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(57) Abrege(suite)/Abstract(continued):

target and obtains the predicted value; computes data of a probability distribution which Iindicates what value an original pixel value
has for the obtained predicted value, by shifting, in accordance with the predicted value, difference distribution data of a difference
between the original pixel value and the predicted value In predictive encoding, where the difference distribution data Is stored In
advance; clips the obtained data of the probabillity distribution so as to contain the data in a range from a lower limit to an upper limit
for possible values of the original pixel value; and encodes the pixel value of the encoding target by using the clipped data of the
probabillity distribution of the original pixel value from the lower limit to the upper limit.
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ABSTRACT

An image encoding method for encoding a pixel value of an encoding target by
using a predicted value generated by means of spatial or temporal prediction using a
previously-decoded image. The method performs prediction of the pixel value of the
encoding target and obtains the predicted value; computes data of a probability
distribution which indicates what value an original pixel value has for the obtained
predicted value, by shifting, in accordance with the predicted value, difference
distribution data of a difference between the original pixel value and the predicted value
in predictive encoding, where the difference distribution data is stored in advance: clips
the obtained data of the probability distribution so as to contain the data in a range from a
lower limit to an upper limit for possible values of the original pixel value; and encodes
the pixel value of the encoding target by using the clipped data of the probability

distribution of the original pixel value from the lower limit to the upper limit.
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1
DESCRIPTION

IMAGE ENCODING METHOD AND DECODING METHOD,

df‘!h A A TR T T "\ TN A "N

RAMS THEREFOR, AND

STORAGE MEDIA WHICH STORE THE PROGRAMS

TECHNICAL FIELD

[0001]

The present invention relates to a technique relating to a highly-efficient image

encoding method for efﬁcienﬂy encoding and decoding an image (static image or video
(moving) image).
BACKGROUND ART
[0002]
In the encoding of an image (static or video image), a prediction encoding method
's a mainstream, in which pixel values of an encoding target are predicted by means of

spatial or temporal prediction using previously-decoded pixels.

[0003]

For example, in 4x4 block horizontal intra prediction in H.264/AVC, a 4x4 block
from pixel A to pixel P (described as "A...P", similar forms will be used in other
descriptions) as an encoding target is predicted horizontally using previously-decoded

adjacent pixels a...d on the left side, as shown below:
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A=B=C=D=a
E=F=G=H=b
[=]J=K=L=c¢
M=N=0=P=d

Next, the prediction residual is computed as follows:

A-a B-a C-a D-a
E-b F-b G-b H-b
[-c J-c K-c L-c
M-d N-d O-d P-d

After that, orthogonal transformation, quantization, and entropy encoding are

executed so as to perform compressive encoding.
[0004]

Similar operation is performed in motion-compensated prediction. That is, in 4x4

block motion compensation, a 4x4 block A'...P' as a result of prediction of A...P by using

another frame is generated as follows:

A'B'C'D’
E'F G'H
Iy KL
M'N'O' P’

Then, the prediction residual 1s computed as follows:

A-A" B-B C-C D-D’
E-E'  F-F G-G" H-H
[-I’ J-J' K-K' L-IV
M-M" N-N'"  0O-QO°" P-P
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After that, orthogonal transformation, quantization, and entropy encoding are

executed so as to perform compressive encoding.

[0005]

For the upper-left position (as an example) of the block, a corresponding decoder
obtains a predicted value A' and a decoded value (A—A") of the prediction residual, and
acquires an original pixel value A as the sum of the above-obtained values. Thisis a
reversible case. However, even in an irreversible case, a decoder obtains a prediction
residual decoded value (A—A'tA) (A is an encoding noise), and acquires (A+A) by
adding a predicted value A' to the above-obtained value.

[0006]

The above explanation is applied to 16 (i.e., 4x4) pixel values. Below, a one-
dimensional form based on a simplified concept will be shown. Also below, a popular 8-
bit pixel value is employed. Therefore, the pixel value is an integer within a range from
0 to 255 (i.e., including 256 integers). Similar explanations can be applied to other pixel

values other than the 8-bit pixel value.

[0007]

Now it is assumed that x denotes a pixel value as an encoding target, and X'

denotes a predicted value thereof. Since X' is close to x, the prediction residual (x—x') can

be within a range from —255 ... 255, and concentrates at values in the vicinity of 0, so that
the number of large absolute values is relatively small. This relationship is shown in a
eraph of Fig. 1.

(0008}
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Since the information amount of biased distribution is smaller than unitorm
distribution, it may be compressed after the encoding. Conventionally, a highly efficient

compression is achieved using such biased distribution.

(0009}

Non-Patent Document 1 relates to vector encoding which is described in
embodiments of the present invention explained later, and discloses a pyramid vector
quantization technique where representative vectors are regularly positioned within a

space.

Non-Patent Document 2 discloses a vector quantization technique based on an
LBG algorithm for optimizing representative vectors of vector quantization by means of

learning, so as to irregularly arrange representative vectors in a space.

Non-Patent Document 1: T.R.Fischer, “A pyramid vector quantizer”, IEEE Trans.

Inform. Theory, vol. IT-32, no. 4, pp. 568-583, July, 1986.

Non-Patent Document 2: Y.Linde, A.Buzo and R.M.Gray, “An algorithm for vector
quantizer design”, IEEE Trans. on Communications, vol. com-28, no. 1, pp. 84-95,

January, 1980.

DISCLOSURE OF INVENTION
Problem to be Solved by the Invention

[0010]

In conventional techniques, it is assumed here that the predicted value x' = 255.
Since the pixel value x belongs to 0...255, the prediction residual x—x' = —-255...0, that 1s,

1t should be O or smaller.
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[0011]

Therefore, in the relevant prediction residual distribution, almost right half (i.e.,
positive direction) is not used. If qualitatively describing while disregarding end portions
(having a very small occurrence probability) of the distribution, 1 bif is required for
indicating information of "which of right and left" (e.g., 0 for right and 1 for left) because
the distribution 1s symmetrical in the left-to-right direction. When the right-half
distribution is not used (where there is a part exceeding a possible value range), the
above 1 bit is originally needless. Also, when the predicted value x' = 0, almost left half
of the relevant prediction error distribution is not used, and the "1 bit" is originally

unnecessary.

[0012]

The above relationships are shown in Fig. 2. In each diagram shown below, the
possible range for a pixel value or a prediction error is indicated by dashed lines.
[0013]

For gualitative description, pw(d) 1s defined, which denotes a probability
distribution extending in the left-to-right direction.

10014]

[Formula 1]

Z pwld) = (1)

[0015]
Actually, values in the right half are never used. Therefore, the true distribution

of "error d" 1s twice as much as py,.

[0016]
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pe(d) = 2pw(d) (when d < 0)
pe(d) =0 (when d > 0) (2)
[0017]
[Formula 2}
255 0
Z pld) = Z p(d) =1 (3)
d=-255 d=-255
[0018]

When regarding pw as occurrence probability, the average entropy Hy, is estimated

as follows.
[0019]
[Formula 3]
0
Hw - = Z pf:(d) logz pw(d) (4)
d=~255
[0020]

The average entropy computed using a true occurrence probability 1s as follows.

[0021]
[Formula 4]
0 0
- Y pdd)logpld) = ~ ) pe(d)log; (2pu(d)) (5)
=—255 d=—-255
0
= = > pc(d)(log, pu(d) + 1) (6)
d=-255
0 0
= - Z p.(d) log; p.(d) —- Z pd) (7)
d=-255 d=-258
= H, -1 (8)

10022]
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However, in conventional encoding, only a difference (x—x") is targeted, and thus

1t 1s 1impossible to delete the useless "1 bit".
[0023]
This 1s because:

(1) the difference (x—x'") loses information of the predicted value x'; and

(ii)  (for multidimensional cases) since the difference (x—x') 1s subjected to orthogonal

transformation, the possible range of x in a space after the transformation should also be
transformed, so that 1t 1s very difficult to determine an excess (over a possible' value

range) in a multidimensional distribution.
[0024]

In light of the above problems, an object of the present invention is to improve
encoding efficiency of predictive encoding, by not computing the difference between an
original pixel value and a predicted value therefor when performing temporal and spatial
prediction (similar to conventional techniques), and encoding the original pixel value
based on a distnibution corresponding to the original pixel value in consideration of an

above-described "excess" for the distribution.

Means for Solving the Problem
[0025]

The present invention is applied to predictive encoding for encoding a pixel value
of an encoding target (the value may be associated with a pixel block) by using a
predicted value generated by means of spatial or temporal prediction (motion
compensation) using a previously-decoded image. In order to solve the above problems,
a main feature of the present invention is to encode the value of an encoding target pixel

(or pixel block) by using a conditional distribution for the predicted value of the relevant
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pixel value in consideration of the upper and lower limits of possible values of the pixel

value.

[0026]

The upper and lower limits of possible values of the pixel value correspond to
upper and lower limits of possible values of a pixel in a digital image. In an 8-bit image
which 1s most popularly used, the upper and lower limits are 255 and 0, while they are
1023 and O for a 10-bit image.

It 1s no problem to assume that no pixel having a value (e.g., 2000) larger than the
upper limit or a value (e.g., —1) 1s present in the original image. This is the consideration

of the upper and lower limits, and the present invention improves the efficiency of the
encoding by using such a matter.
[0027]

The conditional distribution for the predicted value of a pixel value is a
probability distribution which indicates what value an original pixel value x has for a
predicted value x' obtained for a pixel.

The "conditional” is equal to that the predicted value is x'.

In mathematics, the above is represented by P, (x[x"), which generally has a bell
form whose peak 1s x'.

[0028]

The distribution of x under the condition that the predicted value is x' and (of
course) the distribution of x without such a condition are always included within a range
from the lower to the upper limits (e.g., corresponding to integers from 0 to 255 for an 8-

bit image) of the relevant pixel.

[0029]
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Additionally, when performing the prediction of the present invention in block
units, vector quantization can be used for encoding a conditional distribution of a pixel
block value obtained by block prediction.

According to an aspect of the present invention there is provided an image
encoding method for encoding a pixel value of an encoding target by using a predicted
value generated by means of spatial or temporal prediction using a previously-decoded
image, the method comprising:

a step that performs prediction of the pixel value of the encoding target and

obtains the predicted value;

a step that computes data of a probability distribution which indicates what value
an original pixel value has for the obtained predicted value, by shifting, in accordance
with the predicted value, difference distribution data of a difference between the original
pixel value and the predicted value in predictive encoding, where the difference
distribution data is stored in advance;

a step that clips the obtained data of the probability distribution so as to contain
the data in a range from a lower limit to an upper limit for possible values of the original
pixel value;

a step that encodes the pixel value of the encoding target by using the clipped data
of the probability distribution of the original pixel value from the lower limit to the upper
limit.

According to another aspect of the present invention there 1s provided an image
decoding method for decoding a pixel value of a decoding target by using a predicted
value generated by means of spatial or temporal prediction using a previously-decoded

image, the method comprising:
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a step that performs prediction of the pixel value of the decoding target and

obtains the predicted value;

a step that computes data of a probability distribution which indicates what value
an original pixel value has for the obtained predicted value, by shifting, in accordance
with the predicted value, difference distribution data of a difference between the original
pixel value and the predicted value in predictive encoding, where the difference
distribution data is stored in advance;

a step that clips the obtained data of the probability distribution so as to contain
the data in a range from a lower limit to an upper limit for possible values of the original
pixel value;

a step that decodes the pixel value of the decoding target by using the clipped data
of the probability distribution of the original pixel value from the lower limit- to the upper
limat.

According to a further aspect of the present invention there is provided an image
encoding apparatus for encoding a pixel value of an encoding target by using a predicted
value generated by means of spatial or temporal prediction using a previously-decoded
image, the apparatus comprising:

a prediction device that performs prediction of the pixel value of the encoding

target and obtains the predicted value;

a device that computes data of a probability distribution which indicates what
value an original pixel value has for the obtained predicted value, by shifting, 1n

accordance with the predicted value, difference distribution data of a difference between
the original pixel value and the predicted value in predictive encoding, where the

difference distribution data is stored in advance;
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a device that clips the obtained data of the probability distribution so as to contain
the data in a range from a lower limit to an upper limit for possible values of the original
pixel value;

an encoding device that encodes the pixel value of the encoding target by using
the clipped data of the probability distribution of the original pixel value from the lower
limit to the uppér limit.

According to a further aspect of the present invention there is provided an image
decoding apparatus for decoding a pixel value of a decoding target by using a predicted
value generated by means of spatial or temporal prediction using a previously-decoded
image, the apparatus comprising:

a prediction device that performs prediction of the pixel value of the decoding

target and obtains the predicted value;

a device that computes data of a probability distribution which indicates what
value an original pixel value has for the obtained predicted value, by shifting, in
accordance with the predicted value, difference distribution data of a difference between
the original pixel value and the predicted value in predictive encoding, where the
difference distribution data is stored in advance;

a device that clips the obtained data of the probability distribution so as to contain

the data in a range from a lower limit to an upper limit for possible values of the original

pixel value;

a decoding device that decodes the pixel value of the decoding target by using the

clipped data of the probability distribution of the original pixel value from the lower limit

to the upper limat.
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According to a further aspect of the present invention there 1s provided a
computer readable medium having stored thereon instructions for execution by a
computer to carry out the image encoding method as defined herein.

According to a further aspect of the present invention there is provided a
computer readable medium having stored thereon instructions for execution by a

computer to carry out the image decoding method as defined herein.

Effect of the Invention

[0030]

In accordance with the present invention, when processing a difference between a
predicted value and an original pixel value, no "absence of the predicted value as
important information” in the conventional method occurs, but the predicted value is

fully used for the encoding, thereby encoding an image (static image or video image)

with a reduced amount of code.

BRIEF DESCRIPTION OF THE DRAWINGS

[0031]

Fig. 1 1s a diagram showing a difference distribution for a pixel value.
Fig. 2 1s a diagram showing a pixel value difference distribution when the

predicted value 1s 255.

Fig. 3 1s a diagram showing a simple vector quantization (in consideration of the
relevant difference).

Fig. 4 1s a diagram showing a simple vector quantization (without consideration

of the relevant difference).
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Fig. 5 is a diagram showing representative vectors corresponding to an L™ norm
oi 4.
Fig. 6 1s a diagram showing representative vectors (for another predicted value)

corresponding to an L™ norm of 4.
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Fig. 7 is a diagram showing a pyramid vector quantization (in consideration of the

relevant difference).

Fig. 8 1s a diagram explaining counting of representative vectors in the pyramid

vector quantization.

Fig. 9 is a schematic diagram showing differential vector quantization based on

an LBG algorithm.

Fig. 10 1s a schematic diagram showing differential vector quantization for
specific predicted values (x;', X2').

Fig. 11 1s a schematic diagram showing vector quantization for specific predicted
values (xi', X2') by means of a method in accordance with the present invention.

Fig. 12 1s a flowchart of an encoding process in an embodiment of the present
invention.

Fig. 13 A 1s a diagram showing a concept that the original pixel value has a
uniform occurrence probability.

Fig. 13B 1s a schematic diagram showing a difference distribution between the
original pixel value and the predicted value therefor.

Fig. 13C 1s a schematic diagram showing a distribution transformed from the
difference distribution so as to correspond to the original pixel value.

Fig. 13D 1s a schematic diagram showing a distribution clipped within a range of
possible original pixel values.

Fig. 14 is a block diagram showing an encoding apparatus of the embodiment.

Fig. 15 is a flowchart of a decoding process in the embodiment.

Fig. 16 is a diagram showing an example in which the number of "excess"

representative vectors 1s not accurately computed.
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Reference Symbols

[0032]

300  signal terminal

301  pixel value predictor

302 predicted value storage memory
303  difference distribution storage memory
304 adder and clipper

305  representative vector designer

306 original pixel value storage memory
307  vector quantizer

308 quantization index encoder

309  output terminal

BEST MODE FOR CARRYING OUT THE INVENTION
[0033]
The general concept of the present invention will be concretely and simply

explained.

[0034]

If 1t 1s not known which of four values {-2, —1, 1, 2} a signal d has (where equal

probability of 25% 1s assumed), "2 bit" 1s necessary for encoding this signal. Fig. 1
shows this case as a probability distribution (Fig. 9 shows an example of a corresponding

two-dimensional case).

[0035]
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If it 1s known that the signal d is positive, only two values {1, 2} are possible, and
encoding can be performed using "1 bit". Fig. 2 shows this case as a probability
distribution (Fig. 11 shows an example of a corresponding two-dimensional case).

[0036]

Similar explanations can be applied to predictive encoding for a static or video
1mage.

When an image signal x (0<x) has a predicted value x', the distribution of
prediction e;'rof d (= x—x") varies in accordance with the predicted value x'.

For example, if x'=0, then 0<dy, that is, d does not have a negative value. If

x'=255, then d¢p<0, that is, d does not have a positive value (refer to Fig. 2 again for the

concept thereof).

[0037]

As described above, before the encoding or decoding, the range where d 1s
present can be narrowed by referring to the predicted value x', which should improve the
encoding efficiency.

The process of narrowing the presence range of d equals to normalization of the
range of "x'+d" (for an 8-bit image) into 0...255.

This process also corresponds to a clipping step 105 in an encoding method
shown in a flowchart of Fig. 12, and a clipping step 405 in a decoding method shown in a
flowchart of Fig. 15.

[0038]

In addition, optimum representative vectors can be adaptively designed by
designing a representative vector for each block as a prediction unit (this process

corresponds to a representative vector design step 106 1n the encoding method shown 1n
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the flowchart of Fig. 12, and a representative vector design step 406 in the decoding
method shown 1n the flowchart of Fig. 15).

[0039]

After narrowing the encoding target signal as described above, an ordinary
encoding process 1s executed so that a code shorter (1.e., having a higher level of
encoding efficiency) than a conventional code is output (see a quantization index
encoding step 109 1n the flowchart of Fig. 12).

(0040]

The pixel valué prediction 1s employed as motion compensation or intra
prediction 1s existing encoding techmiques MPEG-1, MPEG-2, MPEG-4, and
H.264/AVC (see step 101 1n the encoding method shown in the flowchart of Fig. 12, and
step 401 in the decoding method shown 1n the flowchart of Fig. 15). The present
invention can be broadly applied to any scene where such prediction is used, and
contribute to improvement of encoding efficiency.

[0041]

[n the existing prediction encoding techniques, encoding is performed on an
assumption that the prediction error can always be positive or negative (this concept is
shown in Fig. 9).

[0042]

Next, the conceptual function of embodiments of the present invention will be
explained in detail.

An example of performing prediction in pixel block units and applying vector
quantization to the encoding of a conditional distribution of a pixel block value by means
of the block prediction will be explained. For a pixel having a predicted value x', a basic

concept of performing the encoding by using a probability distribution which indicates
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the actual value of the original pixel value x 1s also applied to the encoding performed in

pixel units.

[0043]

When the distance measure is L™ norm
An example of quantization and encoding in a two-dimensional space will be
explained with reference to Fig. 3. Fig. 3 1s a schematic diagram showing a most simple

two-dimensional lattice quantization. The distance measure from the origin is computed
based on the L™ norm (i.e., maxnnum value of absolute coordinate values).

For example, point (0,3) and point (-2,-3) have the same L™ norm.

In Fig. 3, 1t 1s assumed that the points (representative vectors to which discrete
data belongs after the vector quantization) connected via dotted lines have the same L™

norm, and appear with equal probability.
[0044]
In Fig. 3, 1t 1s also assumed that the original pixel values of two adjacent pixels

are X1=233 and x,=102, and corresponding predicted values are x;'=255 and x,'=100.
Therefore, each difference is "x1— x;'= -2" and "x,— x,'=2".
[0045]

It is assumed here that the occurrence probability of "L norm=2", to which the
difference vector (—2, 2) (corresponding to the original pixel values) belongs, 1s 0.3.

Since there are 16 representative vectors whose L™ norm is 2, the amount of

information required for encoding the original pixel values 1s as follows:
—log, 0.3 +log; 16 = 5.737 [bit] (9)

[0046]
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Next, the amount of code generated when the prediction error is not computed in

the present invention will be evaluated. The concept thereof is shown 1n Fig. 4.

In Fig. 4, the representative vectors indicated by white circles (0), which belong
to a shaded part, may have original pixel values, while the representative vectors
indicated by black circles (»), which belong to a part outside the shaded part, never have

the original pixel values.

The center is the predicted value (x1', x3")=(255, 100). Similar to the above
explanation, it is assumed that the probability that,the L” norm from the center is 2 is 0.3.

Since 9 representative vectors belong to the area satisfying the above, the

information amount required for encoding the original pixel values is as follows:

~log 0.3 + log, 9 = 4.907 [bit] (10)

which is lower by 0.83 bit than the case of computing the relevant ditference (see
formula (9).

[0047]

The number of representative vector points on a plane having a constant norm

Fig. 5 shows representative vectors corresponding to an L™ norm of 4 in a two-

dimensional space.

When N denotes the dimension and K denotes the norm, the number N(L,K) of

representative vectors is given by the following formula:
N(L.K) = 2K+1)* - 2K-1)" (11)

In the example of Fig. 5, the following result is obtained:
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NQ2,4)=9" - 7"=81-49 =132

(0048}
In the encoding, the following information amount is required to specify

representative vectors after the norm is specified.
[0049]

loga N(L,K) [bit] (12)

In addition, Fig. 5 has an "excess part" (having no possibility for the original
pixel values) indicated by black circles (¢). In order to compute the number of white
circles (0) by omitting the number of black circles, for respective dimensions of (Xi,

X2, ..., X1) having upper limits (;Ki, pKo, ..., pKr) and lower limits (—K;, —nKa, ..., —KL),

the following relationship is defined:
0<,K;, Ki<sK(@=1..L)

When there is no excess part, the relationship is:
K; (upper limit, lower limit) = K
[0050]
Here the number of white circles (0) is indicated by:
N' (L, K, 3Ky, ... , oKy, oKy 5een 5 pKL)
[0051]
The number 1s computed by:

[Formula 5]
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L L

N'(L K, Ky oo pKio ) = | | (oK + pKi+ 1) = [ 17k, K0 + 7K, KD + 1)

le l.= l

(13)

10052}

In the above formula:
f(K,K")=K'-1 (when K'=K)

f(K,K)=K'  (whenK'<K)  (14)

Since L=2, K=4, K, =4, K, =4, ;K1 =2, and ;K; =4 1n the exafnple of Fig.5:
N'(2,4,4,4,2,4)
= (4+2+1) (4+4+1) — (4-1+2+1) (4-1+4-1+1)
=63 — 42 =21
[0053]
The degree of entropy reduction in accordance with the method of the present

invention is evaluated by:

log> 32 — log; 21 = 0.608 [bit]

(0054}
Next, Fig. 6 shows an example having a different predicted value.
Since L=2, K=4, ,K;| =4, ,K, =3, ;K =2, and ;K; =3:
N'(2,4,4,3, 2, 3)
= (2+4+1) (3+3+1) — (2+4-1+1) (3+3+1)
=49 — 42 =7
Therefore, the area of the excess part 1s considerably reduced.

[0055]
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When the distance measure is L' norm

Below, a so-called pyramid vector quantization case, in which the distance from
the origin corresponds to an L' norm, will be explained with reference to Fig. 7. Similar
to the above example, each dotted line indicates a plane having a uniform probability,
and a shaded part indicates an area of possible pixel values (0...255).

In Fig. 7, (x1, X») indicated by a large circle (O) is the original pixel, and the
number of representative vectors belonging to the relevant norm (i.e., "4" 1n Fig. 7) 1s 16
which include "out of range" vectors, and there are 10 representative vectors w1thm the
relevant range.

In this case, the entropy obtained when computing no difference between the
original pixel value and the predicted value (in the present invention) is lower than the
case of computing the difference (in conventional methods) by:

log; 16 —logy 10 = 0.678 [bat] (15)

[0056]
The number of representative vector points on a plane having a constant norm

Fig. 8 shows a part where L' norm is 4 in Fig. 7.

[0057]
Similar to the above example, N(L,K) indicates the number of representative
vectors where L' norm is K in the L-dimensional pyramid vector quantization, and is

computed in a recurrence form as follows (see Non-Patent Document 1).

[0058]
When K = 1
N(L, K) = 2L
When L = 1:

N(L, K) =2
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In the other cases:
N(L, K) =N(L, K-1) + N(L-1, K-1) + N(L-1, K)
...(16)
Therefore:
N(2,4) =N(2,3) + N(1,3) + N(1,4)

=N(2,2) + N(1,2) + N(1,3) + 2 + 2
=N(2,2)+2+2+4

=N(2,1) + N(1,1) + N(1,2) + 8

=4+2+2+8

=16

Next, the number of vectors in the "excess part" is considered. For example, five
4] 't . —_ ' 1S
excess” representative vectors () are generated due to ;K;=1, and one "excess

representative vectors are generated due to pK,=3.

[0059]

First, for simplification, only ,K;=1 has the relationship of ;K;<K, and the others
have the following relationship:
Ki, Ki=K (=2, ..., L)
[0060]

In such a case, the number M(L,K) of "excess" representative vectors (®) 1s

computed using N 1n formula (16), as follows:

When K = 0:
M(L, K)=1

When L = 1:
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M(L, K) =1

In the other cases:
M(L, K) = (N(L, K-1) + N(L-1,K))/ 2

ey

Based thereon, the relevant number 1s computed by M(L, K—K; —1).

[0061]

For L=2, K=4, and K; =1 in Fig. 8:

M(2, 4-1-1) = M(2,2)

= (N(2,2) + N(1,2))/2
=(84+2)/2=15
[0062]
A similar method can be applied to another dimenston. For example, 1f ;K; =3,

the following computation can be performed:

M(2, 4-3-1) = M(2,0) = 1

[0063]
Accordingly, the number of the white circles (0) can be computed as "N-M"

where N is the total number of the representative vectors, and M is the number of the
excess representative vectors.
(0064]

In order to accurately compute the "excess" amount as described above, the

following conditions should be satisfied:

(1) On an x;=K; plane perpendicular to the i-th coordinate axis, L' norm of all end

points 1s always greater than or equal to K.
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(11) That is, a point at which all coordinate values except for a coordinate axis 1
which provides a mimimum value between among |K; | and [255-K;| (j#1), are 0 has an L'

norm (i.e., minimum L' norm among all end points) greater than or equal to K.

(ii1)  Therefore, the following formula is satisfied.

[0065]
[Formula 6]
min (min IK;{,min|255 - K jl) +1Kil 2 K (18)
J#i J#L T
[0066]

As a specific example, in Fig. 8, four corners of a shaded rectangle are "all end
points", and all end points are positioned on the line defined by "L' norm = 4" or outside
thereof, so that the excess amount can be accurately computed.

If it is assumed that the shaded part is defined as shown in Fig. 16, there is an end
point which is present inside the line of "L! norm = 4" (i.e., end point positioned at (x1,
x2)=(1, 1)), so that there is an "excess" representative vector which is double counted (1.e.,
representative vector positioned at (X3, X2)=(2, 2).

[n such a case, the "excess" amount is not accurately computed.

[0067]
In ordinary vector quantization

In ordinary vector quantization using a well-known LBG algorithm (see Non-
Patent Document 2) in which representative vectors are not regularly arranged, the

present invention is performed as described below.

[0068]
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Fig. 9 is a schematic diagram showing vector quantization applied to an ordinary
(two-dimensional) differential signal. Since the differential signal has a value within
—255...255 in each dimension, representative vectors are also designed so as to cover this
range. If the probability that the signal appears in the vicinity of the origin (0,0) 1s high
as for an image predicted differential signal, many representative vectors are present in
the vicinity of the origin, while less representative vectors are present in the peripheral

area, as shown in Fig. 9.

[0069]

Fig. 10 is a diagram corresponding to a conventional encoding method, in which
an original signal is encoded using predicted values (X;', X2"). Since the original signal
always have values within 0...255, representative vectors may be present outside the

range. Therefore, similar to the explanation of the one-dimensional encoding, a needless

amount of code 1s generated.

[0070]

Fig. 11 1s a diagram corresponding to the encoding method 1n accordance with the
present invention, in which representative vectors are designed based on the predicted
values (X1, x2').

Since the design is of course performed within the range of 0...255 for each
dimension (i.e., 0 < X;, X2 < 255), no "excess" representative vectors (as generated 1n the
conventional method in Fig. 10) are present, thereby performing encoding without a

needless amount of code.

(0071]

Below, an embodiment of the present invention will be explained, in which

prediction is embodiment in pixel block units, and vector quantization 1s applied to the
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encoding of a conditional distribution of a pixel block value by means of the block
prediction.

In the present embodiment, representative vectors for the vector quantization are
generated based on data for learning, which is prepared in advance.

Here, only learning data associated with the predicted value x' for an encoding

target block may be used. However, the number of data items is small in this case.

Therefore, the difference from the original pixel value (i.e., x—x") may be stored is
advance, and a value obtained by adding the predicted value to the difference may be

used in the learning.

[0072]

Fig. 12 1s a flowchart of the present embodiment, where solid arrows show an
operational flow, and dashed arrows show a data flow.
[0073]

In a pixel value prediction step 101, pixel value prediction of the encoding target
block 1s performed by applying motion compensation or intra prediction to each block as
a unit, thereby obtaining a predicted value 102 (vector quantity).

In a shift step 104, the predicted value is added (shifted) to a differential value
(separately stored) in difference distribution data 103 (vector quantity). In the next
clipping step 105, each vector element is clipped to be within a range of 0...255. The
clipped data functions as original data for learning.

10074]

In a representative vector design step 106, representative vectors are designed
using the original data for learning, by means of the LBG algorithm or the like (thereby
obtaining a result as shown in Fig. 11).

[0075]
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[n the next vector quantization step 107, an original pixel value 108 (vector

quantity) of the encoding target block is associated with a representative vector closest to

the original pixel value.

[0076]

In the next quantization index encoding step 109, based on the obtained index
information of the relevant representative vector is encoded based on the corresponding
occurrence probability, by means of entropy encoding such as arithmetic encoding. The
obtained code is output, and the operation is completed.

[0077]

The function of the encoding process shown in Fig. 12 will be explained in a
simple example with reference to Figs. 13A to 13D. For simple illustration, the pixel
value 1s indicated in a one-dimensional space. The original pixel value x is present
within a range from 0 to 255.

If each value in this range has the same occurrence probability, each value
appears with a probability of 1/256 (see Fig. 13A). Such a value appearing with an equal

probability has a high encoding cost.

However, if a predicted value x' of the original pixel value x has been obtained,
the probability distribution for possible values of the original pixel value x can be a non-
equal probability distribution based on a distribution of known prediction error values.
Based on this feature, the present method reduces the encoding cost.

[0078]

The prediction error value (x—x') as difference between the original pixel value x

and the predicted value x' (1.e., differential value) can be within a range from —255 to 255.

The distribution of the difference can be obtained by performing a predictive encoding
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experiment applied to many sample images. Data of the difference distribution is
accumulated 1n advance, so as to store the data.

The difference distribution 1s the distribution of the frequency or the probability
of each prediction error value, and an example thereof 1s shown in Fig. 13B. The
difference distribution data 103 in Fig. 12 is data (here, vector quantity) corresponding to
a distribution as shown in Fig. 13B.

[0079]

[n order to encode the original pixel value x, the predicted value x' is computed in
the pixel value prediction step 101.

In the shift step S104, the predicted value x' is added (shifted) to each differential

value in the difference distribution data 103, that is, each prediction error value x—x' on

the horizontal axis in the ditference distribution shown in Fig. 13B. This difference
distribution is transformed to a distribution which corresponds to the original pixel value
X, as shown in Fig. 13C.

The transformed result corresponds to a probability distribution of possible values
of the original pixel value x when the predicted value x' is known.

[0080]

In the distribution of Fig. 13C, the distribution range of the original pixel value x
1s —255+x' to 255+x". However, there is a precondition that the original pixel value x is

always present in a range from 0 to 255. Therefore, in the next clipping step 105, as
shown 1n the distribution of the original pixel value x of Fig. 13D, a part below 0 and a
part larger than 255 are cut, and the obtained distribution is normalized as needed so as to
acquire a probability distribution.

When encoding the original pixel value x based on the distribution shown in Fig.

13D, a higher degree of encoding efficiency is of course obtained than the encoding
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based on an equal probability distribution as shown in Fig. 13 A, and additionally, a
higher degree of encoding efficiency is also obtained than that obtained by the encoding
based on a probability distribution having a wide bottom (corresponding to the
conventional method) as shown 1n Fig. 13B.

[0081]

Vector quantization is an example of efficient encoding under such a probability
distribution. Furthermore, in the present embodiment, based on a probability distribution
as shown in Fig. 13D, arrangement of quantization representative vectors is determined
through steps 106 to 109 1n Fig. 12, so as to perform vector quantization.

[0082]

Fig. 14 1s a block diagram showing an encoding apparatus of the present
embodiment.
[0083]

An 1mage onginal signal and a previously-decoded image signal are input through
a signal terminal 300.

An original pixel value of an encoding target block is stored in an original pixel
value storage memory 306.

In a pixel value predictor 301, pixel value prediction of the encoding target block
1s performed by means of motion compensation, intra prediction, or the like, executed in
block units, thereby obtaining a predicted value (vector quantity), which is stored in a
predicted value storage memory 302.

In an adder and clipper 304, a difference distribution data vector, which has been
separately stored 1n a difference distribution storage memory 303, is added to the
predicted value, so as to clip each element of the relevant vector to be included in a range

of 0...255. This functions as the original data for learning.
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(0084]

In a representative vector designer 305, representative vectors are designed using
the original data for learning, by means of the LBG algorithm or the like.
[0085]

Next, the original pixel value (vector quantity) of the encoding target block,

which has been stored in the memory 306, is associated by a vector quantizer 307 with
the representative vector closest to the original pixel value.

[0086]

In a quantization index encoder 308, the index information of the obtained
representative vector is encoded based on the occurrence probability thereof, by means of
entropy encoding such as arithmetic encoding. The obtained code 1s output through an

output terminal 309, and the operation is completed.

10087}

Fig. 15 is a flowchart of a decoding process in the present embodiment, where
solid arrows show an operational flow, and dashed arrows show a data flow.
[0088]

In a pixel value prediction step 401, pixel value prediction of the encoding target
block is performed by applying motion compensation or intra prediction to each block as
a unit, thereby obtaining a predicted value 402 (vector quantity).

In an addition step 404, a differential value vector, which has been separately
stored, is added to the predicted value. In the next clipping step 405, each vector element
is clipped to be within a range of 0...255. The clipped data functions as original data for

learning.

100897
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In a representative vector design step 406, representative vectors are designed
using the original data for learning, by means of the LBG algonithm or the like.
[0090]

Based on the occurrence probability of index information of the obtained
representative vector, the relevant index 1s decoded in the quantization index decoding
step 407.

[0091]

In the next vector inverse-quantization step 408, a representative vector value
corresponding to the index i1s obtained. The obtained value 1s output, and the relevant
operation 1s completed.

[0092]

Since the block structure of a decoding apparatus of the present embodiment can
be easily analogized based on the explanation for the block diagram of the encoding
apparatus in Fig. 14 and the explanation for the tflowchart of the decoding shown 1n Fig.
15, explanation for the block structure of the decoding apparatus with reterence to a
drawing 1s omitted here.

Basically, the decoding apparatus has a structure similar to the block diagram of
the encoding apparatus shown in Fig. 14, where the original pixel value storage memory
306 in Fig. 14 corresponds to a quantization index encoding data storage memory in the
decoding apparatus; the vector quantizer 307 corresponds to a quantization index decoder
in the decoding apparatus, and the quantization index encoder 308 corresponds to a

vector inverse-quantizer in the decoding apparatus.

[0093]
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The above-described image or video encoding and decoding operation can also be
implemented by a computer and a software program. Such a computer program may be

provided by storing it in a computer-readable storage medium, or by means of a network.

INDUSTRIAL APPLICABILITY

[0094]

In accordance with the present invention, when processing a difference between a
- predicted value and an original pixel value, no "absence of the predicted value as
important information” in the conventional method occurs, but the predicted value is
fully used for the encoding, thereby encoding an image (static image or video image)

with a reduced amount of code.
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CLAIMS

1. An 1image encoding method for encoding a pixel value of an encoding target by
using a predicted value generated by means of spatial or temporal prediction using a
previously-decoded image, the method comprising:
a step that performs prediction of the pixel value of the encoding target and

obtains the predicted value;

' a step that computes data of a probability distribution which indicates what value
an Ioriginal pixel value has for the obtained predicted value, by shifting, in accordance
with the predicted value, difference distribution data of a difference between the original

pixel value and the predicted value 1n predictive encoding, where the difference

distribution data is stored in advance;

a step that clips the obtained data of the probability distribution so as to contain
the data in a range from a lower limit to an upper limit for possible values of the original
pixel value;

a step that encodes the pixel value of the encoding target by using the clipped data

of the probability distribution of the original pixel value from the lower limit to the upper

limit.

2. The image encoding method in accordance with claim 1, wherein:

the prediction 1s performed in block units so that the pixel value of the encoding
target 1s associated with a predetermined pixel block; and

in the step of encoding the pixel value, a quantization representative vector 1s

determined based on the data of the probability distribution, which 1s computed for a
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pixel block value obtained by block prediction, and the encoding is performed by

subjecting the pixel block value to vector quantization.

3. An image decoding method for decoding a pixel value of a decoding target by
using a predicted value generated by means of spatial or temporal prediction using a
previously-decoded image, the method comprising:

a step that performs prediction of the pixel value of the decoding target and
obtains the pr_edicte,d value;

a step. that computes data of a probability distribution which indicates what value
an original pixel value has for the obtained predicted value, by shifting, in accordance
with the predicted value, difference distribution data of a difference between the original

pixel value and the predicted value in predictive encoding, where the difference

distribution data 1s stored in advance;

a step that clips the obtained data of the probability distribution so as to contamn
the data in a range from a lower limit to an upper limit for possible values of the original
pixel value;

a step that decodgs the pixel value of the decoding target by using the clipped data
of the probability distribution of the original pixel value from the lower liﬁlif to the upper

limit.

4, The image decoding method in accordance with claim 3, wherein:
the prediction is performed in block units so that the pixel value of the decoding

target 1s associated with a predetermined pixel block; and

in the step of decoding the pixel value, a quantization representative vector 1s

determined based on the data of the probability distribution, which is computed for a
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pixel block value obtained by block prediction, and a vector-quantized pixel block value

of the decoding target is decoded based on the determined quantization representative

vector.

5. An 1mage encoding apparatus for encoding a pixel value of an encoding target by
using a predicted value generated by means of spatial or temporal prediction using a
previously-decoded image, the apparatus comprising:

a prediction device that performs prediction of the pixel value of the encoding
target and obtains the pfedicted value;

a device that computes data of a probability distribution which indicates what
value an original pixel value has for the obtained predicted value, by shifting, in
accordance with the predicted value, difference distribution data of a difference between
the ortginal pixel value and the predicted value in predictive encoding, where the
difterence distribution data 1s stored in advance;

a device that clips the obtained data of the probability distribution so as to contain
the data 1n a range from a lower limit to an upper limit for possible values of the original
pixel value;

an encoding device that encodes the pixel value of the encoding target by using

the clipped data of the probability distribution of the original pixel value from the lower

l1mit to the upper limit.

6. The image encoding apparatus in accordance with claim 5, wherein:
the prediction device performs the prediction in block units so that the pixel value

of the encoding target is associated with a predetermined pixel block; and
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the encoding device determines a quantization representative vector based on the
data of the probability distribution, which is computed for a pixel block value obtained
by block prediction, and performs the encoding by subjecting the pixel block value to

vector quantization.

7. An image decoding apparatus for decoding a pixel value of a decoding target by
using a predicted value generated by means of spatial or temporal prediction using a
previously-decoded 1mage, the apparatus comprising:

a prediction device that pe&oms prediction of the pixel value of the decoding
target and obtains the predicted value;

a device that computes data of a probability distribution which indicates what
value an original pixel value has for the obtained predicted value, by shifting, 1n
accordance with the predicted value, difference distribution data of a difference between
the original pixel value and the predicted value in predictive encoding, where the
difference distribution data is stored in advance;

a device that clips the obtained data of the probability distribution so as to contain
the data in a range from a lower limit to an upper limit for possible values of the original
pixel value;

a decoding device that decodes the pixel value of the decoding target by using the

clipped data of the probability distribution of the original pixel value from the lower limit

to the upper limit.

8. The 1mage decoding apparatus in accordance with claim 7, wherein:

the prediction device performs the prediction in block units so that the pixel value

of the decoding target 1s associated with a predetermined pixel block; and
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the decoding device determines a quantization representative vector based on the
data of the probability distribution, which is computed for a pixel block value obtained
by block prediction, and decodes a vector-quantized pixel block value of the decoding

target based on the determined quantization representative vector.

9. A computer readable medium having stored thereon instructions for execution by

a computer to carry out the image encoding method of claim 1.

10. A computer readable medium having stored thereon instructions for execution by

a computer to carry out the image decoding method of claim 3.
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