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(57) ABSTRACT

The present mnvention relates to a method for eliminating a
blocking effect 1n a compressed video signal signal. The
method of the mnvention imncludes: the encoding step of elimi-
nating a blocking effect by compensating the motion of a

signal compressed 1 block unit to be transmitted; the decod-
ing step of restoring the motion compensated video signal to
the original video signal by reducing the prediction residual
between the motion compensated video signal and the origi-
nal video signal and the blocking effect; and the post-filtering
step ol performing post-filtering 1n a blocking elimination
filter 1n order to eliminate a blocking effect and ring effect
remained in the compensated signal. The equation for obtain-
ing the original pixel 1s made simple by eliminating the
remaining blocking effect and ring effect using a loop/post
filter. In addition, normalization parameters can be stored 1n
the look-up table and can be detected according to the difier-
ence between pixels adjacent to the original pixel and the size
ol quantizaiton, whereby the equation for restoring the com-
pressed moving video signal, resulting in excessive smooth-
ing, becomes simpler, and filtering control 1s made possible
by a simple equation, thus making a high speed real time

5,844,614 A 12/1998 Chong et al. video signal processing possible.
5,877,813 A 3/1999 Lee et al.
5,883,983 A 3/1999 Lee etal. 26 Claims, 2 Drawing Sheets
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METHOD FOR ELIMINATING BLOCKING
EFFECT IN COMPRESSED VIDEO SIGNAL

Matter enclosed in heavy brackets [ ] appears in the -
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue.

CROSS-REFERENCE 10O RELATED 10
APPLICATIONS

More than one reissue application has been filed for the
reissue of U.S. Pat. No. 6,859,538, including reissue applica-
tion Ser. Nos. 11/709,212 (the present application), and 15
12/333,501, now abandoned, which is a divisional reissues of
reissue application Ser. No. 11/709,212. The present appli-
cation is a rveissue application of U.S. patent application Ser.
No. 09/730,745, filed Dec. 7, 2000, now U.S. Pat. No. 6,859,

558, which claims priovity from Korean Application No. 20
1999-55678, filed on Dec. 8, 1999.

BACKGROUND OF THE INVENTION

1. Field of the Invention 25

The present invention relates to a method for eliminating a
blocking effect in a compressed video signal, and more par-
ticularly, to a method for eliminating a blocking effect using
a loop/post filter in H.26LL moving picture compression
method. 30

2. Description of the Background Art

Generally, a hybrid MC-DCT technique employing a basic
algorithm, such as H.261, H.263, MPEG1, MPEG4, etc., 1s
used as a method for compressing a moving picture. In the
hybrid MC-DCT technique, spatial and temporal redundancy 35
of an video signal to be compressed 1s removed.

FIG. 1 1s a block diagram 1llustrating an video encoding
unit, which including a first switching unit 2 for controlling an
input video signal; a DCT unit 3 for performing a discrete
cosine transform operation of the video signal; a quantization 40
unit 4 for quantizing the discrete cosine transform signal to
output a quantized DCT coeficient; an encoding controller
unit 5 for controlling the first switching unit 2 and the quan-
tization unit 4 and outputting INTRA/INTER information
(p=mtype;flag for INTRA/INTER), transmission informa- 45
tion(t;flag for transmitted or not), and quantization
information(qz;Qp; quantizer indication); an mverse quanti-
zation unit 6 for inversely quantizing the value outputted from
the quantization unit 4; an inverse DCT unit 7 for performing,
an mverse DC'T operation of the inversely quantized signal to 50
restore the same; a loop filter 9 for compensating the motion
picture by searching for the motion vector of the restored
signal; and an video memory 10 for storing the compensated
video signal.

The operation of the thusly constructed video encoding 55
unit will be described as follows.

When an video signal 1s inputted from the outside, the
inputted video signal 1s subtracted from a differential signal
stored 1n the video memory 10, said subtracted video signal
being inputted 1nto the first switching unit 2. The first switch- 60
ing unit 2 switches the appropnate signal of the subtracted
video signal and the differential signal stored in the video
memory to mput the same to the DCT unit 3, the DCT unit 3
performing a discrete cosine transform operation of the input-
ted signal to output the same to the quantization unit 4. The 65
quantization unit 4 quantizes the inputted signal to output a
quantized DCT coellicient(q). The quantized signal can be

2

adapted to the pixel value of a still picture or moving picture,
or transtform coetficients of a pixel.

At this time, the encoding controller 5 controls an video
signal input switching process of the first switching unit 2 and
a quantization process of the quantization unit 4 to output
INTRA/INTER 1information(p=mtype;tlag for INTRA/IN-
TER), transmission information(t;tlag for transmitted or not),
and quantization mformation(qz;Qp; quantizer indication).

Meanwhile, the s1ignal outputted from the quantization unit
1s 1nversely quantized 1in the mverse quantization unit 6, the
inversely quantized signal being inputted into the inverse
DCT unit 7 and mversely DCT-processed to thus be restored
to the original signal. The restored signal 1s added to a signal
selected from a second switching unit 11 1n an adder 8 to be
stored 1n the video memory 10. The second switching unit 11
selects the approprate signal between the signal selected
from the first switching unit 2 and the signal outputted from
the video memory 10 to thus be outputted to an adder. The
video memory 10 outputs a motion compensated video signal
to the subtractor 1, and outputs a motion vector information
(v=MV.motion vector).

However, 1n case of compressing a moving picture using,
the hybrid motion compensation discrete cosine transform
technique, a blocking effect and ring effect occur 1n the video
signal reconstructed at an video decoding unit due to the loss
of information generated 1n the quantization process.

To eliminate the blocking effect in the video signal, a loop
filter 9 1s inserted between the adder 8 and video memory 10
of the video encoding unit. The loop filter 9 reduces the
blocking effect by searching for the motion vector informa-
tion of the filtered video signal.

In case of transforming the video signal 1n order to search
for the motion vector mnformation of the video signal, the
video can be taken throughout the entire video, or can be
taken by dividing the same 1nto block units of a predeter-
mined si1ze.

However, 1n a case that the transform and quantization
process 1s performed 1n block units of 4x4 size, a blocking
elfect occurs apparently at a low transmission bit rate, though
a blocking effect and a ring etlect are reduced as compared to
the conventional art

In addition, 1n the quantization process, as the value of the
s1ze ol quantization becomes higher, compression eificiency
becomes higher. However, because the loss of information 1s
increased, a phenomenon that an video 1s visually unclear 1s
occurred.

This phenomenon can be described by classiiying the same
into a blocking efiect and a ring effect by using the hybnd
MC/DCT compression method.

The blocking eflect 1s caused by the result that the entire
video 1s shown as being divided into blocks since the video
signal 1s divided into a predetermined size and each block 1s
independently processed, and by the loss of information of a
low frequency region occurring in the quantization process.

The ring effect 1s caused by the loss of high frequency
information due to the quantization process after block trans-
form, which occurs since the contour line of a moving picture
1s formed 1n a water waver shape.

Among a number of methods for eliminating such a block-
ing effect or ring effect, the H.26L standardized compression
method developed 1in the ITU-T 1s recently used. In the H.26L
standardized compression method, a blocking effect 1s elimi-
nated by using the loop filter 1n the video encoding unit and
the video decoding unit, and a blocking effect or ring effect 1s
climinated that has not been processed completely 1n the loop
filter by using the post filter. In the H.26L standard method,
unlike the conventional compression algorithm, an video 1s
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processed 1n block units of 4x4 size, and a variable block unit
motion compensation method 1s used. In addition, 1n the
quantization and mnverse quanatization method, changes 1n
s1ze of quantization 1s nonlinearly defined, unlike the conven-
tional method.

However, this method 1s mnetficient because the loop filter
1s used only for an intra frame, the video signal restored after
post-filtering 1s redundantly smoothed, and a prediction
residual between the video signal of which the motion 1s
compensated by the loop filter and the original video signal 1s
increased.

To solve the above problem, the low pass filtering(LPF)
method and the normalization restoration method are pro-
posed.

The low pass filtering method 1s a method for reducing a
blocking effect and a ring efiect by obtaining a pixel value
according to a designated filter coelficient value by selecting
a plurality of pixels around a certain pixel.

However, the low pass filtering method has a problem that
the quality of the restored video signal i1s redundantly
smoothed according to the type and compression factor of the
video signal, since the value of a filter tap or filter coelficient
for eliminating a blocking effect 1s set according to an experi-
mental value.

The normalization restoration method 1s a method for
climinating a blocking effect by obtaining the statistical char-
acteristics ol an video signal by calculating the value of
marginal portions at four sides of a block and the degree of
non-uniformity in the block. In the normalization restoration
method, there 1s difficulty processing in real time, because
calculation 1s performed on each video signal, and the equa-
tion for the calculation has a matrix form, thus requiring a
large computational complexity. In addition, when calculated
normalized coellicients determine the degree of smoothness,
the average value 1s applied irrespective of the degree of
non-uniformity, thereby reducing adaptability.

For example, 1n a case that the normalized coefficient value
applied to a region having a serious blocking effect or aregion
having a reduced blocking effect, the region having a reduced
blocking effect 1s redundantly smoothed.

SUMMARY OF THE INVENTION

Accordingly, 1t 1s an object of the present mvention to
provide a method for eliminating a blocking effect in a com-
pressed video signal i which compression efficiency 1s
increased by decreasing the prediction residual between an
original video signal and a motion compensated video signal
by a loop filter, and a compressed video signal 1s restored to
the optimized state by not allowing the quality of the com-
pressed video signal to be redundantly smoothed.

To achieve the above object, there 1s provided a method for
climinating a blocking effect in a compressed video signal
according to the present invention which includes: the encod-
ing step of eliminating a blocking etffect by compensating the
motion of a signal compressed in block unit to be transmatted;
the decoding step of restoring the motion compensated video
to the original video by reducing the prediction residual
between the motion compensated video and the original
video and the blocking efiect; and the post-filtering step of
performing post-filtering 1n a blocking elimination filter in
order to eliminate a blocking effect and ring effect remained
in the compensated signal.

Additional advantages, objects and features of the mven-
tion will become more apparent from the description which
follows.
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4
BRIEF DESCRIPTION OF THE DRAWINGS

The present ivention will become better understood with
reference to the accompanying drawings which are given
only by way of illustration and thus are not limitative of the
present invention, wherein:

FIG. 1 1s a block diagram illustrating an video encoding,
unit according to the conventional art;

FIG. 2 1s a block diagram illustrating a configuration 1n
which a compressed video signal 1s restored according to the
present invention; and

FIG. 3 1s a view 1llustrating the position of pixels of a
compressed video signal according to the present invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

The preferred embodiment of the present mvention will
now be described with reference to the accompanying draw-
Ings.

FIG. 2 1s a block diagram illustrating a configuration 1n
which a compressed video signal 1s restored according to the
present invention. When a compressed video signal 1s trans-
mitted from the outside, the transmitted signal 1s inputted to a
decoding unit 300, the decoding unit 300 decoding the input-
ted video signal, thus outputting Y, U, and V video, a quan-
tized variable, and a macroblock type. The outputted signal 1s
inputted to a blocking elimination filter 400 to output an video
from which a blocking effect and a ring effect remaining 1n
the signal are removed.

The operation of the components of the present invention
will be described 1n detail with reference to FIGS. 2 and 3 by
taking H.26L algorithm by example.

First, a loop filter of an video decoding unit according to
the conventional artreduces the prediction residual between a
motion compensated video and the original video for thereby
outputting an video signal 1n which a blocking effect and ring
elfect are reduced. The configuration of the video encoding
unit 1s the same as 1n the conventional art, so 1t will be omitted.
Thereaftter, the signal outputted from the video encoding unit
1s inputted 1nto an video decoding unit 300. The configuration
of the video decoding unit 300 are i1dentical to those of the
video encoding unit, except that the video decoding unit 300
1s configured in the reverse order of the video encoding uniat.

The loop filter of the video decoding unit 300 rearranges
the compressed and transmitted video on a spatial region in
block unit, and restores the same to the original video by
reconfiguring the rearranged video.

That 1s, the video reconfigured 1n the decoding unit 300
when the original video 1s transmitted in a compressed format
equals to the value obtained by adding a residual to the origi-
nal signal. In case of block transform in order to restore the
video signal, the reliability of the original pixel and the degree
of smoothing of each pixel are expressed by the normalization
method as follows.

G(1,))=1(1,] )+residual

(1)

M($(1,)))=M (£{1,] )+ Mg (E(1,)))+Mg(1{1,) ) +Mp((1{1,))) (2)

t(1, 1); original video signal

g(1, 1); video signal reconfigured 1n decoding unit

M(1(1, 1)) function of the reliability of original pixel and
degree of smoothing of each pixel

(1, 1); position value of pixel indicating the position of
two-dimensional video

The position of the pixels 1s explained 1n FIG. 3.

FIG. 3 1s a view 1llustrating the position of pixels of a
compressed video according to the present invention. A pixel
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adjacent to the original video pixel 1(1, 1) 1n a left horizontal
direction 1s denoted by 1(1, 1-1), a pixel adjacent thereto 1n a
right horizontal direction 1s denoted by 1(1, 1+1), a pixel adja-
cent thereto 1n an upper vertical direction 1s denoted by 1(1-1,
1), and a pixel adjacent thereto 1n a lower vertical direction 1s
denoted by 1(1+1, 7).

When the position of a pixel adjacent to the original pixel
1s designated as described above, M ; designates a function of
the reliability and degree of smoothing of pixel 1(1, j-1) with
respect to pixel 1(1, 1), M, designates a function of the reli-
ability and degree of smoothing of pixel 1(1, 1+1) with respect
to pixel 1(1, 1), and M, , designates a function of the reliability
and degree of smoothing of pixel 1(1—1, 1) with respect to
pixel 1(1, 1).

The reliability and degree of smoothing of a pixel adjacent
to the original pixel are expressed by the following equations.

M (F(0.)=(1 =0 (F(L))) (1))~ T, ]+ o, (R [,

f{i,ji-1)1° (3)

Mp(£(i.,j)=(1 -0 (HL))) gD - HL) ] +o(fL)) L)~

f{i,j+1)]° (4)

M A(f(3,]))=(1~ 0z (F(1,))) [ (L)1) +ou L)) [T,

P-f-1,0)1° (3)

Mp((i,))=(1-a (£i.))) [g(0) - 1) I +epE @) G,
D-1G+1,))17 (6)

Oy, Op, Oy Oy are normalized parameters that determine
the ratio of the reliability and degree of smoothing of each
pixel with respect to the original pixel.

The first term of the right side of M, (1(1, 1)) represents the
reliability of the original pixel obtained by subtracting the
original pixel 1(1, 1) and the compressed pixel g(1, j), and the
second term of the right side thereof represents the degree of
non-uniformity of the pixel 1n the left horizontal direction,
¢.g., the degree of smoothing of pixel 1(1, 1—1) with respect to
the original pixel 1(1, j) by obtaining the difference between
the original pixel 1(1, 1) and the left side pixel 1(1,1-1). a; 15 a
kind of normalized parameter that determines the ratio of the
reliability and degree of smoothing of the compressed video
with respect to the original video. As this value becomes
higher, the weight on the degree of smoothing becomes
higher for thereby increasing the degree of smoothing.

The first term of the right side of M ,(1(1, ) represents the
reliability of the original pixel obtained by subtracting the
original pixel 1(1, 1) and the compressed pixel g(1, j), and the
second term of the right side thereof represents the degree of
non-uniformity of the pixel in the right horizontal direction,
¢.g., the degree of smoothing of pixel 1(1, 1+1) with respect to
the original pixel 1(1, j) by obtaining the difference between
the original pixel 1(1, 1) and the right side pixel 1(1, 1+1). .5 18
a kind of normalized parameter that determines the ratio of
the reliability and degree of smoothing of the compressed
video with respect to the original video. As this value
becomes higher, the weight on the degree of smoothing
becomes higher for thereby increasing the degree of smooth-
ng.

The first term of the nght side of M, (1(1, 7)) represents the
reliability of the original pixel obtained by subtracting the
original pixel 1(1, 1) and the compressed pixel g(1, j), and the
second term of the right side thereof represents the degree of
non-uniformity of the pixel in the upper vertical direction,
¢.g., the degree of smoothing of pixel 1(1 -1, 1) with respect to
the original pixel 1(1, j) by obtaining the difference between
the original pixel 1(1, 1) and the upper side pixel 1(1-1, 7). a,,1s
a kind of normalization parameter that determines the ratio of
the reliability and degree of smoothing of the compressed
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6

video with respect to the original video. As this value
becomes higher, the weight on the degree of smoothing
becomes higher for thereby increasing the degree of smooth-
ng.

The first term of the right side of M ;(1(1, 7)) represents the
reliability of the original pixel obtained by subtracting the
original pixel 1(1, 1) and the compressed pixel g(1, 7), and the
second term of the right side thereof represents the degree of
non-uniformity of the pixel in the lower vertical direction,
¢.g., the degree of smoothing of pixel 1(1+1, 1) with respect to
the original pixel 1(1, 1) by obtaining the difference between
the original pixel 1(1, 1) and the lower side pixel {(1+1, 7). a5 18
a kind of normalized parameter that determines the ratio of
the reliability and degree of smoothing of the compressed
video with respect to the original video. As this value
becomes higher, the weight on the degree of smoothing
becomes higher for thereby increasing the degree of smooth-
ing.

According to the above-described equation, the restored
pixel 1(1, 1) can be obtained according to the compressed video
reconiigured 1n the decoding umt, the normalization param-
cters, the constant value of the parameter for differently set-
ting the degree of smoothing based on the position of a pixel,
and the size of quantization of the pixel encoded to an intra
macroblock by the normalization restoration method.

The above described original video signal (1, 1) can be
expressed by the following equations.

f1, )=[(4=arorgl, D+oag (1, 1))g, j-1)+ax(, ))g

(1, J+D)+ag (1, ))gl-1, Prapt(s, J))gl+1, J)1/4 (7)

ﬂrar()f)(i: 1))=0og (1, ))+0g(f(, 1))+ A1, )))+apt(, 5
] ]

oz (0, J)=[K,QP((i, )/ [[g(i, H-g(, j-1)]*+K, QP

(1, (1, )] 9)

or (1)) =[KzQP*(f(i, ) 1/[[g(, )-g(i, j+1)]°*+KzQP~
(11, 1))] (10)
a £, =K QP (i, /(e )-gli-1, HI*+K QP
(£(1, 1))] (11)

ap(f(i, )=[KpQP*(f(i, N/ [[gli, D-gli+1, N*+KpQP-
(11, 1))]

C.r, O.p, Clrn Oy are normalized parameters that determine
the ratio of the reliability and degree of smoothing of each
pixel with respect to the original pixel.

O~ SUmM of parameters for each pixel

K; constant value of normalization parameter ¢. for each
pixel

QP(1(1, 1)) s1ze of quantization of pixel encoded to intra

macroblock.

QP(1(1, j))=[676]/[A((, )]

¢.; 1s a normalization parameter that determines the degree
of smoothing of a pixel n the left direction from the pixel of
the compressed video positioned at (1, 1), O, 1s a normaliza-
tion parameter that determines the degree of smoothing of a
pixel 1n the right direction from the pixel of the compressed
video positioned at (1, 1), o, -1s a normalization parameter that
determines the degree of smoothing of a pixel in the upper
direction from the pixel ol the compressed video positioned at
(1,7), and o, 1s a normalization parameter that determines the
degree of smoothing of a pixel in the downward direction
from the pixel of the compressed video positioned at (1, 7).

The normalization parameters o.;, A, O.;» and A, are 1nte-

gers and are stored in a memory.

(12)
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QP(1(1, 1)) 1s the s1ze of quantization of the pixel positioned
at (1, 1) encoded to intra macroblocks, which 1s calculated by
quantizer A of the H.26LL compressiontype as described 1n the
conventional art.

The quantization error of each pixel 1s proportional to the
function of a quantization variable set in macroblock unit, and
a blocking effect occurring in block margins has a higher
degree of non-uniformity than a ring eifect in intra blocks.
Thus, the values of the normalization parameters o, , 0, 0.,
and Ao, can be obtained by the set theory saying that such
characteristics must controlled according to the position
information of each pixel, by selling the normalization
parameters for controlling the degree of smoothing as a large
value.

In a case that the compressed video 1s restored by dividing,
the same 1nto blocks, it 1s often the case that the degree of
non-uniformity of pixels adjacent to block marginal portions
1s higher than the degree of non-uniformity of pixels in 1ntra
blocks. In a case that the loop filter of the video decoding unit
300 and video decoding umt 300 restores the compressed
video, the prediction residual between the motion compen-
sated video and the original video 1s increased for thus exces-
stvely smoothing the compressed video. Thus, loop filtering
of the pixel positioned 1n block margins encoded to the 1ntra
macroblocks 1s performed, thus reducing the excessive
smoothing of the compressed video.

At this time, the normalization parameters o.;, 0.5, O, and
Q. that determine the degree of smoothing of a pixel in the
left, right, upper, and downward directions from the original
pixel of the compressed video positioned at (1, 1) are deter-
mined by constant values K,, K., K., and K. K,, K., K,
and K, are determined by experimental values obtained by
the loop filter of the video decoding unit 300.

The equations for obtamning K,, K., K., and K,, are as
follows.

K, (1(1,1)=[2, if | mod 4=0; O, otherwise] (13)

Kg(1(1,1))=[2, 1T  mod 4=3; 0, otherwise] (14)

K A1(1,)))=[2, if 1 mod 4=0; O, otherwise] (15)

Kp,(1(1,1))=[2, 1 1 mod 4=3; 0, otherwise] (16)

Using the constant K determined by the above method and
the normalization parameters, the compressed video signal 1s
filtered by the video decoding unit 302 for thereby restoring
the original pixel 1(3, 7).

However, the above loop filtering method 1s disadvanta-
geous 1n that floating points are operated to thus increase
computational complexity. To solve the above problem, the
denominator and the numerator 1n the equation for obtaining
the original video signal are respectively made into an integer
by multiplying both denominator and numerator by 2°=256,
thus reducing the computational complexity.

The above description will be expressed by

f10)=[(2""~Brongid)+B.(E, ), j-D+BxE( j)g
(1, J+1)+P A1, J))gl=1, D+Bp (1, 1)gl+1, DI/

(2'°) (17)

Bror(t(, N=BLA, DB, 1)+B A, 1)+Bp U,
1)) (18)
B (L, 1))=2% 0 (£(1, ))=2°[K (£, j)QP(£(1, 1))/ [[g(i,

=gl j-DFP+KZ (10, 1)QPA(L(, j)] (19)

PR, )=2°ag(fi, )=2°[Kx({(, )QP((1, )))/[[g(i;

)-8, - DI +KRE(, D)QP(T(, )] (20)
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BoAf(L, ) =2 a1, )=2°[Ko(f(d, DQP((, iNV/[[g

(i, D=8, =D +K A1, D)QP(f(, j))] (21)

Bo(f(, 1)=2 ap(f(i, ))=2"[Kp(Hi, QP (i, )M /[[g
(1, ))=g(i, j-DI+Kp(f(i, )QP(f(, j))]

BroA1(, 7)) 1s the sum of normalization parameters that
determine the degree of smoothing of a pixel adjacent to the
pixel of the compressed video positioned at (1, 7).

3,(1(1, 1)) 15 a normalization parameter that determine the
degree of smoothing of a pixel in the left direction from the
pixel of the compressed video positioned at (1, 7).

B3 ~(1(1, 1)) 1s a normalization parameter that determine the
degree of smoothing of a pixel 1n the right direction from the
pixel of the compressed video positioned at (1, 7).

B, (1(, 7)) 1s a normalization parameter that determine the
degree of smoothing of a pixel 1n the upper direction from the
pixel of the compressed video positioned at (1, 7).

3 (1(1, 1)) 1s a normalization parameter that determine the
degree of smoothing of a pixel in the downward direction
from the pixel of the compressed video positioned at (1, 7).

As described above, when the denominator and numerator
multiplied by 2°=256, floating points of the denominator and
numerator are removed, whereby the equation becomes sim-
pler and computing speed becomes improved by 3~9 times.

In addition, 1n the above equation, since the loop filter does
not need to perform division operation, the pixel restored by
the equation can be obtained by moving the pixel before being
multiplied by 2° by 10 bits, thus acquiring the gain of com-
putational complexity.

In addition, by storing the normalization parameters f3,,
B, Br, and 3, 1n a look-up table, computational complexity
can be much reduced by reading out the stored normalization
parameters from the look-up table without calculating the
difference between adjacent pixels and the size of quantiza-
tion.

As described above, by using the loop filter of the video
decoding unit 300 and video decoding unit 300, the prediction
residual 1s decreased, and thus a blocking effect and ring
elfect are reduced. However, the blocking effect still remains.
In order to reduce the remaining blocking effect and ring
elfect, the post filter of the blocking elimination filter 400 1s
used.

The post filter restores signal close to the original video by
climinating the blocking effect and ring effect that are not
processed by the loop {ilter.

The post filter performs filtering in the same manner as the
above-described loop filter, except that it eliminates not the
blocking effect and ring effect of margins between pixels, but
the blocking effect and ring effect of all pixels.

Hence, the functional equation for obtaining the original
pixel 1(1, 1) 1 the post filter 1s the same as the functional
equation for obtaining the original pixel i the loop filter,
except for the constant value K of the normalization param-
cters that determine the degree of smoothing of the original
pixel.

The constant value K 1s determined by experimental val-
ues.

The equation for obtaining the original pixel (1, 7) 1s as
follows.

(i, D=1(2""~Bropg(, IH+B(E, I)gd, -1 )+Br(F,
Jﬁ/g((zll %;1)+|3U(f(i, 1))gli=1, D+Pp(i(, 1)gl+1,
]

(22)

(23)

Bror(t(, 1)=BL AW, DB, 1)+B (1, 1)+Bp U,
1)) (24)
B (1, 1)=2%a (£(i, )=2°[K, ({1, NQP(f(i, ) V[l

i)-g(i, J- DI KL (£, )QPA(f, )] (25)
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B, 1)=2ar(f(i, }))=2"[Kx({(, 1)) QP(f(i, )V/[[g(,

=g, =D +KR(E(, )HQPA(f(, )] (26)
BoAf(i, 1)=2°(F(0, 1)=2°[KA£(0, 1)QPA(f(L, 1))/[[g(,

D-g(i, -1 P+K (£, )QPA(fli, j))] (27)
Bo(fli, =2 (1, )=2°[Kp(f(, ))QP(fl, i)]/[[g

(i, D-g(, I-DI*+KpE, 1)QPA(1, j))] (28)
K, (f(i, j))=[2, if j mod 4=0; 1/2, otherwise] (29)
K (£, ))=[2, if j mod 4=3; 1/2, otherwise] (30)
K (f(i, ))=[2, if i mod 4=0; 1/2, otherwise] (31)
K,(f(d, j))=[2, if i mod 4=3; 1/2, otherwise] (32)

BroA1(1, 1) 1s the sum of normalization parameters that
determine the degree of smoothing of a pixel adjacent to the
pixel of the compressed video positioned at (1, 7).

3,(1(1, 7)) 1s a normalization parameter that determine the
degree of smoothing of a pixel in the left direction from the
pixel of the compressed video positioned at (1, 7).

B~(1(1, 1)) 1s a normalization parameter that determine the
degree of smoothing of a pixel 1n the right direction from the
pixel of the compressed video positioned at (1, 7).

B,(1(1, 1)) 1s a normalization parameter that determine the
degree of smoothing of a pixel 1n the upper direction from the
pixel of the compressed video positioned at (1, 7).

3 5(1(1, 1)) 1s a normalization parameter that determine the
degree of smoothing of a pixel 1mn the downward direction
from the pixel of the compressed video positioned at (1, 7).

K;, K., K;, and K, are constant values of normalization
parameter o 1 case of post filtering.

In case of using the loop/post filter, the compressed video
signal 1s restored to the original video signal by the post
filtering equation to be outputted, whereby the prediction
residual 1s reduced for thereby increasing compression eifi-
ciency, and reducing a blocking effect and ring efiect without
excessive smoothing.

As described above, 1n the present invention, a blocking
elfect and ring effect of the H.26L. moving video compression
type can be eliminated, and a more improved video quality
can be acquired by applying the method for restoring the
original pixel by the normalization restoration method to the
system employing the H.26L. compression.

In addition, the normalization parameters that determine
the degree of smoothing can be stored 1n the look-up table and
can be detected according to the difference between pixels
adjacent to the original pixel and the size of quantizaiton,
whereby the equation for restoring the compressed moving,
video, resulting 1n excessive smoothing, becomes simpler,
and filtering control 1s made possible by a simple equation,
thus making a high speed real time video processing possible.

As the present invention may be embodied 1n several forms
without departing from the spirit or essential characteristics
thereot, 1t should also be understood that the above-described
embodiments are not limited by any of the details of the
foregoing description, unless otherwise specified, but rather
should be construed broadly within 1ts spirit and scope as
defined in the appended claims, and therefore all changes and
modifications that fall within the meets and bounds of the
claims, or equivalences of such meets and bounds are there-
fore mntended to be embraced by the appended claims.

What is claimed 1s:
1. A method for reducing a blocking effect in a compressed
video signal, comprising;:
the decoding step of restoring a motion compensated video
signal to an original video signal by reducing the pre-
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diction residual between the motion compensated video
signal and the original video signal and the blocking
effect; and
the post-filtering step of performing post-filtering 1 a
blocking elimination filter to reduce a blocking effect
and ring eifect remained 1n the compensated signal,
wherein the decoding step comprises,
considering the direction of a pixel adjacent to the origi-
nal pixel of the video signal to be restored,
defining an additional function of the reliability and
degree of smoothing of each pixel adjacent to the
original pixel,
obtaining a normalization parameter o that gives a
weight value to the reliability and degree of smooth-
ing of the original video signal using the additional
function,
calculating a pixel to be restored according to the nor-
malization parameter o, compressed video signal,
and size of quantization using a function, and
designating values of the normalization parameter o. by
differently setting the degree of smoothing based on
the position of the pixel to be restored in response to
the position of the reference pixel.
2. The method according to claim 1, wherein the decoding
step comprises:
designating constant values of the normalization parameter
c. that differently setting the degree of smoothing based
on the position of the pixel to be restored 1n response to
the position of the reference pixel and the form of a filter;
applying a 8-bit value to the function for calculating the
pixel to be processed; and
performing loop filtering of the pixel positioned 1n block
margins encoded to imntra macroblock 1n a decoding unat.

3. The method according to claim 1, wherein the pixel to be
restored 1s calculated by:

(L)) =[(4=0arorg i)+, (1(1,)))g(1,)- 1 )+oR(1,)) g1+
D)+0gA1(1,)))g(i-1)+apt,))gl+1,))]1/4

A ro7{1(1,)))=0 (1(1,)))+ap (K1) +0 (1{1,))+apt(i))),

in which 1(1, 1) 1s a pixel to be restored, o, 1s the sum of
parameters for each pixel, o, 1s a normalization parameter
that determines the degree of smoothing of a pixel 1n the left
direction from the pixel of the compressed video signal posi-
tioned at (1, 1), A, 1s a normalization parameter that deter-
mines the degree of smoothing of a pixel in the nght direction
from the pixel of the compressed video signal positioned at (1,
1), A7 -1s anormalization parameter that determines the degree
of smoothing of a pixel in the upper direction from the pixel
of the compressed video signal positioned at (1,7), and a5 1s a
normalization parameter that determines the degree of
smoothing of a pixel 1n the downward direction from the pixel
of the compressed video signal positioned at (1, 7).

4. The method according to claim 3, wherein the normal-
1zation parameter for each pixel 1s obtained by:

%(f(é?p;)%KLQPE(f(i,j DV [T8()-g (- D+K, QP2
1,]

ﬂR(f((i:j );[KRQP2 (FL))V/[8(L))-g(ii+ D] +KzQP* (1,
1,]))]

o AL =K QP (£(1.0)) V[[8(L) - g (i- 1)+ K QP(f,
(1,)))]

(i) =[KpQP (1)) [[g(i)-g(i+1.))1*+KpQP(f
(1,))]
in which K 1s a constant value of normalization parameter o
for each pixel, and QP{(1, 7)) 1s the size of quantization of
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pixel encoded to intra macroblock, the normalization param-
eter, e.g., a weight value representing the ratio of reliability of
a pixel with respect to the original pixel, having a higher
degree of smoothing as 1t grows.

5. The method according to claim 4, wherein the size of
quantization of the pixel positioned at (1, 1) encoded to ntra
macroblocks 1s obtained by QP(1(1,1))=[676]/[A(1(1, 1))], in
which A 1s a quantizer, and QP((1, 1)) 1s calculated by the
quantizer defined 1n the H.26L compression method.

6. The method according to claim 4, wherein the constant
value K of the normalization parameter 1s obtained by experi-
mental values by:

K, (1(1,1))=[2, 1f ) mod 4=0; 0, otherwise]
Kr(I(1,1))=[2, 1f | mod 4=3; 0, otherwise]
K A1(1,)))=[2, 1f 1 mod 4=0; 0, otherwise]

Kp(1(1,1))=[2, 1 1 mod 4=3; 0, otherwise].

7. The method according to claim 1, wherein a pixel to be
processed 1s expressed by applying a 8-bit value by:

(i, =12 "B rope, I+B A, ))ed, j-1+PxE,

1)g, j+1)+BA10, 1))gli-1, )+Pp A, 1) gl+1,

DY) Brorfi, )=B (£, D)+PaET, D)+B AL,

IM+Bp, 1))
in which, 3,A1(1, 1)) 1s the sum of normalization parameters
that determine the degree of smoothing of a pixel adjacent to
the pixel of the compressed video signal positioned at (1, ),
3,(1(1, 1)) 1s a normalization parameter that determine the
degree of smoothing of a pixel in the left direction from the
pixel of the compressed video signal positioned at (1, j),
B-(1(1, 1)) 15 a normalization parameters that determine the
degree of smoothing of a pixel 1n the right direction from the
pixel of the compressed video signal positioned at (1, j),
3.(1(1, 1)) 15 a normalization parameters that determine the
degree of smoothing of a pixel 1n the upper direction from the
pixel of the compressed video signal positioned at (1, 1), and
3 5(1(1, 1)) 1s the sum of normalization parameters that deter-
mine the degree of smoothing of a pixel in the downward
direction from the pixel of the compressed video signal posi-
tioned at (1, 1), and 1n which the equation 1s made simpler by
performing loop filtering by multiplying the denominator and
the numerator by a 8-bit value.

8. The method according to claim 7 wherein each of the

normalization parameters 1s obtained by:

B (F(1,j)=2, (£(1.,1)=2° K, (11, ) QP (£(1.,)) V [[8(L.i )
g(i,j =D +K(£(1.,]))QP (£{i.))]

BR(f(i))=2"ag(f{1,))=2°[Kr(f(1,)))QP(£(1.i)]/[[g(i,
i)=g(Li- 1) +KR(f(i.,)QP({1)]

BoAf(L0))=2 e ((1,]))=2° [K o (£(1.) QP(£(1,i )]/ [[g i
D= g(Li- DI +K (R0 QP(f(i))]

B (f(i.0))=2ap(1{1,0)=2°[Kp(£(1.) QP (£(i.i))/ [[g(i.
D=g(ii- DI+ p (i) QP((i,)))],
in which the degree of smoothing 1s determined by the nor-
malization parameters.
9. The method according to claim 1, wherein the post-
filtering step comprises the steps of:
defimng an additional function of a pixel to be restored of
a signal decoded by means of loop-filtering of the video
signal decoding unit;
determining the constant value of the normalization
parameter that differently sets the reliability and degree
of smoothing of all pixels with respect to the original
video signal; and
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performing post-filtering by the function for calculating
the pixel to be restored containing the determined con-
stant value.

10. The method according to claim 9, wherein the constant
value of the normalization parameter that differently sets the
reliability and degree of smoothing of all pixels with respect
to the orniginal video signal 1s determined by experimental
values, and 1s calculated by:

K, (f(1,))=[2, if  mod 4=0; 4, otherwise]
K (1(1,)))=[2, if | mod 4=3; 4, otherwise]
K A£(1,))=[2, if 1 mod 4=0; 5, otherwise]

Ky{(1,))=[2, if 1 mod 4=3; 4, otherwise]

whereby the degree of non-uniformity of each pixel 1s
improved.

11. The method according to claim 1, wherein each of the
normalization parameters 1s obtained by:

B (H(1L.i)=2t, (£(0,)))=2°[K (f(1,i ) QP (£(L.i) V[ [&(i,j)-
g (i~ DI +K L (f(1.))QP*(f(i,))]

BR((1.0)=2"0R(f(1,))=2°[K&(H(i.i)) QP(£(i,)))/[[g(i,
D=8 (L= D +KR(EL)QP(1(i,))]

BT =2 o (10 =2°[K o (£(1))YQP (i, N1/ [l
D-g(Li-D]+KAf(1L,0) QP (£(i.))]

Bo(f(i)=2 (i) =2°[Kp(f(i,i) QP (i, N1/ [[g(
D-g(Li= DI +K () QP(H(W)))],
in which the degree of smoothing 1s determined by the nor-
malization parameters.
12. A method for reducing a blocking effect in a com-
pressed video signal, comprising:
the decoding step of restoring a motion compensated video
signal to an original video signal by reducing the pre-
diction residual between the motion compensated video
signal and the original video signal and the blocking
effect; and
the post-filtering step of performing post-filtering 1 a
blocking elimination filter to reduce a blocking effect
and ring eifect remained 1n the compensated signal,
wherein a pixel to be processed 1s expressed by applying
a 8-bit value by:

f(L0)=[(2""~BropeLi)+B, (H(Li))g(ii-1)+Bx(HL.))s(,
i+ DB (F, Dgli-1.)+Bo i) gi+1,) 12"

Bror(1{1)))=BL (1)) +BREL)+B AL ) +BAL(1))

in which, 3.-,A1(1, 1)) 1s the sum of normalization parameters
that determine the degree of smoothing of a pixel adjacent to
the pixel of the compressed video signal positioned at (1, j),
3,(1(a, 1)) 1s a normalization parameter that determine the
degree of smoothing of a pixel in the left direction from the
pixel of the compressed video signal positioned at (1, j),
B-(1(1, 1)) 1s a normalization parameters that determine the
degree of smoothing of a pixel 1n the right direction from the
pixel of the compressed video signal positioned at (1, j),
B3,1(1, 1)) 15 a normalization parameters that determine the
degree of smoothing of a pixel in the upper direction from the
pixel of the compressed video signal positioned at (1, 1), and
3 5(1(1, 1)) 1s the sum of normalization parameters that deter-
mine the degree of smoothing of a pixel in the downward
direction from the pixel of the compressed video signal posi-
tioned at (1, 1), and 1n which the equation 1s made simpler by
performing loop filtering by multiplying the denominator and
the numerator by a 8-bit value.
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13. A method for rveducing a blocking effect in a video
signal, the method comprising:

receiving a compressed video signal; and

generating a reconstructed video signal from the com-

pressed video signal;

wherein generating the reconstructed video signal com-

prises:

determining degree of smoothing information for a pixel
to be filtered using a look-up table based on quanti-
zation information of a vegion including the pixel to be
filtered, and

obtaining a value of the pixel to be filteved based on the
degree of smoothing information, information regard-
ing a first adjacent pixel, and information regarding a
second opposing adjacent pixel.

14. The method of claim 13, wherein determining the
degree of smoothing information comprises retvieving pre-
determined novmalization pavameters from the look-up table.

13. The method of claim 13, wherein the first and second
adjacent pixels ave located in a horizontal divection with
respect to the pixel to be filteved.

16. The method of claim 13, wherein the first and second
adjacent pixels ave located in a vertical direction with vespect
to the pixel to be filteved.

17. The method of claim 13, wherein the information
regarding the first adjacent pixel and the information regavd-
ing the second adjacent pixel comprises a difference between
the pixel to be filteved and the first adjacent pixel and a
difference between the pixel to be filteved and the second
adjacent pixel.

18. The method of claim 13, further comprising determin-
ing the degree of smoothing information based on constant
values, the constant values being determined by experimen-
tally-determined values obtained by a loop filter.

19. An apparatus for reducing a blocking effect in a video
signal, the apparatus comprising a deblocking filter con-
nected for use in genervating a veconstructed video signal from
a compressed video signal, whervein the deblocking filter is
configured to determine degree of smoothing information for
a pixel to be filtered using a look-up table based on quanti-
zation information of a vegion including the pixel to be filtered
and to obtain a value of the pixel to be filtered based on the
degree of smoothing information, information regarding a
first adjacent pixel, and information rvegarding a second
opposing adjacent pixel.

20. The apparatus of claim 19, wherein the deblocking
filter is configured to retrvieve pre-determined novmalization
parameters from the look-up table.

21. The apparatus of claim 19, wherein the first and second
adjacent pixels ave located in a horizontal divection with
respect to the pixel to be filteved.

14

22. The apparatus of claim 19, wherein the first and second
adjacent pixels are located in a vertical divection with respect
to the pixel to be filtered.

23. The apparatus of claim 19, wherein the information

5 regarding the first adjacent pixel and the information regard-
ing the second adjacent pixel comprises a difference between
the pixel to be filteved and the first adjacent pixel and a
difference between the pixel to be filtered and the second
adjacent pixel.

10 24. The apparatus of claim 19, wherein the deblocking

filter is configured to determine the degree of smoothing infor-

mation based on constant values, the constant values being
determined by experimentally-determined values obtained by
a loop filter.

15 25. A method for reducing a blocking effect in a video
signal, the method comprising:

receiving a compressed video signal; and

generating, by one or more processors, a reconstructed

video signal from the compressed video signal;

20  wherein generating the reconstructed video signal com-

prises.

determining degree of smoothing information for a pixel
to be filtered using a look-up table based on quanti-
zation information of a vegion including the pixel to be

25 filtered, and

obtaining a value of the pixel to be filtered based on the
degree of smoothing information, information regard-
ing a first adjacent pixel, and information regarding a
second opposing adjacent pixel.

30  26. A method for reducing a blocking effect in a video
signal, the method comprising:

receiving a compressed video signal;

identifving a pixel to be filtered,

determining quantization information of a region includ-

35 ing the pixel to be filteved,;
accessing a look-up table;
determining, based on information identified from within
the look-up table, a degree of smoothing information for
the pixel to be filterved;

40  accessing information vegavding a first adjacent pixel;

accessing information regarding a second opposing adja-
cent pixel;

obtaining a value of the pixel to be filteved based on the

degree of smoothing information determined, the infor-

45 mation vegarvding the first adjacent pixel, and the infor-

mation regarvding the second opposing adjacent pixel;
and

generating a rveconstructed video signal based at least in

part on the value obtained for the pixel to be filtered.

50
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