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Study of the Adaptive Loop Filter in

High Efficiency Video Coding
Student : Yan-Yu Chen Advisor : Wen-Hsiao Peng
Institute of Computer Science and Engineering

National Chiao Tung University

ABSTRACT

The adaptive loop filter (ALF) is mainly used to reduce the quantization noise of
reconstructed pictures, and provides, at the same time, a better quality of reference
frames for coding future frames.-In the High Efficiency Video Coding (HEVC), an
optimal filter is_derived by minimizing the square. error between original and
reconstructed frames. Such operation, however, needs an extra memory buffer to
store the information, such as all the original and reconstructed pixels, of the
current frame, and thus the encoding latency is inevitably risen up. To alleviate
such problem, a so-called time-delay filter, which is an optimal filter optimized for
a previously coded frame, is applied as if it were-found for the current frame. To
keep the encoding at single block latency while retaining the filters to be optimal
for the current frame; this thesis studies the"trade-offs between the coding
performance and the encoding latency. A quadtree-like filter optimization
algorithm is proposed to improve the coding performance at the cost of a higher
rate overhead for signaling filters. As compared with the HM-6.0 software, the
proposed scheme achieves BD-rate saving of 0.3%. A negligible BD-rate loss of
0.3% is observed for the two-blocks encoding latency scheme. Although the two
approaches do not bring any impact on the coding performance in terms of BD-rate
saving, they can still provide noticeable improvement to the visual quality of the
reconstructed frames.
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111 B2 ARG A5

B T AR U 55 S £B ( High Efficiency Video Coding, HEVC ) #_- i #3748
WRSEHA 0 d ISO/IEC MPEG % ITU-TVCEG “7& fr B4 o 2 ATHRE P 8
ot BB KT e AVCARIUR S5HRIE { B Shib e o 9 8 4 50%:hi & g
e pEw 02 B »ee (High Efficiency ) 2 i4f 22 & (Low Complexity) = fa#-:¢ ™
Feivo HimF TN TH%E e HD 3| Ultra HD 22 % s * > f247 R X _WVGA
(800x480) 3| 4KX2K & { & 247 & B+ 4r 8KX4K -

HEVC 2_ %8 =4 7 ti4e B (1.1) %770 c 4 ¢ In-loop filter & 7 7 = 7|3 3% : f2
% .k B (Deblocking Filter ) » 4% & i§ &4 i+ ( Sample Adaptive Offset, SAO )
v iR et Emok B (Adaptive Loop Filter, ALF) -

+ DCT Entropy Bitstream
| Frame T ’Q_> Q | coding [
Frame —> Inter Inter
b L. —>0
Buffer Prediction
7 ‘L_()
Intra
P Prediction Vv
g | In-loop
" filter + 1Q IDCT
l__/J
i
ALF || sao |e] Deblocking
filter

B (1.1) HEVC 2 %8 =4 % #
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& HEVC ® > %fh & (it (7 kb pF ¢ iﬁ&—ﬁi&l * L e B A X ) L 64X64 ¢
SoB H 7~ > fL2. % £+ %45 H ~ (Large Coding Unit, LCU) [1][2] - % - ® LCU ¥
AT w e e B VB F O a7 2] 0 7 (F 8x8 ~ 16x16 ~ 32x32 12 2 64x64
e fER -t 2 g~ (Coding Unit, CU) > @ S 8 ~ G E 2 (8 ¢ A4 14 3%
4 (Quantization error ) - 4% %] Z_g_ low bitrate p¥ ¢ ¢ = & #.»c i (Block Artifacts) »
POfRARHACRBORIE ) VLR Y ERBIRAE -

RRRRAABEIRLET E 2 HABE A E Y iR AL 0 F s A
ﬁ%%ﬁg%%%%ﬁmm§ﬂa?uﬁxgﬂm%%mgﬁﬁé,mﬁﬁﬁm
0 R R ML RARE A

V- BRRL AR HARDERLT (g 45dB)’ B R R A
BAENK 5 R0 R el R m T RN AR F R AL E
R AR I SES SN T kS Ay ELFFU;; .

L0 RS B RTEE B 000 SRR Bl ok BeowoE [B][4] B¢ i
w Bm ot B hBc T Wiener filter - 5% B {8 015 B i i1t ﬂ:}%;ﬁ» R
P FY G EFOR L M RAL R R iR et Bk o WA kB
BT g R RP £ F R E g 2= s 32 {7 5 oo 372 (Inter Prediction )
TR AT

F e Bk Be Kk 4cB) (1.2) “1 5] ko d RH. 2 EFIRAZ 5 F o
*q%’}%ﬁ‘%mq/# v 2 Rk e S G M R d e BT B {F

auto-correlation matrix R ¥ cross-correlation vector p » o pt ¥ 17 gt B 2 s

w=R"p # (L)

W
L
Y
x\’i

*%~ﬁﬁ$ﬂ& R P VS 1 DER S5 TR T § RS 1



LCU Boundary

- : Filtering pixel

© | : Neighboring pixel
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] ) i st Bl

LFAE - BORAPF R BE A E R mE $ B - R )
S E PR BoehigE B0 R A 45 5% (Region-based Approach, RA) #-% & 15
G232 16 B RBo E - B FRB A RO (0-15) 0 4oB] (1.3) #r7 - #
PE - R RANE - B LCU B R R L LCU i R 0 B - Bap
qi?‘? BREFALE7EEp L gk Flilic w2 Fr 778 ’é‘m‘rB’»H

X3 AT E Gl 3 E R ¥ f M w32 (Greedy algorithm) # | & ® &
Fé'&m‘—" ERREE SR Bl & IRT RNV S L e A - L llelr':
FREIVUEHORLE LR 2 FREA FLRB AR F LN Bl

BRRBA-A2LEH - R LB ES S B LCU RS - 2t Bk

416
A

.-' 1

0 ! 4 5

240 ] 15 2 3 6

14 11 10 7

[ 13 12 9 8

B (1.3) ?viéa/}iﬁﬁ—i?vié‘k?%d% e
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ﬁﬁ%@ﬂﬁ%m&&m&£$4&’“l Bapeh s A B e g o
7o ﬁ*%«ﬁa—@LaJﬁﬂu@ﬁ—@@A$ﬂ&°ﬂW**%*
LCU-based syntax 72 ;%Ki (7 gk Biefeidas > 2P & 327 - B F7R % AR
@%Wmmﬁgoﬂwﬁﬁ%{a—@Lpuﬁ?”@%éBﬁﬁﬂﬁﬁﬁﬁ%’
ot B - R R e AR R Gl B A R F -
B Rz Bl R Aok AP R TAPT L EIEE
B EA S H GRS KPR R TR T LT - B LOU Y g
FRE@RLE G ¥ RG22 (52 Tk o

TABRE e Y R BRI RS ¢ il W% EEEG YA
ABEE LT BRAFELSE (RA) £5353 22 16 BRI 45 64
%3 > T ie* LCU-based syntax » & Fedgt 2. B e & = 5V 1w g #9244 o
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Tk BB TP 2B o B R E AP A - BLCUF B
a5 Flpt AP i@ * LCU-based syntax 0 38 kB (T BiE o 2 F] 5 ek
R R B R D AP R ek ] FE R G DTk
SpA BREE o BE e ST ORA LTV A H B RO o B
o T Aok R REDES + AIF T AT T~ B LCU R4 2 d
FREFRAERE ¥ REXZ 22 TG - FPAPRNS AR B
%ﬂ—%;u:

o

—\

e *‘m}&

<
T

> BRAREAFE(RA) X6 HRB W 25 - BLCUTL - BF
B RBRFLERANENNETEALE (RA) FE 2
> BE G e s RAd e Nk L RAE 2 22 (4 0 f1* Bottom-up £ ;¢
%&@Wr@,ﬂﬂ%lﬁimbﬁﬁﬁiﬁi”’ﬁﬂﬁﬁﬁgﬁﬁﬁ

é‘,,’i{—%;\]o

IEV
o

o

oA W ESENR RGR AT DIOR AR S X A e AR o 2 S A
i el LR AURSE RS S Rk 5o

> A= A ]S E P8 A ik E e (Line-based filter optimization)
14 s R S AR 2 SR e

14 %~ %#

hh v SRR ER I E S R G R Bl B2 AR AT R A 4
a1 %o ME_—'@;‘-‘Q IR iT K “Ll’#fiq'l’ ﬁ}%ﬁ/@/ﬁﬁ'&&&&“/ﬁ—nzf ° a,m—g‘_é'ﬁ,%
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2.1 i Rettie Blmat BA U

h- Basaig Bl Blgd Bepkt? o £4%EF - BRI E N E GRS

i Bl Bl B il R ALE - BHFENG e ik B v iﬁﬂ@@?}
R A - s ﬁi?*’%“”¢_2010ﬁ4“ i el Bk B AR i A8
(Pixel-based Approach) m B~18 gt B 2 #][6][7] > ™ & 5 H =3+ % Laplauan
activity #-i% % ~» = 16 f8~ #¢ - Laplacian activity 73+ % = ;% 4@ (1.3) #77% >
35 ¢ ghepLaplacian activity 5 & aite BERkIE & - B F LA ER
:eﬁ pE gt Biadic . (R A B B hfcis > B fH Y Laplacian
activity M = - B tfF e 5g o

LCU Boundary

0 ® 0.0 TP o)

aplacian activity
D =|2x® -8.-0,|+[2%x0-0, -0,|
O 0,00 1~ 1- @
0 00 0

Bl (2:1) Laplacian activity 2 3~ &

d >t % Pixel-based = ;% & 7 B f2 85 =450 L A& — B 5% 2+ & Laplacian activity
,:,\.7},£$E‘f§;h3%c 5 gR -4—;?;$E‘}§i\34cm}’p a 2011 # =7 > fREFEREH O T
> % (Block-based Approach, BA) 12 % 3 4 #§ (Region-based Approach, RA )

w3 ﬁi},ﬁiﬁ» B EE S 58] [9] -

Fe B A z“éﬁ ( Block-based Approach, BA)

> % (BA) [8]7 w|*" % » #f (Pixel-based Approach) = ;412 % &
%A+ 16448 3-8 > » LF 3 (directional information) ¥ 4 = 16 #f -
F - PRSI H RN (0-15) TEF P gk Birlfice »ap2 s 77
EHEFPET EE ek B il & B a4 iE 2 JF R il e

AFNUEFEH o bldr ! AR 3T UEHEMLSL A2y 284 EALEIE
e HESRFEE PR ERAFA-AEH o B F FHAF - BLCUY 55

gt 16w i



¥ 3 & % (Region-based Approach, RA)

%842 8E (RA) [9]F %It ~ #F (Pixel-based Approach) &= ;& — i f
FPedop o AR Gl E S ,«m@%] Penf ko Rl Ao 7 32 1635
A EwRE A - BREBAFRYROME (0-15) 4B (1.3) #77 « B¢ & -
B> AEA- BLCUS B HEER T 5 LCU i > & - B4, % 3
ﬂi%’?éw BEPEp e gk Bl WL TR miﬁ%ﬁv * %
gk Biklico @ % F 4w E 2 (Greedy algorithm) # 3] & Feid 2 BFehg & 3
;‘E EH Ui 2 S R A GRIT LR A T UEFTEE o blde D BB 3 F Y
EHGNERE L RE 2SR 4 2L %E 3 t—,fr‘é\: BOHEIFEHA R ERRE 4
—AREEH R REAETES B LCUEE - gk Bl

‘-\\1-

2012 & v % > 4M¥hE et Blpd Bens S 3 BiE 2 Nie T - a8 gt o

B E A 52 (BA) 2 .z\%a\@p i# (Pixel-based Approach) #p+t i > 1 A f2fg
AP  pAARE(RA) PR AE5 235 16 BHBTT - oY
BB &r_@fﬁ*ﬂmu%w TR F i (RA)

44
b4

KEE 3 P 07 Mgl B - e enifek AR 0 R F R LA A2 T
TROFRHAUE > - BLCU P B g hdp it BacE o RS (RA)

N H T AR R LCU £ 5 - R AR Al VO nfEmshs 23 F R0
“J‘ E },,\ \F“”S N 6 IE' w&V{%‘?{Ié #* EI EI’%\I F[ F‘LB"H,}%/K?KRI“Q'{’ %-@%E:’I"E’ij
gbff@%ﬁ_—; ﬁ?ﬂé—%m ;{;v {:Ué?:‘—"— KRUP-EE - B R //é/ﬁ»ag’é‘g{’ Tl gfé':’\‘%

75 2 & e b 2101 picture encoding latency ) ¢



HREERAE
BOfRALGBE B R e R PR B R B
LCU el 2 ¥& o P AV 2 B p it B BB 17 2 N 4o 4t

A W- B

-=

PR B B0 A 2R % A5 e BB e mEFTTRA R GE 2B
ErAapwdat ol (14) 7 ¥ nlEEehmidis vuiRgEE
B FAEE A BradkcFiltern-1c EH ¥ nEE 2 F%HMBE ERE Y Filtern-1
$SN3kEFa o

o2

Previous picture Previous picture Current picture
(apply Filter,;) (apply Filter,_,) (apply Filter,_,)

Filter, ., Filter,,

___________ AL Y.

n-2 n-1 n

coding order

Bl (2.2) PR 8t B

7 RBBAME (RA) M BAKE Y 5 B LCUF £ 3 4p ke chipit B S8k
s 270 AR BT R R R PR FEIE - RS g F
EHRRREF I IRRME T RS g TACRES IR NEELG %
FG & (1 picture encoding latengy.) o e * P Pt 2 jp ik AP B F R B (T kD
20 GRT OERR A R G SRR RS R R LS HE - B LCU AR
4l - % LCU 2 %#g2£ & (1 LCU encoding latency ) s
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2.2.1 Adaptive Parameter Set

% 2011 & = * »4R 3 £ 3k 5 7 Adaptive Parameter Set( APS )[11]2- High level
syntax i#i% > ;% > - 2L A Picture Parameter Set (PPS) # i& {7 & 3% ehif iy (i 8]
otk B (ALF) $dcec s A APSiE 7% - APS P @ixchsyntax £ B> & & FF &
¢ (Picture-level ) » e £ 4 Picture Parameter Set (PPS) &_3 #77 e c7 0 APS #71#
Fehg s - RF e 2 SV AE Fii’%m’ﬁ Peg lE/T%F*L Bl s B(ALF)
VLR RN AT T (SAO) chdidic s BB R Bt Bk B oo kB iy
P T AR B - ":E%m voem il BOGGBCESTY € 17 - Ry
Rm PPS P i entlic® - RF e 2 BT e L1 T @ﬁi%lf*
AnE g > Bt et hd e 2 ¥R hE T bR APS (T @"mp &

2.2.2 LCU-Based Syntax

2012 & =08 5 ik Rk Bl ok B i i 2 SNk s LCU-based syntax [12] - i * 7
LR gk Y S repeat_row_flag run2 2 merge._up_flag- repeat_row_flag
& - )= B LCU @i » # wd 7 - £ LCU 2.7 @& * 40l chif otie
Bliht B 4licorun * kN & p A iEmen LCU H 15 = % 4p b Jh it B 4 8iceh LCU
jé % b i3 #c omerge_up_flag B &% -2 F » 280 LCU £ 2 ¢ * &2 + 2
CU Ap Ip g ik B Jodic o

I+ E F_L i

223 HM6.0 2 jjit B S8z
HM6.0 £ 3% 7 fd A B S8 @ X #53¢ ¢ APS mode 14 2 Slice header mode -

HM6.0
1. APSmode > 4r Bl (2.3) #f7 o jpik & B APS ¥ @i » LCU 0 B 44 &
Slice header » #:% > ¢ = H 5% % w 2 %#5 4 & (1 picture encoding latency )

SPS PPS APS Slice Header Slice Data

LT (LLT] B coefficients or index

[ on/off control flags
B (2.3) HM6.0 2. APS Mode




2. Slice header mode » 4@ (2.4) #7177 - jpit B 2#ce? LCU (@ B 324 % % slice
header ¥ #:i% » i3 = — B slice 2 % #5 £ & (1 slice encoding latency ) -

SPS PPS APS Slice Header Slice Data

BT B coefficients or index

B on/off control flags
B (2.4) HM®6.0 2z Slice header Mode

B2012 &w g @Y o AHRA BBE S N R BELKIE R ER
Bk 77 5F » it [10] [13][14][15] - T ol & 4 R = fhp ik B B ax S 5 o

224 =Rt EFEBES N
Option 1

ek B a2 LCU B M #dl & LCU r¢ & (LCU level) #@:% > 4eR) (2.5)
AT e BipfABE AN TE G Hp A B RESAR S L RS A B -
B LCU ¥ jv3f= gk Biadk « LCU™ M 5 = fé 5 3% =

1 % B o lCUFRF A 2 B = ik B fadic, 8 Rt B G#c g 1995:% LCU thi
7B 17

2. 1245 index B &% e ~ 55 & 5 T G © s B 0 LCU 2 ik B e AL G P
2 & p ok B (Spatial-delay filter) -

3. A RAE

SPS PPS APS Slice Header Slice Data
’ Lcu| 0 LcU|[W LcU

B coefficients or index
[ on/off control flags

B (2.5) Option 1 jg it B $¥cdix > 5%

single filter

d 308 A LCURF A B3Rtk B S 8cn 0 8 38 5~ B LCU énihrs uf 2(1 LCU
encoding latency ) »

10



Option 2
ok BB APS ¢ BT B 5 LCU B B4 & LCU ¥ & (LCU level) i#
<;’£r§](26)“TT F1% F oA (BA) & L E B AL (RA) 17 5% > & APS
PR 16k B - BLCUT NG B Ak B RBECER S E

1. &% @if & APS 2 Jhid B Al o
2. A FEAE

SPS PPS APS Slice Header Slice Data
up to 16fi|ters—! 0 LCcu|[@d Lcu|[@ Lcu

B coefficients or index
[ on/off control flags

B (2.6) Option 2 jg it B S ¥ @ ix > 5%

APS #7if % eyl BT HF S fE 2 SV BAEL

3. ek B B FeR R S A B RRA Y R S B e B
FooFoE g HRS g chmag e 2 (1 picture encoding latency )

A4 v R U BRA R B T E o e AT LR R E e R R
LCU B B T+ » - B LCU ¥#5 2t ¥ (1 LCU encoding latency)

Option 3

Option 3 # 5 &_Option 1 &2 Option 2 sn2& > 4o (2.7) #77 o "f 7 APS
v @ﬁﬂylfa;ﬁ»ﬁ ez 4 ) B ELCU R (LCU level ) B v 1235 oF 3% it B %
Heo FEBEA APS 2 gl Bl T BB A (BA) & LT A (RA)
STk S 16 wipk F il FAGEL LCU R Lk § ikl - B
LCU ¥ i3F— gt Bitfice - B LCUT 115 v fipidt B RBGEH - 2

1 @ * @it LCUFFA 2 8 — Jhit B iadic > 3R B Aicf4943% LCU shF
£7B (8 o

2. 134} index ¥ * @iX & APS 2 Jhid F ki o
15 index EH R * F-%F G TG © HBiBEHLCU 2 ik Biado fL5 P
¥ at Yk jp i B (Spatial-delay filter)

4. 7 @ * A B o

11



SPS PPS APS Slice Header Slice Data
up to 16 filters — | [N N cu|@ Lcu| MW Lou

single filter M coefficients or index
[ on/off control flags

B (2.7) Option 3 jgit B $-#ci i = ;¢
APS 5 B i% il gk B BT * S g BT

1L TR PR T A BT A R Rl LEAFREH TR IFEI D
F6 Fo P2 EESE G hsmaBae B (1 picture encoding latency ) -

2. R PR ARAE (P A ﬁ,gﬂ;?\—a—;i}u? EERARGE T2 A
LCU F¥ B # 4] T® » =1 LCU ¥ #5 %t ¥2 (1 LCU encoding latency) -

12



23 HMuHBEF G or L2 A Ehik

B (RA)E#p o4 733 16 B3R 5 BRET UBE
- leip it Bl o [13]9%- 16 B RS 4c T 64 B R ik FBE 2 U HM6.0
2. APS Mode v # R 55 5 ¢4 B - HEL0-RA ehip|3& i% it T 16 1 % 4 ¢ BD-Rate
4-2.8%2 64 i %% BD-Rate 5-2.9% ; » HE10-LDB #p|# i 2 7 16 i % &
¢ BD-Rate 5 -2.4% - 64 i % 3 1 BD-Rate 5 -2.5% -

T R Bl 16 H{ 4 I 64 BACE K2 P ETR

d 35613@::}7; Y. —F% )
(RA) m?\: lﬁﬁﬁ:lﬁs ‘E—:, Ij’_;}f 16 ]ﬁ o

= AT B

4. (2.1) Random Access HE10 T 3 4 #f i3 $c2_ »at v- i

Anchor: ALF-Off, CTC Seq. | BD-Rate Y (%) | BD-Rate U (%) | BD-Rate V(%)
Test: HE10-RA

RA16 -2.8 -26 -2.7

RA64 -2.9 -2.8 -2.9

% (2.2) LowDelay B HE10 ¥ 4 2 b B2 »oat W 2

Anchor: ALF-Off, CTC Seq. | BD-Rate Y (%) | BD-Rate U (%) | BD-Rate V(%)
Test: HE10-LDB

RA16 -2.4 -8.6 -9.8

RAG64 -2.5 -8.7 -10.0

13



24 "R

Option 2 vs Option 3

Fihipk Bens s N E R R A% (RA) & E_ % B4 % (BA) Option 3
4w Option 2 4p++ 2. 7 » LCU % TV R APS AT vk B ke b RV
* A LCU P & 7 B ik B thdic > ik B G B ORT friz g ¥ K
10 ¥ s R Mg P = o 2 Option 3 e dnffsh iR F & 21 LCU RS & cnjjgik B fhdic
AR P 2R Option 2 & 8 o 70 BB rE U R B AR Y F 2T o A
i * Option 2 -

#(23)° s M F g F A SE(RA)G™ 58 7 @ % pE Rt & p d B( Time-delay
Filter) 2@ APS 2z jmit % f2# Option 2 £ Option 3 2 £ & - plRiE 2 3
HE10-AlI/RA/LDB/LDP » T 158 A{ﬁﬁ:;‘ Option 2 =Y BD-Rate % -2.2% ; Option 3
Y BD-Rate 3 -2.2% > 4vd (2.4) #17 o

# (23) % o ag * ¥ % hpERY kAot B Option 2 #7 Option3 2. £ B

Option 2 ALF with RA Option 3 ALF with RA

Encoding Latency 1LCU 1LCU
Decoding Latency. 1LCU 1LCU

Filter Classification RA RA

LCU on/off Control @) O
Time-delay Filter O O
Spatial-delay Filter @)
Picture-level Filter @) @)
LCU-level Filter @)

14



Z (24) ®w3d A 5gT™ ¥ (¢ % pFFuf ¥ p 4 B Option 2 & Option 3 2. BD-Rate

Anchor: ALF-Off, CTC Seq. | BD-Rate Y (%) | BD-Rate U (%) | BD-Rate V(%)
Test: Average of
HE10-Al/RA/LDB/LD

Option 2 ALF with RA -2.2 -3.8 -4.0

Option 3 ALF with RA -2.2 -3.3 -3.5

(25)7 7| M3 g EHA SF(BA)HFS N0 0 @ % gt &R B(Time-delay
Filter) 2@ APS 2z jmit % f2# Option 2 £ Option 3 2 £ & - plRiEE 3
HE10-AlI/RA/LDB/LDP > T 358 A{ﬁﬁ:.}* Option 2 =Y BD-Rate % -2.5% ; Option 3

Y BD-Rate 5 -2.5% > 4r# (2.6) #777

# (25) ®eH.o ug T2 & PR A Rk R Option 2 #7 Option3 2. £ B

Option 2 ALF with BA Option 3 ALF with BA
Encoding Latency 1LCU 1LCU
Decoding Latency 1 LCU 1LCU
Filter Classification BA BA
LCU on/off Control @) O
ALF Redesign
Time-delay Filter @) @)
Spatial-delay Filter @)
Picture-level Filter @) @)
LCU-level Filter @)

# (26) BH LT P @ ¥ PR LA g4 B Option 2 £2 Option 3 2. BD-Rate

Anchor: ALF-Off, CTC Seq. | BD-Rate Y (%) | BD-Rate U (%) | BD-Rate V(%)
Test: Average of
HE10-Al/RA/LDB/LD

Option 2 ALF with BA -2.5 -4.0 -4.1

Option 3 ALF with BA -2.5 -3.6 -3.7

15



W B L8 (RA) vs R#.A 3 ( BA)
2(27)A P F 5 "J ¢ * Option 2 &
% Lo 8g (BA) 2 '\mBD Rate ,—:.~-2.5% °

¥ 4 #g(RA)Z 7 ehBD-Rate 5 -2.2%

Tt BHA U SRG R R ERETF IR G a0 A E -

B 4x4 BH OSSN LT F
(directional mformatlon) AT EE - BAXA BB LR L R
B {8 /ﬁ& ﬁ» Bk LK‘F‘

A e R o T
;9 * Option 2 -

4. (2.7) @& * Option 2 % & 4

@:xma,Lz\ ZF’,{% "‘5

’\‘ I# 13— J ?\:

KT8 T B A

s 55 (RA)>

BE A TR

A3 oh et N

//ildi EE R

%7 2. BD-Rate

Anchor: ALF-Off, CTC Seq.

Test: Average of
HE10-Al/RA/LDB/LD

BD-Rate Y (%)

BD-Rate U (%)

BD-Rate V(%)

Option 2 ALF with RA

-2.2

-38

-4.0

Option 2 ALF with BA

-2.5

-4.0

-4.1

#(2.8)2Vipw 15 $lig* Option 3.&
T H.A % (BA) & —\mBD Rate .1-2.5% o

# (2.8) & * Option 3 ¥ &

A #5(RA)> ;¢ ehBD-Rate 4 -2.2% ;

"’ki Fe B B

z_ BD-Rate

Anchor: ALF-Off, CTC Seg.

Test: Average of
HE10-Al/RA/LDB/LD

BD-Rate Y (%)

BD-Rate U (%)

BD-Rate V(%)

Option 3 ALF with RA

-2.2

-3.3

-3.5

Option 3 ALF with BA

48

-3.6

-3.7

16



3 AAEGREEHE R

31 %AW (Region-based Approach Extension)

Apir REEO P RURR BB R T R ARSI HE e >
B2 16 BREBOIN > W ZE - B LCU i - BRE o AT E R B F
oofEAT R - BApAr gk BEcE € 7 4pfe (1080p v 3F 480 B Jm ik % 0 480p
F 96 BimA B 240p LF 28 Bip A B e m HR 2 B g B N R Sy
RATRRLE>L S 16 BT @ % Frhkml-Dscan » U84 B RE L B4k 4o
B (3.1) #7 o

416
A

240 1

(2) T A AT RS UG T P AR &

416
A

240 1

b) R fp2z el 5 - BLCUM:Z - BREZ HE RSB LEH N

B (3.1) s ug (RA) & %i o822 4 ¥ (RAEXtension) ‘t #iz

17



3.2 7 Rplw A4rs & wE 2 (Irregular Quadtree Merge)

3.2.1 = A& #H4 3 (Quadtree Splitting)
FAA PSS 17w A HEA ik 2 0N F S [I6][L7] 0w A 2
ﬁ_, 'lir'?] (32) P

1 2
0
3 4
Depth 0 Depth 1
: 6 9
7 8 1 h2
1B 1 17 L8
" § 1 1
Depth 2

Bl (3.2) = A #+% & (Quadtree splitting,) 4 |

FRONEE (FE0) < s fafiad<o)sies ﬁ%%mrp@irrm*fﬁlf"’
FiER LG (RFF 1I-FE4) P RF 1L ®EFE 2> R 302 F1 45
FR 0PTSRS ENESE OSSR c B ?iwﬁ—ﬁmw
Er R @0 REDLREL6 REFTVE RS R 2 BE 3 RE
PR VBN B SRR TIUER2- 2T N16R RS o
q\é fR4T RSB R T LR R VER A e § - 7 & (%4F LCU alignment -

BF eI B FRE RF €T Bottom-up 97 N3 1 LA E 2B D
Bt &8 2 4o (33) 4P 0 REEH - AhRH BT U EF R iRt B
B BBl (33) b ¢ S RIS fFehE B2 TR A
BE B s e B R sl

18



= OTTOMm

1896
) I
T

B (3.3) # P& & Bottom-up & & > ;¢

19



322 * R & H

FHBFBLM AL E S N R e A S BT SERB LN S
— R Ao (34) A2 L E S NEERBELFNLE 0 H G 128 FRRH
LSS R iR RAEE R H R AR E -

v

1l imp %

2k B

4 ek B

B (3.4) 723Rple SRR L ES N

v

20



323 wE A

Input picture buffer

!

Decision on pixel classification (irregular merge)
and initial filters for luma

v

Decision on LCU-level on/off, optimal filters
For luma (1 re-design)

v

| Decision on optimal filter for chroma |

v

Filtering luma and chroma picture buffer

v

| Decision of picture-level ALF on/off |

v

Input picture buffer

Bl (35) 7 3B w & BhE & 2007 8 % 4z

|3 3 RRER I
FAREFE B £ N A RP L
12,zo§mlﬂt'1§x \‘,—»‘J"i\‘f;’l}l‘ﬂ* k2 Eagﬁ_ﬁ,&,ﬂﬁﬁ*ﬁxo
2. Y LCUBRB f-4] > fI* i~ 2 B 52 2 B/ LCU £ 2 @& * gk B o i+
% Jak B LCU &K & ALFon; 2R3k 5 ALFoff - %2k 2.5 ALFon 2 jmit
BPE Dk O H T E AT R B R e
3. 11 o A ORRlw A S B R B 2 A% Chroma shg kB 8k 0 ¥+ Chroma
£3 4 f LCU B M il et f A LCU 41 i * Chroma i it
ﬂﬁ£$°
4. A wl#-Luma 2 Chroma sk B2 * g e @ o
5. i — 4 B F RS A Tk A e £F @ % Luma hig it B & £_Chroma
ik B oo

21



324 mEZ W

PR ESAPREE LSRR S REE RIS F 2L B L R
P2 feeo doBl (36) 777 @ gk BRCFRY RBLFS A PRZES L
BFROBELH > AR ARP e AL B IFE T MR RO
B (36)b ? L RRBATFRAFTET UESLH - L3R e S HEHFE

IR

1: 5 1,
15 | 2| 3 6 |if 15| 2 3 115 | 2
14 | 11 [10] 7 14 | 11 [[10] 7 14 | 11 | 10
13 | 12 | 9 8 13 | 12 | 9 8 13 | 12 | 9

N
o
o

[
Tl e
w| s
o
~7 |

Irregular Merge with
quadtree depth 2 (16 regions)

i 1 1 1
6 1] Lo 10|: 5 6 9 10 |, 5 611 9 10 |
p
8l 11 | 8| 1 I 7 gl a1 12 |

13 14 17 18 13 14 17 18 L 14 17 18
15 16 19 20 i3 16 19 20 15 16 19 20

a ?RAIe A BEE T 2 B R

RA
0 1 4 5
a1\
14 11 10 7
13 12 9 8

Irregular Merge with
quadtree depth 2 (16 regions)

—o_)_5 2 _l-210_
| - 1
| 7 2 1
% -
1 1 8 1
15 16 19 20

|
b TR AT S Lk B
BI(3.6) B A LT 2 RRlw ARFL Aws 22 AR BRCLE

22



12 Syntax @ﬁ%}" ook o B (3.7) a#d F“’1 ™ p FIEE "R 3L HRE 6@
* ARk gk B G ¥cenis o B o eh syntax & AT OREBIES PR 22N
A Bl v E B (37)bAPER* LCU- based syntax > ¥ 7 & - B flag & 37 %
#12°¢ nLCU & &P% Z:F° %2+ LCU ehjjp it B G v o

[RA] [lQM]
o ] T gug L R | 0 Vo2 [ 3
15 2 ! 3 6 } 4 5 ; 6 7 :
=== ———1' =1 ——'

14 11 10 7 8 9 10 11
13 12 9 8 12 13 14 15
Duplicate the filter of Infer the filter of Region 3
Region 3 for Region 6 for Region 6

Require'2 filters|! Require only 1 filter!

a % 3 AR b 7 RRpe & K& H

Bl (37) &A% 2 Pl w o w22 syntax 272 £ B

23



Fr® RHREFAHEG

41 RFHBRR

P e e ikl BB i 2 ¥ & HM-B.0 T 5§ okl

AU S B AL 2 R GE S [18]F R T A P Y Sri Y Rl IR 2 e

(41) #5 :

e Intra, high efficiency, 10 bit (Al-HE10)

e Random access, high efficiency, 10 bit (RA-HE10)

e Low delay B, high efficiency, 10 bit (LB-HE10)

% (41) FRBERT

Encoder Configurations RA-HE10 LD-HE10 Al-HE10
Internal Bit Depth 10 10 10
NumOfReference L0:2, L1:2 L0:4

Search Range 64

Bi-Prediction Search Range 4

GOP Size 8 4 1

QP 22,27,32, 37

Sequences 1080p, 832x480, 416x240

CU Size 8x8, 16x16, 32x32, 64x64
De-blocking on

24
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42 F%- : RB L2 P (RAExtension)

L N S L R LY SR Sy
Rk B -

K (42) 224 (43) ¢ 7 Mg A gl Bl § @ SRy E Ko
L AfEt AR E ClassB & & ¢ - 7 Random Access HE-10 g3 if it ¢ % &
& 32 e BD-rate 3 -2.1% ; % £ 4 #f c0 BD-rate 5 -2.7% - Low Delay B HE-10
RIEIE R Y R B e spat ¥ o BD-rate 5 -1.4% ; % # 4 #g a0 BD-rate 5-2.1% -

% (4.2) Random Access HE10 % 3 & 34t ¥ 22 % 328 & 55 2. BD-Rate

Anchor: ALF-Off, RA Extension RA

CTC Seq. Y U \/ Y U \Y/

Test: HE10-RA

Class B -2.1 -2.8 -1.9 2.7 -3.1 -2.2

Class C -1.8 2.1 -1.9 -2.2 -2.1 -1.9

Class D -2.8 -0.8 -0.8 -2.8 -0.8 -0.8
# (4.3) Low Delay B HE10 ¥ &% #g 4t ¥ & %%t & %7 2. BD-Rate

Anchor: ALF-Off, RA Extension RA

CTC Seq. Y U V Y U \Y

Test: HE10-RA

Class B -1.4 4.7 4.1 -2.1 -5.2 -4.6

Class C -2.0 -3.7 4.7 -2.3 -3.9 -4.9

Class D -1.8 -0.8 -1.3 -1.9 -1.0 -1.0

25




43 RB%&- A~

% (4.4) % Intra HE-10 sripl3& ik 2 = > Class B (1920x1080) A & 51 ¢ &
4 sguE ¥ BD-rate 5 -1.2%; % 3 4 #f 0 BD-rate % -1.4%- Class C (832x480)
AR Z] P L fguE # oo BD-rate :-1.0% ; W% #* 4 5 7 BD-rate 5 -1.1% - Class
D (416x240) #3157 @ % & & #paf © 0 BD-rate 5 -0.5% ; % & 4 # 11 BD-rate
%-0.5% o

% (4.4) IntraHE1O0 W 3 ~ 552 ¥ 22 & & & 55 2. BD-Rate

Anchor: ALF-Off, RA Extension RA

CTC Seq. Y U \% Y U \Y
Test: HE10-Al

Class B -1.2 -2.8 -2.9 -1.4 -2.9 -3.1
Class C -1.0 3.9 -4.4 -1.1 -3.9 -4.4
Class D -0.5 -3.3 -3.9 -0.5 -3.3 -3.9

% (4.5) %357 B fafr R A 7| (Class B, 1920x1080 ) ¥ 3 4 #fat # 11 2
FRANS BRHORARR T BT NPT UERNRBAFEN SR Y 1
bt BB R AR A S 0 s 5 16 mipl BRE 4 o

% (4.5) Intra HE10 Class B 421 B 7] Fe 38 & 52t 1
BRI A A R R

Anchor: ALF-Off, Filter Number

CTC Seq. RA Extension RA

Test: HE10-Al

S03 22 28.3 11.7
27 15.2 9.3
32 5.9 6.4
37 1.7 4.5

S04 22 22.6 12.1
27 16.8 10.6
32 8.1 9.1
37 2.0 4.6

S05 22 17.7 12.6
27 17.3 11.6
32 11.4 10.4
37 6.8 8.9

S06 22 18.9 125

26



27 204 11.9
32 14.3 10.2
37 7.5 7.3
S07 22 16.4 9.1
27 20.0 10.9
32 21.7 12.1
37 15.8 10.0
% (4.6) 3t SRR L ,iiéﬁi%];‘f,g;}i B ABPFITT

T B A
NERAEN R RS RA B R B ma A

Shiz A > ¥

‘ml\

% (4.6) Intra HEL0 Fd& 4 #7af © 27 % 1 4 47 2. Bit-Rate

Anchor: ALF-Off, kbps

CTC Seq. RA Extension RA

Test: HE10-Al

S03 22 52.75 19.66
27 37.23 17.61
32 23.23 14.49
37 8.29 11.48

S04 22 43.28 19.33
27 37.71 18.60
32 26.77 17.01
37 9.88 10.60

S05 22 73.60 38.11
27 79.69 39.67
32 68.12 39.00
37 52.18 36.48

S06 22 73.45 35.91
27 85.96 40.21
32 74.27 39.13
37 54.88 32.32

S07 22 81.64 34.05
27 90.83 40.98
32 107.02 48.64
37 93.44 45.90

27




% (4.7) PSNR et g > i w U IR B 2 s 0 Lr i § ayp il BEO
Fo SRS G GRS F A RB AT

# (4.7) IntraHEL10 ¥ 3 &~ 2 af @ 27 % 5 & 55 2. PSNR ' &

Anchor: PSNR

ALF-Off, | RA Extension RA Diff

CTCSeq. | Y U \Y Y U \ Y U

Test:

HE10-Al

S03 | 22 42.89 | 4472 | 46.24 | 4290 | 44.72 | 46.24 | -0.01| 0.00| 0.00
27 41.21| 4292 | 4380 | 41.22 | 4292 | 43.80| -0.01| 0.00| 0.00
32 39.14 | 4152 | 42.20| 39.15| 41.52| 4220 | -0.02 | 0.00| 0.00
37 36.68 | 40.51| 41.27| 36.69 | 40.51 | 41.27 | -0.01| 0.00| 0.00

S04 | 22 4190 | 43:65 | -44.33|41.90 | 43.65| 4433 | 0.00| 0.00| 0.00
27 38.82 |© 4113 | 41.38| 38.82| 4113 | 41.38| 0.00| 0.00| 0.00
32 35.77.( 39.27 | 39.73 ] 3577 | 39.27| 39.73| 0.00| 0.00| 0.00
37 32,88 | 38.00| 38.89|-32.89 | 38.00| 38.89| 0.00| 0.00| 0.00

S05 | 22 40.74 | 41.87| - 44.39 |40.74 | 4187 | 4439 | 0.00| 0.00| 0.00
27 38.08 | 39.57 | 4224 | 38.08 | 39.57 | 4224 | 0.00| 0.00| 0.00
32 35.85| 3850 | 4052 35.85| 38.50| 40.52 | -0.01| 0.00| 0.00
37 3341 | 3766 | 39.25| 3342 | 37.66|39.25| -0.01| 0.00| 0.00

S06 | 22 4142 | 4452 | 46.20 | 41427 4452 | 46.20| 0.00| 0.00| 0.00
27 38.83 | 4299 4397 | 38.83| 4299|4397 | 0.00| 0.00| 0.00
32 37.06 |« 41.61.| 42.07| 37.067| 41.61| 42.07| -0.01| 0.00| 0.00
37 35.08 | 4052 | 40.64{ 35.09 | 40.52 | 40.64 | -0.01| 0.00| 0.00

S07 | 22 4266 | 4281 | 4454 | 42.66 | 4281 | 4454 | 0.00| 0.00| 0.00
27 37.20 | 40.84 | 43.00| 37.20 | 40.84 | 43.00| 0.00| 0.00| 0.00
32 34.64 | 39.33| 41.72| 34.64 | 39.33| 41.72| 0.00| 0.00| 0.00
37 3222 | 3829 | 40.75| 32.22 | 38.29 | 40.75| 0.00| 0.00| 0.00

RS T REAE U La s kS LIS 8 N s S
% (48) A PRERERLG ¥ RABHE GG FRFE LM

ek BeE AT Bl G KOT T g8 A 5 o
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% (4.8) IntraHEL0 F &8 A 5748 W 21 38 A 2. %200 6o 44

Anchor: ALF-Off, Area

CTC Seq. RA Extension RA Diff

Test: HE10-Al

S03 22 80.3% 82.4% -2.2%
27 80.6% 82.9% -2.2%
32 75.1% 78.0% -2.9%
37 64.5% 67.3% -2.8%

S04 22 87.2% 86.1% 1.2%
27 86.8% 86.7% 0.1%
32 81.9% 82.3% -0.3%
37 69.1% 70.2% -1.1%

S05 22 82.2% 84.4% -2.2%
27 74.7% 78.3% -3.6%
32 70.0% 73.4% -3.4%
37 60.3% 65.0% -4.7%

S06 22 60.3% 64.6% -4.3%
27 64.0% 70.1% -6.1%
32 59.2% 64.3% -5.1%
37 47.4% 52.6% -5.2%

S07 22 65.8% 65.7% 0.1%
27 81.1% 82.2% -1.1%
32 80.3% 81.0% -0.7%
37 77.5% 77.8% -0.3%

29




44 R%=- A RP e s e FE 2 (Irregular Quadtree Merge)

F oo AP gt Benliz 3 Ve % % LCU-based syntax > g it B 4 #c B 7
AR AR e AREE ) AN Rl AL EFEEY > T A
FEPEE - BRI P R B G LPFAST IR - B LCU R * - g
Bl AP A —2 B X302 Bottom-Up 7= kA2 E BF SRS
GEHAEALEEFR  ABVEINEN IR GEOA RPN UE L RO
A Btk A H- 20 P pA B B R AN 16 FHREFAPFR
BeX A B 247 R & o (Class B 1920x1080) ™ # Random Access HE-10 #ip] 25 ik 2
¢OAORA e A RS B F B2 o BD-rate 3-3.0% 0 40 (4.9) #75 ; RA e BD-rate
%-2.7% - Low Delay B HE-10 gz i 2 @ 2 | w & #4 & % 5 % (o BD-rate %
-2.2% ; RA s BD-rate 5-2.1% > 404 (4.10) #777 o

% (4.9) Random Access HE10 # SR m &4t & 5 &2 % & & #5 2. BD-rate

Anchor: ALF-Off, Irregular Quadtree Merge RA

CTC Seq. Y (%)-|-U (%) V (%) Y (%) | U (%) V (%)
Test: HE10-RA

Class B -3.0 -3.1 -2.1 -2.7 -3.1 -2.2
Class C -1.9 -2.0 -1.9 -2.2 -2.1 -1.9
Class D -2.6 0.7 -0.9 -2.8 -0.8 -0.8

# (4.10) Low Delay B HE10 # #.p|w & %t & & 27 % &8 & %7 2. BD-rate
Anchor: ALF-Off, Irregular Quadtree Merge RA
CTC Seq. Y (%) | U (%) V(%) Y (%) | U (%) V (%)
Test: HE10-RA
Class B -2.2 -4.2 -3.2 -2.1 -5.2 -4.6
Class C -2.0 -3.6 -4.6 -2.3 -3.9 -4.9
Class D -1.5 -1.4 2.1 -1.9 -1.0 -1.0

30




45 = A

% (4.11) 7% Intra HE-10 =pl3& 15 i2 = > Class B (1920x1080) A3t /& 71 4 4
Pl & 4 & 9 BD-rate 3 -1.5%; % & 4 #7 5 BD-rate 3 -1.4%-Class C(832x480)
AE Z A P e & fFE EH e BD-rate % -1.0%; % 3 4 #f 17 BD-rate : -1.1%-Class
D (416x240) A2 & 71 % SR e & #+4 & o BD-rate % -0.5% ; % % 4 %f =5 BD-rate
%-0.5% -

# (4.11) IntraHEL10 # 3Rp|w A & & 22 % 4 2552 BD-rate

Anchor: ALF-Off, Irregular Quadtree Merge RA

CTC Seq. Y (%) |U (%) V(%) |Y (@) |U (@) V (%)
Test: HE10-Al

Class B -15 -3.0 -3.4 -1.4 -2.9 -3.1
Class C -1.0 4.1 -4.9 -1.1 -3.9 4.4
Class D -0.5 -3.5 -4.0 -0.5 -3.3 -3.9

% (4.12)%:25 5 F 345 R 21 A %) (Class\B, 1920%1080) # 4P| w A &
LR LGAEFT R DA TR BR > NPT EERSG RN SRS H LG
Ptk i BRI R AR AR FE S 16 B h it BBR S o

% (4.12) Intra HE10 Class B #iL:1 & 7% Hp| v & #H& &
R 0 A KA R R

Anchor: ALF-Off, Filter Number

CTC Seq. Irregular RA

Test: HE10-Al Quadtree Merge

S03 22 42.0 11.7
27 24.7 9.3
32 14.7 6.4
37 8.5 4.5

S04 22 45.5 12.1
27 28.7 10.6
32 21.6 9.1
37 15.1 4.6

S05 22 60.6 12.6
27 49.2 11.6
32 44.9 10.4
37 31.3 8.9

S06 22 56.8 125
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27 46.4 11.9
32 42.0 10.2
37 29.2 7.3
507 22 51.3 9.1
27 44.0 10.9
32 55.6 12.1
37 44.8 10.0

%0(413) s N3 RAIe A S H R A A K G @ RIALE S
LA wrg W ﬂl%”ﬁa;i@:ﬁ»%lﬁﬂxgwﬁu Ao

% (4.13) HE1O0-Intra jp|z&i% 2 Class B AL B 7™ % 2w A K& &
B e dsi A 47 2 Bit-Rate +t i

Anchor: ALF-Off, kbps

CTC Seq. Irregular RA

Test: HE10-Al Quadtree Merge

S03 22 87.75 19.66
27 53.20 17.61
32 24.33 14.49
37 12.86 11.48

S04 22 95.11 19.33
27 60.40 18.60
32 40.26 17.01
37 26.39 10.60

S05 22 270.60 38.11
27 222.71 39.67
32 187.77 39.00
37 116.33 36.48

S06 22 284.31 35.91
27 225.71 40.21
32 175.97 39.13
37 108.07 32.32

S07 22 288.36 34.05
27 216.15 40.98
32 226.89 48.64
37 166.56 45.90
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Z (4.14) s M7 RRle 2 BFE B 2 %4 83 f PONR vt g 2w 1y
FIBERFE 0 5 F PSNR sl » e d B R R Lo

% (4.14) IntraHE10 g8 if 2 Class B AL B 71T 7 2R & fH& &
B3 i A $g 20 PSNR v i

Anchor: PSNR

ALF-Off, Irregular RA Diff

CTC Seq. Quadtree Merge

Test: Y U \Y/ Y U \Y Y U \Y
HE10-Al

S03 |22 |4290 |44.72 | 46.29 | 4290 | 44.72 | 46.24 | 0.01 | 0.00 | 0.05
27 | 41.23 | 4292 | 43.83 | 41.22 | 42.92 | 43.80 | 0.01 | 0.00 |0.03
32 |39.16 | 4151 42.16 | 39.15 | /41,52 | 42.20 | 0.00 |-0.02 |-0.04
37 |36.69 |40.46 |41.23 | 36.69 | 40.51 | 41.27 | 0.00 | -0.05 |-0.04

S04 |22 |41.90 [43.65 |44.38 | 41.90| 43.65| 4433 |0.01 | 0.00 |0.06
27 | 3882 | 41.13-141.42 | 38.82| 41.13 | 41.38 | 0.01 | 0.00 |0.04
32 | 35.77 | 39.28-{39.75| 35.77 |-39.27 | 39.73.| 0.00 | 0.00 |0.02
37 |32:89 |38.01 | 38.89 | 32:89 | 38.00 | 38.89| 0.00 | 0.00 |0.00

S05 |22 |40.75 | 41.88 | 44.41 | 40.74 | 41.87} 4439./0.01 [ 0.01 |0.02
27 |38.09 | 39.58 14225 | 38.08 | 39.57 | 42.24 | 0.01 | 0.01 |0.02
32 | 3587 |38.52 [ 40.54 | 35.85 | 38.50 |/40.52 | 0.02 | 0.02 |0.03
37 |33.43 | 37.67 139.26 | 33.42| 37.66 | 39.25|0.01 | 0.02 |0.01

S06 |22 |41.43 | 4454 | 46.25 | 41.42 | 4452\ 46.20 | 0.01 | 0.03 | 0.05
27 |38.85 |43.01/4403 | 38:83 | 4299 | 4397 |0.01 | 0.08 |0.05
32 | 37.08 |41.62 | 42.12 | 37.06 | 41.61 | 42.07 | 0.02 | 0.01 |0.05
37 |35.11 |40.49 | 40.67 | 35.09 | 40.52 | 40.64 | 0.02 | -0.03 | 0.03

SO07 |22 |42.67 |42.83 | 4455 | 42.66 | 42.81 | 4454 1 0.01 [ 0.02 |0.01
27 |37.21 | 40.86 | 43.00 | 37.20 | 40.84 | 43.00 | 0.01 | 0.02 |0.00
32 | 34.65 | 39.35 | 41.70 | 34.64 | 39.33 | 41.72 | 0.01 | 0.01 |-0.02
37 |32.24 |38.28 | 40.70 | 32.22 | 38.29 | 40.75|0.01 | -0.01 |-0.05
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B AR A RS B FE TR @ il B Sk $0 Class B AL
B Rageedot RAF > e i Class C ¢ Class D & i f2 45 & erdil it A7) 2 B 45
s fr s o 12 Class C 43 B 71 & |24 Mg 2 bitrate 2 2 PSNR &t &

% (415) %3+ N & ClassCARUR 7|3 SRPI e A fHE B8 F A M & @
Bl B SEPTR R A TOUg N AR SRS H R R A BB

Begigrimag o

% (4.15) Intra HEL10 2% 2 Class CALI B 7| T 2 P2 & HH& &
2% B 4 4F 2. Bit-Rate 't #

Anchor: ALF-Off, kbps

CTC Seq. Irregular RA

Test: HE10-Al Quadtree Merge

S08 22 149.59 33.12
27 130.56 32.30
32 101.27 31.69
37 60.54 27.38

S09 22 5847 25.65
27 55.44 24.98
32 43.97 22.54
37 29.23 18.58

S10 22 26.51 11.59
27 32.37 16.75
32 34.62 16.37
37 26.45 16.64

S11 22 30.78 15.08
27 23.95 12.99
32 18.07 10.07
37 12.13 8.05
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% (4.16)

4= 21 o)

Wbl E3 [

Class CARLZ A 7| 74 e 2 & 52 R s o5
gub g AT U FRE G SF PSNR G e g o

A % PSNR

% (4.16) IntraHE10 Class C 4R B 5| F 7 LA w & fH& &
2% B4 5520 PSNR i

Anchor: PSNR

ALF-Off, Irregular Quadtree RA Diff

CTC Seq. Merge

Test: Y U \Y/ Y U \Y/ Y U \Y

HE10-Al

S08 | 22 4198 | 44.11 | 44.83 | 4197 | 44.00 | 4465 |0.01 |0.11 |O0.18
27 38.56 | 41.38 | 41.80 | 38.54 | 41.29 | 41.65|0.02 | 0.10 |0.15
32 35.60 | 39.42 | 39.60 | 35.57 | 39.36 | 39.50 | 0.03 | 0.06 |O0.11
37 32.96 | 37.92 | 37.88 | 3294 | 37.91 | 37.79 |0.02 | 0.01 |0.09

S09 | 22 42.10 {44.247 45.74 | 42.10 | 44.25| 45.74 | 0.00 | -0.01 | 0.00
27 39.21 | 41.87 | 43.10 | 39.20 | 41.88 | 43.10 | 0.01 | -0.01 | 0.00
32 36.15 | 39.97-141.01| 36.14 | 39.98 | 41.02 | 0.01 | -0.01 | 0.00
37 33.04 | 38.55-1.39.48 | 33.04 | 38.56 | 39.49.| 0.00 |-0.01 |-0.01

S10 |22 4121 | 42.66 | 43.55 | 41.21 42.68 | 43.59| 0.00 | -0.02 |-0.04
27 36.98 | 39.47 | 40.29 | 36.98 | 39.47"| 40.29./ 0.00 | -0.01 | 0.00
32 33.18 | 37.33 | 38.03 | 33.18 | 37.34 | 38.03 | 0.00 |-0.01 |0.00
37 29.49 | 35.86 |36.46 | 29.49 | 35.87 |/ 36.49 | 0.00 |-0.01 |-0.03

S11 | 22 4253 | 43.95 | 44.71 | 42.53 | 43.95 | 44.71 | 0.01 | 0.00 |0.00
27 39.15 | 40.54. | 41.92 | 39.15 |.40.54 | 41.92 | 0.00 | 0.00 |0.00
32 35.73 | 38.17 | 40.01.{.35:73 | 38.17 | 40.00 | 0.01 | 0.00 |0.00
37 32.28 | 36.73 | 38.57 | 32.28 | 36.73 | 38.56 | 0.00 | 0.00 |0.00

7 Class B 17 %2 Class C &3 & 71| ¢ s e K

Jd W AP AEEE G ¢

PG BEE 0 3 S t‘:;v@ﬂis?]ff‘ et 2o gEAR A LA A KTLS HFE 2
et AL A ZIEATE e AR (Luminance) 7 #7482 0 R R FH L g R G Lo
R B R TR g A FR S R P RS
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4.6 PSNR ' $&

2 (417) 2R - B LCU #3 p &5 it chjpid F Tl > 3 2 5 B 4 430
FEFERFLBDEHROL R S AR EE R R 5 - B LCU G p P
ik B BT ik B B LCU Bdcip ¥ > @ %24 4 & Class B i3
B 7 ,\3‘»3&16 B B o 2 ¥ g Bit rate e T > WEES F# PSNR &%
AT g PE - B LCU G p P E i ipid B A eE 6 SR E 0 A
e 5@& T2 TEBIRAFTF AL PRAFIELIEY NFIRES S S
VAL Ryt R ok e

# (4.17) IntraHE10 & - B LCU 473 p L h E ik &
B RBAMA T RE S B2 PSNR W iR

Anchor: PSNR

ALF-Off, LCU with its own RA Diff

CTC Seq. filter

Test: Y. U V Y U \Y/ Y U \Y
HE10-Al

S03 | 22 4293 | 44.801-46.39 | 42.90 | 44.72 | 46.24 | 0.03| 0.08 | 0.15
27 4125 43.03 | 43.95 | 4122 | 4292 | 43.80| 0.03| 0.11| 0.15
32 39.18 | 41.64 | 4234 | 39.15| 4152 | 4220 | 0.03| 0.12| 0.14
37 36.71 | 40.61| 41.36 | 36.68 | 40.51 | 41.27 | 0.03 | 0.10| 0.08

S04 | 22 41.93 | 43.73 |(44.49 | 41.90 |-43.65 | 4433 | 0.03| 0.09| 0.17
27 38.86 | 41.26 | 41.57 | 38.82 | 41.13 | 41.38| 0.04 | 0.13| 0.19
32 35.81:39.44 | 39.89 | 35.77 | .89.27 | 39.73| 0.04| 0.16| 0.16
37 32.94 | 38171 38.99 [ 32.89| 38.00 | 38.89| 0.05| 0.16| 0.11

S05 | 22 40.77 | 4195 | 44547 40.74 | 41.87 | 4439 | 0.03| 0.08| 0.15
27 38.12 | 39.68 | 42.44 | 38.08 | 39.57 | 42.24 | 0.04| 0.11| 0.20
32 3592 | 38.64 | 40.74 | 35.86 | 38.50 | 40.52 | 0.06 | 0.14 | 0.22
37 33.50 | 37.79 | 39.44 | 33.42 | 3766 | 39.25| 0.08| 0.14| 0.20

S06 | 22 41.43 | 44.66 | 46.44 | 4142 | 4452 | 46.20| 0.01| 0.15| 0.24
27 38.84 | 43.19 | 44.28 | 38.83 | 4299 | 4397 | 0.01| 0.20| 0.31
32 37.09| 41.81 | 42.38 | 37.06 | 41.61 | 4207 | 0.03| 0.20| 0.30
37 35.15 | 40.68 | 40.89 | 35.10 | 40.52 | 40.64| 0.05| 0.16 | 0.25

S07 | 22 42.69 | 4294 | 4468 | 42.66 | 42.81 | 4454 | 0.03| 0.13| 0.14
27 37.23 | 41.02 | 43.17 | 37.20 | 40.84 | 43.00| 0.03| 0.18| 0.17
32 34.69 | 39.50 | 41.88 | 34.64| 39.33 | 41.72| 0.05| 0.17| 0.15
37 32.30 | 38.41| 40.84 | 32.23 | 38.29 | 40.75| 0.07 | 0.12| 0.09
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ANpEsEEE AFEEY 5 - B LCU Ri7§H ke
PSNR % £ > Bl (41) ¥ 5 - BE iFehizg

//é/ﬁ»gg‘il féﬁp
s PSNR eHE EoH ¥ ¥ RED

IJN Z\%m v LCU ml“_g_/}%&/ﬁ\ a.:_l;zi’l}f&
¥ QP 3k 5 22 pFEe 85 B LCU & B b
LA e LCU $RE_@ * i Rt Blih L Beho @ A Tk ﬁi"f*“ﬁ@%m m

PSNR 4 2 fieerit = o @ B (4.2) BEIE QP &
FIPSNR #2725 » e 8. 74

—

e

» 37 pF > B2 X5 %A LCU
% low rate snfER T # @

s LCU E 2 #* i i
fiw Blmdk Benos 00 PSNR T 392 (S430 M E 6« £ &g da e
PSNRDIff. PSNRDIff.
) //’,. - — o — ’/" P e —_— T
- —— ——— O.Sj/ /,/ / ---—.._________ ———
A - / —— ——
04 1" ——
ll// - ——— T _
02+ S - ] yo . ) A
0.1 ‘%/J; - o =
=Ty

C A CRPIE A REE
B (41) QP 5 22 @'

dLCU 3 p & gk B

W R i}@f'} I}a/ﬁ\sgﬁ PSNR # {¢ £ B
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PSNR Diff.

PSNR Diff.

dLCU %73 p & ik B
B (42) QP 5 37T & f i 2 * i fulbiv EyhA BH PSNR# 15 4 B
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ED_F % fog .1

Bl (43) 27 %% 2R RABINhEa » 25 LIS 2T HR

Mt Bl Bk > ALFOff & fFoRd 6 87 i » j}‘%]“} BlhA ® o 2o A
Tre?u—?]—fjvé ]ﬁ]%]m.ﬁn ALFOf‘fB*;aRﬂg%F'mﬁt R ﬁlbl‘:rﬁé\i?
M R B E T e R A o

(&)ALF Off (b) T B A JF,—/z
(c) " A iz 2 (A) R0w 2 pE

(E) LCU #ﬁiq}; E] e kiF /@/ﬁt = ‘é‘ﬁi
B (4.3) All Intra HE10 BasketballDrill QP37 % 453 % &
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Fl (44) 27 %@" 3 RRRE> ko o 02 APT FIIES RS
i3 U RNOIORGRIERIEY AR S NG Ry S Al i

(a)ALF off

@ LCU#4 f & d kil B s
Bl (4.4) All Intra HEL0 BasketballDrill QP37 & 46 5 % &
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BEARGE e Bl B AT BRI W E e & e g e Feandr
e J 80 ALY i Ao0od 3 high rate Fd e & 5598 0 HT APk
HIRA-E A BRI e ot BB lowrate enff iR T g v 1 4 VF AR T
AR AR R Ak o

48 3 i H =2 jgk Big (Line-based Filter Optimization)

0 EPI R 2 G R BlUg Ak B AP E R P (Line) A
2 ,}%,ﬁaglﬁuh ° i¢§m"*’,§é}i‘ AprrE s B LCU 2 H =7 E»,d,/%,ﬁﬁgnﬁﬁx’
feprs — @ Line ™ A2 £ F@R* kp b8 23 gk B Rl iz
2 20 BE AR o pd [ 2 B Jp ok B (Time-delay Filter )en= 3¢ 4p it T35+ :fmjsr] 7 -0.4% >
e g % chroma eh& s ferr LCU % H =gt Big it (LCU -based Filter
Optimization) 4p+* F # FEH& R > 2 Ei MGpmut &y §7 > 3 Flai R}
fz‘%f?ﬁ{ﬂ#%‘*&@j},ﬁ,ﬂ%m‘% N d o FEEAdrE (4.18) 1w o

% (4.18) % 78 9 & % 2 T 35 BD-Rate +* #

Class B, Class C, Class D Encoding Y (%) U (%) V (%)
Average of HE10-AI/RA/LB Latency

RA Picture -1.9 -2.8 -2.8
RA Extension Picture -1.6 -2.8 -2.9
Irregular Quadtree Merge Picture -1.8 -2.8 -3.0
Time-delay Filter LCU -1.6 -2.3 -2.4
LCU-based Filter LCU -1.4 -0.2 -0.2
Line-based Filter LCU Line -1.3 -0.7 -0.6
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ﬁ%éﬁmﬁﬁgfﬁWEm M ET A BRERET B AL R
(RAExtension) ™ % % Hp|w A &% 8 2 (lrregular Qualtree Merge ) & v 2K
- B LCUF @iz p e - ‘fsg_;'}‘%;ﬁ\ﬁg Gl H P A EEagikea T ujﬁ
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mgw%ﬂ&mﬁﬂﬁﬁﬁ’ifﬁﬁmia@:*@ﬁc&ﬁi@ﬁﬁ&ﬁﬂ
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U A RP e A RS BB 2 Ap3EiE ® Random Access HE-10 ¢ BD-Rate
%-3.0% ; pz& 0% ¢ Low Delay HE-10 ¥ BD-Rate % -2.2% - Option 2 RA & ip|:& %
# Random Access HE-10 # BD-Rate % -2.7% ; 3% 15 ¢ Low Delay HE-10 ¥
BD-Rate #-2.1% - " § 2— &9 %= chlicdfp 2 § ¢ 005 kg EHR S i
A4 it d- B LCU S RS P E @AM B £ Rl 52
BiEE A

pA e E B R A R ERRE AR T R SRR H L
B £ ey RS L 0 ek A e B i
2k E ke TERE - BLCUFP LS i gt % & L2 nlCU
L3 APk g B i o

~

AL e B ik E%Jr%“ PSNR &4 > Bd % g =~ B § 3 hiFin
T o & - i LCU R gy A0 F Bl ik e L B el 0 A s ;ﬁ.;;:,ﬁp;bsgﬁ
v g o 5 ehied i A Ao P oArIg ﬁP Kihgdze Gy LB Tt l 2 B
F OO S A AR A R A TR T Bl it FORET G ok 4 R
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