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next-generation video compression technology HEVC
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summary

HEVC (HighEfficiencyVideoCoding) is currently being standardized.

is the tentative name for a new video encoding standard. In this standardization
To achieve high encoding performance beyond H.264/AVC, various

Laws are being discussed, among them deblocking filter and adaptive

I would like to explain loop filter technology in this article. technically

The debloking filter and adaptive loop filter perform filtering on the restored
image to reduce information lost during quantization and encoding operations.

Itis a technology to improve subjective image quality by performing

I. Introduction

ISO/IEC JCT1/SC29 WG11 Moving Picture Experts Group(MPEG)
y ITU-T Q.6/16 Video

Coding Experts Group (VCEG) has come together to create a new

g

Deblocking Filter § Adaptive

Standardization of video encoding is in progress. This was tentatively
named High Efficiency Video Coding (HEVC), and was announced
through a Call for Proposal in January 2010.

and began formal standardization. These standardization

The group actively encourages research and contributions of new
video coding algorithms for the HEVC standard.

there is.

HEVC standardization at the Guangzhou meeting in October 2010
Seo established the first test model by combining algorithms that had
been verified through competition. This
It was tentatively named HM (High Efficiency Video Coding Test
Model), and a coding tool for HM 1.0 has currently been selected.
Technical documentation for HM 1.0 can be found here:

As of November 2010, it has not been officially distributed.

TMuC(Test Model under Consideration) yy[1]

§This paper was conducted with the basic research project support of the National Research Foundation of Korea funded by the government (Ministry of Education, Science and Technology) in 2010 (2010-0023109)
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contains most of the encoding tools of HM 1.0
If you want to get more detailed technical information, please refer
to the TMuC document.

HM 1.0 includes various encoding algorithms.
Oh, there it is. Among them, deblocking filter and adaptive loop
that perform filtering on the restored image.
The purpose of this paper is to explain the filter(ALF) technology.
C. This technology uses quantization and computer decimal calculation errors, etc.
This is a technology that adaptively performs filtering on restored
images to reduce information loss that occurs due to
The meaning of the word ‘adaptive’ refers to the entire video.
Instead of applying the same filter, filters are applied differentially to areas
where a lot of distortion occurs and areas where a lot of distortion occurs.
It has the meaning of performing turing.

Deblocking filter is an adaptive in-loop filtering method also
included in H.264/AVC[2].
am. The deblocking filtering method of HM 1.0 is
The method jointly proposed by Tandberg, Ericsson, and Nokia is
a method to solve the shortcomings of the high complexity of the
deblocking filtering method of H.264/AVC while showing similar

subjective image quality performance.

<Figure 1> (a) Image without deblocking filter applied (a), image with applied deblocking filter (b)

[3].

ALF inserts the post-processing filter [4] applied after decoding
the video into the decoding process.
This is a filtering method within the Kin loop. The biggest feature of ALF is
This means that the optimal filter coefficient for each image is

transmitted for each slice. Therefore, the encoding efficiency is

improved by adaptively applying the optimal filter coefficient for each slice.

The rate can be improved significantly. ALF method in HM 1.0
It is based on Toshiba's ALF method [5][6] and Qualcomm's ALF[7]-

[9] method.

Il. Deblocking Filter

In this chapter, we comparatively analyze the deblocking filters

of H.264/AVC and HM 1.0.

1. H.264 deblocking filter

Deblocking Filter was first introduced as a standard in H.264/AVC.

was adopted. Previously managed through post-processing filters
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There have been various studies to improve image quality, but

Filters are applied because they are not included in the gelatinization process.
The video was not used as a reference video. but
Video with deblocking filter applied in H.264/AVC

By using it as a reference image, not only the subjective image quality is improved.
It also leads to an improvement in objective image quality of around 0.5dB.
paid it The biggest purpose of the deblocking filter is as follows <Figure
Effect of blocking artifacts such as 1(a)>

The objective is to improve subjective image quality by removing . this
This blocking phenomenon is caused by DCT (discrete

After applying cosine transform, some high frequency areas are removed.
This inevitably occurs. Deblocking filter

A low-pass filter is applied to the area where such distortion occurs.
Apply it to create boundaries between blocks as shown in <Figure 1(b)>.
Make it dull H.264/AVC deblocking filter is adaptive

It's an enemy filter. That is, areas where distortion is likely to occur.
Differentially apply filters to areas that do not

Severe smoothing of the image due to excessive filtering

Prevents the (smoothing) phenomenon.

Technically, the deblocking filter in H.264/AVC is

Whether to apply a filter to block boundaries in 4x4 units
decide Brightness of 16x16 size as shown in <Figure 2>
For (luma) blocks and 8x8 color (chroma) blocks
What happens to each dotted line in <Figure 2> in 4x4 block units?
Boundary whether to apply a deblocking filter
Itis determined according to the Strength(Bs) value. Vertical in <Figure 2>
The pixel index for the border is horizontally upward.
Create a vertical border from two adjacent 4x4 blocks.
Indicates the index for each of the 4 pixels on the left and right.
It's a timeless painting.
Bs when 8 pixels are given as shown in <Figure 2>
The decision is based on the following <Figure 3>. border macro
Is it a block boundary, or is the encoded block within the screen or
Is inter-screen encoding, the movement of two adjacent blocks?
Are the blocks different, are the pixels within the block highly similar, etc.?
Based on the complex process as shown in <Figure 3>,
Bs are decided. Ultimately, the Bs value at each boundary
Therefore, the filter coefficients and filters are applied to change the image
The number of cows is differentially applied to provide adaptive

A deblocking filter is applied.

11l

5 N

]

—

p=——
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ab c d I

| 03] p2] p1] 00

<Figure 2> Application of deblocking filter in 4x4 units and pixel index for vertical border
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<Figure 3> How to Determine Boundary Strength(Bs)

2. HM 1.0 deblocking filter

The deblocking filter of HM 1.0 is a method that simplifies the
complex process of the deblocking filter of H.264/AVC. The
deblocking filter of H.264/AVC is a complex process that requires
approximately 15% of the calculation amount of the entire
decoding process in the decoder. Also, after H.264/AVC
Residual signal due to improved performance of both prediction methods
(Residual signal) does not occur much. Therefore, excessive
filtering in 4x4 units is rather subjective or objective.

This may cause deterioration in visual image quality. These disadvantages
In order to overcome this, TENTM has relatively simplified

A deblocking filter method was proposed, and this is HM 1.0

was adopted.

Basically, the deblocking filter of HM 1.0 is predictive.
Filtering is performed on the boundary between the prediction unit
(PU) and the transformation unit (TU). However, it is the border of
the image or has a width of 8 in the vertical or horizontal direction.
No filtering is performed on boundaries smaller than a pixel.

Complexity has been simplified by limiting

It is decided based on .

The method based on the first PU explains the vertical
boundary based on <Figure 4>. For horizontal border
The content is the same as the vertical border. <Figure 4> is one

It represents the PU of . The rightmost vertical border is

December 2010 69
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In the next PU, not shown in the figure (to be encoded in the future)
Since the decision is made, filtering can be performed on each of the four
boundaries in Figure 4, except as candidate boundaries.

The decision follows the following:

«For the first vertical border, there is a PU on the left
And the horizontal size of the PU to be currently encoded is 8.
Filtering can be performed when there are more than pixels.

«If the PU you want to currently encode is PART_nLx2N, the second
vertical boundary is the first boundary and the second boundary.
Filtering is performed when the horizontal distance is more than 8 pixels.
can do. (Currently, asymmetric prediction partition technology has
been excluded from HM 1.0,

In the case of PART_nLx2N, it may change later.)

Otherwise, the PU you are currently trying to encode
If PART_Nx2N or PART_NxN, three times
The second vertical boundary is the distance between the first boundary and the third boundary.

Perform filtering when horizontal distance is greater than 8 pixels

can do.

Otherwise, the PU you are currently trying to encode
If PART_nRx2N, the fourth vertical border is
The horizontal distance between the first border and the next PU is 8 pixels.
Filtering can be performed when (Currently, asymmetric prediction
partition technology has been excluded from HM 1.0, so in the case
of PART_nRx2N

It may change in the future.)

The method based on the second TU is
The distance in the horizontal or vertical direction is less than 8 pixels.
Only the boundary that is the image is determined as a candidate boundary
to apply the deblocking filter to. For example, if the minimum size of a TU is 4
If, filtering can be performed on every other boundary.
there

is. <Figure 4> shows the index of each pixel to explain the actual filtering
process. After the filtering described above

‘Among the beam boundaries, the boundaries on which actual filtering will be performed are as follows

PuSize / 4

Horizontal edges

Y

rr ot

Vertical edges

—

PuSize / 4

<Figure 4> Determination of the boundary where filtering will be applied in one prediction mode block
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<Table 1> The relationship between QP, and § iC
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+q00= Clip0-255((p1i + 2* pOi + 2* qOi + 2* qli +
q2i + 4)>>3)

*p10= Clip0-255((p2i + pli + p0i + qOi +2)>>2)

*q10= Clip0-255((p0i + qOi + qli + q2i +2)>>2)

*p20= Clip0-255((2* p3i + 3* p2i + pli + p0i + qOi + 4)>>3)

«q20= Clip0-255((p0i + qOi + qli + 3* g2i + 2* q3i + 4)>>3)

The week filter of the brightness block uses the following filter coefficient values:

have

+j= Clip(4C tC, (13* (q0i - pOi) + 4* ( qdi -
pli) - 5*(2i - p2i)+16)>>5))

+p0i = Clip0-255(p0i +j) *q0i =

Clip0-255(qOi -¥)

+pli = Clip0-255(p1i +§/2)

qli = Clip0-255(q1i -§/2)

Comparing the two filters above, strongdfilter is

Filtering is applied by 3 pixels on the left and right based on the border.

Change the value, week filter has less left and right 2 picks

72 Journal of Broadcasting Engineering Vol. 15, No. 4

Apply filters cell by cell. Therefore, image quality distortion occurs.
Pixels that are likely to be affected are strongly filtered to reduce blocking,
while blocks that are not affected are subjected to excessive smoothing.
Performs weak filtering while preventing anger.

Color blocks are block A or block B on the border.
Filtering is performed only if the screen is encoded, but the
boundary is within one PU or
If planar_flag has a value of 1, filtering is not performed. The
specific process of the deblocking filter of a color block is as

follows: only one pixel on the left and right of the border is counted.

decide

+y= Clip(AC.{C.(((q0i - pOi) << 2) + pli -
qli + 4) >>3))

*p0i = Clip0-255(p0i +y) *q0i =

Clip0-255(qOi -)

otc = tc(qp+4)

In a simulation experiment on the objective image quality of the HM 1.0
deblocking filter, depending on whether the deblocking filter is used or not,
The difference between PNSR and bit rate is insignificant, approximately 1%.

It was. This is because HM 1.0 supports predictive coding and dabbling.
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Because high coding efficiency has already been improved to close to BD-
bitrate - 30% through lock encoding technology, the margin of objective
coding efficiency that can be raised using deblocking filter is small, and
the fundamental purpose of deblocking filter is to improve subjective
picture quality. am. For reference, since the deblocking filter of the existing
H.264/AVC is not implemented in TMuC, there is still no direct connection

between the deblocking filter of HM 1.0 and that of H.264/AVC.

phosphorus comparisons were not reported. In conclusion, the current HM

The advantage of the 1.0 deblocking filter is the reduction in complexity.

[ll. Adaptive Loop Filter

<Figure 5> shows ALF and adaptive post filter decoding.
It indicates when and what input signals are received and performed in
the process. The two filters have in common the reconstructed image after

the deblocking filtering process.

An adaptive filter is applied to the picture to output the final decoded
picture. These are

Optimization that minimizes the difference between the original image and the restored image
By designing and applying an adversarial filter, some of the information lost
during the encoding process can be recovered. The difference between ALF and
adaptive post filter is that the ALF method is included in the decoding process,

so the image to which ALF is applied can be used as a reference image in

predictive encoding, but the adaptive postfilter method is included in the decoding process.

Only filtering is applied and the resulting image is used as a reference image.
The point is that it cannot be utilized. The ALF of HM 1.0 is based on
Toshiba's BALF method and adopted by Qualcomm in a form developed
in accordance with the coding unit structure of HM 1.0.

It was. In the following sections, Toshiba's method and Qualcomm's

Explain the method.

1. BALF

BALF(Block-based adaptive loop filter)y

December 2010 73
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Itis an ALF method based on Wiener filter. Calculate the filter coefficients

Even considering the amount of additional bits for transmission, it is

difficult to find and apply one optimal filter to the entire video sequence.

Rather than designing the optimal filter differently for each video,
Applying it can increase overall performance. Therefore, in an encoder
including ALF, every slice
Differences between the original slice and the decrypted slice
Find the optimal filter that minimizes and transmit the filter coefficients
by including them in the slice header. In the decoder, filtering is
performed using the transmitted filter coefficients.
Perform the ring.

The method of finding the optimal filter follows the Wiener filter method.
In other words, if the pixel value at the (x,y) position where the filter is
applied is called pALF(x,y) , as shown in Equation 1 below, the difference

between this and the original image pixel value original(x,y) is defined as

the error, and the error is Design filter coefficients to minimize the sum of squares

do.

Paur(6¥) = 23 10 J) Preconsruaed (X + 15 3+ J) + DCoffset

L ¥ 4
min Y. 3 (Pugna (5. 9) = Poar ()

1

BALF applies a filter to all pixels in the image.
It doesn't turn on. 8x8, 16x16,... ,Filtering can be applied based on
blocks of various sizes, such as 128x128.
Improves performance by adaptively determining (filter on/off)
there is. However, for each block, additional bits are needed to
transmit information about whether or not the filter can be applied. To
reduce this, we proposed a quadtree-based adaptive filter (QALF)
that divides the image hierarchically and informs whether or not a

filter can be applied to it.

2. HM 1.0 Adaptive Loop Filter

The ALF of HM 1.0 is also optimized using Equation 1 above.

74 Journal of Broadcasting Engineering Vol. 15, No. 4

The system is designed based on Wiener filter. Basically

Itis based on the QALF method, and the differences are the syntax for indicating
whether or not to apply a filter at the block level, the shape of the filter, and the
and the number of filters, etc.

The syntax for indicating whether or not to apply a filter uses the
quad-tree based block division technique of QALF. Using this, filtering
can be done hierarchically as shown in <Figure 6>.

It may or may not apply. Split the block into smaller pieces

As the number increases, additional information for filter application
increases. That is why the Coding Tree Block of HM 1.0

Additional information by designing the syntax according to (CTB)

We tried to reduce the depth of CU (coding uint) that can divide blocks
in ALF.

Separately for each slice the optimal depth value that limits

send. The maximum value of this optimal depth information is equal

to the maximum depth value in CTB, and a smaller value is transmitted.
It can be. For example, in CTB the maximum depth is 3.

However, the maximum depth of AFL can be set to 2. As explained
earlier, the filter performance increases as it is divided into smaller
sizes, but since syntax information about whether or not the filter can
be applied also increases, the depth value that achieves optimal
performance may be different from the maximum depth value of the CTB.

The filter shape for the brightness block of HM1.0ALF is <that.

<Figure 7> Quadtree based ALF's Example of ON/OFF adjustment

Page 9 of 22
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It has a diamond shape as shown in Figure 7, and has the numbers written in the picture. - 3 = Apply ALF to both Cb and Cr

The ruler pairs filter tabs with the same filter coefficients.

Itis. Set up a symmetrical filter around the center point. As can be seen from the alf_chroma_idc value, ALF

The number of unique filter coefficients was reduced by calculating In addition to filtering on the two color components,

Also, when encoding filter coefficients, the filters of previous images Performing filtering only on my color components is also possible.
Filter system by performing predictive coding using coefficients Allowed. The filter shape for the color block is the brightness block
The amount of bits for transmitting numbers has been reduced. HM 1.0 A square shape with 5 tabs, unlike the filter applied to

ALF has up to M filter sets per slice. It is a non-separable filter.

The maximum value of M is 16. The performance of ALF was reported in [10], as shown in Table 2.

Currently, the common experimental conditions of JCTVC are high complexity

In conditions, ALF is the default condition and low

ALF is not included in the complexity condition.

Therefore, in Table 2, the enemy of ALF for high complexity is

The BD-bitrate value depending on the presence or absence of use has a positive value.

This indicates that the performance of ALF is excellent, and a

1 negative value indicates excellent performance for low com-plexity.

am. As shown in Table 2, ALF is very high.

E-N
(4]
oI NI N O
(&)
H

It has coding efficiency. In terms of complexity, the decoder

<For pictue brightnessblock Filter shape and filter coefficient symmetry in ALF
It was reported that the increase in decoding time was approximately 15%.
all. In [10], the time increase for the encoder is also presented.
Regarding ALF for color blocks, alf_ However, it was an experiment conducted with distributed processing in a cluster environment.
A syntax called chroma_idc is encoded. This is the next 4 Therefore, it cannot be considered a meaningful number.

It has branch values.

-0 = Do not apply ALF, IV. conclusion

-1 = Apply ALF only to Cb

-2 = Apply ALF only to Cr In this paper, the deblocking filer included in HM 1.0 and
<Table 2> HM 1.0 Coding efficiency of ALF
Highcomplexity (BD-bitrate) Lowcomplexity (BD-bitrate)
Intra 2.2 % (max 4.2% for classA) 3.7 -22%
Random access % (max 5.8% for class B) 5.2 % -4.8%
Low delay (max 8.5% for classkE) -4.3%
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The technology of adaptive loop filter (ALF) was explained.

The deblocking filter of HM 1.0 is more complex than H.264/AVC.

It can be seen as a version with reduced noise, which predicts

Due to the development of coding technology, complex deblocking filters

This can be seen as a result of the need having decreased somewhat. H.M.

ALF in 1.0 is a new in-loop post-processing filter. a little

Requires complex calculations, but has very high encoding efficiency

This makes it very useful in applications for storage media.

I think it is a simple encryption tool. However, it has relatively high complexity.

, so further improvements will be needed.
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Experts Group(MPEG) ¥} ITU-T Q.6/16 Video
Coding Experts Group(VCEG)2 7] A|Z-& H]

te 33 xF8E 218 Foltt. o= High
Efficiency Video Coding(HEVC) 0.2 ZAA o7
Wl o 2010 1€ Call for Proposals
W A ARl EF3HE A AeISitt ol & 253
T HEVC #5513 Al vt e 53
lﬂ?ﬂ AT 7E ASA0R st

HM (High Efficiency Video Coding Test Model) ©.
Z 7o, @4 HM 1.0¢] digt 753 5& 41
g5t Zefolch. HM 1.000 thgt 7]=AQl £41&
20109 11€ A T4 07 vjEEA] ko)
TMuC (Test Model under Consideration) =*[1]

w2 T 0104 E B (@S| 8)9 Koz 52

66 LSSsIEX 158 4%

HTTYERD] 7| A

K& ot +2E Z24(2010-0023100)
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7F 29 HM 1.09] H338F 55 sk o7
o, Bt AAE 7= 4 JRE daat g
TMuC EAE Z=x3s}7] vheict,

HM 1.00l= thest H-5.3F dare]5E0]
o] Q). 71 FollA EUH Aol thsf T
8 3} deblocking filter % adaptive loop
filter (ALF) 7)&¢]] tjal] & o)A dstax}; ot
t}. o] 71%- oFA1sl Wl AFE 9] 25 AN QA 5
©7 WshE Y1l E4E Fo)Y) Sl3i Haw
GAtel] -84 07 AE YL F3ah= 7]%olt}. o
71] A5 oldt B Onl= U Ao hate]
Z9)3 WE| 2 ALalx] &, gjaro] wo) Uk}
= G 134 @2 ool vl AP ow 2

—

ot

5%

ruln
2
ook
L)

i
o
o

o~
T

HHS Fastths S22z gluk
Deblocking filter= H.264/AVC[2] oA & Z&
o] 9l #3491l FX (in—loop) ZEH W

ot} HM 1.09 deblocking filtering ¥
H.264/AVC®] deblocking filtering H41e] 2t )
S BREe st dRS sastas e At
o T34 3 AsS Boly| fJF o EH
Tandberg, Ericsson 2 Nokia7} 3H] #|¢13) v o)

(a)

<& 1> (a) deblocking filterE & &stx| &2 Y& (a), H&+ F&b)

oHal.
ALFE= 948 533} decoding) 3t ?— g5
29 (post) E|[4] 2 H353} 9 o A

T AEY el ALFS 71 & 542
ol thell H219] dE] AFE v Eefol 2wt
etk Aol wehs Sefol A~ HE 7
e AFS AL2o07 Ag3togm HLasl a
& 33s| I & o]q_ HMIO/] ALF W
< Toshiba®] ALF ¥+ [5] [6] 2 Qualcomm®]
ALF (7191l 7 ]‘ﬂ'?ﬂ'r/}.

o 1o L N Y
mhr}.‘_,oﬁt

b

Il. Deblocking Filter

+ Aol A= H264/AVCEH HM 1.09] deblocking
fitterel] thall v 4 gk,

1. H.264 deblocking filter

Deblocking Filter= H.264/AVCoA #& E£5+S
2 A=k o] A7 $A4E AHE F9 T3

(b)
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A 3 & AT = vk A Sl o
<3} Aol sEFFEA] k7] wiiTell ZE7F A8
H gito] Az GArow TaEA] okohtt At
H.264/AVCel|A = deblocking filter7} 2-8-5 3A¢
& A% Yo E o Ea i sk B
ofue} 0.5dB Wil 2] 2w 3129 gk
Wtk Deblocking filter?] 718 & 2248 )& <19
1(@>8} & =53} A2 (blocking artifact) &) &7}
£ AAsto] T84 s FA7]E Flolnt o]
23t 553} A4k $-5.3) 2 oA DCT (discrete
A8 5 175 9o AT Al
g0 2 A B7a] kA Bt Deblocking filter+=
ol gt sfj=ro] Wgsk= ool sl A FHE
A gato] <If 1(b)>9} ol E531e AAE 7

P

[ed

o
g,
o)

S

cosine transform) %

E7) 3ok H264/AVCS] deblocking filtert= 4]-8-
A o]t} = ofaro] wAEl 7psA o] =0 oo

I 18A] 2 o tfsf apHEA o7 HEHE 4
gato] st JE o) st o) Ast Hds)
(smoothing) #4-S 2=t}

71X 07, H.264/AVCY deblocking filter=

4x4 F9 E5 Ao s ZE Q] 4L AFE
AR}, <1y 2>9F 2ol 16x16 3714 A

_4

(luma) E=3} 8x8 A2 (chroma) £ A
Ix4 B2 o7 <19 29 7+ A4 1 EE
3l deblocking filterE A-8A]Z A+ Boundary

Strenth(Bs) #tell whet A€ok <29 2> 4
Ao that 3} Aol (index) 2 <=3 ko 7 9]
A5 719 Qe Axd BEolN 57 2AE 7]

F0 7 25 2+ 4 3o ik Al (index) & =
Al

e

I
i

<14 2>$¥ o] 8719] stagol] 0% H9-B
& o <I¥ el e AAV} mjaE
ZBARIY, F33} glel= E50] ghd] &2
Z_} iﬁrﬂcﬂbﬂ— L= o]7<4 _&31 %x]ol Z‘]
37 LIH Sha AR =27
DI} e HAE S AA
A= 2 AANA 2 Bs #hkel
g5o] WA= g}

4§50 AgH0l

R

2]

ﬁd
mlm

BsE 274 6}71] A
weby BE A5 9 GE} A
a9 A5 AEgow

deblocking filterS- 2]-g-}A] ),

4
!

1l

11l

i, R b paswis | _
S —

—_—
—t

o @ — (D

W
=g
o
(=

| 03|‘ 02| D1| p0

<8 2> 4x4 219l deblocking filterS] && 2 X HAHof Cf st

r0|

68 LEEsIEX 158 45
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Deblocking Filter 2! Adaptive Loop Filter 477

Block houndary
between block p and g

Block p org

intra coded or

slice type is Sl or 5P
?

YES MO

Block houndary

is also Macroblock

boundary
?

YES

Bs=4

Coefficients

coded in hlock

porg
?

NO

Hlock p and g have
different reference
frames or a different
number of reference
frames?

[¥ () - W (030] == 1 or
[V (py)- Vgl == 1 ar NO
if bipredictive
[Vl - Vo (o] == 1 or
[Vo(py) - Vo (ay)l == 1

Be=0
(skip)

<712 3> Boundary Strengh(Bs) Z% gt

2. HM 1.0 deblocking filter

HM 1.09] deblocking filtert= H.264/AVCS]
deblocking filter®] H3st 34 1A8A17] W

o]t} H.264/AVCE) deblocking filters= &35 7] 0|4
A H53 Helxe] 15% U9]9] dabgs &
Fohs Bt apgolu) mg H264/AVC ©)F tf
ot o F WY A FFOE Qs Flo] A
(residual signal) 7} @o] WAYEHA] o=t} wjebA
Ax4 91 9] Fg FE S 98] T S22 7
A sH 9 dstE WA < Qlek ol2let 9
S 58t A TENTMoIA vl 7234
deblocking filter *WH= Akl 1 o] 7] HM 1.0

o AE I,

7122 9 2 HM 1.09] deblocking filter= o115 -
Y (prediction unit, PU) ¥} # 8k 44
TU)<] Al sl e E=
o AAIAY 74 52 4%

S (transform unit,
=8t} ol Ak
H‘f&i 71 %ol 8

AR 22 Al s s LHP-S FY8H
UEF Alsteto] BHEE 114 lzm HEFo]
7VelA = A T2 A4 WS PU 9 TU

£ 710w A%t

A AR PUE 7| 0® 32 <1
To= 54 7] TH'&H
35 WL

20104 128 69
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130l TAIEA] k2 (r] el o)l F-E k) the PUC
A AAstE R A|Q)skar 172 49] 4 )] A A
Z1zto] el Y-S 58T 4 v TR AAR

o) By g ke

« 3 WA 74 AA L A9, 52 PUZE EA
ata dA| F-5.38) shed= PUS) 712 27)7F 8
A o] v FER-& 538 Stk

« A 1535} 5}l PUZF PART nlLx2NQ) 745
WA 2] A A A AL AR A
] 33 A2)7} 8 T o)l uf eS8

of

gk 4= itk (34 HM 1.0914 asymmetric
prediction partition 7]&0] AP EZ
PART nlx2N8| 73-¢-= 550l 473 = 3lrh)
c 2FA X @A ¥ st PUY
PART_Nx2N £-> PART_NxN¢! -9 Al #
A 72 A= A A A Al A A <]

%3 At 8 F4 o3 W BEPE 53

u

g Qltk

284 ¢ A F53} skels PUYH
PART nRx2NQ1 78, vl A 2] 771 vl
A A g} o PU 2] 5 Ag]7F8 A4 o]
2 o AEE-E 7Y 5 ok (@A HM
1.0014 asymmetric prediction partition 7]%
o] YA = =, PART nRx2N9| 34+

ol W7 4 9lh)

F A TUE 7]502 3L, shuke] TU 9
ol 7 & 2 wgo 79 Ay} § FAl o
7o) = A%t deblocking filter g 28417 $
B AAR AT o5 501 TUS H4 A717H4

79, st el o) Al Ml e e 4

PuSize / 4
/_)\ﬂ

'y

Horizontal edges

o

Vertical edges

—

PuSize / 4

OB & LIS 015 RE SS0IAS BEZ0| IHE A 2

70 UEIsEX| 153 45
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Deblocking Filter % Adaptive Loop Filter 479

p3e p2s ple pOs
D3| D21 D].I DOW
p3: pZ: pl: pO.
A D33 DZ‘A pls DO‘A
p3: p2, pl. pO,
p3s pZs pls pOs
Dgﬁ DZS D].ﬁ DOH
D37 p2; D].? DO?

QOo QL) q20 q3n
C[O1 C[lw C[21 Cl?)]
q0: ql. q2: q3:
q0: qls q2: q3; B
qO.w ql, q24 C131
q0s qls q25 q3s
C[Oﬁ Qlﬁ (125 QBG
q0; ql; q2¢ @3

<18 5> HM 1.0 deblocking filter§ 918t g4 Aol

o] ATk
87| E5oA thy 2715 5 shEte 3

T AER S AT,

59| ]S 2=} 3L (INTRA)

« 1/4 ¥ AE DoAY WE L
IMV_h(A)-MV_hB)| >=4 or IMV_v(A)—
MV_v(B) | >=4 <] A%

« A E59] #x 9ol ot PBIC ¢k (icScale
=2 icOffset)©) B E-52] gt} o} 2§

e d=1|p2 — 2pL + pl| + g2 — 2ql, +
q0:| + 1p2: — 2pls + p0s| + [g2: — 2qls +
qO:| <A Q1 -

ST 7] Bl ok 200 % ahdehe 2

91739 FEY L s gtk

« A 9}BEF0] FY3TULPUS 5= 79
« A7} PUL) 7 A0 2L A9} BY) planar flag Fto)

191 4% (@A) HM 1.0+ planar =4 k]
O o] g ol g = o)

7] 559 deblocking filtert week filter &}
strong filter 7 7§17} &AL A7)9] 23 wje
& Tl s 449 30 dja) v= 21
0] 7 31 Y- strong filter7} A-E-x]H, 1
A 92 73-9- week filter7} 28t}

» d<(B>2)
* (Ip3 —p0l + g0 —q3l) < (>3
« |p0—q0] < (Gt + D>>1)

37 Z2AeA 9} g <3 1>} Zo] QP
(quantization parameter) ] oJ&l A4} L3 &
= A E2 55 prtshay 533 R A4 (e
=tc(gp+4) o]tk

ul7] B29] strong filters= UH2-9) EH A5 ¢

g Rt

» p0o=Clipy 2 ((p2 + 2L + 2p0 +2'q0 + gl
+4)>>3)

2010 128 71
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CH 1> QP t, & g2 24

qp O [ T S T ) ] [ [ ] [ e [ s i [

. tojoJololoTlolololololotlololololtolo o

p 0O jojojojojojo ojojojoejojojojo e }?

ap 18 | 19 | 20 | 21 [ 22 [ 23 | 24 | 25 [ 26 | 27 | 28 | 29 | 30 | 31 | 32 | 33 | 34 | 35

te 1 1 1 1 1 1 1 1 227212131373 ]3/]:¢

B g b ot 1l 1z 13)wl15)16 17 18120 22002426728 31312

qp 36 [ 37 [ 38 [ 39 [ 40 [ 41 2 434445 [ 46 [ 47 [ 48 [ 49 [ 50 51 ] 352] 53

tc 4141515161 a o [ o fo ol jufjrzirziiizlia

B 34 136 38 | 40 | 42 | 44 | 46 | 48 | 50 | 52 | 54 | 56 | 58 | 60 | 62 | 64

qp 54 | 55

te 14 | 14

B

* 0= Clipyo55 ((pL; + 20 + 20 + 2ql; + AN AE S A QA7) meba] 314 g)aro] whay
a2+ 4>>3) B 7kso) e shat bl BeYdte] B2

* plo= Cﬁpofzss((pz +pli + p0 + g0 +2)>>2) ?ﬂ%}% %Oil ‘ZI‘J:’, 1%‘;7(1 ?z}% %%“% Eﬂrtd' "E‘%

* qlo= Clipo-2: (PO + g0 + qli + g2 +2)>>2) S5 2ro WA oFst FE|E & ettt

o p2= Clipy255 (2p3 + 3p2 + pl; + p0 + O A E52 Aol 9= &5 A =2 E5 B}
+ 93 spe) 5.3k eln BE Y S 5k 34

¢ q2= Clipy_ys; (PO + q0, + ql; + 3'q2 + 23, W AAZE 9 PU el AAY F
+4)>>3) planar_flag7} 19| #t= 2be 49 JEHS 573

W7] 559 week filteri= TH2] 2 A a4

7Rtk

» 4 =Clip(—tefe, 13°(q0 — p0) + 4(ql; -
pl) —5%(q2 — p2)+16)>>5))

* pO = Clipyss (PO + )

* q0 = Clipyss(q0 — )

¢ pli = Clipyss (1 + 4/2)

* ql; = Clipo» (ql; — 4/2)

271004 F 712 FE|E v w3, strong filter=

AAE NFOR A3 2K BEYL 3]

e AAA 7)Y, week filters W0} 42 25 2 2

72 HEIEEX| 158 45

1o

2
B
a1 b=t} Ae] E29] deblocking ZE 2] 744
WL v o] AA|G] 29 e St
gt

* 4 = Clip(~tefe, ([0 = pO) << 2) + pli =
qli+4) >>3)

¢ pO: = Clipyss (PO + )

¢ q0 = Clipy-s5 (@0 — )

* tc =tc(gpt+4)

HM 1.0 deblocking filter2] 7434+2] 3}-2lof| tjgt
9] 3el|A deblocking filtere] AHE- el
PNSR % HIE£9] 2ol 1% Hel= n]H]3e &
itk o]gjgh o]z HM 1.00] <% F5s} 9l ojs

1
-
=
ju
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Video —~ Entropy
AL T Q Coding e
Q-1 + T-1
»+)
o |ntra-Pred
S
Reference Adative ) Adative
wasy: Inira-Pred ‘—{ Buffer | LoopFiter [ | Deblocking =¥ o i Fiter
<& 5> Aaptive Loof Filter2} Adaptive Post FilterE Z &gt 553f7]
= 13537 1% o] ¢J8)] o]n] BD—hitrate — 30% picture) ol thall 24 T E A-g50] FHFZ <l
o 7WhE =8 B35 a8 S 7Y i 5% YA (decoded picture) S 3t} o5
o] deblocking filter 5 o]--a1o] Zof 28 = Q=7 A} HAE Gz Aol & H s+ F
WA F58F 880] o0l AL deblocking fiter 4 FEE A7 Bl A8t 55} peln £

o] 2H BALo Z9A 314 skt 7] ufiolc) &
=2 TMuCell 71& H.264/AVC?] deblocking filter
7F 7w o] QA ¢b7] wiiEell ok HM 1.09]
deblocking filter$} H.264/AVCS] Z1713}2] 27534
Ql Hli= HaEA] gt AEA o2 {2 HM
1.0 deblocking filter®] A2 B3 % 7HAelar Hof,

lll. Adaptive Loop Filter

<17 5> ALF9} adaptive post filter7} %58}
oA A, o 98] AT uko} =8| =x)
= e 7 21 © 2 deblocking

dHE 35
filtering 24 ©]3-9] HY¥ 97 (reconstructed

Y= RS A 578 5 vk ALFS) adaptive
post filter®] 2foli= ALFS] #H212 £33} 314 1]

of 3£3tE]o] ALE7} 288 @7do] o5 F-2stellA
3 o= o] 84 4= AT adaptive post filter
= FH PR 282 B Ay} o] Fx o
%%ﬂ 2] F3h= o]tk HM 1.02] ALF= Toshiba
ALF B ol 7]Hksle] Qualcomme] HM 1.02]
—riﬁr U 2ol o] A7) FEjE A s
Ak the AeflA] Toshiba®] 2 Qualcomm®]
el el 4T gt

L

i

b

1. BALF

BALF (Block—based adaptive loop filter)+
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Wiener H¥] 7]49ke] ALF Whiolt}, JE] Al4-5
37| g 7L v ERS sttty A4
gdol sl shuke] H2 FEE T-ete] A8A171=
o] Aakuic H4 Fel2 gal QA
AGA7)E Aol AA e Y T ok webA
ALFZ 328t F-357] (encoder) ol Al+= | Eeto] A
nit} Qi Seto| gl BoE Sufo] A Afo] €] o]
£ Hast A7)e H4 JEE Feta, 1 dE Al
Sefo| 2 A5 (header) o) A HF3IL
& 7] (decoder) M= A5 TE] AlG-24 LE
= TR

2 I & 7ok WAl Wiener TH WAle
UREC S v 2] 13 2ol HE7F A8 (ry)
29 hax kS par (ry) 2t P4, 0] 213} A G
BH2 Gk Porignar (x,) €] ZFO) 5 oll2] & A oJsar o] o]
2] Ale] ol At He= Y AlE A
it

Pur(xy)= Zzh(i7,j)'prec0m
i

aaed (X1, + J) + DCoffset
min ZZ (pvrigimu(x: Y= Pae (X, }’))2

X
L
K

o Jl-D: mlm

(1

BALF= ] BE shael] tisl] el 284
714 @eth 8x8, 16x16,++,128x1289) o] t}
Fgh 719 BF o w AHY Y A8 TH
(filter on/off) & 21-6-4 0% A7slo] oo =o1aL
Stk BAI T w E-Zwiet ] 28 7HEe] i 7y

£ AES] g 7RI ES F Qs et
o5 Fo)7] flaiA WS ATH R sk o

of thgk e A& 7H-E 48 T+ quadtree—

based adaptive filter (QALF) & At} T

2. HM 1.0 Adaptive Loop Filter

HM 1.09] ALFE 77] 2] 1:& o]&-sto] #4] ¥

iz

74 YETEIER] 158 45

Lii

E]E Wiener filter 7|REO.2 A3}, 742
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2] 31 FE] 9] 7l 5ol Qlet
I8 2§ 7HE 9EF7] 93 A EAE QALF
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& 52 A88A e 7 ok BE5S A 8
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= %01?4 =i, A1 o 2 A sk, ALF
188k 4= Q)= CU(coding uint) 2] Z1o]
2] Zlo] #E Erfol vt HER
2] zlo] 19| Hf gk CTBellA
o] gt} sUapr, o]} AL Fho] HF
|5 =01 CTBelM = Hdf zlo]7} 30]
° #tff Z
| A2 2712 28 g45 mHJ
ep7pA Rk 2 AG 7Ho] T Alg A
§h57Fsl7] Wil # 4 9] e e
O] i% CTBS] Fuff zlo] gt} dolek 4= Atk
HM 1.0 ALF9] 8] &5l tht a8 Rk
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H >3} 2 volohm = o, -l A3 &2
A= ELE FY ArE s FE e A0 ¥

0
1|12 |3
4)15|(6|5)|4
3121
0

(28 & 47l 858 98t ALFO| e 2 U TE| A+ fE

Ae] B2 s ALFSt #dsto], alf_

chroma_idcghi= A4 7} F 5 3heT, o] &= U 4
7HA] 3h& 2=t

—0=ALFE 44314 o=,

—1=ChoWF ALFE A&
— 2 =CroWF ALFE A&

(#E2>HM1.0ALFS R23l 25

High complexity (BD-bitrate)

— 3 =Ch%} Crofl =57 ALFE 24

alf_chroma ide #tellA & = Q1= vkelk o), ALF
7 708 A Al gk FH Rt op et &
Le] A Aol s Mt AE " Fashs
&3ttt Ao Bl tfsh FE| RS 9]
of 285 ZE9} g 5 He 2 A
9] v (non—separable) ZE|o|t},

ALF®] e 3 291 o] [10]0llA Bars ek
A JCTVCY 3% A3 Z7-2 high complexity
Ze)A ALF7} 7]+ (default) 27109 low
complexity Z7o M= ALF7} E8He o] Q1A 9ttt
whzbA] 3 29014 high complexity©l] 3k ALFS] 4
& 7ol W BD-bitrate 3t ) #h& 2= A
o] ALF] o] 73 teRdn], low com—
plexityell thali A= 529] #h& 2H= Zlo] 98 A
oJt}. 3 20014 HQl A3}e} gho] ALF= w4 2
Ho3t a8 et B SHlA, H57d
Aol 535 ARE 7R oF 15% Welekal B skl
ok (101004 F-23h7]el thst AR S71E A
&1 L cluster Sl A 1A A 2] = gk A o))

mef o] = Akl & 4 |k

V.4 &

B 3104 HM 1.09] 338F8 deblocking filler 2}

Low complexity (BD-bitrate)

Intra 2.2 % (max 4.2% for class A) -22%

Random access

3.7 % (max 5.8% for class B) - 4.8%

Low delay

5.2 % (max 8.5% for class E) —4.3%
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Adaptive loop filter (ALF) &] 7)<z tial] A2rg 3}tk 1.09] ALF= A2 F3Xu] $42] HEolt}, tha
HM 1.09] deblocking filters= H.264/AVCe] H]3)] & sl GAkS I 0 7 siA|u 1538} §80) HHT s

WES AaA) Mo B 5 glom ol s 7] ulRe] A4 iS5k S8 Hoel A v
353} 71450) MR Q13 B3tehdeblocking flter?] .53} Fole}at ek siwh ] e BR
ool thi Al MEOR B 5 HM S 7B ool that A)4le] B o3 ot

(—.ﬂ'il%ﬁ«. ~
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