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METHOD AND APPARATUS FOR VIDEO CODEC QUANTIZATION

CROSS-REFERENCE TO RELATED APPLICATIONS
This application claims the benefit of U.S. Provisional Application Serial No.

60/581,019, filed on 18 June, 2004, which is incorporated by reference herein in its

entirety.

FIELD OF THE INVENTION

The present invention generally relates to encoders and decoders and, more

particularly, to a method and apparatus for guantization in video encoders and
decoders.

BACKGROUND OF THE INVENTION
Currently most image and video coding systems and standards such as
MPEG-2 and JVT/H.264/MPEG AVC use transform based techniques followed by

quantization and entropy coding for performing compression. Turning to FIG. 1, a

typical transform based compression system is indicated generally by the reference
numeral 100. An input to the transform based compression system 100 is connected
in signal communication with an input of a transformer 110. An output of the
transformer 110 is connected in signal communication with an input of a quantizer
120. An output of the quantizer 120 is connected in signal communication with an
input of an encoder 130. An output of the encoder 130 is connected in signal
communication with an input of a decoder 140. An output of the decoder 140 is
connected in signal communication with an input of a dequantizer 150. An output of
the dequantizer 150 is connected in signal communication with an input of an inverse
transformer 160. An output of the inverse transformer 160 is an externally available
output of the system 100. The key idea is that such transforms, such as the Discrete
Cosine Transform (DCT), de-correlate the image signal and compact the energy of
an image block into a few low pass coefficients, which after quantization and
de-quantization could still represent the signal rather accurately. Neveitheless, this
quantization/de-quantization process needs to be carefully designed in order to have
the best possible subjective and objective quality. A great deal of past research was
primarily directed to the 8x8 DCT used in JPEG and MPEG-like encoders, and has
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focused on the design of the quantization process, and in particular with regards to
the optimal quantization step size that is to be used, coefficient distribution and
dead-zoning mechanisms. One of the most important observations was that
coefficient distribution, in most cases, followed a Laplacian distribution that enabled a
more accurate modeling and design of the quantization process. This assumption is
followed within the design of many modern codecs and encoders, including H.264 in
an attempt to improve Rate Distortion (RD) performance.

However, although the Laplacian distribution holds true for many cases
(including for some material coded with H.264), due to the introduction of a new
smaller (4x4) transform in the H.264 standard, and the consideration of the standard
for a wide range of applications including high definition TV, broadcasting, video-
conferencing, and so forth, there are cases that such distribution does not always
hold true. One such application in particular is the encoding of Film Grain content
where distribution can be better approximated for certain coefficients using a
Gaussian or generalized Gaussian distribution. This suggests that techniques used
to better fit Laplacian distributions might not be appropriate for encoding such
content, especially at high bitrates (small quantization step sizes) resuiting in poor
subjective and objective performance. Although some of the past research also
suggests that the distribution could be different (Gaussian, Cauchy, Generalized
Gaussian, and so forth), they generally provide rather complex models for the design
of the quantization process. |

It is well documented that the distribution of the DCT AC coefficients, follows in

many cases a Laplacian distribution:
_ 2 i
p(x)= S e

Based on this observation previous research tried to estimate a Laplacian
distribution that could fit to the actual coefficient distribution of the source, and based
on that design the weighted quantization matrices and the dead-zone that is to be
used during quantization. The simplest way to find such a parameter is to use the

standard deviation:
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c —E(x E(x))’ p(x)dx—?:w’t—g

This estimate is done separately for each one of the AC coefficients, while also
the same process is independently applied to the chroma AC coefficients as well.

The above-described process enables an adaptive design of the quantization
process, for example for the selection of the optimal reconstruction values or the
design of the quantization matrices. Such a process could for example be performed

where the quantization factor (Q) that also results in the smallest mean squared error
is first determined:
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It has been claimed that the above could be easily evaluated to determine the

N 2%Q .o, . x 11
e {2ka+/1 kQ" —x 7 IJ

best quantization values, and then determine a table of perceptually weighted
coefficients experimentally. The decision of the base matrix is then performed by
multiplying each MSE-optimal Q with the perceptual weighting, and then collecting
them into a matrix, which is finally scaled and rounded as appropriate for the given
bitrate.

Nevertheless, other work tries to disprove the claim of Laplacian distribution,
with the claim that the distribution is closer to Gaussian or a Generalized Gaussian,

i.e., following the distribution model:

voqy) e i

£ _?(7) D _ r%

where I'() denotes the gamma function
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and v and o are positive real values. Note that T'() for n integer values becomes =

()= (n—1)! while for half integer arguments I'(z/2) has another special form which

is:

F(lnj= (n-2)r

(n-1) ?
2 R

where n!! is a double factorial. The first few values for n=1, 3, 5, ... are therefore:

It is immediately observed that for v =1 and v =2, the above generalized
Gaussian becomes a Laplacian or Gaussian PDF respectively. Maximum likelihood
approach is used for fitting the statistics of a given image or sequence in order to
provide the v and o parameters, which are then used in similar fashion as with the
Laplacian case to determine the optimal quantization values.

The H.264 standard until recently did not provide any mechanism to benefit
from such properties during the quantization process. More specifically, the standard
does not specify how the encoder should perform rounding during quantization, while
it only specifies how the decoder reconstruction levels are computed using uniform
quantization. The H.264 reference software on the other hand made the assumption
that coefficients, both DC and AC, satisfied a Laplacian distribution based on which
fixed rounding (1/3 for intra and 1/6 for inter coding) was used. Unfortunately, the
coefficients are frequently not Laplacian distributed, resulting in very poor subjective

and objective performance within many H.264 encoder implementations, especially at
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higher bitrates and resolutions. This is partly because the standard only considered a

4x4 transform, thus de-correlating coefficients less efficiently, while also the equal
step quantizers and the rather aggressive dead-zoning process tends to throw away
most of the AC coefficients even at high bitrates. For this purpose, the 8x8 transform
was reintroduced in the standard, while also quantization matrices were also adopted
allowing a finer tuning of the quantization process. An alternative method was also
proposed that allowed a modification of the reconstructed coefficient value with lower
complexity than the quantization matrices process. Based on this approach, instead
of performing the quantization and de-quantization of a coefficient equal to W using
an equation of the form:

W
Z=i11t[||T+f}sgn(W) and W'=A-Z

where Zis the final quantized level, A is the quantization step-size, and fserves as a
rounding term for the quantization process (see FIGs. 2A and 2B), quantization is

performed using an equation of the form:
Z=int(@—+—]—c—}sgn(W), and W'=(A-‘Zl—®)'sgn(Z)

where now © is an additional parameter that allows of an offsetting of the final
reconstruction value (see FIG. 3). This effectively reduces the probability that a
coefficient is set to zero thus resulting possibly in reduced subjective and even
objective performance. Turning to FIG. 2A, the relation between an input signal W
and an inverse quantized output signal W’ for a uniform quantizer with step-size A
and f=A/2 is indicated generally by the reference numeral 200. Turning to FIG. 2B,
the relation between an input signal W and an inverse quantized output signal W’ for
a uniform quantizer with step-size A and f=A/4 is indicated generally by the reference
numeral 250. Turning to FIG. 3, an impact of ® = A/4 within a quantization process is

indicated generally by the reference numeral 300.



10

15

20

25

30

WO 2006/007279 PCT/US2005/019647

SUMMARY OF THE INVENTION

These and other drawbacks and disadvantages of the prior art are addressed
by the present invention, which is directed to a method and apparatus for
guantization in video encoders and decoders.

According to an aspect of the present invention, there is provided an encoder
for encoding video signal data for an image block. The encoder includes a quantizer
for receiving transform coefficients for the image block, and for adaptively performing
dead-zone quantization based on coefficient positions and coefficient distributions of
the transform coefficients.

According to another aspect of the present invention, there is provided a
method for encoding video signal data for an image block. The method includes the
steps of receiving transform coefficients for the image block, and adaptively
performing dead-zone quantization based on coefficient positions and coefficient
distributions of the transform coefficients.

According to yet another aspect of the present invention, there is provided a
decoder for decoding video signal data for an image block. The decoder comprises a
quantizer for receiving transform coefficients for the image block, and for adaptively
performing dead-zone quantization based on coefficient positions and coefficient
distributions of the transform coefficients.

According to a further aspect of the present invention, there is provided a
method for decoding video signal data for an image biock. The method includes the
steps of receiving transform coefficients for the image block, and adaptively
performing dead-zone quantization based on coefficient positions and coefficient
distributions of the transform coefficients.

These and other aspects, features and advantages of the present invention will
become apparent from the following detailed description of exemplary embodiments,

which is to be read in connection with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention may be better understood in accordance with the

following exemplary figures, in which:
FIG. 1 shows a block diagram for a typical transform based compression

system according to the prior art;
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FIGs. 2A and 2B shows plots of the relations between an input signal W and
an inverse quantized output signal W’ for a uniform quantizer with step-size A and
f=A/2 and f=A/4, réspectively;

FIG. 3 shows a plot of an impact of ® = A/4 within a quantization process;

FIG. 4 shows plots for a distribution of transform coefficients for intra coded
blocks for a high texture SD sequence;

FIG. 5 shows plots for a distribution around level 1 (QP 30);

FIG. 6 shows plots for an error contribution around level 1 (QP 30) for the
distribution of FIG. 5;

FIG. 7 shows plots for a distribution around level 1 (QP 24);

FIG. 8 shows plots for an error contribution around level 1 (QP 24) for the
distribution of FIG. 7;

FIG. 9 shows plots for a distribution of transform coefficients for inter coded
blocks for a high texture SD sequence;

FIG. 10 shows plots for a distribution around inter level 1 (QP 24);

FIG. 11 shows plots for an error contribution around level 1 (QP 24) for the
distribution of FIG. 10;

FIG. 12 shows plots for a distribution of transform coefficients for intra coded
blocks within a low texture QCIF resolution sequence;

FIG. 13 shows plots for a distribution around intra level 1 (QP 24);

FIG. 14 shows plots for an error contribution around level 1 (QP 24) for the
distribution of FIG. 13;

FIG. 15 shows plots for a distribution of transform coefficients for inter coded
blocks within a low texture QCIF resolution sequence;

FIG. 16A shows a plot of a distribution around inter level 1 (QP 24);

FIG. 16B shows an error contribution around level 1 (QP 24) for the
distribution of FIG. 16A;

FIG. 17 shows a diagram for the computation of fusing right trapezoids;

FIG. 18 shows a plot for the selection of ® through median selection (area
equalization);

FIG. 19 shows a diagram for the computatioh of © using right trapezoids;

Fig. 20 shows a flow diagram for a method for quantization based on transform

statistics at the picture level;
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Fig. 21 shows a flow diagram for a method for quantization based on transform
statistics at the picture level;

FIG. 22 shows a block diagram for an encoder with transform coefficient
consideration for optimized quantization;

FIG. 23 shows a block diagram for an encoder with theta parameter and
transform coefficient consideration for optimized quantization; and

FIG. 24 shows a block diagram for a decoder.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

The present invention is directed to method and apparatus for quantization in

video encoders and decoders.

Considering that in transform based image and video coding, AC coefficients
tend to have sharp concentrations around zero in their distribution, dead-zone
guantization is used in an attempt to achieve good rate-distortion performance.
Design of the dead-zone quantization methods is usually performed with the
assumption that coefficients follow a Laplacian or Gaussian (Normal) distribution.
Unfortunately, in most cases, no consideration of the piecewise distribution (with
regards to each corresponding quantization interval) is made, which could result in
reduced performance. Furthermore, designs are mostly based on objective
measurements that could further lead to visual artifacts and substantially reduced
subjective quality. In accordance with the principles of the present invention, several
methods are provided that could enable improved subjective quality, and also in
many cases objective quality, through adaptively selecting the dead-zone parameters
depending on image characteristics, quantization step size, and reconstructed level.
Although some of the methods only require consideration within an encoder, other
strategies also affect the decoder design, and require that additional information is
present within the encoded bitstream.

The present description illustrates the principles of the present invention. 1t will
thus be appreciated that those skilled in the art will be able to devise various
arrangements that, although not explicitly described or shown herein, embody the
principles of the invention and are included within its spirit and scope.

All examples and conditional language recited herein are intended for
pedagogical purposes to aid the reader in understanding the principles of the

invention and the concepts contributed by the inventor to furthering the art, and are to
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be construed as being without limitation to such specifically recited examples and
conditions.

Moreover, all statements herein reciting principlies, aspects, and embodiments
of the invention, as well as specific examples thereof, are intended to encompass
both structural and functional equivalents thereof. Additionally, it is intended that
such equivalents include both currently known equivaients as well as equivalents
developed in the future, i.e., any elements developed that perform the same function,
regardless of structure.

Thus, for example, it will be appreciated by those skilled in the art that the
block diagrams presented herein represent conceptual views of illustrative circuitry
embodying the principles of the invention. Similarly, it will be appreciated that any
flow charts, flow diagrams, state transition diagrams, pseudocode, and the like
represent various processes which may be substantially represented in computer
readable media and so executed by a computer or processor, whether or not such
computer or processor is explicitly shown.

The functions of the various elements shown in the figures may be provided
through the use of dedicated hardware as well as hardware capable of executing
software in association with appropriate software. When provided by a processor,
the functions may be provided by a single dedicated processor, by a single shared
processor, or by a plurality of individual processors, some of which may be shared.
Moreover, explicit use of the term “processor” or “controller” should not be construed
to refer exclusively to hardware capable of executing software, and may implicitly
include, without limitation, digital signal processor (“DSP”) hardware, read-only
memory (“ROM”) for storing software, random access memory (“‘RAM”), and
non-volatile storage.

Other hardware, conventional and/or custom, may also be included. Similarly,
any switches shown in the figures are conceptual only. Their function may be carried
out through the operation of program logic, through dedicated logic, through the
interaction of program control and dedicated logic, or even manually, the particular
technique being selectable by the implementer as more specifically understood from
the context.

In the claims hereof, any element expressed as a means for performing a
specified function is intended to encompass any way of performing that function

including, for example, a) a combination of circuit elements that performs that
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function or b) software in any form, including, therefore, firmware, microcode or the
like, combined with appropriate circuitry for executing that software to perform the
function. The invention as defined by such claims resides in the fact that the
functionalities provided by the various recited means are combined and brought
together in the manner which the claims call for. It is thus regarded that any means
that can provide those functionalities are equivalent to those shown herein.

In accordance with the principles of the present invention, various
embodiments of an apparatus and method are described for the automatic
computation of the quantization parameters, such as the dead-zone, the quantization
regions for each level, and quantization weighting matrices, that could be used within
a transform based image or video encoder. Also disclosed is a new set of
guantization offsetting matrices which may be transmitted to the decoder and which
provide additional flexibility within the quantization process and can improve
subjective and/or objective quality.

In most research on the subject, it is claimed that the AC coefficient
distribution in transform-based codecs tends to be Laplacian. This assumption is
also followed within the H.264 codec, which tends to especially impact the design of
the quantization process. In particular, the dead-zoning process within the H.264
reference software for a coefficient W is performed through the consideration of a

fixed rounding factor fas follows:

Z =int[IW|§ ! J-sgn(W) )

where Zis the mapped quantization level, and A is the quantization step-size. By
decreasing f, the dead-zone area around the reconstruction value zero is essentially
increased, while also for all other levels the quantization region is equally shifted
according to f. This process can be better seen in FIG. 2A and FIG. 2b. fwas
selected equal to A/3 for intra slices, and A/6 for inter slices in an attempt to
approximate such a Laplacian distribution. Turning to FIGs. 2A and 2B, the relations
between an input signal W and an inverse quantized (reconstructed) output signal W’
for a uniform quantizer with step-size A and f=A/2 and f=A/4, respectively, is indicated

generally by the reference numerals 200 and 250, respectively.

10
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It can nevertheless be observed (see, e.g., FIGs. 4 through 16B) that this
claim is not always true and is highly content and coefficient dependent. In FIG. 4, an
intra transform (4x4) coefficient distribution for a high texture SD sequence is
indicated generally by the reference numeral 400. in FIG. 5, the intra coefficient
distribution around level 1 (QP 30) for this sequence is indicated generally by the
reference numeral 500. FIG. 6 shows the error contribution for the above coefficient
distribution around level 1 which is indicated generally by the reference numeral 600.
However, FIG. 7 illustrates the intra coefficient distribution around level 1 using a
smaller quantizer (QP 24) for this sequence, the intra coefficient distribution being
indicated generally by the reference numeral 700. Similar to Fig.6, FIG. 8 shows the
error contribution for the above coefficient distribution around level 1 which is
indicated generally by the reference numeral 800. In FIG. 9, an inter transform (4x4)
coefficient distribution for this high texture SD sequence is indicated generally by the
reference numeral 900. For this distribution, FIG. 10 shows the distribution around
level 1 (QP 24) which is indicated generally by the reference numeral 1000. Turning
to FIG. 11, the error contribution for the above coefficient distribution around level 1 is
indicated generally by the reference numeral 1100. In comparison, now turning to
FIG. 12, an intra transform (4x4) coefficient distribution for a Low texture QCIF
sequence is indicated generally by the reference numeral 1200. In FIG. 13, the intra
coefficient distribution around level 1 (QP 24) for this sequence is indicated generally
by the reference numeral 1300. FIG. 14 shows the error contribution for the above
coefficient distribution around level 1 which is indicated generally by the reference
numeral 1400. In FIG. 15, an inter transform (4x4) coefficient distribution for this low
texture QCIF sequence is indicated generally by the reference numeral 1500. For
this distribution, FIG. 16A shows the distribution around level 1 (QP 24) which is
indicated generally by the reference numeral 1600. Turning to FIG. 16B, the error
contribution for the above coefficient distribution around level 1 is indicated generally
by the reference numeral 1650. Note that in these figures, the appropriate scaling for
each transform coefficient was also considered. It can be observed that for the low
resolution and detail content, such as the QCIF sequence shown in FIGs. 12 through
16B, although distribution of the coefficients may be closer to Laplacian, there is a
significant difference from one coefficient to another. Assuming Laplacian
distribution, higher order coefficients tend to decay faster (smaller decay rate A or

larger variance) than lower order ones. This immediately suggests that coefficients

11
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need to be handled differently according to their order, instead of assuming a similar
distribution model across frequencies. This becomes even more obvious for high
resolution content and in particular film or highly textured content, which could also
contain noise (e.g., film grain noise), and could significantly impact the coefficient
distribution (FIGs. 4 through 11). Such noise tends to represent itself as a low to
medium variance among samples, which itself impacts the distribution in being closer
to Gaussian. Apparently, by using the fixed rounding parameter f as is used by the
H.264 reference software, even if such is modified according to frequency, this kind
of distribution is not properly accounted for, resulting in a non optimal quantization
process. It is actually observed that especially for low to medium quantization
parameters (corresponding to very high to medium bitrates) that the piecewise
distribution within and near a quantization level (and particularly around level 1) can
become in certain cases uniform or close to uniform (FIGs. 5, 7, 10, 13). Under these
conditions, the selection of fcan be rather critical since an inappropriately large dead-
zone could result in more than necessary coefficients being quantized to zero, which
could lead to reduced objective, and more significantly subjective quality.

This problem tends to be more critical for H.264 considering that the Baseline,
Main, and Extended profiles only allow the use of an integer 4x4 transform. The 4x4
transform, although tends to have some very nice properties such as reduction of
blocking and ringing artifacts, bit exact implementatioh, and so forth, it nevertheless
has lower de-correlation properties than an 8x8 transform, while also is more
sensitive to quantization decisions. In particular, assuming that it is desired to
perform quantization of the following block using a quantizer value (QP) of 26 (fis

considered as equal to A/2):

-10 -6 -7 —4]
-4 -8 -4 -5
43 47 42 44|’
47 46 43 42

then the quantization process would result to the following:

12
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~10 -6 -7 -4] 6 0 0 0] -8 -8 -8 -8]
~4 =8 —4 =8 w8 0 0 O | —4 =4 —4 -4
43 47 42 44 000 Nas a4 a4 a4
47 46 43 42 2 00 0] 48 48 48 48]

It is immediately observed that although the original block is described by high
vertical and low horizontal activity and although the QP is not very high, all horizontal
activity in the reconstructed block is lost. Although the Mean Square Error (MSE) for
this particular block is relatively low (7.625), the subjective impact of this process
could be rather severe considering that the perceptual characteristics of this block
have been severely altered. More specifically, it is observed that the block after
reconstruction tends to be rather structured compared to the original thus making it
more noticeable and unpleasant to a viewer.

The above is an immediate consequence of the quantization process, and in
particular the assignment of a coefficient to level 0 instead of level 1. If all coefficients
either horizontally or vertically are set to zero then the resulting outcome wouid be as
above. Nevertheless, such could be avoided by selectively forcing some coefficients
(at least one) in the affected dimension to level one instead of zero. Such a process
could be performed in various ways. First of all, it needs to be determined whether
such a process is necessary or not. In particular, such a characteristic tends to
happen if the column-wise or row-wise variance (i.e., the sum of variances for all

rows or columns in a block) is relatively small. Such values can be computed as:

j=3 1 j=3 1 J=3 2—|
column_sVar = Z ZZ X - [ZZ X, j l and
d

i=l) j=0 =0

211 1 4= 2_|
row _sVar = Z —z x,.z'j —(—z X ] 1 )
=0 445 43 _|

where x;; corresponds to the pixel value at row and column iand j respectively. If
T,<column_sVar<T, or Ts<row_sVar<Ty are satisfied, then the quantization process
could be altered to consider such characteristics. Furthermore, the entire

macroblock’s or block’s variance may be considered as follows:

13
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| Elishn | Jsslish ?
blockVar = x2 — X, .
Bv X 3 ; ; " Bv X Bh Z Z " ’

= =
where B, and By, are the block height and width respectively. More specifically,
different processing can be applied if blockVar corresponds to different value regions,
or the values of Ty, To, T3, and Ty, could be adapted accordingly (e.g., using a table
lookup that depends on blockVar). It is actuaily recommended that instead of only
collecting distribution statistics for the AC coefficients for the entire image, distribution
can be additionally collected for regions with different characteristics allowing for
more accurate and refined adaptation of the quantization process.

A rather simple method for introducing artificially horizontal or/and vertical
variance (as required) within the 4x4 transform is to enforce or increase the
probability that AC coefficients at positions (1,0) or/and (0,1) are set to level 1. This
can be done by increasing the value of ffor those coefficients only if they were
originally found to be zero using the original fvalue. For example, if the above
characteristics are satisfied (vertical or horizontal variance), and assuming that it is
desired to retain the (1,0) coefficient if possible, then the following process may be
performed:

Compute preliminary level Z,, of coefficient W; o as:

21,0 = int(wT.*-fl} Sgn(Wl,n) )

where f; is a preliminary rounding parameter. If Z,,=0 and the above conditions are

satisfied, then the final level Z,, is computed as:

where £, (f, >f;) is selected in a way to increase the priority of this coefficient being
mapped at level 1.

14
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This embodiment, although it can improve the subjective quality for certain
cases, may hurt subjective quality for others, while also it never considers impact on
the objective quality. Another approach is to first perform a preliminary quantization

for all coefficients. This would basically result in a transform matrix Wand a

preliminary quantization matrix Z as follows:

~ ~ A A
u]() 0 VV() 1 VV(),Z VV(),3—I 0,0 Z(),l Z(),z Z(),S-I
A A A~ A~
Wl.n Wl,l Wl,z Wl.3 S Zl 0 Zl 1 Z1,2 ZI 3
W = : Z = A A A A
Wz 0 W2,1 Wz,z Wz.s Z2,() Zz,l Zz,z Z2,3
A A A ~
Wz 0 VV.%,I W3,2 W3,3 _| ~3,0 3,1 3,2 3,3J

if for all columns with j>0 the 2,.,1. are zero, or/and all Z.Jare zero for i>0, then the

coefficient among these ZA,., ; that is the best to be set to level 1 in terms of a provided

cost is found. This is a minimization problem where the minimum a function J (similar
to Rate distortion optimization techniques) needs to be found such as:

J,; = Distortion, ; + A* Cost, ;.
Distortion;j can be set using different distortion metrics such as:
Distortion, ; =(W, , — A)* or as Distortion, =‘Wi, i— A‘,

while Cost;;j could represent the actual bitrate cost for modifying one coefficient, or
even be equal to the distance from the last non zero coefficient in terms of scanning

order and can be described in a matrix form as follows:

Note that if both horizontal and vertical coefficients need to be changed (i.e., all

coefficients except DC were quantized to zero), then a joint cost from altering either
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horizontal or vertical coefficients while the other dimension is zero (i.e. coefficients at
0,j or i,0) needs to be considered, while on the other hand, while modifying a single
coefficient at a position (i,j) with both i and j larger than zero would have an
immediate impact on both dimensions and a single cost could be used.

A similar approach may be followed for transforms larger than 4x4 (i.e. 8x8).
For the 8x8 transform for example it might be desirable to retain not only a single
horizontal or vertical coefficient, but iwo of them since that may allow a more realistic
reconstruction/representation of the original texture. In such a case, selection of the
two (or more) coefficients needs to be again performed jointly (by examining all
possible combinations), or for simplicity it may also be tried to first optimize each
coefficient separately, while in each step the previous coefficient modification is
considered within the cost process. More coefficients could also be retained in
similar ways for the 4x4 if necessary. More specifically the process can be performed

as follows:

The transform matrix Wand a preliminary quantization matrix Z are again computed

as follows:

VV() 0 Wn,l VV() 2 an,3—| Ao,n Z(),l 2(),2 ZA(),a—l
~ ~ N ~
W= VVI 0 Wl,l VVl,z VVI,3 - Z - %1 0 %1,1 %1.2 %1,3
Wz 0 WZ,] Wz 2 W2,3 Zz.o ZZ,I Zz,z Zz,s
. ~ A N A
W’% 0 VV3,1 Wa,z W3.3 _] Za 0 3,1 3,2 3,3J

Based on Z, the cost matrix for changing a single coefficient from level 0 to level 1 is

computed.

0 ¢, G, G z—l
~ ¢ &, & ¢
w G1 G2 Qg
Cost=| . . . .
Coo Gy Can Gy
N N o o
Cio G Ga o Gl

The coefficient having the smallest RD based cost:

Vi " A
J,; = Distortion, ; + A*¢, ;
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is then modified. This will result in a new matrix Z’ with:

N
N
N
N
e

0,0

N
N
N

N

Lb 2 1,3
Z// = s , 3
’ ’ ’ ’
Z’l,() ZZ,I ZZ,Z 22,3
’ ’ ’ ’
Z3,() Z‘% 1 Z% 2 ZS,3J

The second coefficient that is to be modified is again selected using a criterion such

as J,, = Distortion, , + A*Cost,, where now Cost;;is computed based on the new level

matrix Z’. This process can be repeated as necessary depending on the number of
additional coefficients necessary to be retained.

Although the subjective quality can somewhat improve for certain cases using
the above methods, an alternative method may nevertheless be employed that can
improve both subjective and objective quality by better selecting > based on the

coefficient distribution and through minimizing the generated distortion. As before,

the preliminary level Z,, of coefficient Wy, is again computed as follows:

21,0 = int[Mlg“ALﬁ]' sgn (Vvl,()) ’

where f; is a preliminary rounding parameter.
If Z,,=0 and the above conditions are satisfied, then the final level Z , is

Lo

computed as
Zl.() = lnt(lvvu%f}-] Sgn(m,())

where £ (f, >f;) is selected in a way to increase the priority of this coefficient being
mapped at level 1. Now % can be computed by examining the distribution of the
coefficients. Such a distribution could be collected by performing a pre-analysis of
the current data, or by assuming that the current distribution would have similar

properties as the distribution as previously coded blocks (in the current or previous

pictures) of the same type. Assuming that the preliminary level is Z , the distribution
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area around this level can be computed. This can be done by either considering the
exact statistics of the distribution, or through using the model-based methods (e.g.
usage of the Laplacian or Gaussian distribution models). The usual method for
determining the optimal quantization point for a given distribution region can be
selected as approximately the median point of the distribution (i.e., the point that

separates the distribution into two equal sized areas A,. = A__). It should be noted

that this median point is an approximation, by assuming that the piecewise
distribution is almost piecewise linear. A more accurate strategy is to use the Lloyd
Max method and find the point that minimizes error. By making the piecewise linear
distribution, properties from a right trapezoid (i.e., a trapezoid with two right angles)

can be used, which can be seen in FIG. 17, to compute f:

(+Hy) gng 4 o(ae ) et Bl p Bt BL) (o (ot Hy)
2 z

2 2 2
f'(hl+H2)+f(hz+H2)—A(112+H2)=0:>f'(h1+hz+2H2)'—A(hz+Hz)=O

A =f

Turning to FIG. 17, the computation of f using right trapezoids is indicated generally
by the reference numeral 1700.

We also have:

h=H, _2H -H)_H,~h _

f A A-f
hl =M+ Hz and,

A
]12—_—(f—A)—2(I{1A—_I{22+H2:
f‘(Zf(HlA—Hz)_*_(f_A)_2(Hl__HZ1+4H2j—A((f—A)Z(iifl_}_)+2sz=0:>
f_(ﬂ%ilz)—z(Hl—Hzﬁ“Hz j—A(Z_f(%_Z(HI “H2)+2H2j=0:>
4f°(H, -H,)

+(6H,—2H,)f —2f(H,—H,)+A22H,-H,)=0=

4f2(H1—Hz>+(8H2__4Hl)f+A(4H2_2Hl)=O:>
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_ - ®H,—4H)) +J(8H, - 4H,)* —32(H,~ H,)2H, - H,) -

/ S(Hl_Hz)

(H,—2H,)+J4H —4H H, + H} —2H H,+2H} +4H; -2H,H, _

f:A 2(H1_H2)

P (H,—2H,)*+8H? —8H,H, +3H?
2(H1 _Hz)

Note that fand the value within the square root need to be both positive.
Other arithmetic integral methods, such as the Simpson or 3/8 methods, could
be used instead of the trapezoid one, although those are slightly more complicated.

However, a simpler, although less precise, strategy, is to first compute the areas A,.

- +
and A, from {ZA—%,ZA] and [2A,2A+3‘2—j respectively by first setting x™=x*=A.

Then f, = ZAZ A is selected which, although not optimal, is a good enough solution.

7

Note that x™ =2x f, while x* =2x(1- £,). This method may also be combined with the
previously described method of subjectively optimizing coefficients, where though
now the Z in that process is computed based on the new £ value.

The above method nevertheless does not carefully consider the distortion
incurred by each quantized value. The area computation is made with approximately
an equal assumption of the distortion incurred. Instead a more appropriate method

would be to consider the actual distortion within such computation. That is, areas A,

and A, should be better computed as:

=021
A_= Zdistortion(AX Z,x)X frequency(x) and,

x=AZ-f

x=AXZAA-f R
A= Z distortion(AX Z,x)X frequency(x)
x=AxZ
where distortion(AxZ,x) can be a distortion metric between the reconstructed value

AxZ and x, such as square difference, i.e. (AxZA—xf, or absolute difference , i.e.,

IAxZ —x‘. frequency(x) corresponds to the number of coefficients which value equal to
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x. Again our goal is to make A,. = A .. A simple method to achieve such a property

would be to first compute A and A . using f =%, and by slowly reducing ffind the

first position where such a condition or a condition of the form A,. > A, is satisfied. A

simple algorithm to perform this process can be as follows:

x=AXZ-
Step 1: Set 1 =—§—. Compute A, = Zdistortion(AxZ,x)xfrequency(x) and

X=AXZ~ f

x=AXE+HA-f R
A= Z distortion(AX Z, x) X frequency(x)

Z a
x=AXZ

Step 2: If A, >A, end process.
Step 3: Set f=f-1.If f==0, set f=1 and end process.
Step 4. Set A=A, —distortiOII,(AxZ,AXZ—f)xfrequency(AXZA—f) and

A,. =A,. +distortion(AX Z,AXZ+A- f)><frequency(A><2 +A-f).
Goto Step 2.

Although the above methods can improve performance (either objective,
subjective, or both) the method of artificially introducing higher levels might not
always be desirable since it will not also accurately match the original signal. For this
purpose, the prior art introduced a © parameter that can be transmitted within the
bitstream at certain intervals (i.e., every slice) and that basically introduces a
translation (shift) of the reconstruction values of all coefficients (see FIG. 3). Turning
to FIG. 3, an impact of ® = A/4 within a quantization process is indicated generally by
the reference numeral 300. It is presumed with respect to FIG. 3 that f = A/4. This is
similar to the present invention where certain coefficients are selectively adjusted
from zero level to level one. It thdugh differs from the present invention because in
the prior art a change is required to the codec standard so that the decoder is aware
of such an adjustment and can reconstruct the coefficients more accurately, which is
hot necessary in the present invention. The method proposed in the prior art does
not consider that the AC coefficients (including the DC coefficient) tend to have rather
different distributions. Instead a better approach would be to design a matrix © that is
transmitted with the bitstream, which would allow a finer refinement for each different

coefficient. This approach is very similar to the prior art consideration of quantization

20



WO 2006/007279 PCT/US2005/019647

matrices within H.264 and other codecs. In the H.264 FREXxt specification currently
12 different quantization weighting matrices are allowed, which are basically divided
according to transform size (4x4 vs 8x8), color components (Y, U, and V), and
prediction type (intra vs. inter), since these are the basic compbnents that can contain
5 rather different distribution characteristics. Similarly, 12 different quantization

offsetting matrices can now be defined which, instead of scaling, shift the
reconstruction levels. It may be desirable to add additional matrices which need to
only be available for Macroblock Adaptive Frame-Field coding, and which will
distinguish between field and frame macroblocks. Nevertheless, although all

10 reconstruction values may be shifted, it is observed that the most important one is the
one related to level 1. This suggests that it might be better in terms of RD

performance to only consider a © parameter if the level that is to be reconstructed is

level 1. In particular in the prior art it was mentioned that the reconstructed value W

can be computed as:
15

()()"g‘
Wi =ZyV, o) & )“G‘fo 2 sen(z)

where the Vj parameters originate from the inverse transform process and are related

to the quantizer value QP. In our case, W, may now be computed considering also

20 that now © depends on coefficient position as follows:

if abs(Z;)==1

oor| 8
WU =Z, -V, Zﬂ [ 8 )—9,7 Vi 271 -sgn(Z,.j)

else
. foor @
25 W =z,v,2" )

Another alternative would be to modify © according to the level as follows:

W =2,V ) 2(8,,Z,)-V,- 2" sgn(z,)

L)

30 For example, ¢(©,,Z,)=0,>>(Z,-1) may be used.

fj?
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To compute ©, a similar approach may be used as for the computation of f..
The idea here is to find the position within a quantization interval A corresponding to
the median value in terms of distribution, or basically leads to dividing A into two
equal area regions (see FIG. 18). Turning to FIG. 18, a plot for the selection of ©
through median selection (area equalization) is indicated generally by the reference
numeral 1800. This can be done either manually (i.e., computing the full area, and
then finding the point which divides the area in half), through the consideration of the
model distribution and by performing integral computations, or through the
consideration of simple arithmetic methods. In particular, it is observed again from
FIG. 18 that our piecewise distribution resembles again to a right trapezoid as can be
seen from FIG. 19. Turning to FIG. 19, a diagram for the computation of ® using

right trapezoids is indicated generally by the reference numeral 1900. The full area
can then be computed as:

=S+ h)

A point x=A/2+0 is to be found such as the area is divided into two equal area

regions A/2, that is %(h3 +hy) =—’§—.

hs nevertheless, due to similar triangles properties, is also equal to

x-(h—h,)
h3:112+_—%:_-’

thus replacing hs in the above equation resuits=

x-{2172+x-(h’%172)ﬂ—A=0 =

(h,— 1y )x* +2Ah,x— AA=0 =

x=

— 20l £ 48R +4 AN~ ) g At VAR +4AA( —h,) A
2 1) 2, —h,) 2

Since the negative sign makes little sense, what is then had is:
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o200 + AR +4AN( —h,) A
2 ~h,) 2"

Replacing also A, the following is obtained:

o =20+ VAR 428 (R —1?) A 28R +A2R2 427 A

2(h, —h,) 2 2(h —h,) 2

© could also be computed by considering the actual distortion and coefficient

frequency similar to what was done for the computation of £ Here though, instead of

varying f, the first reconstructed value needs to be varied. That is, the intent is to find

a reconstruction value A=A-© such that4,, (A, ﬁ,)z A, (A, f(,). Again this can be done

using a similar strategy as with f as follows:

Step 1:

Step 2:

Step 3:
Step 3:

Step 4:

Set f =%, ©=0.

x=A-0-1
Compute Az- = Zdistom'on(A—@,x)x Sfrequency(x) and

x=A-f
x=2A-f
A= Z distortion(A — O, x) X frequency(x)

x=A-0

If A,.>A,. end process.
Set ©=0+1. If @:—3— end process.

Goto Step 2.

To further improve performance and the computation of the © values, the

number of coefficients set to zero may also be considered. In particular, it may be

desirable to limit the percentage of a certain AC coefficient, i.e., the AC coefficient at

position (i,j), that is forced to zero. Percentage could be computed at a set of

macroblocks, slice, picture, GOP, or even sequence level. Such a decision could be

made implicitly by providing a predefined percentage value at the encoder, or

automatically by considering certain statistics of the sequence such as variance or

distortion if a value is set to zero. If the distribution, suggests that using the current
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distribution model this percentage is exceeded considerably, then it would be best to
further increase the value of ® to improve quality. A simple way of considering this
property is to find the coefficient value that satisfies this percentage relationship for
the zero level, and increase the A value used in the above ® computation

accordingly. For example, assuming that the zero satisfies a percentage X% at

position y (y<A/2), then a new A’ is used equal to A'=A+(%—y) and compute © as:

oo 20T+ VHAVE +4AN(—h,) N
2 —h, ) 2

® could also be constrained such as a < © < b if necessary (for example a can be set
to 0 and b=A/2). Note that the right trapezoid area computation could also be used to

perform an approximation of the A, and A,. areas needed for computing f>, without

having to perform a full integration of the distribution within these areas. In general,
the trapezoidal approximation may be used with any interval for computing these
areas.

Finally the distribution could also be used for the computation of the
quantization weighting matrices. Assuming that the weight coefficients are already
known based on perceptual analysis, weighting coefficients can be also scaled by
trying to equalize the distribution for all coefficients. This could be performed by
considering the following: (a) the maximum value of each coefficient and computing
its ratio compared to a given value (e.g. compared to the DC); (b) the maximum
available value for each coefficient within a specified percentage (e.g. 95%) of the
distribution starting from zero; and (c) the maximum available value for each
coefficient within a specified distinct percentage P;;of the distribution starting from
zero.

Although the distribution of all coefficients could be considered, it is usually
better to determine which regions are considered more important in terms of
subjective quality (usually regions with low variance characteristics), and only use
these regions for such computation. Nevertheless, such could also hurt performance.
for the remaining regions, thus an alternative would be to perform these computations

for the entire image and for each region separately, and then combine these results
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(i.e. using weighted average methods based on importance, i.e. subjective impact,
number of occurrence etc., of each region), to compute the final weighting matrices.

Turning to Fig. 20, a method for quantization based on transform statistics at
the picture level is generally indicated by the reference numeral 2000. The method
2000 is practiced with respect to encoding of image data.

A begin block 2005 passes control to a function block 2010. The function
block 2010 initializes distribution arrays, and passes control to a loop limit block 2015.
The loop limit block 2015 begins a picture coding loop, and passes control to a
function block 2020. The function block 2020 decides picture level quantization
parameters, performs picture decisions, and so forth in preparation for encoding, and
passes control to a loop limit block 2025. The loop limit block 2025 begins a
macroblock coding loop, and passes control to a function block 2030. The function
block 2030 determines/selects the quantization parameter of a current macroblock
being processed, and passes control to a loop limit block 2035. The loop limit block
20835 begins a prediction mode loop, and passes control to a function block 2040.
The function block 2040 performs intra or inter prediction with respect to the current
macroblock, and passes control to a loop limit block 2045. The loop limit block 2045
begins a transform loop for all 4x4 blocks (in the current macroblock being
processed), and passes control to a function block 2050. The function block 2050
performs a transform of a current 4x4 block being processed, and passes control to a
function block 2055. The function block 2055 quantizes th_e current 4x4 block using
an offset of ¥% to obtain level j; for every transform coefficient, and passes control to a
function block 2060. The function block 2060 checks the distribution arrays to
determine the optimal offset f;; based on the level j; quantization parameter and |, j,
and passes control to a function block 2065. The function block 2065 requantizes the
coefficient at position |, j using fijas the new offset, and passes control to a loop limit
block 2070. The loop limit block 2070 ends the transform loop and passes control to
a loop limit block 2075. The loop limit block 2075 ends the prediction mode loop and
passes control to a function block 2080. The function block 2080 updates the
distribution arrays, and passes control to a loop limit block 2085. The loop limit block
2085 ends the MB coding loop and passes control to a loop limit block 2090. The
loop limit block 2090 ends the picture coding loop and passes control to an end block
2095.
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Turning to Fig. 21, a method for quantization based on region consideration is
generally indicated by the reference numeral 2100. The method 2100 is practiced
with respect to encoding of image data.

A begin block 2105 passes control to a function block 2110. The function
block 2110 initializes distribution arrays, and passes control to a loop limit block 2115.
The loop limit block 2115 begins a picture coding loop, and passes control to a
function block 2120. The function block 2120 decides picture level quantization
parameters, performs picture decisions, and so forth in preparation for encoding, and
passes control to a function block 2122. The function block 2122 analyzes a scene
based on content (e.g., using a region segmentation scheme), and passes control to
a loop limit block 2125. The loop limit block 2125 begins a macroblock coding loop,
and passes control to a function block 2130. The function block 2130
determines/selects the quantization parameter of a current macroblock being
processed, determines the region corresponding to the current macroblock, and
passes control to a loop limit block 2135. The loop limit block 2135 begins a
prediction mode loop, and passes control to a function block 2140. The function
block 2140 performs intra or inter prediction with respect to the current macroblock,
and passes control to a loop limit block 2145. The loop limit block 2145 begins a
transform loop for all 4x4 blocks (in the current macroblock being processed), and
passes control to a function block 2150. The function block 2150 performs a
transform of a current 4x4 block being processed, and passes control to a function
block 2155. The function block 2155 quantizes the current 4x4 block using an offset
of 1% to obtain level ;for every transform coefficient, and passes control to a function
block 2160. The function block 2160 checks the distribution arrays for a
corresponding region(s) to determine the optimal offset f;jbased on the level
quantization parameter and |, j, and passes control to a function block 2165. The
function block 2165 requantizes the coefficient at position |, j using fi;as the new
offset, and passes control to a loop limit block 2170. The loop limit block 2170 ends
the transform loop and passes control to a loop limit block 2175. The loop limit block
2175 ends the prediction mode loop and passes control to a function block 2180.
The function block 2180 updates the distribution arrays of the corresponding
region(s) and global arrays, if available, and passes control to a loop limit block 2185.

The loop limit block 2185 ends the MB coding loop and passes control to a loop limit
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block 2190. The loop limit block 2190 ends the picture coding loop and passes
control to an end block 2195.

Turning to FIG. 22, an encoder with transform coefficient consideration for
optimized quantization is generally indicated by the reference numeral 2200.

An input to the encoder 2200 is connected in signal communication with a first
input of a region analysis and statistics module 2210, an inverting input of an adder
2215, and with a first input of a motion compensator 2220. An output of the adder
2215 is connected in signal communication with an input of a transformer 2225. A
first output of the transformer 2225 is connected in signal communication with a
second input of the region analysis and statistics module 2210. An output of the
region analysis and statistics module 2210 is connected in signal communication with
a first input of a prequantizer 2230. An output of the prequantizer 2230 is connected
in signal communication with a first input of a quantizer 2235. A second output of the
transformer 2225 is connected in signal communication with a second input of the
quantizer 2235. A third output of the transformer 2225 is connected in signal
communication with a second input of the prequantizer 2230. An output of the
quantizer 2235 is connected in signal communication with a first input of a variable
length coder (VLC) 2240 and an input of an inverse quantizer 2245. An output of the
VLC 2240 is available as an output of the encoder 2200.

A first output of the motion compensator 2220 is connected in signal
communication with a non-inverting input of the adder 2215 and a first input of an
adder 2255. A second input of the motion compensator 2220 is connected in signal
communication with a first output of a motion estimation and mode decision module
2250. An output of the inverse quantizer 2245 is connected in signal communication
with an input of an inverse transformer 2260. An output of the inverse transformer
2260 is connected in sighal communication with a second input of the adder 2255.
An output of the adder 2255 is connected in signal communication with an input of a
loop filter 2275. An output of the loop filter 2275 is connected in signal
communication with an input of a picture reference store 2270. An output of the
picture reference store is connected in signal communication with a third input of he
motion compensator 2220 and an input of the motion estimation and mode decision
module 2250. A second output of the motion estimation and mode decision module

2250 is connected in signal communication with a second input of the VLC 2240.
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Turning to FIG. 23, an encoder with theta parameter and transform coefficient
consideration for optimized quantization is generally indicated by the reference
numeral 2300.

An input to the encoder 2300 is connected in signal communication with a first
input of a region analysis and statistics module 2310, an inverting input of an adder
2315, and with a first input of a motion compensator 2320. An output of the adder
2315 is connected in signal communication with an input of a transformer 2325. A
first output of the transformer 2325 is connected in signal communication with a
second input of the region analysis and statistics module 2310. A first output of the
region analysis and statistics module 2310 is connected in signal communication with
a first input of a prequantizer 2330. An output of the prequantizer 2330 is connected
in signal communication with a first input of a quantizer 2335. A second output of the
transformer 2325 is connected in signal communication with a second input of the
guantizer 2335. A third output of the transformer 2325 is connected in signal
communication with a second input of the prequantizer 2230. An output of the
quantizer 2335 is connected in signal communication with a first input of a variable
length coder (VLC) 2340 and a first input of an inverse quantizer 2345. An output of
the VLC 2340 is available as an output of the encoder 2300.

A first output of the motion compensator 2320 is connected in signal
communication with a non-inverting input of the adder 2315 and a first input of an
adder 2355. A second input of the motion compensator 2320 is connected in signal
communication with a first output of a motion estimation and mode decision module
2350. An output of the inverse quantizer 2345 is connected in signal communication
with an input of an inverse transformer 2360. An output of the inverse transformer
2260 is connected in signal communication with a second input of the adder 2355.
An output of the adder 2355 is connected in signal communication with an input of a
loop filter 2375. An output of the loop filter 2375 is connected in signal
communication with an input of a picture reference store 2370. An output of the
picture reference store is connected in signal communication with a third input of he
motion compensator 2320 and an input of the motion estimation and mode decision
module 2350. A second output of the motion estimation and mode decision module
2350 is connected in signal communication with a second input of the VLC 2340.

A second output of the region analysis and statistics module 2310 is

connected in signal communication with an input of a theta derivation module 2380.
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A first output of the theta derivation module 2380 is connected in signal
communication with a second input of the inverse quantizer 2345. A second output
of the theta derivation module 2380 is connected in signal communication with a third
input of the prequantizer 2330, a third input of a quantizer 2335, and with a third input
of the VLC 2340.

Turning to FIG. 24, a decoder is generally indicated by the reference numeral
2400. An input of the decoder 2400 is connected in signal communication to an input
of a theta derivation module 2480 and to an input of a variable length decoder (VLD)
2440. An output of the theta derivation module 2480 is connected in signal
communication with a first input of an inverse discrete cosine transform (IDCT)
module 2499. A first output of the VLD 2440 is connected in signal communication
with a first input of a motion compensator 2420. A second output of the VLD 2440 is
connected in signal communication with an input of a quantizer 2435. An output of
the quantizer 2435 is connected in signal communication with a second input of the
IDCT module 2499. An output of the ICDT module 2499 is connected in signall
communication with a first input of an adder 2488. An output of the motion
compensator 2420 is connected in signal communication with a second input of the
adder 2488. An output of the adder 2488 is connected in signal communication with
an input of a loop filter 2477. An output of the loop filter 2477 is connected in signal
communication with an input of a frame buffer 2466. A first output of the frame buffer
2466 is connected in signal communication with a second input of the motion
compensator 2420. A second output of the frame buffer 2466 is available as an
output of the decoder 2400.

A description will now be given of some of the many attendant
advantages/features of the present‘ invention, according to various illustrative
embodiments of the present invention. For example, one advantage/feature is an
encoding apparatus and method in which dead-zone quantization is performed
adaptively by considering coefficient position and associated distribution. Another
advantage/feature is the encoding apparatus and method as described above,
wherein adaptation is performed depending on at least one of coding mode (intra or
inter), color component, transform size, and if necessary field and frame macroblock
coding modes. Yet another advantage/feature is the encoding apparatus and method
with adaptation as described above, wherein distribution statistics are collected

separately for each different case. A further advantage/feature is the encoding

29



10

15

20

25

30

WO 2006/007279 PCT/US2005/019647

apparatus and method with adaptation as described above, wherein distribution
statistics are collected based on region characteristics (variance, edges, and so
forth). A still further advantage/feature is the encoding apparatus and method as
described above, wherein dead-zone quantization is petrformed in a two step method,
first to determine a preliminary level using a fixed dead-zone/ rounding control, and
then based on this level repeat the quantization using a level dependent dead-zone/
rounding control. Also, another advantage/feature is the encoding apparatus and
method with 2-step dead-zone quantization as described above, wherein the level
dependent rounding control is computed based on the piecewise distribution within
that level. Moreover, another advantage/feature is the encoding apparatus and
method with 2-step dead-zone quantization and level dependent rounding control as
described above, wherein computation is performed using distribution concentrations
(distribution areas) within the reconstruction area. Further, another
advantage/feature is the encoding apparatus and method with 2-step dead-zone
guantization and also with level dependent rounding control, wherein arithmetic
integral methods, such as the trapezoid or simplex approximation methods are used
to compute the level dependent rounding control. Additionally, another
advantage/feature is the encoding apparatus and method with 2-step dead-zone
quantization as described above, wherein distortion is also considered within the
computation. Moreover, another advantage/feature is the encoding apparatus and
method as described above, wherein certain coefficients originally set to level zero
are instead forced to a higher level, in an attempt to improve subjective quality. Also,
another advantage/feature is the encoding apparatus and method with coefficient
level forcing as described above, wherein such decision is based on Rate Distortion
Optimized criteria. Further, another advantage/feature is the encoding apparatus and
method as described above, wherein dead-zone quantization is refined through the
transmission and consideration of a set of offsetting quantization matrices ©. Also,
another advantage/feature is the encoding apparatus and method with dead-zone
quantization refined through offsetting matrices as described above, wherein ©
values have different impact at different levels. Moreover, another advantage/feature
is the encoding apparatus and method with dead-zone quantization refined through
offsetting matrices as described above, wherein © is computed based on image
statistics and coefficient distributions. Further, another advantage/feature is the

encoding apparatus and method with dead-zone quantization refined through
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offsetting matrices and ® computed based on image statistics and coefficient
distribution as described above, wherein © is computed using distribution
concentrations (distributibn areas) within the reconstruction area. Additionally,
another advantage/feature is the encoding apparatus and method with dead-zone
guantization refined through offsetting matrices and ® computed based on image
statistics and coefficient distribution and on distribution concentrations as described
above, wherein arithmetic integral methods, such as the trapezoid or simplex
approximation methods are used to compute ©. Further, another advantage/feature
is the encoding apparatus and method with dead-zone quantization refined through
offsetting matrices and ® computed based on image statistics and coefficient
distribution and on distribution concentrations as described above, wherein distortion
is also considered for the computation of ©. Moreover, another advantage/feature is
the encoding apparatus and method with dead-zone quantization refined through
offsetting matrices as described above, wherein ® computation can be adjusted
depending on the maximum percentage of coefficients allowed to be coded uéing
level zero. A still further advantage/feature is the encoding apparatus and method as
described above, wherein dead-zone gquantization considers weighted quantization
matrices that are computed based on the distribution characteristics for all
coefficients. Another advantage/feature is the encoding apparatus and method with
adaptation, distribution statistic collection based on region characteristics, and dead-
zone quantization with weighted matrices computer based on distribution
characteristics for all coefficients as described above, wherein only distribution of
“most significant regions” is considered for this computation. Moreover, another
advantage/feature is the encoding apparatus and method with adaptation, distribution
statistic collection based on region characteristics, and dead-zone quantization with
weighted matrices computer based on distribution characteristics for all coefficients
as described above, wherein all different regions are considered for the computation
of weighted matrices through the use of a weighted averaging method based on
subjective impact and occurrence statistics.

These and other features and advantages of the present invention may be
readily ascertained by one of ordinary skill in the pertinent art based on the teachings
herein. It is to be understood that the teachings of the present invention may be
implemented in various forms of hardware, software, firmware, special purpose

processors, or combinations thereof.
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Most preferably, the teachings of the present invention are implemented as a
combination of hardware and software. Moreover, the software is preferably
implemented as an application program tangibly embodied on a program storage
unit. The application program may be uploaded to, and executed by, a machine
comprising any suitable architecture. Preferably, the machine is implemented on a
computer platform having hardware such as one or more central processing units
(“CPU"), a random access memory (“RAM”), and input/output (“I/O”) interfaces. The
computer platform may also include an operating system and microinstruction code.
The various processes and functions described herein may be either part of the
microinstruction code or part of the application program, or any combination thereof,
which may be executed by a CPU. In addition, various other peripheral units may be
connected to the computer platform such as an additional data storage unit and a
printing unit.

It is to be further understood that, because some of the constituent system
components and methods depicted in the accompanying drawings are preferably
implemented in software, the actual connections between the system components or
the process function blocks may differ depending upon the manner in which the
present invention is programmed. Given the teachings herein, one of ordinary skill in
the pertinent art will be able to contemplate these and similar implementations or
configurations of the present invention.

Although the illustrative embodiments have been described herein with
reference to the accompanying drawings, it is to be understood that the present
invention is not limited to those precise embodiments, and that various changes and
modifications may be effected therein by one of ordinary skill in the pertinent art
without departing from the scope or spirit of the present invention. All such changes
and modifications are intended to be included within the scope of the present

invention as set forth in the appended claims.
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CLAIMS:

1. An encoder for encoding video signal data for an image block,
comprising:

a quantizer (2335) for receiving transform coefficients for the image block, and
for adaptively performing dead-zone quantization based on coefficient positions and

coefficient distributions of the transform coefficients.

2. The encoder as defined in Claim 1, wherein said quantizer (2335)
adaptively performs dead-zone quantization depending upon at least one of coding

mode, color component, and transform size.

3. The encoder as defined in Claim 1, wherein said quantizer (2335)
adaptively performs dead-zone quantization depending upon at least one of field and
frame macroblock coding modes.

4. The encoder as defined in Claim 2, wherein distribution characteristics
for the coefficient distributions are collected separately for dead-zone quantization
adaptively performed using each of coding mode, color component, and transform

size, respectively.

5. The encoder as defined in Claim 2, wherein distribution statistics for the

coefficient distributions are collected based on region characteristics.

6. The encoder as defined in Claim 5, wherein the region characteristics
include motion, texture, color, variance and edge information.

7. The encoder as defined in Claim 1, wherein said quantizer (2335)
adaptively performs the dead-zone quantization by determining a preliminary
quantization level using a fixed dead-zone/rounding control, and repeating the dead-
zone quantization based on the preliminary quantization level and using a level

dependent dead-zone/rounding control.
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8. The encoder as defined in Claim 7, wherein said quantizer (2335)
computes the level dependent dead-zone/rounding control based upon a piecewise

distribution within a corresponding level.

9. The encoder as defined in Claim 8, wherein said quantizer (2335)
computes the level dependent dead-zone/rounding control using distribution

concentrations with a reconstructed area of the image block.

10.  The encoder as defined in Claim 7, wherein said quantizer (2335)
computes the level dependent dead-zone/rounding control using an arithmetic

integral process.

11.  The encoder as defined in Claim 10, wherein the arithmetic integral
process comprises at least one of a trapezoid approximation process and a simplex

approximation process.

12.  The encoder as defined in Claim 7, wherein said quantizer (2335)
computes the level dependent dead-zone/rounding control based on distortion
present in the transform coefficients.

13.  The encoder as defined in Claim 1, wherein said quantizer (2335)
forces at least some of the transform coefficients to a higher quantization level to
improve subjective quality, when the at least some of the transform coefficients were

originally set to a level zero.

14.  The encoder as defined in Claim 13, wherein said quantizer (2335)
determines whether to force the at least some of the transform coefficients to the
higher level based on rate distortion optimized criteria.

15.  The encoder as defined in Claim 1, wherein said quantizer (2335)

refines the dead-zoning quantization through transmission and use of a set of

offsetting quantization matrices.
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16.  The encoder as defined in Claim 15, wherein values within the offsetting

quantization matrices have different impacts at different quantization levels.

17.  The encoder as defined in Claim 15, wherein the offsetting quantization
matrices are computed based on image statistics for the image block and the

coefficient distributions of the transform coefficients for the image block.

18.  The encoder as defined in Claim 17, wherein the offset quantization

matrices are computed using distribution concentrations within a reconstructed area
of the image block.

19.  The encoder as defined in Claim 18, wherein the offsetting quantization

matrices are computed using an arithmetic integral process.

20. The encoder as defined in Claim 19, wherein the arithmetic integral
process comprises at least one of a trapezoid approximation process and a simplex

approximation process.

21.  The encoder as defined in Claim 18, wherein the offsetting quantization

matrices are computed also based on distortion.

22. The encoder as defined in Claim 15, wherein a computation of the
offsetting quantization matrices is adjusted depending upon a maximum percentage of
transform coefficients allowed to be coded using level zero.

23. The encoder as defined in Claim 1, wherein said quantizer (2335)
performs the dead-zone quantization using offsetting quantization matrices that are
computed based on distribution characteristics for all of the transform coefficients and

weighted quantization matrices.
24.  The encoder as defined in Claim 23, wherein the offsetting quantization

matrices are computed using a distribution of only most significant image regions
designated based on predefined significance criteria.
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25.  The encoder as defined in Claim 23, wherein the offsetting quantization
matrices are computed based on at least some different image regions using a
weighted averaging method that is based on a subjective impact of each of the

different image regions and corresponding occurrence statistics.

26. A method for encoding video signal data for an image block, comprising
the steps of:

receiving transform coefficients for the image block; and

adaptively performing (2155) dead-zone quantization based on coefficient

positions and coefficient distributions of the transform coefficients.

27. The method as defined in Claim 26, wherein the dead-zone

quantization is adaptively performed depending upon at least one of coding mode,
color component, and transform size.

28. The method as defined in Claim 26, wherein the dead-zone

quantization is adaptively performed depending upon at least one of field and frame
macroblock coding modes.

29.  The method as defined in Claim 27, further comprising the step of
separately collecting distribution characteristics for the coefficient distributions when
the dead-zone quantization is adaptively performed using each of coding mode, color

component, and transform size, respectively.

30. The method as defined in Claim 27, wherein distribution statistics for

the coefficient distributions are collected based on region characteristics.

31.  The method as defined in Claim 30, wherein the region characteristics

include motion, texture, color, variance and edge information.

32.  The method as defined in Claim 26, wherein said step of adaptively
performing the dead-zone quantization comprises the steps of:
initially performing (2130) the dead-zone quantization by determining a

preliminary quantization level using a fixed dead-zone/rounding control; and
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repeating (2165) the dead-zone quantization based on the preliminary
quantization level and using a level dependent dead-zone/rounding control.

33.  The method as defined in Claim 32, further comprising the step of
computing (2160) the level dependent dead-zone/rounding control based upon a
piecewise distribution within a corresponding level.

34.  The method as defined in Claim 33, further comprising the step of
computing the level dependent dead-zone/rounding control using distribution

concentrations with a reconstructed area of the image block.

35.  The method as defined in Claim 32, further comprising the step of
computing the level dependent dead-zone/rounding control using an arithmetic
integral process.

36.  The method as defined in Claim 35, wherein the arithmetic integral
process comprises at least one of a trapezoid approximation process and a simplex
approximation process.

37.  The method as defined in Claim 32, further comprising the step of |
computing the level dependent dead-zone/rounding control based on distortion

present in the transform coefficients.

38.  The method as defined in Claim 26, further comprising the step of

forcing at least some of the transform coefficients to a higher quantization level to

improve subjective quality, when the at least some of the transform coefficients were

originally set to a level zero.

39.  The method as defined in Claim 38, wherein said forcing step

comprises the step of determining whether to force the at least some of the transform

coefficients to the higher level based on rate distortion optimized criteria.
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40.  The method as defined in Claim 26, further comprising the step of
refining the dead-zoning quantization through transmission and use of a set of
offsetting quantization matrices.

41. The method as defined in Claim 40, wherein values within the offsetting

quantization matrices have different impacts at different quantization levels.

42.  The method as defined in Claim 40, further comprising the step of
computing the offsetting quantization matrices based on image statistics for the
image block and the coefficient distributions of the transform coefficients for the

image block.

43.  The method as defined in Claim 42, wherein said computing step
computes the offset quantization matrices using distribution concentrations within a

reconstructed area of the image block.

44.  The method as defined in Claim 43, wherein said computing step

computes the offsetting quantization matrices using an arithmetic integral process.

45.  The method as defined in Claim 44, wherein the arithmetic integral
process comprises at least one of a trapezoid approximation process and a simplex

approximation process.

46.  The method as defined in Claim 43, wherein said computing step

computes the offset quantization matrices based on distortion.

47.  The method as defined in Claim 40, further comprising the step of
adjusting a computation of the offsetting quantization matrices depending upon a

maximum percentage of transform coefficients allowed to be coded using level zero.
48.  The method as defined in Claim 26, wherein said step of adaptively

performing the dead-zone quantization uses quantization offsetting matrices that are

computed based on distribution characteristics for all of the transform coefficients.
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49.  The method as defined in Claim 48, further comprising the step of
computing the offsetting quantization matrices using a distribution of only most

significant image regions designated based on predefined significance criteria.

50.  The method as defined in Claim 48, further comprising the step of
computing the offsetting quantization matrices based on at least some different image
regions using a weighted averaging method that is based on a subjective impact of

each of the different image regions and corresponding occurrence statistics.

51. A decoder for decoding video signal data for an image block,
comprising:

a quantizer (2435) for receiving transform coefficients for the image block, and
for adaptively performing dead-zone quantization based on coefficient positions and
coefficient distributions of the transform coefficients.

52.  The decoder as defined in Claim 51, wherein said quantizer (2435)
adaptively performs dead-zone quantization depending upon at least one of coding
mode, color component, and transform size.

53.  The decoder as defined in Claim 51, wherein said quantizer (2435)
adaptively performs dead-zone quantization depending upon at least one of field and
frame macroblock coding modes.

54.  The decoder as defined in Claim 51, wherein said quantizer (2435)
refines the dead-zoning quantization through transmission and use of a set of
offsetting quantization matrices.

55.  The decoder as defined in Claim 54, wherein values within the offsetting

quantization matrices have different impacts at different quantization levels.
56. A method for decoding video signal data for an image block, comprising

the steps of:

receiving transform coefficients for the image block; and
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adaptively performing dead-zone quantization based on coefficient positions
and coefficient distributions of the transform coefficients.

57.  The method as defined in Claim 56, wherein the dead-zone

5 quantization is adaptively performed depending upon at least one of coding mode,
color component, and transform size.

58.  The method as defined in Claim 56, wherein the dead-zone

quéntization is adaptively performed depending upon at least one of field and frame
10 macroblock coding modes.

59.  The method as defined in Claim 56, further comprising the step of
refining the dead-zoning quantization through transmission and use of a set of
offsetting quantization matrices.

15
60.  The method as defined in Claim 59, wherein values within the offsetting

quantization matrices have different impact at different quantization levels.
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