AR WL 5\l bic| o e EE | (ECM/NNVC)

Enhanced Compression Model(ECM) 7] &

ISO/IEC JTC 1/SC 29 MPEG(Moving Picture Experts Group)at ITU-T SG 21 Q6/21 VCEG(Video Coding
Experts Group)2 20170 g4 A% 2H| ZES S22 Wst7| QIst =&l JVET(Joint Video Experts
Team)2 LM5HICt JVET2 VVC(Versatile Video Coding) E=317t 2t2%l 0|F, 0|8 s7t6te ¥E4s(coding
efficiency) NS SEZ EMHAMSI(EE: Exploration Experiment)S ZIglistl QICt 0|2{st EFMAISIO| 2sto 2 JEtE

A
ECM(Enhanced Compression Model)2 AMEX{2| 7|8t 2535 7|&S S402 9 320719] 7|&S E6t6H EMMAL

>
R
[
=2
>
_19:45
o>
Y
-0,

2 SHEMUAIS
Ho|ct. ECM2 Yo|F2(RA: Random Access) MEZ0|M VVC CHH| Bt oF 27% HIES B YSHs s &
Agix|ot, 2FE ZHOi|A VVC thH| 213 (encoding) AAZH2 oF 118 Z7H6t31 1 C|ZE (decoding) A2+ o
138 Z7}5194Ct. &2 1ojlA= ECM-19.02 7|8te2 ECMo| ZtE FQ 7|&52| 38 AJMet 5, VWCo| & Hiw
E Sl ECM9| 7|&X &5 BN, &% MER g4 2% mEst Mg He|stt

l. A-I 2 Coding)l4, 519} 22 ¥4 FF(de jure standard)& A

Ad gt 222 o] T4 FFL $A40 7 nlt]o]
AL gAY G A5 E A ALY A4E o A A A7 P A= 9l
o 2 2020 79 FE3p) dg " vvclo, 718 E£33 =

=
$A, A4 S e nto) $4 Al BESS (29 29 2ol FEAoR BE A 5

o] kS gt} (2 1) 3 2ol 150/ olHE= { w3l FFE(block-based hybrid coding
IECJTC 1, ITU-T § 34 ®F3 7|7 ol #& ol structure) & 7¥Ee.2 18] i o] 2= Shau o

v 59 5148 7)Fo4] v E&(bitrate)S Huk 707 Z(intra prediction), 3}H7} o Z(inter prediction), W
ZolE A& BX 2, MPEG-2 Video[1], AVC(Advanced Zh(transform), %AF3}H(quantization), JIEZY] 2353}
Video Coding)[2, 3], HEVC(High Efficiency Video (entropy coding), 91FX FE](in-loop filter) 5 AT
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1984 1988 1996/1998/2000
24
ITU-T VCEG Video conference Video conference Video conference o
1995 < 2003 4 2013~ 2020
MPEG-2 AVC HEVC wcC
(H.262/13818-2) (H.264/14496-10) (H.265/23008-2) (H.266/23090-3)
DTV/DVD Blu-ray/HDTV/ Streaming/UHD(4K) UHD(8K)/VR
Internet /HDR
1993 1999
MPEG-1 MPEG-4
CcD CD/DTV
<3 1> 94 95 T EEY| B F0]
Input Input General Coder P
Video ;Ii';:; COM‘mI
Transiorm
5 ., ' s
N Tetndf: el Splitinto CTUs .
Decoder Scaling & In, k
oded

Bitstream

Transform

Split into
Macroblocks
16x16 pixels

T

Deblocking

Prediction
r

Intra-Picture
Estimation l

Spitini CTUs

2] 7|4k BEo| AgtH Fejo|w, A 300] A E F
Z W3} glo] =gl E o] git}3, 5, 71 VVCE HEVC Y]

M 6 2 25 T B85S Neg @ o BEE

=12

3 AAE 7H(cross-component) F24 84 7443l H
g5 719k sty ol &, A BEZ(subblock) ©91¢] 4
wg o &/8A, Tt B4 Es 449 3zt o5 B
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Enhanced Compression Model(ECM) 7HQ

A, o & 37| 9 91393 (non-square) ¥ 2} W3k
(secondary transform), F 7] |29 Q1 F2 g &
9] So] Eolt}. 1 A VVCE HEVC tiH] $98 3

7] 520 715l HIE o] oF Ak 7haatsint,
I3y UHD/8K, HDR(High Dynamic Range), HFR
(High Frame Rate) 347 2 2E 2| Mu|29] &
Atog ot dlofe 7t A 2 Z7kel wel,
VVC o] F-ol| = 374431 §FAds el tid 8771 A
SH3 9l o] 4FAT I 7o vEo], 4
§h AR A it kg HlolE & vBeR %4:3]
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A2 A WA= 2020 7€
HE Al A8 719 7 Sl tigh EEL R A
(NNVC: Neural Network-based
2, JVET2 @ AA odz39/b32Y 4L F7Hend-
to-end) 0.2 HAslet o 2177 A Q) 71& iﬁ}
T2 U 9% 25 NG R dAsAY, 21787 7

vk 321 2] I (post-processing filter), 234438} (super-
2 7k B4, 1912 0 59

Video Coding)[12]2.

resolution) 52 &

Pt P A PA0 HESE 44 5
EERZLELFE R
A AL 2021d 195H A|2HE EE2(Enhanced
compression beyond VVC capability)[13]2, ECM[14,
1512 HA LAY Rl 2 ALgstv AlaAle] 7|t £33 7]
=9 TH= T ECM2 Al

o

rE

A Pl o gz

=X Jé% Al A

-

)
"0,
o
(&l
in=

BE FA02, A4 A
& 8] AR AT AY

B goAE 20254 109 JVET %38} 3]9] o] uj
F ¥ ECM-19.0[15]0] £3td FQ 1353} 7]4S 2705

a1, B 3 A4 A 7143 ECM-18.09] A% A9 %
7 AAset, 11l A+ ECMY} BE ¥ EE2 B A1

s grg—sm 7o A= ECMo]l £3He Fopd 74 ¥
Aujint. o]o] VA= VVC tiH] ECM
ER=E EA8HH, VA ellA= ECMeo| B

ol
NEAE 78 258} 7|eo] 23 /Fe AT FF

Il. ECM £ &l

AlS
EFAH Eo=-||

JVET JVT(Joint Video Team) 2 JCT-VC(Joint
Collaborative Team on Video Coding)®] ¥&3} &
& A58 208, AVC, HEVC, VWC 5§ 7|& =
A B2 FARFE F5l= T,

Supplemental Enhancement Information

VSEI(Versatile

messages

for coded video bitstreams)[16] E&3}2

WC o] A2 EE S A /1% BAEE
Al 2]

Aetar ik, (29 3) & ECM3} A e

AL,

_7‘[5 2wl T
A ARE fEH o8 HolEt A WA whe] VWC B
3} 98 & 20219 1€ JVET 3] 2] oA “Compression

efficiency methods beyond VVC” 7| ZA[1717} A& =
on, g 7oA RA AP2A F=(uma)
HE1E 1150 Y Y Ao s

o] A|7]2 AHG12: Enhanced compression beyond
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21XFJVET 29|

22XFJVET 29|
. ECMalx A%
(125%@RA)
19X JVET 89|
- WCEZESHZ

19

20 21 23 24

O

2021.07.

25

2020.07. 2021.01. 2021.04.

34AFJVET 29|

+ AHG12 #&): Enhanced Compression beyond WC Capability
- EE27|& B4 A AR EE2 Enhanced Compression beyond WC Capability

23X JVET 29|
«  AHG6 H2!: ECM software development
- Algorithmdescription 2A1 2| = A=t

O

o 2KhZEHE SFE H|w TWIHEIR (WC vs. ECM)

28%FJVET 2]9|

- LAFZFES oFE Hlu B2 T (WCvs. ECM)

29K} JVET 219]
+ AHGT 42} ECM tool assessment

26
O

27
O

28 29

2022.10. 2023.01.

394} JVET 22|

. CEOHUASEIAE
. CfEwd

- ECM-18.0Z2|=

- W22 EE| QPAIRI 92 H0IA o] Al (274%@R)
30 3 EY) 13 e 35 I I A . 4
23,00 wm0e 2020 02506 2025.10,
<38 3> EOM 2 Ealgle] 27 203
VVC capability9} EE2 & A& 0] FAEQ T, o] ZEE2  AFE K3l Ao 2 Hrhe|glrH4,
S-S F3l 2t £33} 7]EE0] ECMo A &2 0 (29 4) & ECM #d AR oA 9] 7]1LA 5 1
2 SUHUA ECMY| 55 MAMR dAFd & 319 ECM $5A4% Y Fol& I vehdtt. ECM 7H
& Holgith, 2021 749 JVET 3]¢JolA= ECM &4 W 2709l VG tiH] &5 Ve FUho R R =
A9 Bdl AxEo] A& $]3F AHGO: ECM software 2 ¢4FAT 30| #5H o, HEVC o] %o &A
development[18]7} A H ], ECMeo]| E5+¥ H53} A% mdlol JEM(Joint Exploration Model)[25]3
7149l ti 3t &)= A ™ (algorithm description) ¥A] ApH] FHERAEE FQ Agow FA a1 =4
(1517} v 257] AlZkatolct. 20234 197 EHE AHGT: T AAGE Hog et e A7t 2 H
ECM tool assessment[1915 &3l ECM 7|£ES 7345 oAtt. of FgoA] wf JVET 3] ojujrt tpfgt 5.3} 7
FE 7lEo 2 agdletal, I5E 4S5 7Ides & Eo] AYHNUL, EE3 GARE dA4% A Ak
Astar glot, B3 VVC tiH] ECMO| F84 314 o] 55 A&7 ok, 44T SHAN 2t AFE
B7¥st7] $13f 20221 1099 2024\ 49 5 24 2 ZIegol A EHEA ECM WA S7he} T 234 ot
2 A&7 A F32 32y P EHATH20, 2110, ZX% ¥4 A &9 BD(Bjentegaard Delta)-Rate[26)
o] A} uigo g Aed B g AR 2 £ AL oz JJAHATHIS]. vk 20241 31k o]
Alo]2(use case)oll gt w=<)7h A3 9] 2 H(22], o] T F7HEE 7le & tiH] 45485 A Fo] HAt
3 CfE(Call for Evidence)[23]¢} CfP(Call for Proposal) 7rask 7)1 E3) A ol 2438 9ar, S Al
of tigt 2AAQ] =2 &4t 20259 68 JVET 23 EFol et Fu]7} ¥a) gol e} ECM g4
3]0 olA CIEZ} W) 510 H, 2025 10€ el CfE % 3 BEE A 7)aA FE AR 08 ZHadkes A
Tkl A ECM 715k S5l Al SHAM ¢ £ Hola gir}.
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Enhanced Compression Model(ECM) 7HQ

PPt ES
e 71 aM 4

M BD-Rate (RA)

B )\ BD-Rate (RA)

ECM-1.0 ECM-2.0 ECM-3.0 ECM-40 ECM-50 ECM-6.0 ECM-7.0 ECM-8.0 ECM-9.0 ECM-10.0 ECM-11.0 ECM-12.0 ECM-13.0 ECM-14.0 ECM-15.0 ECM-16.0 ECM-17.0 ECM-18.0
2022 2023 2024 2025
<2/ 4> ECM 221 EH4NE19] 7| 1A + 2 ECM 2545 s}

3 A _ = = =k Sl
I1l. ECM2 B33} 7|2 o] ECM-19.0 71502 ECME AEHel BE 7]ut 5
olHE|E ¥B353} %o % 325719 1353} 7]&o| £
ECMollE 71& 9% & B39 FAKRE 71 Eort Ho] glom ECMo| ¥£3HH FQ §33] 7|&o] Hopd

ZA5H, 7} Fopoll= tho] AR 153} 7|eSol B B thEF 2ol AT 9l
2o g Zgslo] YEA TS PRI (ad 5y 7 B2 FZ(block structure) Hofo|Ae 7]22¢] &

Levels Output
¥ Bitstream

- gBaATEIE
. QX/EM“M%O{§
. CH20| 0|52 22123 0|4 SHRILY/BC %)
. sz zE=sTE Dce

+ 577|129/ 0= H4(CCCM, IntraTMP, 1BC)

. SHIAEAR ST

. NFY IS oS Tl

« ECMUZ|ESCHE 7|20 ES

£

£ ol FAfE}(26)
- Egjold gl st HI A
S57Z(4) L} etz o1 sisie] St
28 HEO| AR R 2ol % o ChoRsHsE 74 =0t
B3Izt £210| A0 XS *WEEEI CEEEERESIES
G T £S0iM o5/ 22 e R Il N I
Input Video Signal Residual Coefficients
Transform
Decoder
Divided into Blocks
Prediction
H
SHHLY o F 3 AT 2HIX 255H(123)

Reconstructed Residual
(incl. quantization error)

o EEﬂU\n el

3 A 2353/
HEZL| H55H17)

o ARG ME LA K&

=8 o= 74

0

o BUDRHAMZ I

sog

EES RS

=Z TE(41)

Hefo] AT AE

ZE 37
o E£% 7129 thE s M(Merge, GPM, Affine motion)
FHIAEANE STt

M2 eelolx
ECM Ui 7|&S OHE 7150l

23] o] szt of %)
ua/ou* = 2 ElE o 2}
HolEE Jls

A s

HES

5> ECM-19.00] Z&tEl 258t 7|=9| 20p4 £&
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A2 VWO fAbeh, B8 AR ¢F FY E
E](dual tree) AL W9 o] 4 o= 2 WSS 93l O
2 55 8o o9 7 B2 7ol x3E 34
B "ﬂ" 2 238 Zell = 558} (screen content coding)
Holo e HZ 8 (template) 7|9k 7%, Az 2

gAY 4, b dE5EES Ttk £dY
(blending), =3}l MAE 7 ol F, 2737 7|6k 3HH
Ul dE 5ol =YE] sh54% 0] 2A A BE
7N 7les O HER S SR AE dS B A
B A Q HE8 7 S (cost) AXE B3 AR &
2AEE, O HERAES &8 AR £ 2

TR Foon Ro3l ARE YAHOE A|
(signaling)atA] ekl TIST] ZollX FEFo2H
& Qw3 = (overhead)7} HAgtt}, 3197t oS Fofol
e "ES 77, a0 R AE dESE

o] 549, t3t] ZoA e A=Al 529l BAs of
ME B 55 58l hEAsol A A=A

ofell A& 12+ & 2af Wke] T &4, A= W3 A
(kernel)¢] =9}, EFo]d (training) ¥ HEF 7 ¢
= 58 A% A o] o] Fol At A3t FokoA] W3t =
S A Ao 7 Zor} #5 272} uniform scalar) %A}
= 1%3}817] 930 Bl5 (non-uniform) A3} &3}
S8t AY ¥E] (vector) GAREIE BHElE 7]& S0
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H
e
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>
]
-IFU
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o
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|

W3 Al (transform coefficient) 3.3}

i-

ofellA = WS Al 9 74 o] o] Fof
F oJlXs= VVC o] d e Aljke
3} 2 (context model) &4
o g 7H£51‘}i‘4. QFZ e T°]E°ﬂ"1
A9l 28, IH ®(tap) T
e o] Q17

8 EAJolt}{27, 28].
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I
)y
it
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K
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m
@
£,

N
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>
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A
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W

JEEEE:

VVCE CTU ol QTBT(Quaternary Tree plus
Binary Tree) 7]4ke] 4913 /o)X Eg B3
£ =Yt 55 72 AlEsek . (2H 6) 3 2o
EOMS VWO B BERT 725 §A5H, 94
2 A (picture) ZH 2 AAE 7 £ HH &S T3 &
SR Fg-E uwsteglon], 7o E A4 WS
3HAzE Eeto] 2 (slice) 7HA] 735t

2) st o5 2 A
sty &2
w9 ojn| £¢ AzgozH tﬂxﬂ S%% o
, 8,9, 10) 3 o] ECMel=
trekg shiy oS 710l ?}EM 244l 9 ¢ (natural
content)¥} 238 2 2N d&2Aso] 2
Al WA= ATk, 27 ell= = °§ A3} ~ 38 Zel = GA}

pud =

)

s
o e
~ o

SES

ECM

Block structure

LargermaxCTU size Quadtree with multi-

I

Temporal partitioning

Chroma partition
Chroma separate tree

prediction in separate

(256x256) type tree (MTT) prediction tree condition
Restricting BT CUs to J Adaptivedualtree
BRI usageininterslices
partitioning structure
<J12/6>ECM EE 2% 7|z
Q50 0jC|o M3 12 16



17

Enhanced Compression Model(ECM) 7HQ

]

Generalintra

ECM
T T T ! T 1 r T L T 1
Non-angular Angular Multiple Template-based Position- Bilateralfiltering Mostprobable Mostdominant Adaptive Intramerge
prediction (DC, prediction referencelines multiple dependent forintra mode (MPM) intra prediction reordering of mode with inter
Planar) (including WAIP) (MRL) referenceline prediction prediction (MDIP)and non-CCP chroma non-adjacent
intra prediction combination excludingintra modes pattern
(TMRI PDP
L e —— +tap Extended MRL ED) FRDEC) Primary MPM and modes
irectional mterpolatlon oot -
planar filters candidatelist secondary MPM
Chroma TMRL Gradient PDPC
6/8-tap Template-based
in(e;::ola(ion |— intraMPMlist
lters

construction

Improvementon

MPM with matrix-
based position

L dependentintra

prediction
(MPDIP)

7> ECM 2Ll o) 2] =

< TEste] #d 7ol /EEHA o, o F IBC(Intra
Block Copy)9} IntraTMP(Intra Template Matching
o2 239 IRz 53} Jleo] A

A7y dstE
= 753} 7)es
ojgtellA F2& 57

Prediction)& 40
A Gol= B ALEHA 7)E 2
g

«

#RE,

o ol el shu
& % 871 A%
2 e,

@© gt 3l ol Z(general intra prediction): ECM

Az 0 22

Hofz

2 55 7/%

Bt SfELY O, BHEHLY 0)F 2E 253

rlo

712 Zt&(angular) 719k SHHY] o9 A=
A5 93] MRL(Multiple Reference Line)2 7H
Al d&E24 ofutek HE (bilateral filter) S

#-g-sto] BA BE(
(smoothing) & Al
@3Hd 95 R
coding): MPM(Most Probable Mode) 7|4t 3} ¥u]
& RE BT 5o SMPM(Secondary MPM)

g

edge preservation)¥ B3}
et ict.

K 53Kintra prediction mode

Cross-component Subblock-based Recursiveintra
ECM prediction intra predi prediction
[ 1
e — Convolunonalcross Cross-+ component Decoder derived CCP e — Spatial geometric Extrapolation filter-
0 10SSH 4 FlmCCLM component model prediction merge mode with fusion (ISI;) partitioningmode based intra prediction
inearmodel (CCLM) (ccem) mode (CCP merge) candidates (DD-CCP) (SGPM) mode (EIP)
Multi-model linear Gradlentlmearmodel CCP merge modewith t Enhanced CCP fusion Regression-based Multi-model EIP (MM- l Blockvector guided
mode (MMLM) adjustment mode SGPMblending EIP EIP (BVG-EIP)
CClMwithsiope | dgﬁﬁ’g’;‘::g;eg ron | enhancedcepfusion SGPMwith IntraTMP
adjustments samples (NS-CCOM) mode and IBC
Local-boostingcross- Gradientand location-
component prediction —  based CCCM (GL-
(LB-CCP) ccem)
CCCMwith multiple
f— downsampling filters
(MDF-CCCM)
Blockvector guided
™ CCCM(BVG-CCCM)
Local-boostingcross-
L— component prediction
(LB-CCP)
= = 7[A = = = = = = =
18 8> ECM 3L 0% 7|=: Y= 2t 0%, MEEE 78t 31ELY ofF, 275 sfeL) of=

17 20264 14



71&7|n8
S MPM 2|2EE S5t FH 59 MEZ R A AEE 7o Yl o & REES s
TR 3HY & RES FEFoIN AITEF Q DIMD(Decoder-side Intra Mode Derivation)$}
W crl 2otz o g2 7hAasit) TIMD(Template-based Intra Mode Derivation
B MAE 7t olE(CCP: Cross-Component Predic- and fusion)7} EYESoH, T4 AFEES
tion): ECM2 VVC¢ CCLM(Cross-Component 7V (weighted sum)sl= S99-g &3] 2ab
Linear Model)& 7§A15}aL, A& (convolution) (residual) S 7XAA 71t}
e 7]uke] thekst CCCM(Convolutional Cross- @ Edlo]y 7]9t AU o Z(training-based intra
Component Model) =& % A3} (chroma) o & & prediction): VVC2] MIP(Matrix-based Intra Pre-
do] #2)(merge) BE 5& T=Usto] 3=} Mzt diction) & &3¢ ez A, 7t5A P&
AR 7 ZBAS B} A Sea (weighted matrix) 2= 21734 RdS 283 343
@ AMEEE 7|9 shAY oS (subblock-based intra W dlZ )zl 23tE] gloH, o= Big &5
prediction): MBEES 7|¥ Y] oS Wi B 2AE a0 2 RdFgic)
VVCe] 319zt o %ol 2 8-H A GPM(Geometric 239 FHlz Hosh 239 Felzo S3hd
Partitioning Mode)<& 3} o502 g5t gl BDPCM(Block-based Differential Pulse Code
® AAA A dlZ(recursive intra prediction): Modulation)¥} 2 E (palette) RE= VVCS F
EIP (Extrapolation filter-based Intra Prediction)& A3 A o], g2EL Tl oz o] AE
IIR(Infinite Impulse Response) BE S o] &3] & Aol gt J9s aRAHoR Raslgitt &
SR AEE AAR LR o5FoeH wAg ¢ g, 7] IBC @ HEVC &3} o] ol A=
24 (texture) & AHA 05 FHgTH IntraTMP 7] ol 238 Zel 280k op e} 53¢
© Tize] 3 ) o3 2§ 2 shu] ol B @ A Pl UANE S5 52 A1) 9
@ d(decoder-side intra mode derivation and intra 8k t}oF3l 7] &0l F71E Q)L

prediction blending): ECMol|&= Y37} ¥ &2

Decoder-side intramode derivation Training (Neural network)-
ECM and intra prediction blending basedintraprediction

T T 1
Decoder-sideintra Template-basedintra Intrapredictionfusion  Fusion ofchromaintra Matrix-based intra Matrix-based position ~ Neuralnetwork-based
mode derivation (DIMD) mode derivation and p prediction modes prediction (MIP) dependentintra intra prediction with
fusion (TIMD) predictionreplacing ~ DIMD mode derivation
Modifications to conventionalintra
DIMD with IntraTMP Block-vector guided modes (MPDIP/PDP)

matrix-based intra
prediction

and IBC DIMD (BVG-DIMD)  —  TIMD merge mode

Additional TIMD mode
Occurrence-based

- i —  with adifferent cost
intra coding (OBIC) | Weighted OBIC metric (SAD)
DIMDwith2x2edge | PDPChandling for
DIMD chromamode —|—- operatorappliedto TIMD
smallblocks

TIMD fusion reference

Location-dependent |7 line determination
Adaptive HoG for DIMD ——  decoder-sideintra
[OdECcTanon TIMD fusion with block
— vectorbased
prediction

<78 9> ECM 2Ll 0% 7|%: | FH = 5fPiLy 0)% 2= R 2 21HLY ofF S21g, £2(0/d/ 7[8 2HHLY 0ff

A
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Enhanced Compression Model(ECM) 7HQ

Screen content coding
ECM
Intratemplate
Intra block copy (IBC) matchingprediction
(IntraTMP)
Maodifications ofIBC Referencearea Extendedsearchareas Speedup of IntraTMP by
merge/AMVP list ————— extendeqmthewhole for IntraTMP |- searchrangesampling
construction picture endiEiamE
. IntraTMP with merge
Adaptivereorderingof | IBCwithnon-adjacent IBCwithlocal candidates “|_ AR-BVPforintraTMP
merge candidateswith |~ spatial candidates ~ illumination merge candidates
templatematching | compensation (IBC-LIC) Intra TMP candidates
(ARMC-TM) Auto-relocated block . withoverlapping | Multi-candidate
- vectorprediction |_Directblock vector (DBV) refinementwindow IntraTMP
(AR-BVP) forchromablock
Enlarged HMVPtable — X Intratemplate IntraTMP with sub-pel
Replacementofzero- |- e B\(P-{mergeand Ly matchingprediction ™ precision
TemporalBVforIBC |~ paddingcandidates predictive IBC merge fusion )
merge list construction T o | IntraTMP extensionto
| Bi-predictiveIBC-GPM UM Lic
BVP candidates matchingbasedon |
clustering — ) linearfiltermodel | IntraTMcI‘?template
IBC W't,h template |~ Fractional-pel IBC Storing IntraTMPBVfor | type adaptation
matching (IBC-TM) IBCBV prediction
Blockvector difference Filtered intrablock Reconstruction- IBCmerge modewith  Combined IBCandintra  IBCwith geometry
(BVD) prediction copy (FIBC) reordered IBC (RR-IBC)  blockvectordifferences  prediction (IBC-CIIP)  partitioningmode (IBC-
(IBC-MBVD) GPM)

<J8 10> ECM 8fHLl 0|5 7|5 A32 ZHA Bo

1
==

o5 13)3 o] ECMoA 5ol o] 5 o 2238 Zel= ¥
St dl&e Ao T AFR HA B ABIL T T3k Folo} A M WL 7140l F7b L BEo] ¢
dlo] Al BEE dEals Agolt, (A 11, 12, FAol A FEo, 3huzt 6% 7% 5 8

Sub-pel
terpolation
—— r T T T T 1
12-tapluma/6-tap  4-tapinterpolation Adaptive MV SymmetricMVD Bilateralmatching  MVD (sign and suffix)
chroma filterfortemplate resolution (AMVR) (SMVI Mapimei A Emods AMVP-merge mode prediction

interpolation filters matching

Additional adjacent Non-adjacent

Sharp motion UDEEER oy spatial candidate VAP spatial MVP
compensation filter candidates
forbi-prediction Non-adjacent Additional TMVP
patial c i T [¢ i History-based MVP Additional TMVP
including bi-TMVP (HMVP) candidates
o
MV refinementfor | MV refinementfor Refined motion
ECM TMVP TMVP vectors for ARMC
Chained motion AMVP with SbTMVP Blocklevel

vector prediction || reference picture

(CMVP) listreordering
Multipleaverage | Scaled merge
motion candidates candidates
TM-based BCW Adaptive cost
indexderivation for | function selection
merge mode
Refined motion
ARMC-TM | vectorsforARMC
Diversity criterion MV candidate

for ARMCreordering | type-based ARMC

Merge with MVD TM-based
(MMVD) "I reorderingfor
MMVD
Generatedmerge |
candidates

<J8 11> ECM 3ffizt 0% 7|2 25f4 57}, 259 HiE 53]

hlis
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A
MEY Nt
Subblock-basedinter] Decoder-side
prediction refinement
n r
r T } ) r }
Subblock-based Subblock-based Affine motion (Affine Geometric Decoder MV jrectional optical
temporalmotion spatial motion vector AMVP / merge mode) partitioningmode refinement (DMVR) flow (BDOF) with optical flow
EESTIEEI  prediction (SbSMVP) (GPM) (PROF)
(SbTMVP) e v . - .
( ) Pixel-basedaffine | 1/64-pelprecision Multi-passdecoder- | o ianoe
motion compensation motion vector T N oo |—  side motion vector
Additional ShTMVP refinement (MP-DMVR)
candidates TMforaffine AMVP | Adaptive costfunction High-precision MV
candidates T selection GPMwithinterand GPMwith adaptive o [ refinementfor BDOF
Extension of sub-block intraprediction | blending g (R
merge mode usage i )
AffineMmvD | :'“"éyfra'ame‘s'l M SOV |~ lterative BDOF
Sub-blockintermode [ Pasecalinemode Mwithinter withatine L pmvRwith Bcw
> inheritance predictionand IBC |- prediction (GPM-
UITTEEIEES Codrjs!ruclled e AFFINE) Highpreciaion
& IS S cmvp 5 | sample-based BDOF
TM-based subblock ; 1 | p
motion refinement atline L constructedaffine GPM-affinewithTM |  Regression-based DUVREXISTSICH
mode merge candidates (GPM-AFFINE-TM) GPMblending BDOF forlow-delay
. N Earlyterminationfor | pictures
Alieeiizs | B el [ o e Regressionbased = ™ DMVRandTM
ECM derbved fromtemporal 1- = i ¢ candidates CPMwith™ 1 cPMuithintraand Extended BDOF usaj
collocated pictures extension inter prediction — fngVrgﬁngmentge
™ . AdaptiveGPM |
motionrefinement | candidates blending L Bi-predictive GPM
GPMwith shape
Affine DMVR for DMVRforaffine adaptation TM-basedreordering
control point motion | | [ eeem,
vector (CPMV) - Jointreordering of motion information
| DMVRforaffinewith  coy it modesand
= based partition indices Joint reordering of
affine men 1, GPMwith affine
candidatederivation | AffinesubblockBDOF i o ering of prediction
FElEmET GPMuithintra
Affine parameter prediction
refinementand |
adaptiveaffine DMVR
mode
5 = A = = = ~
<12l 12> ECM 318zt 0% 7|2 MEEE 7|8t 315zt o) %, L] 3H & 2
Inter pre Model-based inter . Cross-component
blending prediction Boupdarybandiing prediction
[ T ! T 1 ‘ T } 1
i Combined Multi-hypothesis  Overlappedblock Localillumination Motion Template Enhanced bi- Convolutional CCPmerge for
CU weights (BCW) intrafinter prediction (MHP) motion compensation compensated matching predictionwith  cross-component  chromainter
prediction (CIIP) compensation (o) picture boundary padding out-of-boundary  modelforinter blocks
(0BMC) padding prediction prediction
samples (Intercccm)
PR AdaptiveOBMC  LICflag derivation LICmodel
[ control formerge inheritance for
WC ) candidateswith | mergeand GPM
ClIP with TIMD template costs modes
|~ and TM-merge OBMC extension
ECM (CIIP-TIMD-TM) L withintra
prediction signalingLICHlag | g oo icvenic
SubblockCIIP (riEiRmeie
| withsubblock- Extended OBMC
basedinter — f°’"°“:”‘e' LiCwithslope Non-localLIC
prediction blocks adjustment - (NLIC)
ClIPwith affine Apply OBMC for )
L prediction each GPM LICwithBDOF | - it oBMC
(AFFINE-CIIP) [ partition before and DMVR
blending
L TM-based OBMC
3 = 7= 3 X =3lC =] 3 < = = =
<18 13> ECM 3t8izt 0% 7|=: 318zt 0|5 EEE, 28 7|8 5017t 01 F, ZAH X2, 4= 7t 0%
o A% 714 okz BRE 5 giek. olsliE A% 7] ction) ol TpE TR F7H FAl9
O AR 7l ol R 7 At olstolA = Al 7 Prediction) REo thFgt FH 37 &~
& Hopd 9 B33} 7|1&S Agsitt = BE 2z Al A5 Bz oz
= wopd 8 H3d V|lee A g}, FH £5 F=x dA= ISR, = ‘:'5]
H = . Y (e ; o 3193 = ©
@ H-3}4 B 7K sub-pel interpolation): ECMo A& 5 (template matching)& 3t = = 27
o) _(‘H 05]0 1 ] ]Z_g] g2 X ] 31]_ U1 ] éﬁl ]_7'_4__9_ EO]—‘—]_ ],7'_4_
s} o] AU HE 7k dE AUEE Fo AT AMVP-HA] A% o =2 £49l3l] o= A

7] $is) 3t
7HAA, wlAIRE

"
F

B3

b e o] B} 5 VWC div] T

2] 574 w2 P,

@239 AR B35 3Hmotion information coding):

A R} AMVP(Advanced Motion Vector

Q@ AMBEE 7|4 3zt
prediction): VVC2] ©]
2} GPMS B5tel, A

fo

o

o
x=3

0

-t

[

SETHOIC] M31H 13
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Enhanced Compression Model(ECM) 7HQ

ATIE lS0] EUL ol wde 4 @ won 44T 2R BUYE 5 s
2o} o3 T Fg0] AU HAOH, o]she] AMVP 2 st
2 v REof tpofdt SRl HA T]&o] F71E U ©=d 7|9t 3pEZE ol&(model-based inter pre-
o GRS A 513 4, 95042 diction): ] $234 32 HHe] 7 WES ol
B8, ok o3 142 28 2RS4 5 89 4% g 4ego2M 3219 27 vst
o] A=}, ZLELTL SbTMVP (Subblock-based 2 g3 o2 »ulgsl= LIC(Local Illumination
Temporal Motion Vector Prediction) 732 53 Compensation)= VVC %53} I |- = A€l 5
MBEEE T A A 4 gt #F A gk ok, ECMollA] 7i4d =lof £3HE
FE AT 3 77 A2 (boundary handling): 23] 747 212 A

@ Y32t & ¥ A(decoder-side refinement): ECMo]|A] E& A8 kg H9(padding) 7]so] AE-H3
DMVR(Decoder-side Motion Vector Refinement) a1, 3z BEEo] g AAE Holuy= -5 93t
2 gzZuzt A e E dAH s HAT 5 9l g oA el 7leo] F7HE Ut
T2 3}al, BDOF(Bi-Directional Optical Flow)& MRE T G 3= RS o] &3 At S o
AE & 24 149 A4 HE BAE 53l Zohs WAE SR 3ol mQlsko] ML AE
& AUes 7% ‘J‘:} olgjgt it & B4 7 o] a5 AR o8 A FT
&2 A2 dAA ¢ ZA ¢ HE oS dAE T
S AN EHH 0 R Hekdit) 4) tgt 3l XISt

® 37t o= Ed(inter prediction blending): ‘?1;3?}% 37+ 94 9(spatial domain) ] Za} A5 S S}
ECMoj|Al& CIIP(Combined Inter-Intra Predic- %9 9(frequency domain) 2] ¥t A2 WH3ls}o] 9
tion) 9] SPA/3HATE S ES AA W2lo] A LV]% g Aol JFA1L, FAshs WE AFE
HaL, VWC B8 #3A A L= Ud OBMC gHat #Al 2 FAR(approximation)sho] AlZHH o2 &

ofN o
to
o
o,

£ A A
3k (29 14) 9} Zo] ECML VVC] MTS(Multi-

(Overlapped Block Motion Compensation)7} &

Aslol 9 85 7 £49 Aol Bakea ok @

rE

Primary transform Py [rimarysecondary ransfoumiernel Quantization
transform selection

T
Larger (256x256) Expllcltmultlple \mpllcltmumple Sub-block Low-| frequency Non-separable Modifications of Utilizing Dependent Shiftingthe

&non-square transform transform transform (SBT) non-separable primary MTS/LFNSTfor —— LFNST/NSPTfor  quantizationwith quantization
transforms selection (MTS) selection transform (LFNST) transform (NSPT) IntraTMP block inter coding 8-states centers

Nonormative |mproved LFNSZTr/gISP?W LLFNSTexmsion Large NSPT Multiple LFNST/NSPTset
wc | zeroingout implicitMTS locl with large kernel kernels (4x32, LFNST/NSPT | derivation for CCP

operation 8x32) kemelset | block
ECM selection for GPM
Cornermodefor coded block
Extendedintra Extended NSPTfornon-
- implicitMTS
MTS regularmodes .
Multiple Improved
Advanced SBT transformset LFNST/NSPT
Adaptiveintra with direction NSPT setfor selection (MTSS) |- kernelset
and position IntraNNand forintra selection for
inference NSPTkernel LFNST/NSPT with SGPM
retraining subsampled DIMD
| InterMTSuses
fixed 4 candidates Modification of

LFNST for MIP
block

Inter MTS
optimization

<12 14> ECM 3t I X3l 7|z
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ple Transform Selection)E &733}o] thoket 12}
, 22
H3lol| A= LFNST(Low-Frequency Non-Separa-
ble Transform)Z 4sto] o] 2 =7]¢] W3l 7]
s A g, =9 12 Wa 22 HEke T
A
2

W3 (primary transform) 7144 F71sl9x

%l

NSPT(Non-Separable Primary Transform)&
stol, 54 25 2710 shu] ol meo]
el g v &) (non-separable) M-S A¢
A B A% Aeg 5Ho2 AU
2] 12} W8 23} W3k NSPTol| tigh W A
glo] f=d sty o & REE 7 ol
%% 3}a], ?
g 4 9ok,

@ %Az}t ECM2 FA8E FAe o
DQ(Dependent Quantization) 74-&
3 PAsE AgRoRA, V12 #E
AsHE i g,

]
=
o}

s} o
o —

fu

[¢]

tho

x

A
o

z
o]

2

A

= HEo

% E59 54 A3

yul

I
=

ee 557

(&)}

|El

) ol

o
=
=

m

o

Kl

o}lE]H E (blocking artifact),
o}E]H E (ringing artifact), 12|31 Q& GAH3} &

T

o]

BY

A 2] (adaptive

(¢}
EFe Hadt 1%

L.

S
clipping)o] F7}HE| %101, o] s} A|
= gt
@ 3= wig7} Az} 2A Y= (LMCS: Luma Mapping
with Chroma Scaling): LMCSE 3% AR-S &3}
20 2 AL FEsto A TS FHATIAL, o] &
oko] At A 2A|9F st Zlzoldt.

ECMo A& VVCe] LMCS T2& 1|2 §X3h}

)=¢)
AES

o} ECM& VVCe| HE57 I8 Fxel4 37
Hof ;b2 QA AL-S =qlshlrh. FF A=
FEst A oA FaA sHd WS sl 37
A 7ksAol Slot,

() A= A-¢A 2 TM(SAO: Sample Adaptive Offset):

AOE I o] BAS 53 B OAE A4

7| 7] olth. ECMell& HEVC % VVCe] SAO 7

43k CCSAO(Cross-Component SAO)7}

w»
©)

7]

A=
=
=
=

PN

Lumamapping with

chroma scaling
ECM (LMCS)

Deblockingfilter
@R W Deblocking longfilter
Deblockingstrong il Luma-adaptive
chromafFilter deblocking

Boundary-aware
offsetrefinementfor —!
loop-filters

Deblocking boundary
handling
modifications

Sample adaptive
offset (SAO)

Cross-component
sample adaptive offset

| Edge-basedclassifier

— offsetsandextended

Adaptiveclipping
with signalled lower
and upper bounds

Bilateral filter

‘ l—|—|

DynamicTU scale
factorfor BIF with
LUTsinterpolation

Chroma bilateral filter
(cCsA0)

for CCSAO

CCSAO with history

edge classifiers

CCSAQ with reused
CTU control

ozl

<12/ 156> ECM QIR Z ZE| 7|z 2| Ofgz} MiAf A72/E,
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Enhanced Compression Model(ECM) 7HQ

ECM r T L T 1
ALFgrad:‘eerr{':x:lsampling — 2x2block-based classification — Longerfilter for CCALF LTALFreferencepictureextension Adaptive factor for ALF-CCCM
Alternati\/firzrgclassifier + Residual-based classifier f—— Lumaresidualtapin CCALF Updatedrz::;i;ng&;delsusage
Cog:gsgslizi‘;gitz::f:ed + Longerlumafilter shape f——  CCALFwith chromainputs Adaptive:;:z;r:ﬁlingﬁlter
Using samples before Extended fixed-filter-output-
deblockingfilterforALF |~ based taps forALF g ST
ALFusingresidual samples Using Laplacianinformation Adaptive precision for CCALF
asadditionalinputs T inALFluma _ coefficients
Boundary-aware offset . Chroma CCALF with reused
refinementforloop-filters | Mgt etiienE T " CTB conV:rlcl i
Additional ALFfixedfilter - Improved ALF fixed filter
Fixed filter forchromaALF -~ Non-fixed ALF residualsscaling
Adaptive precision for luma Restrictionson ALF coefficient
ALF coefficients T values
ChromaALF with reused CTB
control B
<18 16> ECM 2122 ZE| 7|=: X84 o ZE
=] o 3 5 o) 220 o) =] b
F7HEol, 3ot A AL T FEAS B8FL tFe Al 7les =Yskslth £ HEs5d 2
3 3 7 3z i o H =
ZH EY Az 0212 Ao g AT B o]d MZ Az ME, 14 DH (fixed filter) &
sk 31E]- MLEZF = oF = 5 = = 319 = 3 57
FEF FY: VWC BE3} FA oA A=A &gk g 5 o dd A s &8sl I o5 7
¢l ofdksk ZE|7F ECMo| thA] = E 9t o] Y 2 9L 738l gtt. CCALF(Cross-Component
by 2~ 3 o) =
£ AE 2 3208 ARle) A g Aol FAlel 1 ALPE 26 e 9 5 342 5ol FEAS
Hsle] 133 dAxE BE2FHEA o] Z(noise) $E o™, TALF(Temporal ALF)E 2% 34
£ AZgH ECMelM e SAOSH WHR T2, o AEE T8kl A Ao T BH Y e T
=z = 5 =]
A2 271, 745 A Ak A SOl diE #2517} o] gt} ALF-CCCME Hl 2t & A% 7 FE Y

__I.L
Folxlrt. AHgske, e o 2719k mdof whE 7

e
A QWS Fste] a4 BRI ol
U
o

A3 289 434 S AT w4 4 H

HE AFTOZN & Fol= V€=, AT Ao 2 ECMelle A4 7|4 F2 ZH (NNLF:
apabal 87 dhrg Alafo] W AAMA 0 2 B A Neural Network-based Loop Filter)Z ¢]3} <l€]
= At Fa4 3Hd 7l o) 7] gt FHol& F27F ERiHo|, 71E A5 A 7|9 I
233 F FE|(ALF: Adaptive Loop Filter): ALF 9}o] 3L GAFHA A AT 7w 22 dHE
T HE o 5 9 e das FHastet HES 7 gle 7ukE Alwgi

E5 A" gEE Aeote] 54 shEs fadg

th ECM& VVCO| ALF 725 7ito g B2 B 6) Wt Al #53t { HEZT 253

(block classification) &7] &4, 9 8 4 84 = O W8 Al 2538k W AlS B5dle 2ap A3
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ECM

Transform coefficient
coding
Additional coefficient
| group sizes

Transform coefficient
—— codingwith increased
gtXflags

Joint codingof chroma
residuals (JCCR) [l

Improved probability
modelselection for
absolute levels

Entropy coding
(CABAC)

CABAC initialization

from previousinter

sliceand windows
adjustment

Slice-type-based
window size

CABACinter/intra

modelswitching | Spatial CABAC tuning

[ T I
Contextmodelling for Last?lgmﬁca'n't
: coefficient position
transform coefficients

for LENST/NSPT giznalinesiih
secondary prefix

Predictivetransform
coefficient coding

Transform coefficients
sign prediction

Sign prediction NumSignPred based

improvement

|
Multi-hypothesis prob
ability estimation

Multi-hypothesis
—L— probability estimation
with adaptive weight

Extended prediction

onQP to 15-bit

<J8 17> ECM H3t A+ B35t U AEZD B58f 7=

el HE kst AA AR E At gdS
aEHoR Fdst= Aotk (I 17) 3 2o
ECMel|lA & VVC thu] A gk oAbl d 23
R AN S B3 $F5S FIAFT 59
2% A2 27](magnitude)o] whet BQ g B
AETS HAeF oz Aladgshe o 7w
F335p7t FhE AT T3 B A&
& asto] Ao F3(sign)
JEZS B33k JEZY Hu3l= F53) i
Auel A g 7|ukste] 7 &S 3
sl 7]&€ 2, AVCHE CABAC(Context-Adaptive
Binary Arithmetic Coding)o] ARE-Ea it}
CABACE & R4 (probability model)& o83
e R R ekl
oA EHRES HEH o g PNt BE oS
AYEE P (2™ 17) 3 Zo] ECMAA
, &t

=4 3t

0] 71 A& (binary symbol)&

£ CABACY| S&5rd AU e Z A 7|
0|2 f8(slice type)d H&=$ =7]

W/shEg BURY A48 B 43 e A
N Brh £H 30 B RS 5 04 85

IV.ECM 45

JVETZ v 2E3h Sttt A 7les st
ECM BA443 2d 2 EolE wxsly, 3543

ZZA(CTC: Common Test Conditions)[29] o] o]
A ECM B A3} VVC F2 2ZE0]9] VIM(VVC Test
Model)-11.0301& HlaL th/(anchor) 0.2 3}o] A&
HugtH18], 454 ARZE BD-RateE
= 9/H:4 é*ﬁ"]ﬂ(EncT/DecT)% A-g-g

=R= A

rlr

L

(F 1)3 2o] ECM-18.0 VIM-11.0 thu] AI(All
Intra), RA, LDB(Low Delay B) Fa o aas
-16.87%, -27.37%, -23.44%2] 3% A% BD-Rate 7H4

Bt g Hzk o Zo] -85 RA 2 LDB 27104
Al 27 tj¥] ©] & BD-Rate 7247} #& 51, o]= ECM

Az

Y& o|Cof MS1E 12
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Enhanced Compression Model(ECM) 7HQ

<H 1>ECM-18.09| 55 ¥ 2IAL/C|7E HgAlzt
All Intra Main 10
Over VTM-11.0
Y U Vv EncT DecT EncVmPeak DecVmPeak

Class A1 -14.82% -16.49% -27.44% 1202.2% 577.9% 236.6% 325.9%
Class A2 -21.47% -24.85% -29.07% 1119.5% 624.0% 237.6% 325.3%
Class B -15.06% -23.15% -21.18% 1086.0% 627.5% 181.0% 355.2%
Class C -156.19% -12.08% -13.23% 1026.3% 583.6% 121.7% 394.4%
Class E -19.58% -23.35% -21.51% 992.5% 615.0% 139.3% 381.4%
Overall -16.87% -19.90% -21.83% 1080.0% 606.4% 173.6% 357.4%
Class D -12.92% -8.80% -9.64% 1013.4% 663.9% 109.3% 414.2%
Class F -30.84% -34.56% -34.60% 688.3% 658.9% 125.9% 374.2%
Class TGM -43.72% -49.31% -48.60% 513.1% 658.7% 149.7% 351.4%

Random Access Main 10

Over VTM-11.0

Y U Vv EncT DecT EncVmPeak DecVmPeak
Class A1 -27.52% -25.12% -37.22% 1205.3% 1195.4% 1563.0% 247.5%
Class A2 -30.81% -34.98% -40.50% 1103.1% 1346.4% 1562.7% 246.9%
Class B -25.42% -34.33% -31.10% 999.4% 1197.0% 144.5% 267.5%
Class C -27.12% -24.29% -25.03% 1064.9% 1294.1% 116.8% 321.1%
Class E - - - - - - -

Overall -27.37% -29.94% -32.58% 1076.3% 1250.9% 139.7% 272.1%
Class D -27.81% -24.52% -25.81% 1003.1% 1417.7% 104.9% 360.3%
Class F -33.60% -36.80% -37.37% 851.2% 853.5% 121.7% 296.3%
Class TGM -43.07% -48.90% -48.87% 693.7% 676.2% 125.7% 281.3%

Low Delay B Main 10

Over VTM-11.0

‘ EncT DecT ‘ EncVmPeak DecVmPeak
Class A1 - - - -
Class A2 - - - - - - -
Class B -22.61% -40.61% -35.58% 976.7% 1030.5% 166.8% 266.9%
Class C -25.00% -28.31% -30.38% 937.3% 1074.8% 125.2% 316.1%
Class E -22.74% -29.72% -28.28% 965.0% 712.7% 139.7% 296.8%
Overall -23.44% -33.79% -32.02% 960.5% 953.0% 145.0% 290.0%
Class D -26.46% -29.97% -31.37% 938.9% 1175.1% 110.5% 352.6%
Class F -31.37% -41.12% -41.47% 859.7% 808.4% 129.6% 295.0%
Class TGM -41.36% -51.49% -51.48% 691.5% 643.3% 125.2% 281.6%
of 3 o] Szt ol B slol hEAS F F0h B, EOMOE o 3207)¢) #3} 7%o] Eit
Aol A 71of3taL Qg BoETh w3k A gt of 9o} RA 2|4 9] BD-Rate HAE -27.37% FF
29 22 £ Class Fo} 238 2z 34 otk B2 714 7k 7]ojm Aolsht, whe BT BAol
©] Class TGMo||A] 1}"3 O 2 FAE Class A1, A2, A 7]& sfud 7]o =& 0.1% w]ghe]] E3stH, o]& Al
B, C, D, E tf¥] A& o2 o] & BD-Rate A5 Ho, A 7|¥k 133} 7|&S B3 45 é% o] g o
ECMel 234 *Eh“d THz 7353 7o) F2A0E RIS ARG BT SHAA Y APzt
cheotal HHE sjElo] Be Jabe] 53] AAAS Bl & VIM-11.0 thH] AL RA, LDB Z el Z+2} ok 10,84,
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<H 2> ECM-18.00A 7| A HAH S5

=

26

PN

Jln

Ho

Random Access Main 10

Over ECM-18.0

Over VTM-11.0

EncT DecT EncT DecT
7€ 281 H7A 4. 99% 5.05% 5.25% | 77.4% 62.1% |-23.72% -26.44% -28.99% | 830.2% 995.5%
Jl& 28 2 H7 1.55% 1.29% 1.51% | 85.4% 95.9% |[-26.24% -29.00% -31.56% | 905.9% 1482.6%
Jl& 22 3 M7 1.29% 3.39% 4.04% | 92.4% 98.9% |-26.44% -27.66% -30.08% | 956.5% 1258.5%
Jl& 28 4 H7{ 1.25% 2.98% 3.34% | 95.4% 99.4% |-26.47% -27.94% -30.51% |1057.1% 1335.2%
Jl& 25 5 M7 4.25% 2.91% 3.48% | 94.0% 92.8% |-24.28% -27.90% -30.27%| 968.9% 1218.1%

Jle 3E1~5H*H | 156.10% 18.37% 20.63% | 51.6% 54.4% |-16.40% -17.40% -19.13%| 501.0% 572.8%
10,88, 9,08 F718t AL, 2 APAITHE 247k ek 6.1 V)& 5 AFHo 2 TYFe 2N VVC tiv] fofwle
wf, 12,58, 9.5u S7ksk Ak, gk Ql=ri o] Hf vl  4FAT T BN A S & 5 k. ot o Hgt
AR (EncVmPeak)> VIM thH] oF 140~175%, H2H A ¢ thd 7l&o] E535H 71 23278
o Hdf v &e] AHE-F(DecVmPeak)E % 270~360%7  Th= 45 sl A2 JEs viAE 97 YA 7lE
A Z7vst Ak, olg @ APt L v ARG SR o AujFQ 7] oo e DAE AYS e 4 9t
ECM 27] 71 A ollA 4545 Sdiste S48k
AP A7 d R AHES T8 AFe g FA] ekgtd
A7) 7z kol AW, L AR DAL I 4 VEE
o BT a7 2e ovlgtt

JVETE ECM°ﬂ I FHERETL 2 53] 7] £ 3LeflX= ECM9] 7) 8.9 A e A F of 31754
55 54 #dY 74 A et A Jle 71 & AEska, VC tiH] ECMe] gF5AF S #A18holT)

FoE v‘i‘—%&}ﬂ gtk 71E 2F 12 SHzt FE8 ECM2 VVC o] 39| ¢h5A4% e HRE A5 A 7
w3 7k 8338} 7|4, V)& 2F 2€ WA/2F6kip)/  WH7)ES FAHCE e gAY rd 2 oF 3207) <]
AMVP/MBES/IBC GolA FR Z2EE E&sh= % 5338} 7|eo] FH o o 27% HES A7) a3 ¢
e sy CE/59 ARG A FYste Ve, Ve FA% S G A2 A 79 Rt
IF 32 sl oS 9 IBCAA RS wiyst As V)] A 02 IeE WA, ECME e A ] 7ut 7]
Fsle 7lE, 7Ie aAF4e vVve i b B2 FH 5 &3 A% 7Nl 7|Eeo] FEdsE TR WAL oot
AAE AL} 8FHE V&, 7€ AF S UTE A FF AR I 4S5 BTME AsAE 7w R5s)
B H2o] Bag7|eE FAEY. olgg ERell wel  7]Eo] o] A AT-S Fash= ok, A 7]
RA 270X 7} 7]& 255 ECMAA AIAYS wel ¢ wh7]&2 54 75 Bedste Fu= 89 7HsAol
A% AAE E D AAEtGeH, 2 A% 7l 1 EE AR oFEn ECM i A oA VVC tiH]
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