels (step S70) and subsequent blocks are combined

to form decoded video image (step S80).

The quantization of transform coefficients applied by the current video decoding
standard H.264 / AVC can be expressed by equation (5)

Zy= ((‘Wy’ -MF+f)>> qbz‘z‘s)-sgn(%) (5)
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The term W - MF represents the transformed coefficients to be quantized. In order
to achieve a hardware-friendly implementation of the quantization process, scaling
factor MF is separated from the transform operation and included into the
quantization process. Indices ij denote the position of a transformed coefficient
within the transform matrix. Rounding control parameter f serves to fit the
quantization operation to the Laplacian probability distribution of the transform
coefficients. As the probability distribution may differ for Intra encoding mode and
Inter encoding mode, different values for the control parameters f may be used for
each mode. The >> operation denotes a right shift. This right shift operation is used
to avoid any division operation and enables a simple hardware implementation
thereof. The right shift operation is equivalent to a division by 2% the term

abbreviated by "qgbits" is expressed by equation (6):

gbits =15+ /Zoor(%]ij
(6)

QP denotes the quantization parameter. The function “sgn(...)" of equation (5)

returns the sign of the input coefficient value. Employing equation (7)
A= 2qbits (7)

equation (5) can be modified to equation (8):

W |-MF + f
P )

Zy = ﬂoor[

By introducing the dead-zone parameter ® equation (8) is further modified to

equation (9):
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W. MF|-®
z; =ﬂoor( i A' +f}-sgn(sz) (9)

By taking equation (7) into account, equation (9) is further modified to equation (10):

((] Wy -MF | -© + f) >> qbits)- sgn(Wij) (10)

The inverse quantization as defined by the current encoding of standard H.264 /

AVC is expressed by equation (11):

iV (1)

The factor

includes the quantization step size A from equation (7) and the scaling factor. The
scaling factor originates from the inverse transform and is not part of the core
quantization scheme. For introducing the dead-zone parameter @ in the inverse
transform of equation (11) the scaling factor has to be separated from the
guantization step size A. In accordance with equation (6) the separation can be

expressed as shown by equation (12):

v, -2ﬂoor(%

g — I/y . 2qbz‘ts . 2—15 =A- V;J "2—15

(12)



WO 2005/079073 PCT/EP2004/013592

23

By taking equation (12) into account, the inverse quantization expressed by

equation (11) can be modified to equation (13):

'— . . e -—15

In equation (13)

-15
Vij -2

denotes a scaling factor that orginates from the inverse transform. The dead-zone

size can be integrated into the inverse transform and equation (13) can be modified

to equation (14):

A+ @)- Vi 271 -sgn(Z--)

g

(14)

When employing a shift operation instead of a muitiplication operation of 21°

equation (14) can be rewritten as equation (15):
VK}=(IZQ.I-A+®)-V;7 >>15-sgn(Zij) (15)

Summarizing, the present invention enables to control the encoding of film grain
information without adversely affecting the overall coding efficiency of the encoding
process of video data. For this purpose, a control of the size of the quantization
interval for the lowest transform coefficient values is separated from a control of
fitting the quantization interval and the quantized value to a probability distribution of
the transform coefficient values. This is accomplished by providing a dead-zone
parameter to be taken into account by the quantization process and the de-

quantization process.
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CLAIMS

1. A method for encoding video data, comprising the steps of:

dividing an image into blocks, each block including a plurality of pixels,

transforming the pixels of a block into transform coefficients (W), and

quantizing the transform coefficients (W) in accordance with predefined
quantization intervals by mapping each coefficient value to a quantized

coefficient value

characterized in that

the size of the quantization interval of the lowest coefficient values is

adjusted in accordance with a variable dead-zone parameter (®), and

the applied dead-zone parameter (@) is included into the encoded video
data for a corresponding modification of the quantization interval of the

lowest coefficient values at the decoder side.

2. A method according to claim 1, wherein the size of said quantization
intervals is adjusted in accordance with a rounding control parameter (f),
said rounding control parameter (f) being not part of said encoded video

data.
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3. A method according to claim 1 or 2, wherein said dead-zone parameter (©)

having a size between a fifth and a half of the interval step size.

4. A method according to any of claims 1 to 3, wherein said dead-zone

parameter (®) having a size of approximately 1/4 of the interval size.

5. A method according to any of claims 1 to 4, wherein said dead-zone
parameter (®) being updated every field or frame of a video sequence.

6. A method according to any of claims 1 to 4, wherein said dead-zone
parameter (®) being updated once per video sequence to be encoded or for

every predefined sub-sequences thereof.

7. A method according to any of claims 1 to 6, wherein said video data are
encoded based on |, P or B type macroblocks and different said dead-zone

parameters (@) are employed for each macroblock type.

8. A method according to any of claims 1 to 7, wherein said method further

comprises the steps of:

detecting a degree or the presence of film grain within the video data to be

encoded, and
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adapting the size of said dead-zone parameter in accordance with the

detection result.

A method according to any of claims 1 to 7, wherein said method further

comprises the steps of:

detecting the presence of film grain within the video data to be encoded,

and

enabling the application of said dead-zone parameter only if film grain has

been detected.

A method according to any of claims 1 to 9, wherein said method further
comprises the step of predicting the block to be encoded based on a
previously encoded block wherein said prediction step comprises a
decoding step including an inverse quantization step which applies said

dead-zone parameter for the de-quantization.

An encoder for encoding video data based on image blocks, each block

including a plurality of pixels, comprising:

a transformer (120) for transforming the pixels of a block into transform

coefficients, and

a quantizer (120) for quantizing the coefficients in accordance with
predefined quantization intervals by mapping each coefficient value to a

quantized coefficient value
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characterized in that

the size of the quantization interval of the lowest coefficient values being

adjustable in accordance with a variable dead-zone parameter (®), and

the applied dead-zone parameter (8) being included into the encoded video
data for a corresponding modification of the quantization interval of the

lowest coefficient values at the decoder side.

An encoder according to claim 11, wherein the size of said quantization
intervals being adjustable in accordance with a rounding control parameter
(f), said rounding control parameter (f) being not part of said encoded video
data.

An encoder according to claim 11 or 12, wherein said dead-zone parameter
(®) having a size between a fifth and a half of the interval size.

An encoder according to any of claims 11 to 13, wherein said dead-zone

parameter (®) having a size of approximately 1/4 of the interval size.

An encoder according to any of claims 11 to 14, wherein said dead-zone

parameter (@) being updated every field or frame of a video sequence.
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An encoder according to any of claims 11 to 14, wherein said dead-zone
parameter (®) being updated once per video sequence to be encoded or for

every predefined sub-sequences thereof.

An encoder according to any of claims 11 to 16, wherein said video data
being encoded based on |, P or B type macroblocks and different said

dead-zone parameters (®) being employed for each macroblock type.

An encoder according to any of claims 11 to 17, further comprising:

a detector for detecting a degree or the presence of film grain within the

video data to be encoded, and

setting means for adapting the size of said dead-zone parameter in
accordance with the detection result.

An encoder according to any of claims 11 to 17, further comprising:

a detector for detecting the presence of film grain within the video data to be

encoded, and

enabling means for enabling the application of said dead-zone parameter

only if film grain has been detected.

An encoder according to any of claims 11 to 19, wherein said encoder being

a predictive encoder and further comprises a decoder for decoding the
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encoded video data, said decoding including a de-quantizer for applying
said dead-zone parameter during de-quantization.

A method for decoding encoded video data on a block basis, said encoded
video data include quantized coefficients, comprising the steps of:
de-quantizing a block of quantized coefficients of said encoded video data
by mapping each quantized coefficient value to a de-quantized coefficient
value in accordance with predefined de-quantization intervals, and
transforming a block of de-quantized coefficients into a block of pixels,
characterized in that

the size of the de-quantization interval of the lowest coefficient values is

adjusted in accordance with a variable dead-zone parameter (©).

A method according to claim 21, wherein said dead-zone parameter (®)

having a size between a fifth and a half of the interval step size.

A method according to claim 21 or 22, wherein said dead-zone parameter

(@) having a size of approximately 1/4 of the interval size.

A method according to any of claims 21 to 23, wherein said dead-zone
parameter (®) being updated every field or frame of a video sequence.
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A method according to any of claims 21 to 24, wherein said video data

being encoded as I, P or B type macroblocks, each macroblock having a

different said dead-zone parameter (®).

A method according to any of claims 21 to 25, wherein said dead-zone

parameter (®) being part of said encoded video data.

A decoder for decoding encoded video data on a block basis, said encoded

video data include quantized coefficients, comprising:

an inverse quantizer (220) for de-quantizing a block of quantized
coefficients of said encoded video data by mapping each quantized
coefficient value to a de-quantized coefficient value in accordance with

predefined de-quantization intervals, and

an inverse fransformer (220) for transforming a block of de-quantized

coefficients into a block of pixels,
characterized in that
the size of the de-quantization interval of the lowest coefficient values is

adjusted in accordance with a variable dead-zone parameter (@).

A decoder according to claim 27, wherein said dead-zone parameter (®)

having a size between a fifth and a half of the interval step size.
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A decoder according to claim 27 or 28, wherein said dead-zone parameter

(@) having a size of approximately 1/4 of the interval size.

A decoder according to any of claims 27 to 29, wherein said dead-zone

parameter (®) being updated every field or frame of a video sequence.

A decoder according to any of claims 27 to 30, wherein said video data
being encoded as |, P or B type macroblocks, each macroblock having a

different said dead-zone parameter (©).

A decoder according to any of claims 27 to 31, wherein said dead-zone

parameter (®) being part of said encoded video data.
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